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6.1.3 Mapping between logical channels and transport channels

6.1.3.1 Mapping in Uplink

The figure below depicts the mapping between ughglical channels and uplink transport channels:

CCCH  DCCH DTCH

. Uplink

Logical channels

Uplink

Transport channels
RACH UL-SCH

Figure 6.1.3.1-1: Mapping between uplink logical channels and uplink transport channels

In Uplink, the following connections between lodichannels and transport channels exist:
- CCCH can be mapped to UL-SCH;
- DCCH can be mapped to UL- SCH;
- DTCH can be mapped to UL-SCH.

6.1.3.2 Mapping in Downlink

The figure below depicts the mapping between dawrihgical channels and downlink transport channels

PCCH BCCH CCCH DCCH DTCH MCCH MTCH

Downlink
S S O Logical channels
Downlink
G e QD L G  Transport channels
PCH BCH DL-SCH MCH

Figure 6.1.3.2-1: Mapping between downlink logical channels and downlink transport channels

In Downlink, the following connections between logfi channels and transport channels exist:
- BCCH can be mapped to BCH,;
- BCCH can be mapped to DL-SCH,;
- PCCH can be mapped to PCH,;
- CCCH can be mapped to DL-SCH;
- DCCH can be mapped to DL-SCH,;
- DTCH can be mapped to DL-SCH;
- MTCH can be mapped to MCH;
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MCCH can be mapped to MCH.

6.1.3.3 Mapping in Sidelink

SBCCH STCH o
Sidelink

Logical channels

Sidelink

Transport channels
SL-BCH SL-DCH  SL-SCH

Figure 6.1.3.3-1: Mapping between Sidelink logical channels and Sidelink transport channels

In Sidelink, the following connections between jichannels and transport channels exist:

6.2

STCH can be mapped to SL-SCH,;
SBCCH can be mapped to SL-BCH.

RLC Sublayer

This subclause provides an overview on servicegtions and PDU structure provided by the RLC sydrlaNote

that:

The reliability of RLC is configurable: some radiearers may tolerate rare losses (e.g. TCPdyaffi

Radio Bearers are not characterized by a fixegldstlata unit (e.g. a fixed sized RLC PDU).

6.2.1 Services and Functions

The main services and functions of the RLC sublayeude:

Transfer of upper layer PDUs;

Error Correction through ARQ (only for AM datatrsfer);

Concatenation, segmentation and reassembly of ®DU0s (only for UM and AM data transfer);
Re-segmentation of RLC data PDUs (only for AMadainsfer);

Reordering of RLC data PDUs (only for UM and AMtd transfer);

Duplicate detection (only for UM and AM data tséer);

Protocol error detection (only for AM data traegf

RLC SDU discard (only for UM and AM data trangfer

RLC re-establishment.

6.2.2 PDU Structure

Figure 6.2.2-1 below depicts the RLC PDU structuhere:

The PDU sequence number carried by the RLC haadiedependent of the SDU sequence number (i. €RFPD
sequence number);

Ared dotted line indicates the occurrence ofsegtation;

Because segmentation only occurs when neededamuéitenation is done in sequence, the content BiL&
PDU can generally be described by the followingtiehs:
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- {0; 1} last segment of SD{ [0; n] complete SDUs + {0; 1} first segment dD8isn+1 ; OF

- 1 segment of SDU

RLC SDU n n+1 n+2 n+3

RLC header

<4————————RLCPDU—————— >

Figure 6.2.2-1: RLC PDU Structure

6.3 PDCP Sublayer

This subclause provides an overview on servicestions and PDU structure provided by the PDCPagsl

6.3.1 Services and Functions
The main services and functions of the PDCP sublayehe user plane include:
- Header compression and decompression: ROHC only;
- Transfer of user data;
- In-sequence delivery of upper layer PDUs at P& Establishment procedure for RLC AM;

- For split bearers in DC (only support for RLC ANPDCP PDU routing for transmission and PDCP PDU
reordering for reception;

- Duplicate detection of lower layer SDUs at PD@Restablishment procedure for RLC AM,;

- Retransmission of PDCP SDUs at handover andsgiitrbearers in DC, of PDCP PDUs at PDCP datavego
procedure, for RLC AM;

- Ciphering and deciphering;

- Timer-based SDU discard in uplink.

NOTE: When compared to UTRAN, thassless DL RLC PDU size change is not required.
The main services and functions of the PDCP foictirgrol plane include:

- Ciphering and Integrity Protection;

- Transfer of control plane data.

6.3.2 PDU Structure

Figure 6.3.2-1 below depicts the PDCP PDU strudimreiser plane data, where:
- PDCP PDU and PDCP header are octet-aligned;

- PDCP header can be either 1, 2 or 5 bytes long.
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PDCP header PDCP SDU

«— PDCPPDU————»

Figure 6.3.2-1: PDCP PDU Structure

The structures for control PDCP PDUs and for cdmttane PDCP data PDUs are specified in [15].

6.4 Carrier Aggregation

In case of CA, the multi-carrier nature of the gbgklayer is only exposed to the MAC layer for aelione HARQ
entity is required per serving cell;

- In both uplink and downlink, there is one indeghent hybrid-ARQ entity per serving cell and onengaort
block is generated per TTI per serving cell indbsence of spatial multiplexing. Each transportibland its
potential HARQ retransmissions are mapped to desseyving cell.
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Figure 6.4-1: Layer 2 Structure for DL with CA configured
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Figure 6.4-2: Layer 2 Structure for UL with CA configured

6.5 Dual Connectivity

In case of DC, the UE is configured with two MAQtigas: one MAC entity for MeNB and one MAC entfiyr SeNB.
Figure 6.5-1 below describes the layer 2 struckoréhe downlink when both CA and DC are configurigdorder to
simplify the figure, the BCH, PCH, MCH and corresging logical channels are not included. Also, ddB is shown
as having DC configured.
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Figure 6.5-1: Layer 2 Structure for DL with CA and DC configured
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Figure 6.5-2 below describes the layer 2 strucimréhe uplink when both CA and DC are configurAd.explained in
section 4.9.2, SRBs are always handled by the MahBas a result, CCCH is only shown for the MeN@&. & split
bearer, UE is configured over which link the Ubnsmits UL PDCP PDUs by the MeNB. On the link whigmot
responsible for UL PDCP PDUs transmission, the Rdy@r only transmits corresponding ARQ feedbackiier

downlink data.
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Figure 6.5-2: Layer 2 Structure for UL with CA and DC configured

7 RRC

This subclause provides an overview on servicedametions provided by the RRC sublayer.

7.1

The main services and functions of the RRC sublanaude:

Services and Functions

- Broadcast of System Information related to the-aocess stratum (NAS);
- Broadcast of System Information related to theeas stratum (AS);
- Paging;
- Establishment, maintenance and release of an &R@ection between the UE and E-UTRAN including:
- Allocation of temporary identifiers between UEdaB-UTRAN;
- Configuration of signalling radio bearer(s) foR® connection:
- Low priority SRB and high priority SRB.
- Security functions including key management;

- Establishment, configuration, maintenance anelasd of point to point Radio Bearers;
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7.2

Mobility functions including:

UE measurement reporting and control of the ripapfor inter-cell and inter-RAT mobility;
Handover;
UE cell selection and reselection and contratedf selection and reselection;

Context transfer at handover.

Notification and counting for MBMS services;

Establishment, configuration, maintenance anglasg of Radio Bearers for MBMS services;

QoS management functions;

UE measurement reporting and control of the rimmgr

NAS direct message transfer to/from NAS from/t6.U

RRC protocol states & state transitions

RRC uses the following states:

RRC_IDLE:

PLMN selection;

DRX configured by NAS;

Broadcast of system information;

Paging;

Cell re-selection mobility;

The UE shall have been allocated an id which weligidentifies the UE in a tracking area;
No RRC context stored in the eNB;

Sidelink communication transmission and reception

Sidelink discovery announcement and monitoring.

RRC_CONNECTED:

UE has an E-UTRAN-RRC connection;

UE has context in E-UTRAN;

E-UTRAN knows the cell which the UE belongs to;

Network can transmit and/or receive data to/ftdH

Network controlled mobility (handover and inteAR cell change order to GERAN with NACC);
Neighbour cell measurements;

Sidelink communication transmission and reception

Sidelink discovery announcement and monitoring;

At PDCP/RLC/MAC level:

- UE can transmit and/or receive data to/from oeky

- UE monitors control signalling channel for sithoata channel to see if any transmission oveshiaeed
data channel has been allocated to the UE;
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- UE also reports channel quality information &eldback information to eNB;

- DRX period can be configured according to UE\attilevel for UE power saving and efficient resoair
utilization. This is under control of the eNB.

7.3 Transport of NAS messages

The AS provides reliable in-sequence delivery ofS\riessages in a cell. During handover, messagelaisplication
of NAS messages can occur.

In E-UTRAN, NAS messages are either concatenatdu RRC messages or carried in RRC without concéitana
Upon arrival of concurrent NAS messages for theesbia requiring both concatenation with RRC for liigh priority
gueue and also without concatenation for the Iqwiarity queue, the messages are first queued @ssaary to
maintain in-sequence delivery.

In DL, when an EPS bearer establishment or relpaszedure is triggered, the NAS message should albyrime
concatenated with the associated RRC message. iNB&PS bearer is modified and when the modificatiso
depends on a modification of the radio bearerNA& message and associated RRC message shouldlydrena
concatenated. Concatenation of DL NAS with RRC agsss not allowed otherwise. In uplink concatematf NAS
messages with RRC message is used only for traimgfeéhe initial NAS message during connection getaitial
Direct Transfer is not used in E-UTRAN and no NABssage is concatenated with RRC connection request.

Multiple NAS messages can be sent in a single dowfRC message during EPS bearer establishment or
modification. In this case, the order of the NASssages in the RRC message shall be kept the satimat &3 the
corresponding S1-AP message in order to ensur@-thequence delivery of NAS messages.

NOTE: NAS messages are integrity protected andecgzhby PDCP, in addition to the integrity protectand
ciphering performed by NAS.

7.4 System Information

System information is divided into tiMaster|nformationBlock (MIB) and a number oBysteml nformationBlocks
(SIBs):

- MasterInformationBlock defines the most essential physical layer infoiomadf the cell required to receive
further system information;

- SysteminformationBlockTypel contains information relevant when evaluating B is allowed to access a cell
and defines the scheduling of other system infoiondilocks;

- SysteminformationBlockType2 contains common and shared channel information;
- SysteminformationBlockType3 contains cell re-selection information, mainlyated to the serving cell;

- SysteminformationBlockType4 contains information about the serving frequenay atra-frequency
neighbouring cells relevant for cell re-selectiorcluding cell re-selection parameters common fireguency
as well as cell specific re-selection parameters);

- SysteminformationBlockType5 contains information about other E-UTRA frequesa@d inter-frequency
neighbouring cells relevant for cell re-selectiorcluding cell re-selection parameters common fireguency
as well as cell specific re-selection parameters);

- SysteminformationBlockType6 contains information about UTRA frequencies andRATneighbouring cells
relevant for cell re-selection (including cell relection parameters common for a frequency asasgetiell
specific re-selection parameters);

- SysteminformationBlockType7 contains information about GERAN frequencies ratevfor cell re-selection
(including cell re-selection parameters for ea€lgfiency);

- SysteminformationBlockType8 contains information about CDMA2000 frequencied &DMA2000
neighbouring cells relevant for cell re-selectiorcluding cell re-selection parameters common fireguency
as well as cell specific re-selection parameters);

- SystemlnformationBlockType9 contains a home eNB name (HNB name);
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- SysteminformationBlockTypelO contains an ETWS primary notification;

- SysteminformationBlockTypell contains an ETWS secondary notification;

- SysteminformationBlockTypel2 contains a CMAS warning natification;

- SysteminformationBlockTypel3 contains MBMS-related information;

- SysteminformationBlockTypel4 contains information about Extended Access Barfimgccess control;
- SysteminformationBlockTypel5 contains information related to mobility procedufer MBMS reception;

- SysteminformationBlockTypel6 contains information related to GPS time and Coateéd Universal Time
(UTC);

- SysteminformationBlockTypel7 contains information relevant for traffic steeringtween E-UTRAN and
WLAN;

- SysteminformationBlockTypel8 contains information related to sidelink commutiaa
- SysteminformationBlockTypel9 contains information related to sidelink discovery

The MIB is mapped on the BCCH and carried on BCHendll other SI messages are mapped on the BCG@H an
dynamically carried on DL-SCH where they can benidied through the SI-RNTI (System Information RN.TBoth
the MIB andSysteml nformationBlockTypel use a fixed schedule with a periodicity of 40 afch& respectively while
the scheduling of other SI messages is flexibleiadidated bySysteml nformationBlockTypel.

The eNB may schedule DL-SCH transmissions concgteigical channels other than BCCH in the samerauté as
used for BCCH. The minimum UE capability restritte BCCH mapped to DL-SCH e.g. regarding the marimate.

The Paging message is used to inform UEs in RRCEIBhd UEs in RRC_CONNECTED about a system inforonati
change.

System information may also be provided to the YEneans of dedicated signalling e.g. upon handover.

7.5 Carrier Aggregation

When CA is configured, the UE only has one RRC eatinn with the network. At RRC connection estditient/re-

establishment/handover, one serving cell provideNAS mobility information (e.g. TAI), and at RRGnnection re-
establishment/handover, one serving cell provilessecurity input. This cell is referred to asPenary Cell (PCell).
In the downlink, the carrier corresponding to tli&eP is the Downlink Primary Component Carrier (PICC) while in
the uplink it is the Uplink Primary Component Carr{UL PCC).

Depending on UE capabilities, Secondary Cells (8Leén be configured to form together with the PEset of
serving cells. In the downlink, the carrier corraisging to an SCell is a Downlink Secondary Compo@anrier (DL
SCC) while in the uplink it is an Uplink Second&@gmponent Carrier (UL SCC).

The configured set of serving cells for a UE therefalways consists of one PCell and one or moedISC

- For each ScCell the usage of uplink resourceeyJE in addition to the downlink ones is confidalea(the
number of DL SCCs configured is therefore alwaygdathan or equal to the number of UL SCCs an&@ell
can be configured for usage of uplink resourceg)onl

- From a UE viewpoint, each uplink resource onliphgs to one serving cell;

- The number of serving cells that can be configutepends on the aggregation capability of the $& (
subclause 5.5);

- PCell can only be changed with handover procefeewith security key change and RACH procedure)
- PCell is used for transmission of PUCCH;
- Unlike SCells, PCell cannot be de-activated @declause 11.2);

- Re-establishment is triggered when PCell expedsRLF, not when SCells experience RLF;
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- NAS information is taken from PCell.

The reconfiguration, addition and removal of SCe#la be performed BRRC. At intra-LTE handover, RRC can also
add, remove, or reconfigure SCells for usage withtarget PCell. When adding a new SCell, dedicRi@ signalling
is used for sending all required system informatibthe SCell i.e. while in connected mode, UEsdnaeat acquire
broadcasted system information directly from thel&C

7.6 Dual Connectivity

In DC, the configured set of serving cells for a thfsists of two subsets: the Master Cell Group @YI€ontaining
the serving cells of the MeNB, and the Secondaty@mup (SCG) containing the serving cells of 8&NB.

When a UE is configured with CA in the MCG, the sapninciples as described in subclause 7.5 appl§Gé.
For SCG, the following principles are applied:

- Atleast one cell in SCG has a configured UL @@ ane of them, named PSCell, is configured witltCEUl
resources;

- When SCG is configured, there is always at leastSCG bearer or one Split bearer;

- Upon detection of a physical layer problem oaadom access problem on PSCell, or the maximum auofb
RLC retransmissions has been reached associatedh&iSCG, or upon detection of an access problem o
PSCell (T307 expiry) during SCG change, or whereering the maximum transmission timing difference
between CGs:

- RRC connection Re-establishment procedure isriggfered;

All UL transmissions towards all cells of the S@f& stopped;
- MeNB is informed by the UE of SCG failure type;
- For split bearer, the DL data transfer over theNB is maintained.
- Only the RLC AM bearer can be configured for ¢pdit bearer;
- Like PCell, PSCell cannot be de-activated (séelsuse 11.2);
- PSCell can only be changed with SCG changewitb.security key change and RACH procedure);

- Neither direct bearer type change between Seétdr and SCG bearer nor simultaneous configurafi@CG
and Split bearer are supported.

With respect to the interaction between MeNB andEsehe following principles are applied:
- Logical channel identities are independentlyadted by the MeNB and the SeNB.

- The MeNB maintains the RRM measurement configomadf the UE and may, e.g. based on received
measurement reports or traffic conditions or beges, decide to ask a SeNB to provide additioesburces
(serving cells) for a UE.

- Upon receiving the request from the MeNB, a Sehd/ create the container that will result in thafiguration
of additional serving cells for the UE (or decitiattit has no resource available to do so).

- For UE capability coordination, the MeNB providgsut of) the AS configuration and the UE capéibti to the
SeNB.

- The MeNB and the SeNB exchange information abi#ticonfiguration by means of RRC containers (inter-
node messages) carried in X2 messages.

- The SeNB may initiate a reconfiguration of itéstéixg serving cells (e.g., PUCCH towards the SeNB)
- The SeNB decides which cell is the PSCell withia SCG.

- The MeNB does not change the content of the R&Giguration provided by the SeNB.

3GPP



Release 12 72 3GPP TS 36.300 V12.10.0 (2016-06)
- Inthe case of the SCG addition and SCG SCeltiaddthe MeNB may provide the latest measuremestlts
for the SCG cell(s).

- Both MeNB and SeNB know the SFN and subframeeti®$ each other by OAM, e.g., for the purpose BXO
alignment and identification of measurement gap.

When adding a new SCG SCell, dedicated RRC sigugaili used for sending all required system inforomadf the
cell as for CA described in sub-clause 7.5, extmpthe SFN acquired from MIB of the PSCell of SCG.

8 E-UTRAN identities
8.1 E-UTRAN related UE identities

The following E-UTRAN related UE identities are ds& cell level:
- C-RNTI: unique identification used for identifgfiRRC Connection and scheduling;
- Semi-Persistent Scheduling C-RNTI: unique idésdifon used for semi-persistent scheduling;
- Temporary C-RNTI: identification used for the d@mm access procedure;
-  TPC-PUSCH-RNTI: identification used for the poweentrol of PUSCH,;
-  TPC-PUCCH-RNTI: identification used for the poveamtrol of PUCCH,;
- SL-RNTI: identification used for sidelink commgation scheduling;

- Random value for contention resolution: duringnedransient states, the UE is temporarily idesdifivith a
random value used for contention resolution purpose

In DC, two C-RNTIs are independently allocatedhte UE: one for MCG, and one for SCG.

8.2 Network entity related Identities

The following identities are used in E-UTRAN foeidtifying a specific network entity TS 36.413 [25]:

- Globally Unique MME ldentity (GUMMEI): used to éutify MME globally. The GUMMEI is constructed from
the PLMN identity the MME belongs to, the groupritley of the MME group the MME belongs to and the
MME code (MMEC) of the MME within the MME group.

NOTE: GUMMEI or S-TMSI containing the MMEC is praled by the UE to the eNB according to TS 23.401
[17], TS 24.301 [20] and TS 36.331 [16].

- E-UTRAN Cell Global Identifier (ECGI): used toddtify cells globally. The ECGI is constructed froine
PLMN identity the cell belongs to and the Cell Itign(Cl) of the cell. The included PLMN is the ogeven by
the first PLMN entry in SIB1, according to TS 361336].

- eNB ldentifier (eNB ID): used to identify eNBsthin a PLMN. The eNB ID is contained within the @lits
cells.

- Global eNB ID: used to identify eNBs globally. &Blobal eNB ID is constructed from the PLMN identhe
eNB belongs to and the eNB ID. The MCC and MNCtheesame as included in the E-UTRAN Cell Global
Identifier (ECGI).

- The Global eNB ID of RN is the same as its seg\DeNB.

- Tracking Area identity (TAI): used to identifyaitking areas. The TAl is constructed from the PLMéhtity
the tracking area belongs to and the TAC (Trackirep Code) of the Tracking Area.

- CSG identity (CSG ID): used to identify a CSGhaita PLMN.
- EPS Bearer ID/ E-RAB ID:
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- The value of the E-RAB ID used at S1 and X2 ifiategs to identify an E-RAB allocated to the UEhis t
same as the EPS Bearer ID value used at the Uteicketo identify the associated EPS Bearer (asal al
used at the NAS layer as defined in TS 36.413 [25])

The following identities are broadcast in every ERAN cell (SIB1): Cl, TAC, CSG ID (if any) and om& more
PLMN identities.

8.3 Sidelink communication related identities

The following identities are used for sidelink coomitation:

- Source Layer-2 ID: Identifies the sender of théadn sidelink communication. The Source Layebad 24 bits
long and is used together with Destination LayéD-2and LCID for identification of the RLC UM entitgnd
PDCP entity in the receiver;

- Destination Layer-2 ID: Identifies the targettbé data in sidelink communication. The Destinatiager-2 1D
is 24 bits long and is split in the MAC layer irttgo bit strings:

- One bit string is the LSB part (8 bits) of DestinatLayer-2 ID and forwarded to physical layer as
Destination ID. This identifies the target of tieeinded data in sidelink control information andsed for
filtering of packets at the physical layer.

- Second bit string is the MSB part (16 bits) of Bestination Layer-2 ID and is carried within the KA
header. This is used for filtering of packets &t MAC layer.

No Access Stratum signalling is required for gréagmation and to configure Source Layer-2 1D, Desation Layer-2
ID and Group Destination ID in the UE. These ididiare either provided by higher layer or derifredh identities
provided by higher layer. In case of groupcastlamddcast, the ProSe UE ID [62] provided by highger is used
directly as the Source Layer-2 ID and the ProSeet-2yGroup ID [62] provided by higher layer is usbiectly as the
Destination Layer-2 ID in the MAC layer.

9 ARQ and HARQ

E-UTRAN provides ARQ and HARQ functionalities. TARQ functionality provides error correction by
retransmissions in acknowledged mode at Layer 8. HARQ functionality ensures delivery between padities at
Layer 1.

9.1 HARQ principles

The HARQ within the MAC sublayer has the followioaracteristics:

- HARQ transmits and retransmits transport blocks;
- In the downlink:

- N-process Stop-And-Wait;

Asynchronous adaptive HARQ;

Uplink ACK/NAKS in response to downlink (re)trangssions are sent on PUCCH or PUSCH,;

PDCCH signals the HARQ process number and & & transmission or retransmission;

Retransmissions are always scheduled through FRDCC
- In the uplink:

- N-process Stop-And-Wait;

Synchronous HARQ;

- Maximum number of retransmissions configured@Er(as opposed to per radio bearer);

Downlink ACK/NAKSs in response to uplink (re)trangssions are sent on PHICH,;
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9.2

- HARQ operation in uplink is governed by the feliog principles (summarized in Table 9.1-1):

1) Regardless of the content of the HARQ feedba¢K{ or NACK), when a PDCCH for the UE is
correctly received, the UE follows what the PDCCiktsathe UE to do i.e. perform a transmission or a
retransmission (referred to as adaptive retransomks

2) When no PDCCH addressed to the C-RNTI of thedietected, the HARQ feedback dictates how the
UE performs retransmissions:

- NACK: the UE performs a non-adaptive retransmoissie. a retransmission on the same uplink
resource as previously used by the same process;

- ACK: the UE does not perform any UL (re)transnuasand keeps the data in the HARQ buffer. A
PDCCH is then required to perform a retransmiss@ra non-adaptive retransmission cannot follow.

In the sidelink:
- No HARQ feedback;
- Retransmissions are always performed in a prizyei@f configured number.

Measurement gaps are of higher priority than HARansmissions: whenever an HARQ retransmission
collides with a measurement gap, the HARQ retrassiomn does not take place.

Table 9.1-1: UL HARQ Operation

HARQ feedback PDCCH .
seen by the UE seen by the UE UE behaviour
ACK or NACK New Transmission New transmission according to PDCCH
ACK or NACK Retransmission Retran_smlssmn acgor@mg to PDCCH
(adaptive retransmission)
No (re)transmission, keep data in HARQ
ACK None buffer and a PDDCH is required to resume
retransmissions
NACK None Non-adaptive retransmission

ARQ principles

The ARQ within the RLC sublayer has the followirttacacteristics:

9.3

ARQ retransmits RLC PDUs or RLC PDU segments thaseRLC status reports;
Polling for RLC status report is used when nedue&LC;
RLC receiver can also trigger RLC status repfigraletecting a missing RLC PDU or RLC PDU segment

Void

10

Mobility

Load balancing is achieved in E-UTRAN with handgvedirection mechanisms upon RRC release, DClaodigh
the usage of inter-frequency and inter-RAT absqpuierities and inter-frequency Qoffset parameters.

Measurements to be performed by a UE for mobiliy@dassified in at least four measurement types:

Intra-frequency E-UTRAN measurements;

Inter-frequency E-UTRAN measurements;

Inter-RAT measurements for UTRAN and GERAN;

Inter-RAT measurements of CDMA2000 HRPD or 1xRidquencies.
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For each measurement type one or several measurebjeats can be defined (a measurement objectateé.g. the
carrier frequency to be monitored).

For each measurement object one or several reganinfigurations can be defined (a reporting canfigion defines
the reporting criteria). Three reporting criterie ased: event triggered reporting, periodic rapgrand event triggered
periodic reporting.

The association between a measurement object sxgbding configuration is created by a measureriusmitity (a
measurement identity links together one measurenigatt and one reporting configuration of same Rl using
several measurement identities (one for each measunt object, reporting configuration pair) it @spible:

- To associate several reporting configurationsrte measurement object and;

- To associate one reporting configuration to severeasurement objects.
The measurements identity is as well used wherrtiagaesults of the measurements.
Measurement quantities are considered separateafth RAT.

Measurement commands are used by E-UTRAN to ohgelUE to start measurements, modify measuremesteopr
measurements.

10.1  Intra E-UTRAN

In E-UTRAN RRC_CONNECTED state, network-controllgi-assisted handovers and DC specific activities ar
performed and various DRX cycles are supported.

In E-UTRAN RRC_IDLE state, cell reselections arefpened and DRX is supported.

10.1.1  Mobility Management in ECM-IDLE

10.1.1.1 Cell selection

The principles of PLMN selection in E-UTRA are baism the 3GPP PLMN selection principles. Cell sibecis
required on transition from EMM_DETACHED to EMM-RES&TERED and from ECM-IDLE or ECM-
CONNECTED.

Cell selection:
- The UE NAS layer identifies a selected PLMN andiealent PLMNSs;

- The UE searches the E-UTRA frequency bands aneaoh carrier frequency identifies the strongest tt
reads cell system information broadcast to ideiit#yLMN(S):

- The UE may search each carrier in turn ("initiell selection™) or make use of stored informati@oishorten
the search ("stored information cell selection").

- The UE seeks to identify a suitable cell; ifstriot able to identify a suitable cell it seek#dentify an
acceptable cell. When a suitable cell is found only an acceptable cell is found it camps on treditand
commence the cell reselection procedure:

- A suitable cell is one for which the measured atttibutes satisfy the cell selection criteriag tell PLMN
is the selected PLMN, registered or an equival&MIR; the cell is not barred or reserved and thé isatot
part of a tracking area which is in the list ofr@den tracking areas for roaming";

- An acceptable cell is one for which the measwedtattributes satisfy the cell selection critearad the cell
is not barred.

Transition to RRC_IDLE:

On transition from RRC_CONNECTED to RRC_IDLE, a &ftould camp on the last cell for which it was in
RRC_CONNECTED or a cell/any cell of set of cell§r@quency be assigned by RRC in the state transiti
message.

Recovery from out of coverage:
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The UE should attempt to find a suitable cellha tnanner described for stored information orahitell
selection above. If no suitable cell is found oy irqUency or RAT the UE should attempt to find an
acceptable cell.

10.1.1.2 Cell reselection
A UE in RRC_IDLE performs cell reselection. Thenmiples of the procedure are the following:
- The UE makes measurements of attributes of thengeand neighbour cells to enable the reselegiimcess:

- There is no need to indicate neighbouring cellhe serving cell system information to enableliteto
search and measure a cell i.e. E-UTRAN relies erlifa to detect the neighbouring cells;

- For the search and measurement of inter-frequeeighbouring cells, only the carrier frequenciesdto be
indicated;

- Measurements may be omitted if the serving daibate fulfils particular search or measuremaeiteda.

- Cell reselection identifies the cell that the slould camp on. It is based on cell reselectiderga which
involves measurements of the serving and neighbells:

- Intra-frequency reselection is based on rankingeds;

- Inter-frequency reselection is based on absgritgities where a UE tries to camp on the higlpewtrity
frequency available. Absolute priorities for reséiten are provided only by the RPLMN and are validy
within the RPLMN; priorities are given by the systénformation and are valid for all UEs in a csjpecific
priorities per UE can be signalled in the RRC Catina Release message. A validity time can be éssot
with UE specific priorities.

- For inter-frequency neighbouring cells, it is pibde to indicate layer-specific cell reselectiaragmeters
(e.g., layer specific offset). These parametercanemon to all neighbouring cells on a frequency;

- An NCL can be provided by the serving cell to tlerspecific cases for intra- and inter-frequency
neighbouring cells. This NCL contains cell specd@! reselection parameters (e.qg., cell specifised) for
specific neighbouring cells;

- Black lists can be provided to prevent the URrfneselecting to specific intra- and inter-frequenc
neighbouring cells;

- Cell reselection can be speed dependent (speectide based on UTRAN solution);

- Cell reselection parameters are applicable fddBE in a cell, but it is possible to configureesific
reselection parameters per UE group or per UE.

Cell access restrictions apply as for UTRAN, whioisist of access class (AC) barring and cell vadien (e.g. for
cells "reserved for operator use") applicable fobites in RRC_IDLE mode.

10.1.1.3 Void
10.1.1.4 Void
10.1.1.5 Void

10.1.2 Mobility Management in ECM-CONNECTED
The Intra-E-UTRAN-Access Mobility Support for UBS ECM-CONNECTED handles all necessary steps for

- Handover procedures, like processes that pretthediénal HO decision on the source network sidmtiol and
evaluation of UE and eNB measurements taking inbmant certain UE specific roaming and access
restrictions), preparation of resources on theetangtwork side, commanding the UE to the new ragources
and finally releasing resources on the (old) sonetevork side. It contains mechanisms to trangfetext data
between evolved nodes, and to update node relatio@plane and U-plane.

- DC specific procedures, like processes that pietie final decision for a certain configuratidradcseNB
(control and evaluation of UE and network side meaments), preparation of respective resourceb®n t
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network side of a SeNB, commanding the UE to the raalio resources configuration for a second cotimec
and, if applicable, finally releasing resourcesi@eNB. It contains mechanisms to transfer UE-tezder-
context data between involved nodes, and to uptate relations on C-plane and U-plane.

In E-UTRAN RRC_CONNECTED state, network-controllgi-assisted handovers and DC specific activities ar
performed and various DRX cycles are supported.

The UE makes measurements of attributes of thengeand neighbour cells to enable the process:

- There is no need to indicate neighbouring cellertable the UE to search and measure a cell-La AN
relies on the UE to detect the neighbouring cells;

- For the search and measurement of inter-frequeaighbouring cells, at least the carrier frequesicieed to be
indicated;

- The E-UTRAN signals reporting criteria for everiggered and periodical reporting;

- An NCL can be provided by the serving cell by R&&licated signalling to handle specific cases$nfiva- and
inter-frequency neighbouring cells. This NCL contacell specific measurement parameters (e.gspetific
offset) for specific neighbouring cells;

- Black lists can be provided to prevent the UErfnmeasuring specific neighbouring cells.

For the UE measuring discovery signals (i.e. CRB@rCSI-RS) of the serving and neighbour cells, ERUTRAN
indicates the measurement configuration to theibduding the measurement timing configurationhw tiscovery
signals.

Depending on whether the UE needs transmissiomftiecegaps to perform the relevant measurementasurements
are classified as gap assisted or non-gap assistaoh-gap assisted measurement is a measurementalhthat does
not require transmission/reception gaps to allosvritteasurement to be performed. A gap assisted negasut is a
measurement on a cell that does require transmissgeption gaps to allow the measurement to biermeed. Gap
patterns (as opposed to individual gaps) are cordéiyand activated by RRC.

10.1.2.1 Handover

The intra E-UTRAN HO of a UE in RRC_CONNECTED stete UE-assisted network-controlled HO, with HO
preparation signalling in E-UTRAN:

- Part of the HO command comes from the target aNdis transparently forwarded to the UE by thes®u
eNB;

- To prepare the HO, the source eNB passes alssapginformation to the target eNB (e.g. E-RABibitites
and RRC context):

- When CA is configured and to enable SCell sebecin the target eNB, the source eNB can provide in
decreasing order of radio quality a list of thetloedls and optionally measurement result of tHisce

- When DC is configured, the source MeNB provides$CG configuration (in addition to the MCG
configuration) to the target MeNB.

- Both the source eNB and UE keep some context (2RNTI) to enable the return of the UE in casél6f
failure;

- UE accesses the target cell via RACH followingpatention-free procedure using a dedicated RAGHumble
or following a contention-based procedure if detlideRACH preambles are not available:

- the UE uses the dedicated preamble until the dxaerdprocedure is finished (successfully or unsssitaly);

- If the RACH procedure towards the target cetio$ successful within a certain time, the UE in@gradio link
failure recovery using a suitable cell;

- No ROHC context is transferred at handover;

- ROHC context can be kept at handover within dreeseNB.
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10.1.2.1.1 C-plane handling

The preparation and execution phase of the HO proeeas performed without EPC involvement, i.e paration
messages are directly exchanged between the eNiBgelease of the resources at the source sidegdine HO
completion phase is triggered by the eNB. In casBM is involved, its DeNB relays the appropriaferessages
between the RN and the MME (S1-based handoverX@nuessages between the RN and target eNB (X2-based
handover); the DeNB is explicitly aware of a UEaatted to the RN due to the S1 proxy and X2 prorgtionality
(see section 4.7.6.6). The figure below depictsmc handover scenario where neither MME noriSgr@ateway
changes:

UE Target eNB ‘ MME ‘ ‘Serving Gateway ‘
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packet data packet data
g g g g S S S P = e e e e e e = = - — e - - - - - - - - >
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Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intrd4&IServing Gateway HO procedure:
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0 The UE context within the source eNB containsiimfation regarding roaming and access restrictidrish
were provided either at connection establishmeat ¢ine last TA update.

1 The source eNB configures the UE measuremeneguwes according to the roaming and access réstrict
information and e.g. the available multiple freqeyeband information. Measurements provided by thece
eNB may assist the function controlling the UE'ar&ction mobility.

2 A MEASUREMENT REPORT is triggered and sent to¢hsB.

3 The source eNB makes decision based on MEASUREMEBNPORT and RRM information to hand off the
UE.

4 The source eNB issues a HANDOVER REQUEST messatie target eNB passing necessary information to
prepare the HO at the target side (UE X2 signaltiogtext reference at source eNB, UE S1 EPC siggall
context reference, target cell IDed&+, RRC context including the C-RNTI of the UE in thaurce eNB, AS-
configuration, E-RAB context and physical layerdbthe source cell + short MAC-I for possible RLF
recovery). UE X2 / UE S1 signalling references dmale target eNB to address the source eNB anBRI@

The E-RAB context includes necessary RNL and TNdresising information, and QoS profiles of the E-RAB

5 Admission Control may be performed by the tasléB dependent on the received E-RAB QoS information
increase the likelihood of a successful HO, ifthgources can be granted by target eNB. The tai@t
configures the required resources according togbeived E-RAB QoS information and reserves a C-Raid
optionally a RACH preamble. The AS-configuratiorb®used in the target cell can either be specified
independently (i.e. an "establishment") or as adsdmpared to the AS-configuration used in theaaell (i.e.
a "reconfiguration").

6 The target eNB prepares HO with L1/L2 and sehddHANDOVER REQUEST ACKNOWLEDGE to the
source eNB. The HANDOVER REQUEST ACKNOWLEDGE messagludes a transparent container to be
sent to the UE as an RRC message to perform thdokian The container includes a new C-RNTI, tagjéB
security algorithm identifiers for the selectedwséy algorithms, may include a dedicated RACH jpnbke, and
possibly some other parameters i.e. access panan8tBs, etc. The HANDOVER REQUEST
ACKNOWLEDGE message may also include RNL/TNL infation for the forwarding tunnels, if necessary.

NOTE: As soon as the source eNB receives the HANBRYREQUEST ACKNOWLEDGE, or as soon as the
transmission of the handover command is initiatethé downlink, data forwarding may be initiated.

Steps 7 to 16 provide means to avoid data losaglitD and are further detailed in 10.1.2.1.2 and.2®.

7 The target eNB generates the RRC message taipettie handover, i.&(RRCConnectionReconfiguration
message including theobilityControllnformation, to be sent by the source eNB towards the UE.sbliece
eNB performs the necessary integrity protection@ptering of the message. The UE receives the
RRCConnectionReconfiguration message with necessary parameters (i.e. new C-Ralget eNB security
algorithm identifiers, and optionally dedicated RA@reamble, target eNB SIBs, etc.) and is commaihgdtie
source eNB to perform the HO. The UE does not neettlay the handover execution for delivering the
HARQ/ARQ responses to source eNB.

8 The source eNB sends the SN STATUS TRANSFER rgedseathe target eNB to convey the uplink PDCP SN
receiver status and the downlink PDCP SN transnsttgus of E-RABs for which PDCP status preseovati
applies (i.e. for RLC AM). The uplink PDCP SN regsi status includes at least the PDCP SN of tisé fir
missing UL SDU and may include a bit map of theeree status of the out of sequence UL SDUs thaUtae
needs to retransmit in the target cell, if theramny such SDUs. The downlink PDCP SN transmitttus
indicates the next PDCP SN that the target eNB alalgn to new SDUSs, not having a PDCP SN yet. The
source eNB may omit sending this message if notleeoE-RABs of the UE shall be treated with PDCRust
preservation.

9 After receiving théRRCConnectionReconfiguration message including threobilityControllnformation , UE
performs synchronisation to target eNB and accassetarget cell via RACH, following a contentiomred
procedure if a dedicated RACH preamble was inditatehemobilityControllnformation, or following a
contention-based procedure if no dedicated preamdeindicated. UE derives target eNB specific kayd
configures the selected security algorithms todeun the target cell.

10 The target eNB responds with UL allocation dmdrig advance.
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11 When the UE has successfully accessed the &eljethe UE sends the
RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, alondhait uplink
Buffer Status Report, whenever possible, to thgetaeNB to indicate that the handover proceduceispleted
for the UE. The target eNB verifies the C-RNTI sienthe RRCConnectionReconfigurationComplete message.
The target eNB can now begin sending data to the UE

12 The target eNB sends a PATH SWITCH REQUEST ngessaMME to inform that the UE has changed cell.
13 The MME sends a MODIFY BEARER REQUEST messaghaderving Gateway.

14 The Serving Gateway switches the downlink dath fo the target side. The Serving gateway sendpmore
"end marker" packets on the old path to the soel® and then can release any U-plane/TNL resources
towards the source eNB.

15 The Serving Gateway sends a MODIFY BEARER RES8PMessage to MME.

16 The MME confirms the PATH SWITCH REQUEST messaifé the PATH SWITCH REQUEST
ACKNOWLEDGE message.

17 By sending the UE CONTEXT RELEASE message,dhget eNB informs success of HO to source eNB and
triggers the release of resources by the source gN8target eNB sends this message after the PRYWHT CH
REQUEST ACKNOWLEDGE message is received from the BIM

18 Upon reception of the UE CONTEXT RELEASE messé#uge source eNB can release radio and C-plantedela
resources associated to the UE context. Any ongiétg forwarding may continue.

When an X2 handover is used involving HeNBs andnithe source HeNB is connected to a HeNB GW, a UE
CONTEXT RELEASE REQUEST message including an expB&V Context Release Indication is sent by thec®u
HeNB, in order to indicate that the HeNB GW mayaale of all the resources related to the UE cantext

10.1.2.1.2 U-plane handling

The U-plane handling during the Intra-E-UTRAN-Acsesobility activity for UEs in ECM-CONNECTED takéise
following principles into account to avoid datadaturing HO:

- During HO preparation U-plane tunnels can beldistaed between the source eNB and the target @Ré&e is
one tunnel established for uplink data forwarding another one for downlink data forwarding forle&cRAB
for which data forwarding is applied. In the ca$a & E under an RN performing handover, forwardimgnels
can be established between the RN and the tardgev&Nhe DeNB.

- During HO execution, user data can be forwardemhfthe source eNB to the target eNB. The forwaydiray
take place in a service and deployment dependehingmiementation specific way.

- Forwarding of downlink user data from the souixéhe target eNB should take place in order ag bm
packets are received at the source eNB from the &RI@& source eNB buffer has not been emptied.

- During HO completion:

- The target eNB sends a PATH SWITCH message to Md/iform that the UE has gained access and
MME sends a MODIFY BEARER REQUEST message to theifg Gateway, the U-plane path is switched
by the Serving Gateway from the source eNB todinget eNB.

- The source eNB should continue forwarding of dngl data as long as packets are received at theesou
eNB from the Serving Gateway or the source eNBdsuias not been emptied.

ForRLC-AM bearers:
- During normal HO not involving Full Configuration

- For in-sequence delivery and duplication avoidafDCP SN is maintained on a bearer basis argbtiree
eNB informs the target eNB about the next DL PD@®Pt&allocate to a packet which does not have aPDC
sequence number yet (either from source eNB or flenServing Gateway).

- For security synchronisation, HFN is also maimgi and the source eNB provides to the target efeeence
HFN for the UL and one for the DL i.e. HFN and asponding SN.
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- In both the UE and the target eNB, a window-basedhanism is needed for duplication detection.

- The occurrence of duplicates over the air integfim the target eNB is minimised by means of P[3GP
based reporting at the target eNB by the UE. linipthe reporting is optionally configured on aaber
basis by the eNB and the UE should first startraggmitting those reports when granted resourctin
target eNB. In downlink, the eNB is free to decidgen and for which bearers a report is sent antJthe
does not wait for the report to resume uplink traission.

- The target eNB re-transmits and prioritizes alvdlink PDCP SDUs forwarded by the source eNB the.
target eNB should send data with PDCP SNs from &f@2re sending data from S1), with the exception of
PDCP SDUs of which the reception was acknowledgealigh PDCP SN based reporting by the UE.

- The UE re-transmits in the target eNB all uplPIRCP SDUs starting from the first PDCP SDU follogvin
the last consecutively confirmed PDCP SDU i.e.aldest PDCP SDU that has not been acknowledged at
RLC in the source, excluding the PDCP SDUs of whiehreception was acknowledged through PDCP SN
based reporting by the target.

- During HO involving Full Configuration:

- The following description below for RLC-UM beasealso applies for RLC-AM bearers. Data loss may
happen.

ForRLC-UM bearers:
- The PDCP SN and HFN are reset in the target eNB.
- No PDCP SDUs are retransmitted in the target eNB.

- The target eNB prioritizes all downlink PDCP SDidswarded by the source eNB if any (i.e. the theé¢B
should send data with PDCP SNs from X2 before sgndata from S1).

- The UE PDCP entity does not attempt to retranamitPDCP SDU in the target cell for which transias had
been completed in the source cell. Instead UE PBX@i#y starts the transmission with other PDCP SDUs

10.1.2.2 Path Switch
10.1.2.2.1 Path Switch upon handover

After the downlink path is switched at the Servid'g/ downlink packets on the forwarding path andlenew direct

path may arrive interchanged at the target eNB.t&tget eNodeB should first deliver all forwardextkets to the UE
before delivering any of the packets received ennéw direct path. The method employed in the taly® to enforce
the correct delivery order of packets is outsidegbope of the standard.

In order to assist the reordering function in #agét eNB, the Serving GW shall send one or maond Yearker"
packets on the old path immediately after switchimgpath for each E-RAB of the UE. The "end markeacket shall
not contain user data. The "end marker" is indit&ehe GTP header. After completing the sendiinthe tagged
packets the GW shall not send any further user platkets via the old path.

Upon receiving the "end marker" packets, the soal® shall, if forwarding is activated for that e forward the
packet toward the target eNB.

On detection of an "end marker" the target eNBlgthiatard the end marker packet and initiate aroessary
processing to maintain in sequence delivery of data forwarded over X2 interface and user dateived from the
serving GW over S1 as a result of the path switch.

On detection of the "end marker", the target eNB alao initiate the release of the data forwarde®mpurce. However,
the release of the data forwarding resource isemphtation dependent and could also be based enm#ithanisms
(e.g. timer-based mechanism).

EPC may change the uplink end-point of the tunnitls Path Switch procedure. However, the EPC shkeak the
old GTP tunnel end-point(s) sufficiently long tirmeorder to minimise the probability of packet lessind avoid
unintentional release of respective E-RAB(S).
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10.1.2.2.2 Path Update upon Dual Connectivity specific activities

Upon DC specific activities which involve the trégrsof bearer contexts from one eNB to anothesnié of the eNBs
involved in DC provides radio resources to the OEdne or several E-RABs configured with the SC@rbeoption,

the update of the downlink path towards the EPGHerrelevant E-RABs needs to be communicated &yi&NB to

the MME. The functions specified for the path sWwifor handover as specified in section 10.1.2.2elagplicable for
the path update for DC with SCG bearer option dbexeept that:

- The role of involved eNBs are different: in D8et"source eNB" as specified for handover, is thiB &om
which the bearer context is transferred and theyétaeeNB" is the eNB to which the bearer contettassferred.

- The EPC does not change the uplink end-poirht@tiinnels with the Path Update procedure in athatythis
would change the Serving GW.

10.1.2.3 Data forwarding

10.1.2.3.1 For RLC-AM DRBs

Upon handover, the source eNB may forward in otdéhe target eNB all downlink PDCP SDUs with thei that
have not been acknowledged by the UE. In additlmmsource eNB may also forward without a PDCP 1@l data
arriving over S1 to the target eNB.

NOTE: The target eNB does not have to wait forabmpletion of forwarding from the source eNB befitre
begins transmitting packets to the UE.

The source eNB discards any remaining downlink FRILJs. Correspondingly, the source eNB does notdaiwthe
downlink RLC context to the target eNB.

NOTE: The source eNB does not need to abort ongelg transmissions with the UE as it starts data
forwarding to the target eNB.

Upon handover, the source eNB forwards to the 8gr@@ateway the uplink PDCP SDUs successfully rexkin-
sequence until the sending of the Status Transéssage to the target eNB. Then at that point af time source eNB
stops delivering uplink PDCP SDUs to the S-GW amallsliscard any remaining uplink RLC PDUs. Corasgingly,
the source eNB does not forward the uplink RLC erto the target eNB.

Then the source eNB shall either:

- discard the uplink PDCP SDUs received out of sega if the source eNB has not accepted the reffoesthe
target eNB for uplink forwarding or if the targel® has not requested uplink forwarding for the bealuring
the Handover Preparation procedure,

- forward to the target eNB the uplink PDCP SDUsereed out of sequence if the source eNB has aeddpe
request from the target eNB for uplink forwarding the bearer during the Handover Preparation phuee

The PDCP SN of forwarded SDUs is carried in the POPDU number" field of the GTP-U extension headlbe
target eNB shall use the PDCP SN if it is availablthe forwarded GTP-U packet.

For normal HO in-sequence delivery of upper layBlB during handover is based on a continuous PDICRI8l is
provided by the "in-order delivery and duplicatenghation” function at the PDCP layer:

- in the downlink, the "in-order delivery and dugglte elimination” function at the UE PDCP layer iguiees in-
sequence delivery of downlink PDCP SDUs;

- in the uplink, the “in-order delivery and dupliealimination" function at the target eNB PDCPdaguarantees
in-sequence delivery of uplink PDCP SDUs.

After a normal handover, when the UE receives aPIBOU from the target eNB, it can deliver it tolieg layer
together with all PDCP SDUs with lower SNs regasdlef possible gaps.

For handovers involving Full Configuration, the smueNB behaviour is unchanged from the descriglmove. The
target eNB may not send PDCP SDUs for which dejivesis attempted by the source eNB. The target eldBtifies
these by the presence of the PDCP SN in the foed@ITP-U packet and discards them.
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After a Full Configuration handover, the UE deliseeceived PDCP SDU from the source cell to thedrdayer
regardless of possible gaps. UE discards uplink PBOUs for which transmission was attempted arrdmemission
of these over the target cell is not possible.

10.1.2.3.2 For RLC-UM DRBs

Upon handover, the source eNB does not forwarbaddrget eNB downlink PDCP SDUs for which transmois had
been completed in the source cell. PDCP SDUs tia hot been transmitted may be forwarded. In exfdithe
source eNB may forward fresh downlink data arrivirvgr S1 to the target eNB. The source eNB discangs
remaining downlink RLC PDUs. Correspondingly, toeice eNB does not forward the downlink RLC contexthe
target eNB.

Upon handover, the source eNB forwards all upliBiCIP SDUs successfully received to the Serving Gayefive.
including the ones received out of sequence) aschdils any remaining uplink RLC PDUs. Corresporigirtbe
source eNB does not forward the uplink RLC contexhe target eNB.

10.1.2.3.3 SRB handling

With respect to SRBs, the following principles apat HO:
- No forwarding or retransmissions of RRC messéagése target;
- The PDCP SN and HFN are reset in the target.

10.1.2.34 User data forwarding for Dual Connectivity

Upon DC specific activities user data forwardingyrba performed for E-RABs configured with the SCé&ter option
or with the split bearer option. The behaviourtef ENB from which data is forwarded is the samspasified for the
"source eNB" for handover, the behaviour of the @blB/hich data is forwarded is the same as spelcifiethe "target
eNB" for handover. If data forwarding for split leaoption is applied, the PDCP PDUs which areaohowledged
by the UE are forwarded from the SeNB to the MeNBhie course of procedures involving the releagsbeSCG part
of the split bearer (e.g., SeNB Modification, SeRBlease, Change of SeNB).

10.1.2.4 Void
10.1.2.5 Void
10.1.2.6 Void

10.1.2.7 Timing Advance

In RRC_CONNECTED, the eNB is responsible for mamitey the timing advance. Serving cells having Glwhich
the same timing advance applies (typically corrasiigg to the serving cells hosted by the same veceand using the
same timing reference cell are grouped in a tinsidgance group (TAG). Each TAG contains at leastsameing cell
with configured uplink, and the mapping of eachvsey cell to a TAG is configured by RRC. In caseDdE, a TAG
only includes cells that are associated to the Sa@and the maximum number of TAG is 8.

For the pTAG the UE uses the PCell in MCG and t8E€&@Il in SCG as timing reference. In a sSTAG, therbky use
any of the activated SCells of this TAG as a timiafgrence cell, but should not change it unlesessary.

In some cases (e.g. during DRX), the timing advase®t necessarily always maintained and the MAlag/er
knows if the L1 is synchronised and which procedarese to start transmitting in the uplink:

- aslong as the L1 is non-synchronised, uplinkgnaission can only take place on PRACH.

For a TAG, cases where the UL synchronisation statoves from "synchronised" to "non-synchronisedtude:
- Expiration of a timer specific to the TAG;
- Non-synchronised handover.

The synchronisation status of the UE follows thecsyonisation status of the pTAG of MCG. The sypciigation
status of the UE w.r.t. SCG follows the synchrotiisastatus of the pTAG of SCG. When the timer asged with
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pPTAG is not running, the timer associated with @AG in that CG shall not be running. Expiry of tii@ers
associated with one CG does not affect the operafithe other CG.

The value of the timer associated to the pTAG of®/i€ either UE specific and managed through deelitaignalling
between the UE and the eNB, or cell specific adicated via broadcast information. In both cades timer is
normally restarted whenever a new timing advancggvisn by the eNB for the pTAG:

- restarted to a UE specific value if any; or
- restarted to a cell specific value otherwise.

The value of the timer associated to a pTAG of 2@ the value of a timer associated to an STAGAEG or an
STAG of SCG are managed through dedicated siggdbi@ween the UE and the eNB, and the timers assalcio
these TAGs can be configured with different val(dwe timers of these TAGs are normally restartednelver a new
timing advance is given by the eNB for the corregting TAG.

Upon DL data arrival or for positioning purposeledicated signature on PRACH can be allocateddgMNB to the
UE. When a dedicated signature on PRACH is allagatee UE shall perform the corresponding randocess
procedure regardless of its L1 synchronisatiorustat

Timing advance updates are signalled by the eNBadJE in MAC PDUs.
10.1.2.8 Dual Connectivity operation
10.1.2.8.1 SeNB Addition

The SeNB Addition procedure is initiated by the MeBihd is used to establish a UE context at the SeNiBder to
provide radio resources from the SeNB to the UEs phocedure is used to add at least the first(B&ICell) of the
SCG. Figure 10.1.2.8.1-1 shows the SeNB Additimtedure.

UE MeNB SeNB S-GW MME

1. SeNB Addition Request
(carry SCG-Configlnfo)

2. SeNB Addition Request Acknowledge
_(carry SCG-Config)
on

3. RRCConnectionReconfigura[
4. RRCConnectionReconfigurationComplete
5. SeNB Reconfiguration Cogplete

_—
-

6. Random Access Procedure

7. SN Status Transfer

8. Data Forwarding

777777777777 >
Path Update procedure 9. E-RAB Modification|Indication -
__10. Bearer Modication
11. End Marker Packet -~ gl
;i:ii:ii::ii; 7777777777777
< 12. E-RAB Modification| Confirmation

Figure 10.1.2.8.1-1: SeNB Addition procedure

1. The MeNB decides to request the SeNB to allocat® resources for a specific E-RAB, indicatingREB
characteristics (E-RAB parameters, TNL addressimétion corresponding to bearer type). In additideNB
indicates withinSCG-Configlnfo the MCG configuration and the entire UE capaleiitior UE capability
coordination to be used as basis for the recordigum by the SeNB, but does not include SCG conédition.
The MeNB can provide the latest measurement refarlthe SCG cell(s) requested to be added. TheBSahy
reject the request.
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NOTE: In contrast to SCG bearer, for the split beaption the MeNB may either decide to requesiuses

from the SeNB of such an amount, that the QoShieréspective E-RAB is guaranteed by the exact sum
of resources provided by the MeNB and the SeNBthmgeor even more. The MeNBs decision may be
reflected in step 1 by the E-RAB parameters sigaaid the SeNB, which may differ from E-RAB
parameters received over S1.

NOTE: For a specific E-RAB, the MeNB may request dlirect establishment of an SCG or a Split bearer,

2.

without first having to establish an MCG bearer.

If the RRM entity in the SeNB is able to adri¢ resource request, it allocates respective radimurces and,
dependent on the bearer option, respective transptwork resources. The SeNB triggers Random Acses
that synchronisation of the SeNB radio resourcdigoration can be performed. The SeNB providesiin
radio resource of SCG BCG-Config to the MeNB. For SCG bearers, the SeNB providesidw radio resource
of the SCG together with S1 DL TNL address inforiorafor the respective E-RAB and security algorittiar
split bearers together with X2 DL TNL address infation.

NOTE: In case of split bearers, transmission of pt&ne data may take place after step 2.

NOTE: In case of SCG bearers, data forwarding hadSN Status Transfer may take place after step 2.

3.

If the MeNB endorses the new configuration,MeNB sends th&RCConnectionReconfiguration message to
the UE including the new radio resource configamratf SCG according to tHCG-Config.

The UE applies the new configuration and rephigh RRCConnectionReconfigurationComplete message. In
case the UE is unable to comply with (part of)¢bafiguration included in thBRCConnectionReconfiguration
message, it performs the reconfiguration failuecpdure.

The MeNB informs the SeNB that the UE has cotepl¢he reconfiguration procedure successfully.

The UE performs synchronisation towards the RSEée SeNB. The order the UE sends the
RRCConnectionReconfigurationComplete message and performs the Random Access procexiaeds the
SCG is not defined. The successful RA proceduratdsithe SCG is not required for a successful cetiqnl of
the RRC Connection Reconfiguration procedure.

7.18. In case of SCG bearers, and dependent dretirer characteristics of the respective E-RABMB&IB may

take actions to minimise service interruption duadtivation of dual connectivity (Data forwardirg)\ Status
Transfer).

9.-12. For SCG bearers, the update of the UP pathrtls the EPC is performed.
10.1.2.8.2 SeNB Modification

The SeNB Modification procedure may be initiatetthei by the MeNB or by the SeNB and be used to fpodi
establish or release bearer contexts, to transfatel contexts to and from the SeNB or to modifeoproperties of
the UE context within the same SeNB.

The SeNB modification procedure does not necegsaeibd to involve signalling towards the UE.

M eNB initiated SeNB M odification
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UE MeNB SeNB S-GW MME

1. SeNB Modification Request
(carry SCG-Configinfo) g

2. SeNB Modification Request Acknowledge
m(]‘g%rry SCG-Config)

‘3. RRCConnectionReconfigural

4. RRCConnectionReconfigurationComplete

5. SeNB Reconfiguration Complete

6. Random Access Procedure
1
-

| o

7. SNStatus Transfer

8. Data Forwarding

9. Path Update procedure

Figure 10.1.2.8.2-1: SeNB Modification procedure - MeNB initiated

The MeNB uses the procedure to initiate configoratthanges of the SCG within the same SeNB, eegadhition or
release of SCG SCells, the addition, modificationetease of SCG bearer(s) and the SCG part dflsgdirer(s) and to
trigger PSCell change involving PSCell release. $8BB may reject the request, except if it concéiagelease of
SCG cells, of SCG bearer(s) or the SCG part of bphrer(s). Figure 10.1.2.8.2-1 shows an exanigiating flow

for a MeNB initiated SeNB Modification procedure.

1.

The MeNB sends the SeNB Madification Request messalgich may contain bearer context related orrothe
UE context related information, data forwarding gdd information (if applicable) ar®CG-Configlnfo which
contains the MCG configuration and the entire Ugatslities for UE capability coordination to be dszs
basis for the reconfiguration by the SeNB. In aais8CG SCell addition request, the MeNB can provige
latest measurement results for the SCG cell(s)astigd to be added and SCG serving cell(s). In@bSEG
Change, SCG Change Indication is included.

NOTE: MeNB may request the establishment or releASCG or Split bearer while not reconfiguratiorMCG

2.

Ya.

bearer, which can be performed without SCG change.

The SeNB responds with the SeNB Maodification lrResf) Acknowledge message, which may contain radio
configuration information withirBCG-Config message and data forwarding address informatiap(ificable).

In this step, the SeNB does not initiate an SCGgha.e. theSCG-Config message indicates an SCG Change
only if the MeNB included the SCG Change Indicatiothe SeNB Modification Request message (as & SC
change initiated by the SeNB would subsequentlyirecqan SCG counter from the MeNB). In case of SCG
Change, for E-RABs configured with the split bearption for which no bearer type change is perfatntiee
SeNB provides a new DL GTP TEID to the MeNB. TheNBeshall continue sending DL PDCP PDUs to the
SeNB with the previous DL GTP TEID until it perfosPDCP re-establishment or PDCP data recoveryyusad
the new DL GTP TEID starting with the PDCP re-ebsiinent or data recovery.

The MeNB initiates the RRC connection reconfigion procedure. The UE applies the new configoragind
replies withRRCConnectionReconfigurationComplete. In case the UE is unable to comply with (parttb®
configuration included in thBRCConnectionReconfiguration message, it performs the reconfiguration failure
procedure.

Upon successful completion of the reconfiguratibhe success of the procedure is indicated ii5#dB
Reconfiguration Complete message.

If instructed, the UE performs synchronisatiowards the PSCell of the SeNB as described in Szditition
procedure. Otherwise, the UE may perform UL trassion after having applied the new configuration.
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7/8. If applicable, data forwarding between MeNBl #imle SeNB takes place (Figure 10.1.2.8.2-1 deflietgase

9.

where a bearer context is transferred from the MédNBie SeNB).

If applicable, a path update is performed.

SeNB initiated SeNB M odification

UE MeNB SeNB S-GW MME

AA

_SeNB Modification Required
include SCG-Config)

For providing of Forwarding addresses, SeNB security key, SCG
Change indication

=

2. SeNB Modification Request

3. SeNB Modification Request
“Acknowledge

5. RRCConnectionReconfigurationComplete

6. SeNB Modification Confir[g

»

J. Random Access Procedure

_8. SNStatus Transfer

<9. Data Forwarding F—— T

10. Path Update procedure |

Figure 10.1.2.8.2-2: SeNB Modification procedure - SeNB initiated

The SeNB uses the procedure to perform configuratimnges of the SCG within the same SeNB, eigigger
the release of SCG ScCell(s) (other than PSCelly; B€arer(s) and the SCG part of split bearer(r{wghich the
MeNB may release the bearer or reconfigure it tM&©G bearer), and to trigger PSCell change. The BleBinnot
reject the release request of SCG ScCells (otherB&Cell), SCG bearer and the SCG part of splitdse@he
SeNB cannot initiate an SCG SCell addition excepttie case of Sl update of an SCG ScCell. Figur.2@.2-2
shows an example signalling flow for an SeNB ingthSeNB Modification procedure.

1.

The SeNB sends the SeNB Modification Requiredsage, which may contain bearer context relatéer &1E
context related information ar8CG-Config which contains the new radio resource configuratibSCG. For
bearer release or modification a corresponding BRé#t is included in the SeNB Modification Requdre
message. In case of SCG Change, SCG Change loditagether wittSCG-Config are included. In case of
release of bearer served by Sel$BG-Config is not included.

The SeNB can decide whether the Random Accessguioeés required, i.e. SCG change.

2./13. If data forwarding and/or SeNB security kéage needs to be applied, the MeNB triggers thpgration

of the MeNB initiated SeNB Modification procedunedgprovides forwarding address and/or a new SeNB
security key information within the SeNB Modificati Request message, respectively. If the SeNB stegh¢o
release a bearer in step 1, and the MeNB decidextmfigure it to an MCG bearer, the MeNB provittes

SCG Change Indication within the SeNB ModificatiReaquest message and the SeNB provides respecti@e RR
information in theSCG-Configuration within the SeNB Modification Request Acknowledgermmessage.

NOTE: When the SeNB Modification Required messagaainsSCG-Config in step 1, the following MeNB

initiated SeNB Modification procedure triggeredthg MeNB in step 2 cannot be used for anything that
would require a new SCG configuration @3G-Config cannot be subsequently signalled by the SeNB).

NOTE: If only SeNB security key (i.e. without SCGdahge Indication) is provided in step 2, the MeN2sinot

4,

need to wait for the reception of step 3 to initite RRC connection reconfiguration procedure.

If MeNB accepts the SeNB request, the MeNB sémelRRCConnectionReconfiguration message to the UE
including the new radio resource configuration @Gsaccording to th&CG-Config.
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5. The UE applies the new configuration and replefRRCConnectionReconfigurationCompl ete message. In case
the UE is unable to comply with (part of) the cgufiation included in thBRRCConnectionReconfiguration
message, it performs the reconfiguration failu@cpdure.

6. Upon successful completion of the reconfiguratibe success of the procedure relate®dG-Config is
indicated in the SeNB Madification Confirm message.

7. Ifinstructed, the UE performs synchronisatiowards the PSCell of the SeNB as described in Sadi¢ition
procedure. Otherwise, the UE may perform UL trassion after having applied the new configuration.

8/9. If applicable, data forwarding between MeNBl #imfe SeNB takes place (Figure 10.1.2.8.2-2 deflietgase
where a bearer context is transferred from the SeiNBe MeNB).

10. If applicable, a path update is performed.
10.1.2.8.2.1 Intra-MeNB handover involving SCG change

This procedure is used to perform handover withexdame MeNB while keeping the SCG in the same SeNB

UE MeNB SeNB S-GW MME

1. SeNB Modification Request|
(carry SCG-Configinfo)

2. SeNB Modification Request Acknowledge
carry SCG-Config)

3. RRCConnectionReconfigurgtion

-
4. Random Access Procedure|
- >

5. RRCConnectionReconfigurationComplete

6. SeNB Reconfiguration Complete

7. Random Access Procedure

-t

10. Path Update procedure

Figure 10.1.2.8.2.1-1: Intra-MeNB handover procedure with SeNB configuration

1. The MeNB sends the SeNB Modification Requestsags, which may contain bearer context relatedharo
UE context related information, data forwarding resd information (if applicable) arf8CG-Configlnfo which
contains the MCG configuration and the entire Ugatalities for UE capability coordination to be dses basis
for the reconfiguration by the SeNB. In case of S8l addition request, the MeNB can provide Hiedt
measurement results for the SCG cell(s) requestbd aidded and SCG serving cell(s). For E-RABsigardd
with the split bearer option for which no beargreychange is performed during the SCG Change puoed¢de
MeNB provides a new UL GTP TEID to the SeNB. Thé&Beshall continue sending UL PDCP PDUs to the
MeNB with the previous UL GTP TEID until it re-ebt&shes the RLC and use the new UL GTP TEID after
RLC re-establishment.

2. The SeNB responds with the SeNB Modification lrexf) Acknowledge message, which may contain radio
configuration information withirBCG-Config message and data forwarding address informatiap(ificable).

3. The MeNB triggers the UE to apply the new comfadion including SCG configuration.
4/5. The UE synchronizes to the MeNB.

6. Upon successful completion of the reconfiguratibe success of the procedure is indicated ils#i¢B
Reconfiguration Complete message.

7. The UE performs synchronisation towards the HS€éhe SeNB as described in SeNB addition praced
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8/9. Data forwarding between MeNB and the SeNB taég place.
10. If applicable, a path update is performed.
10.1.2.8.3 SeNB Release

The SeNB Release procedure may be initiated dithéine MeNB or by the SeNB and is used to inittaierelease of
the UE context at the SeNB. The recipient nodéisfriequest cannot reject.

It does not necessarily need to involve signaltmgards the UE, e.g., RRC connection re-establistiithee to Radio
Link Failure in MeNB.

MeNB initiated SeNB Release

UE MeNB SeNB S-GW MME

1. SeNB Release Request

2. RRCConnectionReconfiguration

3. RRCConnectionReconfigurationComplete

4. SNStatus Transfer

45. Data Forwardng [~~~ —~————————-

6. Path Update procedure

7. UE Context Release

Figure 10.1.2.8.3-1: SeNB Release procedure — MeNB initiated

Figure 10.1.2.8.3-1 shows an example signalling flor the MeNB initiated SeNB Release procedure.

1. The MeNB initiates the procedure by sending3bbIB Release Request message. If data forwarding is
requested, the MeNB provides data forwarding adae the SeNB.

2/3. Ifrequired, the MeNB indicates in tRRCConnectionReconfiguration message towards the UE that the UE
shall release the entire SCG configuration. In ¢hedJE is unable to comply with (part of) the dgafation
included in theRRCConnectionReconfiguration message, it performs the reconfiguration failin@pdure.

NOTE: If data forwarding is applied, timely coordtion between steps 1 and 2 may minimize gapsruicge
provision, this is however regarded to be an imgletation matter.

4/5. Data forwarding from the SeNB to the MeNB twkéace.
6. If applicable, the path update procedure isaitat.

7. Upon reception of the UE Context Release messhgé&eNB can release radio and C-plane relassdiree
associated to the UE context. Any ongoing data &dimg may continue.

SeNB initiated SeNB Release
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MeNB

SeNB S-GW MME

2. SeNB Release Confirm

1. SeNB Release Required
-~

3. RRCConnectionReconfiguration

-

4. RRCConnectionReconﬁguE ionComplete

5. SNStatus Transfer

-

6. Data Forwarding

4 __________

7. Path Update procedure

8. UE Context Release

Figure 10.1.2.8.3-2: SeNB Release procedure — SeNB initiated

Figure 10.1.2.8.3-2 shows an example signalling fior the SeNB initiated SeNB Release procedure.

1. The SeNB initiates the procedure by sendindSileB Release Required message which does not icamtii-
node message.

2. If data forwarding is requested, the MeNB pregidiata forwarding addresses to the SeNB in thé8Jtease
Confirm message. The SeNB may start data forwaralmhstop providing user data to the UE as early as
receives the SeNB Release Confirm message.

%. If required, the MeNB indicates in tRRCConnectionReconfiguration message towards the UE that the UE
shall release the entire SCG configuration. In ¢hedJE is unable to comply with (part of) the dgofation
included in theRRCConnectionReconfiguration message, it performs the reconfiguration failin@pdure.

NOTE:

5/6. Data forwarding from the SeNB to the MeNB &éace.

7. If applicable, the path update procedure igatat.

If data forwarding is applied, timely coordtion between steps 2 and 3 may minimize gapsriicee
provision. This is however regarded to be an imgletation matter.

8. Upon reception of the UE Context Release messhge&eNB can release radio and C-plane relaseiree
associated to the UE context. Any ongoing data &dimg may continue.

10.1.2.8.4

Change of SeNB

The change of SeNB procedure is initiated by MeNB ased to transfer a UE context from a source SeNBtarget
SeNB and to change the SCG configuration in UE foora SeNB to another.
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UE MeNB S-SeNB T-SeNB S-GW MME

1. SeNB Addition Request

P 2. SeNB Addition Request Acknowledge

3. SeNB Release Request

4. RRCConnectionReconfiguration

5. RRCConnectionReconfigurationComplete
e e

6. SeNB Reconfiguration Complete

Random Access Procedure

7.
-t

__8a. SNStatus Transfer
8b. SN Status Transfer

9. Data Forwarding

1. Bearer Modification
-

14. E-RAB Modificatior] Confirmation

-

15. UE Context Release

Figure 10.1.2.8.4-1: Change of SeNB

Figure 10.1.2.8.4-1 shows an example signalling flor the Change of SeNB:

%%. The MeNB initiates the change of SeNB by reqogghe target SeNB to allocate resources for theby
means of the SeNB Addition Preparation procedureNBlincludes the SCG configuration of the old SeNB
the SeNB Addition Request. If forwarding is needbd, target SeNB provides forwarding addresselsgo t
MeNB.

3. If the allocation of target SeNB resources waxsssful, the MeNB initiates the release of thes® SeNB
resources towards the UE and the source SeNBtdffdawarding is needed the MeNB provides data
forwarding addresses to the source SeNB. Eithectdata forwarding or indirect data forwardingised for
SCG bearer. Only indirect data forwarding is usad3plit bearer. Reception of the SeNB Release &stqu
message triggers the source SeNB to stop provigieg data to the UE and, if applicable, to statd da
forwarding.

4/5. The MeNB triggers the UE to apply the new ggunfation. The MeNB indicates the new configurationhe
RRCConnectionReconfiguration message towards the UE. In case the UE is unalaientply with (part of) the
configuration included in thBRCConnectionReconfiguration message, it performs the reconfiguration failure
procedure.

6. If the RRC connection reconfiguration procedues successful, the MeNB informs the target SeNB.
7. The UE synchronizes to the target SeNB.

8/9. If applicable, data forwarding from the souBaNB takes place. It may be initiated as earhasource SeNB
receives the SeNB Release Request message fravietdB.

10-14. If one of the bearer contexts was configuvgd the SCG bearer option at the source SeNB) patlate is
triggered by the MeNB.

15. Upon reception of the UE Context Release messhg source SeNB can release radio and C-pltatede
resource associated to the UE context. Any ongdatg forwarding may continue.

10.1.2.8.5 MeNB to eNB Change
The MeNB to eNB Change procedure is used to tragsfietext data from a source MeNB/SeNB to a taeis.
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UE S-MeNB S-SeNB T-eNB S-GW MME

1. Handover Request

2. Handover Request Acknqwledge

3. SeNB Release Request

‘4. RRCConnectionReconfigurgtion

5. Random Access Procedure|

-
-

6. RRCConnectionReconfigurationComplete

_ 7a. SNStatus Transfer
D 7b. SNStatus Transfer

8. Data Forwarding

. 10. Bearer Modication

_14. UE Context Release | e T

15. UE Context Release

Figure 10.1.2.8.5-1: MeNB to eNB Change procedure

Figure 10.1.2.8.5-1 shows an example signalling flor the MeNB to eNB Change procedure:

1. The source MeNB starts the MeNB to eNB Changeeature by initiating the X2 Handover Preparation
procedure. The source MeNB includes the SCG cordtgn in theHandover Preparationl nformation.

2. The target eNB includes the field in HO commaihich releases SCG configuration, and may alsoigeov
forwarding addresses to the source MeNB. The aniddf an SeNB can be initiated only after complgptO.

3. Ifthe allocation of target eNB resources wacsasful, the MeNB initiates the release of thec®&eNB
resources towards the source SeNB. If data forwgridi needed, the MeNB provides data forwardingesibs
to the source SeNB. Either direct data forwardingndirect data forwarding is used for SCG beabmly
indirect data forwarding is used for Split beaReception of the SeNB Release Request messagersitige
source SeNB to stop providing user data to the i & applicable, to start data forwarding.

4. The MeNB triggers the UE to apply the new coumfédion. Upon receiving the new configuration, the
releases the entire SCG configuration.

5/6. The UE synchronizes to the target eNB.

7/8. If applicable, data forwarding from the souBaNB takes place. It may start as early as theced@eNB
receives the SeNB Release Request message fravietiB.

9-13. The target eNB initiates the S1 Path Switcit@dure.
14. The target eNB initiates the UE Context Relgaseedure towards the source MeNB.

15. Upon reception of the UE CONTEXT RELEASE messdlge S-SeNB can release radio and C-plane related
resource associated to the UE context. Any ongdatg forwarding may continue.

10.1.2.8.6 SCG change

"SCG change" refers to a synchronous SCG recordigur procedure towards the UE involving randomreasmon
PSCell. This procedure is used to establish SC&can be used to reconfigure the SCG configuraboming SCG
change, MAC configured for SCG is reset and RLCfigoimed for SCG is re-established regardless obéerer
type(s) established on SCG. For SCG bearer, PD@fgooed for SCG is re-established. In case of mfigaration
from split to MCG bearer, RLC configured for SCGé¢eased. During SCG change, S«key is refreshed. To
perform SCG change within the same SeNB, the SeMBifitation procedure as described in section 20812 is
used and in this case, the path switch and dateafding for DRB on SCG may be suppressed. To par®CG
change between different SeNBs, the change of SeNfescribed in section 10.1.2.8.4 is used.
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10.1.3 Measurements

Measurements to be performed by a UE for intrafifrequency mobility can be controlled by E-UTRADSIng
broadcast or dedicated control. In RRC_IDLE statgE shall follow the measurement parameters defioecell
reselection specified by the E-UTRAN broadcast. Uie of dedicated measurement control for RRC_ IBtae is
possible through the provision of UE specific pities (see sub-clause 10.2.4). In RRC_CONNECTEE: staUE
shall follow the measurement configurations spedifbty RRC directed from the E-UTRAN (e.g. as in AR
MEASUREMENT_CONTROL).

In RRC_IDLE and RRC_CONNECTED the UE may be configlto monitor some UTRA or E-UTRA carriers
according to reduced performance requirementsexsfega in 36.133 [21].

For CSI-RS based discovery signals measuremem$; sbould be interpreted as "transmission pofrthe concerned
cell" in the following descriptions.

Intra-frequency neighbour (cell) measurements atet-frequency neighbour (cell) measurements diiaatbas
follows:

- Intra-frequency neighbour (cell) measurementsghtgour cell measurements performed by the UErdra-i
frequency measurements when the current and teetjeiperates on the same carrier frequency. Thahai
be able to carry out such measurements without uneaent gaps.

- Inter-frequency neighbour (cell) measurementsgheour cell measurements performed by the UErdes-i
frequency measurements when the neighbour celbtgreon a different carrier frequency, comparetieo
current cell. The UE should not be assumed to betalrarry out such measurements without measureme

gaps.

Whether a measurement is non gap assisted or gegpegisdepends on the UE's capability and the cuogerating
frequency. The UE determines whether a particldimeeasurement needs to be performed in a tras&miseception
gap and the scheduler needs to know whether gapteaded:

- Same carrier frequency and cell bandwidths (Sterg: an intra-frequency scenario; not measurengap
assisted.

- Same carrier frequency, bandwidth of the targéitsnaller than the bandwidth of the current ¢8tienario B):
an intra-frequency scenario; not measurement gsiptad.

- Same carrier frequency, bandwidth of the targétlarger than the bandwidth of the current cBtténario C):
an intra-frequency scenario; not measurement gsiptad.

- Different carrier frequencies, bandwidth of theget cell smaller than the bandwidth of the curoefi and
bandwidth of the target cell within bandwidth oétburrent cell (Scenario D): an inter-frequencynscio;
measurement gap-assisted scenario.

- Different carrier frequencies, bandwidth of theget cell larger than the bandwidth of the curcatitand
bandwidth of the current cell within bandwidth béttarget cell (Scenario E): an inter-frequencyade;
measurement gap-assisted scenario.

- Different carrier frequencies and non-overlapgiagdwidth, (Scenario F): an inter-frequency sdenar
measurement gap-assisted scenario.
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Scenario A Scenario B Scenario C

current cell UE target cell current cell UE target cell current cell UE target cell

L0 Bl =g B
I

Scenario D Scenario E Scenario F
UE target cell current cell UE target cell current cell UE target cell

current cell

Figure 10.1.3-1: Inter and Intra-frequency measurements scenarios

Measurement gaps patterns are configured and tediteyy RRC.

When CA is configured, the "current cell" aboveersfto any serving cell of the configured set ofisg cells. For
instance, for the definition of intra and interdfuency measurements, this means:

- Intra-frequency neighbour (cell) measurementsghtgour cell measurements performed by the UErdra-i
frequency measurements when one of the serving @kthe configured set and the target cell opsratethe
same carrier frequency. The UE shall be able ty@art such measurements without measurement gaps.

- Inter-frequency neighbour (cell) measurementsghaour cell measurements performed by the UErdaes-i
frequency measurements when the neighbour celbtgmeon a different carrier frequency than anyisgreell
of the configured set. The UE should not be assumée able to carry out such measurements without
measurement gaps.

When DC is configured, the following principles agplied:
- The configured set of serving cells includedfad cells from MCG and SCG as for CA,
- The measurement procedure of serving cells betgrtg the SeNB shall not be impacted due to RLBa&IB;
- Common gap for the MeNB and the SeNB is applied;

- There is only a single measurement gap configamdor the UE which is controlled and informed the
MeNB.

- UE determines the starting point of the measurémap based on the SFN, subframe number and subfra
boundaries of the MCG serving cells.

10.1.31 Intra-frequency neighbour (cell) measurements

In a system with frequency reuse = 1, mobility witthe same frequency layer (i.e. between cellb thie same carrier
frequency) is predominant. Good neighbour cell mesrsents are needed for cells that have the samerdaequency
as the serving cell in order to ensure good mgtslitpport and easy network deployment. Searchdightour cells
with the same carrier frequency as the serving aetl measurements of the relevant quantitiedlfotified cells are
needed.

NOTE: To avoid UE activity outside the DRX cyclaetreporting criteria for neighbour cell measuretsen
should match the used DRX cycle.
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10.1.3.2 Inter-frequency neighbour (cell) measurements

Regarding mobility between different frequency Iayé.e. between cells with a different carrieginency), UE may
need to perform neighbour cell measurements didiogL idle periods that are provided by DRX or patk
scheduling (i.e. gap assisted measurements).

10.1.4 Paging and C-plane establishment
Paging groups (where multiple UEs can be addressed)sed on PDCCH:
- Precise UE identity is found on PCH,;
- DRX configurable via BCCH and NAS;
- Only one subframe allocated per paging interealE;
- The network may divide UEs to different pagingasions in time;
- There is no grouping within paging occasion;

- One paging RNTI for PCH.

10.1.5 Random Access Procedure
The random access procedure is characterized by:
- Common procedure for FDD and TDD;
- One procedure irrespective of cell size and tmalver of serving cells when CA is configured;
The random access procedure is performed for fleiog events related to the PCell:
- Initial access from RRC_IDLE;
- RRC Connection Re-establishment procedure;
- Handover;
- DL data arrival during RRC_CONNECTED requiringhd@m access procedure:
- E.g. when UL synchronisation status is "non-syantsed".
- UL data arrival during RRC_CONNECTED requiringhd@m access procedure:

- E.g. when UL synchronisation status is "non-syantsed" or there are no PUCCH resources for SR
available.

- For positioning purpose during RRC_CONNECTED iggg random access procedure;
- E.g. when timing advance is needed for UE pasitig.
The random access procedure is also performedS@ed to establish time alignment for the correspog sTAG.

In DC, the random access procedure is also perfboneat least PSCell upon SCG addition/modificatibimstructed,
or upon DL/UL data arrival during RRC_CONNECTED uegqg random access procedure. The UE initiatedoa
access procedure is performed only on PSCell f@.SC

Furthermore, the random access procedure takedisivoct forms:
- Contention based (applicable to first five evints

- Non-contention based (applicable to only handoérdata arrival, positioning and obtaining timiadvance
alignment for a sTAG).

Normal DL/UL transmission can take place afterrdi@dom access procedure.
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An RN supports both contention-based and non-ctiotebased random access. When an RN performatitom
access procedure, it suspends any current RN sabftanfiguration, meaning it temporarily disregattoes RN
subframe configuration. The RN subframe configorats resumed at successful random access procesimgetion.

10.1.5.1

Contention based random access procedure

The contention based random access procedurelisenlion Figure 10.1.5.1-1 below:

UE eNB

Random Access Preamble——»|

®

l«—Random Access Response———] @

Scheduled Transmission———

l¢&—Contention Resolution—— @

Figure 10.1.5.1-1: Contention based Random Access Procedure

The four steps of the contention based random aquesedures are;

1) Random Access Preamble on RACH in uplink:

There are two possible groups defined and opetisnal. If both groups are configured the sizenessage
3 and the pathloss are used to determine whictpgrqureamble is selected from. The group to which a
preamble belongs provides an indication of the sfzbe message 3 and the radio conditions at theTlie
preamble group information along with the necesslaigsholds are broadcast on system information.

2) Random Access Response generated by MAC on H-SC

Semi-synchronous (within a flexible window of whithe size is one or more TTI) with message 1;
No HARQ;
Addressed to RA-RNTI on PDCCH,;

Conveys at least RA-preamble identifier, TiminigAment information for the pTAG, initial UL graaind
assignment of Temporary C-RNTI (which may or mayl®made permanent upon Contention Resolution);

Intended for a variable number of UEs in one DLFHSmessage.

3) First scheduled UL transmission on UL-SCH:

Uses HARQ;

Size of the transport blocks depends on the Wdntgeconveyed in step 2.

For initial access:

- Conveys the RRC Connection Request generatekebRR RC layer and transmitted via CCCH,;
- Conveys at least NAS UE identifier but no NAS saase;

- RLC TM: no segmentation.

For RRC Connection Re-establishment procedure:
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- Conveys the RRC Connection Re-establishment Regamerated by the RRC layer and transmitted via
CCCH;

- RLC TM: no segmentation;
- Does not contain any NAS message.
After handover, in the target cell:

- Conveys the ciphered and integrity protected RR@Gdover Confirm generated by the RRC layer and
transmitted via DCCH,;

- Conveys the C-RNTI of the UE (which was allocatedthe Handover Command);
- Includes an uplink Buffer Status Report when fides
For other events:

- Conveys at least the C-RNTI of the UE.

4) Contention Resolution on DL:

Early contention resolution shall be used i.eBahdes not wait for NAS reply before resolving antton;
Not synchronised with message 3;

HARQ is supported;

Addressed to:

- The Temporary C-RNTI on PDCCH for initial accessl after radio link failure;

- The C-RNTI on PDCCH for UE in RRC_CONNECTED.

HARQ feedback is transmitted only by the UE whitgtects its own UE identity, as provided in messag
echoed in the Contention Resolution message;

For initial access and RRC Connection Re-estaimlént procedure, no segmentation is used (RLC-TM).

The Temporary C-RNTI is promoted to C-RNTI for a Which detects RA success and does not alreadydn&ve
RNTI; it is dropped by others. A UE which detect& Buccess and already has a C-RNTI, resumes usiizRNTI.

When CA is configured, the first three steps ofe¢batention based random access procedures octhe ¢tCell while
contention resolution (step 4) can be cross-scleedoy the PCell.

When DC is configured, the first three steps ofdbetention based random access procedures octhe dCell in
MCG and PSCell in SCG. When CA is configured in S@@ first three steps of the contention basedaanaccess
procedures occur on the PSCell while contentioalu¢isn (step 4) can be cross-scheduled by the RSCe

10.1.5.2

Non-contention based random access procedure

The non-contention based random access procedowtliised on Figure 10.1.5.2-1 below:
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UE eNB

@ [«———RA Preamble assignment:

Random Access Preamble——)| @

@ l€«—Random Access Response———]

Figure 10.1.5.2-1: Non-contention based Random Access Procedure

The three steps of the non-contention based rarmdeess procedures are:
0) Random Access Preamble assignment via dedisagrdlling in DL:

- eNB assigns to UE a non-contention Random AcBesamble (a Random Access Preamble not within the
set sent in broadcast signalling).

- Signalled via:
- HO command generated by target eNB and senbviecs eNB for handover;
- PDCCH in case of DL data arrival or positioning;
- PDCCH for initial UL time alignment for a STAG.
1) Random Access Preamble on RACH in uplink:
- UE transmits the assigned non-contention Randooegs Preamble.
2) Random Access Response on DL-SCH:
- Semi-synchronous (within a flexible window of whithe size is two or more TTIs) with message 1;
- No HARQ;
- Addressed to RA-RNTI on PDCCH;
- Conveys at least:
- Timing Alignment information and initial UL grafor handover;
- Timing Alignment information for DL data arrival;
- RA-preamble identifier;
- Intended for one or multiple UEs in one DL-SCHssmge.

When performing non-contention based random acmesise PCell while CA is configured, the Random égx
Preamble assignment via PDCCH of step 0, step Rarfidhe non-contention based random access puogetcur on
the PCell. In order to establish timing advanceafeT AG, the eNB may initiate a non-contention dasexdom access
procedure with a PDCCH order (step 0) that is eard scheduling cell of activated SCell of the sTABamble
transmission (step 1) is on the indicated SCellRaddom Access Response (step 2) takes place dh PCe

When performing non-contention based random acmesise PCell or PSCell while DC is configured, Rendom
Access Preamble assignment via PDCCH of step §,1séad 2 of the non-contention based random agressdure
occur on the corresponding cell. In order to egthliiming advance for a STAG, the eNB may initiateon-contention
based random access procedure with a PDCCH orger @ that is sent on a scheduling cell of actidegCell of the
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sTAG not including PSCell. Preamble transmissidep(d) is on the indicated SCell and Random AcBesponse
(step 2) takes place on PCell for MCG and PSCel&f0G.

10.1.5.3 Interaction model between L1 and L2/3 for Random Access Procedure

Random access procedure described above is modtelégure 10.1.5.3-1 below from L1 and L2/3 inigian point
of view. L2/L3 receives indication from L1 wheth&€K is received or DTX is detected after indicatmiriRandom
Access Preamble transmission to L1. L2/3 indichfieto transmit first scheduled UL transmission (RR@nection
Request in case of initial access) if necessaBamdom Access Preamble based on the indicationflom

ACK (“Random , L2/L3 indicates “RRC
L2/L3 indicates “Rand: Access Response” (B9 - Connection Request”
indicates “Random o >
ety = L1 transmits Rarllrdom e indication from L1 transmission
Access Preamble

transmission

L2/L3 procedure

DTX reception (No L2/L3 receives L2/L3 indicates
“Random Access » indication from L1 - “Random Access
L1 procedure Response” reception) Preamble” transmission

Figure 10.1.5.3-1: Interaction model between L1 and L2/3 for Random Access Procedure

10.1.6 Radio Link Failure

Two phases govern the behaviour associated to lia#tifailure as shown on Figure 10.1.6-1:

- First phase:

started upon radio problem detection;

leads to radio link failure detection;

no UE-based mobility;
- based on timer or other (e.g. counting) crit€Fig.

- Second Phase:

started upon radio link failure detection or hawet failure;

leads to RRC_IDLE;

UE-based mobility;

Timer based (3).

( First Phase Second Phase )

radio

normal operation G no recovery during Ty no recovery during T, goes back to idle
detection

( RRC_CONNECTED X RRC_IDLE >

A\ 4
radio link failure

Figure 10.1.6-1: Radio Link Failure

Table 10.1.6-1 below describes how mobility is Haddvith respect to radio link failure:
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Table 10.1.6-1: Mobility and Radio Link Failure

Cases First Phase Second Phase T2 expired
UE returns to the same cell | Continue as if no radio | Activity is resumed by means | Go via RRC_IDLE
problems occurred of explicit signalling between

UE and eNB
UE selects a different cell N/A Activity is resumed by means | Go via RRC_IDLE
from the same eNB of explicit signalling between

UE and eNB
UE selects a cell of a N/A Activity is resumed by means | Go via RRC_IDLE
prepared eNB (NOTE) of explicit signalling between

UE and eNB
UE selects a cell of a N/A Go via RRC_IDLE Go via RRC_IDLE
different eNB that is not
prepared (NOTE)

NOTE: a prepared eNB is an eNB which has admitted the UE during an earlier executed HO preparation phase,
or obtains the UE context during the Second Phase.

In the Second Phase, in order to resume activityaaoid going via RRC_IDLE when the UE returnste same cell
or when the UE selects a different cell from thexea@NB, or when the UE selects a cell from a dffeeNB, the
following procedure applies:

- The UE stays in RRC_CONNECTED,;
- The UE accesses the cell through the random agresedure;

- The UE identifier used in the random accessqutace for contention resolution (i.e. C-RNTI of tWE in the
cell where the RLF occurred + physical layer idgmoif that cell + short MAC-1 based on the keydtwdt cell) is
used by the selected eNB to authenticate the UEEhack whether it has a context stored for that UE:

- If the eNB finds a context that matches the idgf the UE, or obtains this context from the dozisly
serving eNB, it indicates to the UE that its cornitetcan be resumed,;

- If the context is not found, RRC connection ieased and UE initiates procedure to establishRB@
connection. In this case UE is required to go VRCRIDLE.

The radio link failure procedure applies also fdiRwith the exception that the RN is limited téeséa cell from its
DeNB cell list. Upon detecting radio link failudie RN discards any current RN subframe configonagfor
communication with its DeNB), enabling the RN tafpem normal contention-based RACH as part of the r
establishment. Upon successful re-establishmeriRNasubframe configuration can be configured againg the RN
reconfiguration procedure.

For DC, PCell supports above phases. In addittanfitst phase of the radio link failure procedisreupported for
PSCell. However, upon detecting RLF on the PS@wdl re-establishment procedure is not trigger@deaend of the
first phase. Instead, UE shall inform the radi liailure of PSCell to the MeNB.

NOTE: If the recovery attempt in the second phads,fthe details of the RN behaviour in RRC_|IDIoE&cover
an RRC connection are up to the RN implementation.

10.1.7 Radio Access Network Sharing

E-UTRAN shall support radio access network shabiaged on support for multi-to-multi relationshigveeen E-
UTRAN nodes and EPC nodes (S1-flex).

If the E-UTRAN is shared by multiple operators, fiystem information broadcasted in each sharedasthins the
PLMN-id of each operator (up to 6) and a singlekiag area code (TAC) valid within all the PLMNsasimg the radio
access network resources.

The UE shall be able to read up to 6 PLMN-idsgiest one of the PLMN-ids at initial attachment amdhdicate this
PLMN-id to the E-UTRAN in subsequent instanceshef Random Access procedures (e.g. as defined alesige
10.1.5). The E-UTRAN shall select an appropriate Bfdr the PLMN indicated by the UE. Once attactedrn MME,
the UE shall be able to indicate the allocated MiMBEubsequent instances of the Random Access proeedlhe
indication of the allocated MMEC is contained ie temporary UE identity.
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Handling of roaming and access restrictions foridECM-CONNECTED shall follow the principles speéei in sub-
clause 10.4a.

10.1.8 Handling of Roaming and Area Restrictions for UEs in ECM-
CONNECTED

NOTE: The term Roaming and Area Restrictions isusad in Rel-11 and onwards. It has been replagdieb
term Roaming and Access Restrictions, see sectidn8a.

10.1.8a Handling of Roaming and Access Restrictions for UEs in ECM-
CONNECTED

Handling of roaming and access restrictions andilivag of subscription specific preferences in ECKHINECTED
is performed in the eNB based on information predithy the EPC over the S1 interface.

10.2 Inter RAT

Service-based redirection between GERAN / UTRAN BAdTRAN is supported in both directions. This sldonot
require inter-RAT reporting in RRC CONNECTION REQSE

10.2.1 Cell reselection
A UE in RRC_IDLE performs cell reselection. Therqmiples of this procedure are as follows:
- The UE makesneasurements of attributes of the serving and neighbour callsniable the reselection process:

- For a UE to search and measure neighbouring GEBRAN, the ARFCNs of the BCCH carriers need to be
indicated in the serving cell system informatioe.(ian NCL). The NCL does not contain BSICs of cel
specific offsets and Qrxlevmin is given per frequeband.

- For a UE to search and measure neighbouring UTR&IS, the serving cell can indicate an NCL cariteg
a list of carrier frequencies and scrambling codes.

- Measurements may be omitted if the serving daibate fulfils particular search or measuremaeiteda.

- Cell resdlection identifies the cell that the UE should camp oris hased on cell reselection criteria which
involves measurements of the serving and neighbells:

- Inter-RAT reselection is based on absolute giegiwhere UE tries to camp on highest priority RAT
available. Absolute priorities for inter-RAT resetien are provided only by the RPLMN and valid only
within the RPLMN; priorities are given by the systinformation and valid for all UEs in a cell, sgec
priorities per UE can be signalled in the RRC Catina Release message. A validity time can be éstsat
with UE specific priorities.

- It should be possible to prevent the UE from lextng to specific detected neighbouring cells;

- The UE is allowed to "leave" the source E-UTRA®I to read the target GERAN cell broadcast, ineort
determine its "suitability", prior to completingetttell reselection;

- Cell reselection can be speed dependent (speectide based on UTRAN solution);

Cell access restrictions apply as for UTRAN, whioisist of access class (AC) barring and cell vadien (e.g. for
cells "reserved for operator use") applicable fobites in RRC_IDLE mode.

When performing cell reselection while the UE isngged on another RAT, the principles of this procedare as
follows:

- The UE measures attributes of the E-UTRA neighingucells:

- Only the carrier frequencies need to be indicateghable the UE to search and measure E-UTRA
neighbouring cells;

- Cell reselection identifies the cell that the slould camp on. It is based on cell reselectiderga which
involves measurements of the serving and neighbells:
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- For E-UTRA neighbouring cells, there is no neihtlicate cell-specific cell reselection parameies.
these parameters are common to all neighbouring @elan E-UTRA frequency;

- Cell reselection parameters are applicable tJBB in a cell, but it is possible to configure cfie reselection
parameters per UE group or per UE.

- It should be possible to prevent the UE from lextng to specific detected neighbouring cells.

10.2.2 Handover

Inter RAT HO is designed so that changes to GERA8IWTRAN are minimised. This can be done by follogvthe
principles specified for GERAN to/from UTRAN inteiem HO. In particular the following principlesaapplied to
E-UTRAN Inter RAT HO design:

1. Inter RAT HO is network controlled through sceiaccess system. The source access system deoides a
starting the preparation and provides the necessgmmation to the target system in the formatuiegd by the
target system. That is, the source system adapie target system. The actual handover execuidedided in
the source system.

2. Inter RAT HO is backwards handover, i.e. radisources are prepared in the target 3GPP accdéemdysfore
the UE is commanded by the source 3GPP accessrsisighange to the target 3GPP access system.

3. To enable backwards handover, and while RANIlieerfaces are not available, a control interfagsts in
CN level. In Inter RAT HO involving E-UTRAN accedhjs interface is between 2G/3G SGSN and
corresponding MME/Serving Gateway.

4. The target access system will be responsiblgifdng exact guidance for the UE on how to malesréddio
access there (this includes radio resource cordigur, target cell system information etc.). Thiformation is
given during the handover preparation and shoulddresported completely transparently through thece
access system to the UE.

5. Mechanisms for avoiding or mitigating the lo$siser data (i.e. forwarding) can be used until3&#P Anchor
determines that it can send DL U-plane data diydotthe target system.

6. The handover procedure should not require anydJEN signalling in order for data to start toWlin the target
system. This requires that the security contextcdability context and QoS context is transfe(md
translated) within the network between source anget system.

7. Similar handover procedure should apply for loaeds of both real time and non-real time services.

8. Similar handover procedure should apply for Hoter RAT Handover and intra-LTE Handover with ERGle
change.

9. Network controlled mobility is supported evemd prior UE measurements have been performedeotatget
cell and/or frequency i.e. "blind HO" is supported.

10.2.2a Inter-RAT cell change order to GERAN with NACC

For interworking towards GERAN, inter-RAT cell clggmorder with NACC is supported even if no prior UE
measurements have been performed on the systetlinel NACC" is supported.

10.2.2b Inter-RAT handovers from E-UTRAN

10.2.2b.1 Data forwarding
10.2.2b.1.1 For RLC-AM bearers

Upon handover, the eNB may forward all downlink FDEDUs that have not been acknowledged by the U&l| o
downlink PDCP SDUs that have not been transmittetie UE, to the target node. In addition, the e/ forward
fresh data arriving over S1 to the target node.

NOTE: Any assigned PDCP SNs are not forwarded IsecatiPDCP reset.

NOTE: Target node does not have to wait for themletion of forwarding from the eNB before it begins
transmitting packets to the UE.
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The eNB discards any remaining downlink RLC PDUs.
Upon handover, all successfully received PDCP Sardsielivered to the upper layers in the UE.

NOTE: eNB does not need to abort ongoing RLC trassions with the UE as it starts data forwardinth®
target node.

Upon handover, the eNB may forward uplink PDCP SButscessfully received to the Serving Gateway &iatl s
discard any remaining uplink RLC PDUs.

Correspondingly, the eNB does not forward the davikdind uplink RLC context.

For the uplink, the UE transmits over the targefTRfom the first PDCP SDU for which transmissiors et been
attempted in the source cell.

In-sequence delivery of upper layer PDUs duringdaamr is not guaranteed.
10.2.2b.1.2 For RLC-UM bearers

Upon handover, the eNB does not forward to theetangde downlink PDCP SDUs for which transmissiad heen
completed in the source cell. PDCP SDUs that hatdeen transmitted may be forwarded. In additiba,eNB may
forward fresh data arriving over S1 to the targeten The eNB discards any remaining downlink RLGJBD

Upon handover, all successfully received PDCP Sardglelivered to the upper layers in the UE.

Upon handover, the eNB may forward all uplink PD&IPUs successfully received to the Serving Gatevaaly a
discards any remaining uplink RLC PDUs.

For the uplink, the UE transmits over the targeffTRfom the first PDCP SDU for which transmissiors mt been
attempted in the source cell.

Correspondingly, the eNB does not forward the davikdnd uplink RLC context.
10.2.3 Measurements
10.2.3.1 Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-Radbility can be controlled by E-UTRAN, using broadtor
dedicated control. In RRC_CONNECTED state, a UH $bllow the measurement parameters specified BCR
directed from the E-UTRAN (e.g. as in UTRAN MEASURENT_CONTROL).

UE performs inter-RAT neighbour cell measurementsnd) DL/UL idle periods that are provided by thetwiork
through suitable DRX/DTX period or packet schedyliinecessary.

10.2.3.2 Inter-RAT handovers to E-UTRAN

From UTRAN, UE performs E-UTRAN measurements bygsdle periods created by compressed mode
(CELL_DCH) or DRX (other states) or measuremenistmns (CELL_FACH).

From GERAN, E-UTRAN measurements are performethiénsame way as WCDMA measurements for handover to
UTRAN: E-UTRAN measurements are performed in GSM fcames in a time multiplexed manner.

10.2.3.3 Inter-RAT cell reselection from E-UTRAN

In RRC_IDLE state, a UE shall follow the measuretearameters specified by the E-UTRAN broadcasinas
UTRAN SIB). The use of dedicated measurement corgnqoossible through the provision of UE specifi@rities (see
sub-clause 10.2.4).

10.2.3.4 Limiting measurement load at UE

Introduction of E-UTRA implies co-existence of vaus UE capabilities. Each UE may support diffearhbinations
of RATSs, e.g., E-UTRA, UTRA, GSM, and non-3GPP RA&sd different combinations of frequency bands., 800
MHz, 1.7 GHz, 2 GHZ, etc. Despite such heteroges@mvironment, the measurement load at UE should be
minimised. To limit the measurement load and tts@eisited control load:

- E-UTRAN can configure the RATs to be measuredJBy
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- The number of measurement criteria (event anabgierreporting criteria) should be limited (asTi® 25.133
subclause 8.3.2 [7]);

- E-UTRAN should be aware of the UE capabilitiesdfficient measurement control, to prevent unngees
waking up of the measurement entity;

- Blind HO (i.e., HO without measurement reportsirUE) is possible.

10.2.4 Network Aspects

Inter-frequency/inter-RAT UE based mobility relias a "priority based scheme"”, where the networKigares a list
of RATs/frequencies to be taken as basis for URtsrifrequency/inter-RAT cell reselection decisiamgriority order.
E-UTRAN cells can enable inter-frequency/inter-Rédll reselection by broadcasting a common prioréthd for all
UEs in a given cell in addition to other inter-fumomcy/inter-RAT information.

NOTE: The same principles apply in UTRAN.

These common priorities can be overwritten by E-BNRhrough dedicated signalling to individual UBs a
RRC_CONNECTED to RRC_IDLE transition.

NOTE: In order to have consistent inter-RAT operatthe same principles apply to inter-RAT restdecto E-
UTRAN. For UTRAN this includes also the transitiomghin RRC_CONNECTED state from
CELL_DCH to CELL_PCH and URA_PCH.

Setting dedicated priorities by E-UTRAN can be lase subscription related information provided by MME.
10.2.5 CS fallback

CS fallback can be performed via different optiofise following table summarize the various CS fatlb options per
RAT, necessary UE capabilities and FGI index whsbbuld be set to ‘1'. The meaning of FGI indexgedfied in [16,
Annex B]
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Table 10.2.5-1: CS fallback options

Target RAT Solutions Release UE Capability FGI Index

CS fallback to | RRC Connection Release with | Rel-8 (NOTE 1)

UMTS Redirection without Sys Info Mandatory for UEs

supporting CS fallback to
UMTS
RRC Connection Release with | Rel-9 (NOTE 1)
Redirection with Sys Info e-RedirectionUTRA
PS handover with DRB(s) Rel-8 (NOTE 1) FGI8, FGI22
Mandatory for UEs
supporting CS fallback to
UMTS
CS fallback to | RRC Connection Release with | Rel-8 (NOTE 2)
GSM Redirection without Sys Info Mandatory for UEs
supporting CS fallback to
GSM
RRC Connection Release with | Rel-9 (NOTE 2)
Redirection with Sys Info Mandatory for UEs
supporting CS fallback to
GSM
Cell change order without Rel-8 (NOTE 2) FGI10
NACC Mandatory for UEs
supporting CS fallback to
GSM
Cell change order with NACC Rel-8 (NOTE 2) FGI10
Mandatory for UEs
supporting CS fallback to
GSM
PS handover Rel-8 (NOTE 2)
interRAT-PS-HO-
ToGERAN

NOTE 1: All CS fallback to UMTS capable UE shall indicate that it supports UTRA FDD or TDD and supported band
list in the UE capability.

NOTE 2: All CS fallback to GSM capable UE shall indicate that it supports GERAN and supported band list in the UE
capability.

NOTE 3: The measurement may be performed before any of the above CS fallback solution is triggered to select the
target cell or frequency layer more accurately based on eNB decision. eNB may trigger any of above CS
fallback solutions blindly.

10.3  Mobility between E-UTRAN and Non-3GPP radio
technologies
10.3.1 UE Capability Configuration

A UE shall be able to communicate with the E-UTRaADbut its radio access capability, such as thesyéincluding
the release and frequency band) it supports amddesve and transmit capabilities (single/dualaadual receiver).
UE shall transfer its capability about other ratiohnologies over E-UTRAN using the same procedsesl to carry
its E-UTRAN radio capability.

10.3.2 Mobility between E-UTRAN and cdma2000 network

This section describes the E-UTRAN mechanisms ppaer idle and active mode mobility between E-UTRAN
cdma2000 HRPD or 1XRTT. The overall system is deedrin [17].

10.3.21 Tunnelling of cdma2000 Messages over E-UTRAN between UE and

cdma2000 Access Nodes

In order to efficiently support handover procedusen on E-UTRAN with a cdma2000 target system,azid00
messages are sent transparently to the targetsygster the E-UTRAN, with the eNB and MME actingraly points.
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To support the MME in its selection of the corresget system node to which it should route antpiunnelled
message and to provide the target system withrimdton that is needed to resolve technology-spegiasurement
information (RouteUpdate and pilot strength meawsaras) that are delivered to the cdma2000 systaoh eNB cell
is associated with a cdma2000 HRPD SectorID aniitbra cdma2000 1xRTT SectorID (generically refdrte as
cdma2000 reference cellid). This cdma2000 referertil is provided by the eNB to the MME using t@gma2000
message transfer capability over S1-AP and forwhtdehe target system via the S101 interface angksponding
interface to the cdma2000 1xRTT system.

Tunnelling is achieved over the E-UTRAN radio ifieee by encapsulating tunnelled cdma2000 messaghe UL
Information Transfer (for pre-registration signadj) or UL Handover Preparation transfer (for haretaignalling) and
DL Information Transfer RRC messages (e.g., simdddMTS Uplink/Downlink Direct Transfer). The reasfor
using different UL transfer messages is so thatthélandover Preparation transfer messages caa higher priority
signalling radio bearer. For the UL/DL Informati®dnansfer messages a specific IE in these RRC messagsed to
identify the type of information contained in thessage (e.g., NAS, TunneledMsg). Additionally & thessage is
carrying a tunnelled message, an additional IBdkided to carry cdma2000 specific RRC TunnellingcBdure
Information (e.g. RAT type).

AS level security will be applied for these UL Infeation Transfer / UL Handover Preparation Tranafed DL
Information Transfer RRC messages as normal but flseno NAS level security for these tunnelled e@600
messages.

UE eNB MME
DL Information Transfer DL S1 CDMA2000 Tunneling
(Info Type, (S1 DL Tunneling Proc Info,
RRC DLTunneling Proc Info, €dma2000 Message)

cdma2000 Message)

Figure 10.3.2.1-1: Downlink Direct Transfer

UE eNB MME

UL Information Transfer

(Info Type, '
RRC ULTunneling Proc Info, UL S1 CDMA2000 Tunneling
cdma2000 Message) (81 UL Tunneling Proc Info, —»

cdma2000 Message)

Figure 10.3.2.1-2: Uplink Direct Transfer

Tunnelling to the MME is achieved over the S1-MMierface by encapsulating the tunnelled cdma20G&age in a
new S1 CDMA tunnelling messages. These S1 messagssin addition to the tunnelled message somdiaddl
cdma2000 specific IEs (e.g. cdma2000 Referencel GaRAT type, cdma2000 message type).

10.3.2.2 Mobility between E-UTRAN and HRPD
10.3.2.2.1 Mobility from E-UTRAN to HRPD

10.3.2.2.1.1 HRPD System Information Transmission in E-UTRAN

The HRPD system information block (SIB) shall batsen the E-UTRAN BCCH. The UE shall monitor the E-
UTRAN BCCH during the RRC_IDLE and RRC_CONNECTEDdHms to retrieve the HRPD system
information for the preparation of cell reselectmrhandover from the E-UTRAN to HRPD system. HRPD
system information may also be provided to the YHEneans of dedicated signalling. The HRPD system
information contains HRPD neighbouring cell infotroa, cdma timing information, as well as infornaati
controlling the HRPD pre-registration.
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10.3.2.2.1.2 Measuring HRPD from E-UTRAN

Measurement events and parameters for HRPD measote@re to be aligned with those defined in seci®?2.3.
10.3.2.2.1.2.1 Idle Mode Measurement Control

UE shall be able to make measurements on the HRI®ic RRC_IDLE mode to perform cell re-selection.

The intra-3GPP inter-RAT idle mode measurementrobrg re-used to control the idle mode measurementHRPD.
The UE performs measurement on HRPD when the sigradity from E-UTRAN serving cell falls below avgin
threshold.

10.3.2.2.1.2.2 Active Mode Measurement Control

In RRC_CONNECTED mode, the UE shall perform radeasurements on the HRPD network when directeddy th
E-UTRAN network. The network provides the requirPD neighbour cell list information and measureimen
controls to the UE through dedicated RRC signallivpen needed the eNB is responsible for configuaind
activating the HRPD measurements on the UE vialéukcated RRC signalling message. Periodic andteriggered
measurements are supported.

For single-radio terminals, measurement gaps ardatkto allow the UE to switch into the HRPD netwand do
radio measurements. These measurement gaps am@kenmtrolled. The eNB is responsible for configarthe gap
pattern and providing it to the UE through RRC datid signalling. Terminals with a dual receiverfqen
measurements on HRPD neighbour cells without tuaimgy from the E-UTRAN network. No DL gap pattewii be
required for UEs which are capable of simultaneegsption on the involved frequency bands. No Up gatterns
will be required for UEs which are capable simuttans transmission in one access and measuringotinesiraccess.

10.3.2.2.1.2.3 Active Mode Measurement

In RRC_CONNECTED mode, the UE measures the strergfthach of the HRPD neighbour cells and repbasmtin
an RRC message.

10.3.2.2.1.3 Pre-registration to HRPD Procedure

Pre-registration allows a UE to establish a presavith an HRPD system in advance of a cell re-sieleor handover.
E-UTRAN network instructs the UE whether the prgis&ration is needed over broadcast channel armddadicated
RRC message.

The signalling procedure is transparent to E-UTRA&work. In the pre-registration to HRPD, messagfeal be
tunnelled inside RRC and S1-AP messages betweebEhand MME and in a generic "transfer" messagevéen
source MME and target access network.

The UE is responsible for maintaining the HRPD e&nhe.g. by performing periodic re-registrationaéeded. The UE
will use pre-registration zone information (inclndithe current HRPD Pre-registration Zone and tadfsHRPD
Secondary Pre-registration Zone ID) to decide wdrethre-registration shall be performed. A duakieer UE can
ignore the parameter. E-UTRAN will provide the pegjistration zone information on the E-UTRAN system
information broadcast channel or dedicated RRCadligig (unless it is determined that the UE wilhdethe E-UTRAN
system information broadcast channel in RRC_CONNER)T Re-registrations are only allowed in areas re/pre-
registration is requested.

The managing of pre-registration and re-registrattohandled by HRPD upper layer. The UE shouldcate if it is
pre-registered when sending measurement repoxtdrma2000 cells.

10.3.2.2.1.4 E-UTRAN to HRPD Cell Re-selection

For the "Optimized Idle-mode Mobility" in [19], thgre-condition for cell re-selection from E-UTRAN HRPD is that
the UE has previously established a presence itatget HRPD network, either through the pre-regiiin procedure
or previous HRPD attachment.

For the "Non-optimized Handover" in [19], the abgvre-condition does not apply.

The UE performs Cell re-selection to HRPD whiléeRRC_IDLE.

Cell reselection from E-UTRAN to HRPD should begakd with 3GPP inter RAT cell reselection mechanism
10.3.2.2.1.5 E-UTRAN to HRPD Handover

The pre-condition for the E-UTRAN to HRPD Handopeocedure is that the UE is attached in the E-UTR¥#&&vork
in E-UTRAN_ACTIVE state and has pre-registered wita HRPD network. Based on measurement reporsviest
from the UE the eNB initiates a handover by sendindRRC HANDOVER FROM E-UTRA PREPARATION
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REQUEST message to the UE to indicate to the UEittsAould begin the handover procedure. This agsshall
include the specified target RAT type and any cddd@2specific HRPD parameters needed by the UEc@terthe
appropriate HRPD messages needed to request actiomnéJpon reception of this message the UE shbatgin
handover signalling towards the HRPD access. TheBIRandover signalling is tunnelled through E-UTRB&tween
the UE and HRPD network. These HRPD parameter$if®feD messages are transparent to E-UTRAN. Thef ske¢o
required HRPD parameters are out of scope of gesification.

The messages are transferred inside RRC transfesages and S1 CDMA2000 tunnelling messages. The MNE
based on indication provided by the HRPD netwoelt,igformation about if the handover succeedeaited making
it possible for the MME set the handover statuheS1 CDMA2000 tunnelling messages (e.g. handaveress,
handover failure). In case the handover succeeddd@RAN will include the tunnelled "CDMA2000 handave
command"”, which will be sent to the UE, inside RRC MOBILITY FROM E-UTRA COMMAND message.

The UE can continue to send and receive data oB-4H&RAN radio until it receives the RRC MOBILITYROM E-
UTRA COMMAND message including a tunnelled "CDMAZDBandover command". After this message is received
by the UE, the UE shall leave the E-UTRAN radio ataft acquiring the HRPD traffic channel. The HRiRiIhdover
signalling is tunnelled between the UE and HRPDRvoekt.

10.3.2.2.2 Mobility from HRPD to E-UTRAN

Mobility from HRPD to E-UTRAN has no impact on tBeUTRAN.
10.3.2.3 Mobility between E-UTRAN and cdma2000 1xRTT

10.3.2.3.1 Mobility from E-UTRAN to cdma2000 1xRTT
10.3.2.3.1.1 cdma2000 1xRTT System Information Transmission in E-UTRAN

The cdma2000 1xRTT system information block (SIBlkbe sent on E-UTRAN BCCH. The UE shall monitue E-
UTRAN BCCH during the RRC_IDLE and RRC_CONNECTEDd=s to retrieve the 1xRTT system information for
the preparation of handover from the E-UTRAN to e@000 1xRTT system. 1XRTT system information mayp dle
provided to the UE by means of dedicated signalliftge 1XRTT system information contains 1XRTT nbiglring

cell information, cdma timing information, and 1XRTS Fallback information.

10.3.2.3.1.2 Measuring cdma2000 1xRTT from E-UTRAN

Measurement events and parameters for IXRTT measuts are to be aligned with those defined in secD.2.3.
10.3.2.3.1.2.1 Idle Mode Measurement Control

UE shall be able to make measurements on the 1d3tEm cells in LTE_IDLE mode to perform cell réestion.
UE shall perform cdma2000 1xRTT neighbour cell measents during DRX periods, between paging ocoasio

The intra-3GPP inter-RAT idle mode measurementrobig re-used to control the idle mode measurement
cdma2000 1xRTT. The UE performs measurement on 20@talxRTT when the signal quality from E-UTRAN
serving cell falls below a given threshold.

10.3.2.3.1.2.2 Active Mode Measurement Control

In the E-UTRAN network, in RRC_CONNECTED mode, the shall perform radio measurements on the cdma2000
1XRTT network when directed by the E-UTRAN netwoFke network provides the required cdma2000 1xRTT
neighbour cell list information and measurementicds to the UE through dedicated RRC signallindhé needed

the eNB is responsible for configuring and activgtihe cdma2000 1XxRTT measurements on the UE ®ideHicated
RRC signalling message. As for intra-3GPP inter-RAGasurement reporting, periodic and event-trigjere
measurements are supported.

For single-radio terminals, measurement gaps adatkto allow the UE to switch into the cdma200RTX network
and do radio measurements. These Measurement igapstavork-controlled. The eNB is responsible fonfiguring
the gap pattern and providing it to the UE throRIRC dedicated signalling. Terminals with a duakreer perform
measurements on cdma2000 1xRTT neighbour celloulittuning away from the E-UTRAN network. No DL gap
patterns will be required for UEs which are capaiilsimultaneous reception on the involved freqydrends. No UL
gap patterns will be required for UEs which areata@ simultaneous transmission in one access aaduriag on
another access.
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10.3.2.3.1.2.3 Active Mode Measurement

In RRC_CONNECTED mode, the UE measures the strergfthach of the cdma2000 1xRTT neighbour cells and
reports them in an RRC Message.

10.3.2.3.1.3 E-UTRAN to cdma2000 1xRTT Cell Re-selection

UE performs Cell re-selection to cdma2000 1xRTTlevii RRC_IDLE.
Cell reselection from E-UTRAN to 1XxRTT should beyakd with 3GPP inter RAT cell reselection mechamis
10.3.2.3.1.4 E-UTRAN to cdma2000 1xRTT Handover

In the high level procedure for handover from E-UTNRto cdma2000 1xRTT except 1XRTT CS Fallback, stgtion
and handover is performed directly after the haedalecision has been made. Based on measuremertsregceived
from the UE the eNB initiates a handover by sendif®RC HANDOVER FROM E-UTRA PREPARATION
REQUEST message to the UE to indicate to the Utittkhould begin the handover procedure. This agsshall
include the specified target RAT type and any cddf@2specific IXRTT access parameters needed byEhe create
the appropriate 1XRTT Origination Request messalge.1xRTT handover signalling is tunnelled betwgenUE and
IXRTT network. The 1XRTT access parameters and ITxRa@ssages are transparent to E-UTRAN. The séieof t
required 1XRTT access parameters are out of sdapésspecification.

The messages are transferred inside RRC transfsages and S1 CDMA2000 tunnelling messages. The MNE
based on indication provided by the 1XRTT netwgsd, information about if the handover succeedefited making
it possible for the MME set the handover statuhéS1 CDMA2000 tunnelling messages (e.g. handaveress,
handover failure). In case the handover succeedddRAN will include the tunnelled "CDMA2000 handave
command"”, which will be sent to the UE, inside RRC MOBILITY FROM E-UTRA COMMAND message.

The UE can continue to send and receive data oB4H&@RAN radio until it receives the RRC MOBILITYROM E-
UTRA COMMAND message including a tunnelled "CDMAZDBandover command". After this message is received
by the UE, the UE shall leave the E-UTRAN radio ataft acquiring the 1xRTT traffic channel.

10.3.2.3.2 Mobility from cdma2000 1xRTT to E-UTRAN
Mobility from cdma2000 1xRTT has no impact on E-UATR
10.3.2.3.3 1XRTT CS Fallback

CS fallback to 1XRTT enables the delivery of CS-danservices when a UE is being served by the EANIR3].

The UE initiates 1XCSFB (e.g. to perform a 1xC$ @adjination or accept a 1xCS call termination)using NAS
signalling to send a CSFB indication to the MMEeTMME then indicates to the eNB that 1XCSFB is nexglj which
triggers the eNB to execute one of the followingc5¥B procedures depending on network support anddpability:

- Rel-8 1XxCSFB, characterized by RRC connectiogass with redirection to 1xRTT,;
- enhanced 1xCSFB, characterized by 1XRTT handsigealling tunnelled between the UE and 1xRTT nekyo
- dual receiver 1xCSFB, characterized by RRC catimecelease without redirection information; or

- dual receiver/transmitter enhanced 1xCSFB, chariaed by either 1XxRTT handover signalling tuneel
between the UE and 1xRTT network, or redirectiothefUE’s second radio to 1xRTT.

The network advertises its support for Rel-8 1xC®lyBbroadcasting 1XRTT pre-registration parameatesystem
information (SIB8). The Rel-8 1XCSFB procedurehis tlefault procedure, when no other 1XCSFB proeedan be
performed. If Rel-8 1XCSFB is to be performed, ¢éhB optionally solicits IXRTT measurements fromtHe, and
then sends an RRC Connection Release messageeditbation to 1XRTT. The UE then performs the ndrinCS
call origination or termination procedure in theRTXI access network.

A network which advertises support for Rel-8 1xCSRBy also support enhanced 1xCSFB, in which caseNB
determines to perform enhanced 1xCSFB based orapé&bdity. If enhanced 1xCSFB is to be performéd,éNB
optionally solicits IXRTT measurements from the @ig then sends it a Handover From EUTRA Prepar&equest
message. This triggers the UE to send the UL HamdBreparation Transfer message containing 1xRTicdid
information. The 1XRTT information is containedidesRRC and S1-AP messages between the UE and Midiha
generic "transfer" message between MME and 1xRTWark. The response from the 1xRTT network triggees
eNB to send a Mobility From EUTRA Command messag&includes a 1XRTT channel assignment message th
causes the UE to acquire a traffic channel in #ieTI" access network. In addition to enhanced 1xG3f®BeNB may
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determine to perform concurrent mobility to HRPB&a on UE capability; if so, then two separate UWindbver
Preparation Transfer messages are triggered frerdEhcontaining 1XRTT and HRPD dedicated infornmatio
respectively. The concurrent HRPD handover proeeduhandled independently from the e1xCSFB proeedixcept
that responses from the 1xRTT and HRPD networkk lsbaombined by the eNB into a single Mobilityon EUTRA
Command message.

The network advertises support for dual receivelS&B by broadcasting the dual receiver 1XCSFB stijpdicator
in system information (SIB8). The eNB determinepéoform dual receiver 1XCSFB if the UE has a dral
configuration according to UE capability, and enteth1xCSFB cannot be performed (i.e. because ealdntCSFB
is not supported by both network and UE). If deadaiver 1XCSFB is to be performed, the eNB send3R@
Connection Release message without including retitire information. The UE then performs the northeCS call
origination or termination procedure in the 1xRTct@ss network. A UE with dual Rx configuration niaijiate
1xCSFB to a network broadcasting 1xRTT pre-redismgparameters but not broadcasting the dual vecdixCSFB
support indicator; in this case, the UE may recaiwdRRC Connection Release message with redireictibrRTT.

The network advertises support for dual receivan&mitter enhanced 1xCSFB (dual Rx/Tx e1xCSFB)rbadicasting
the dual Rx/Tx e1lxCSFB support indicator in systeformation (SIB8). The eNB determines to perforoaldRx/Tx
e1xCSFB if the UE supports dual Rx/Tx e1lxCSFB adicgyto UE capability. If the network does not adige
support for dual Rx/Tx elxCSFB, UE which have dRalTx configuration may decide to keep the 1XRTT
receiver/transmitter turned on in order to contiumlg operate in both 1XRTT and E-UTRAN. If dual Rx/e1xCSFB
is to be performed, the eNB optionally solicits TdRmeasurements from the UE, and then sends a kan&oom
EUTRA Preparation Request message. This triggertJihto perform one of the following:

- send the UL Handover Preparation Transfer messagining 1XRTT dedicated information. The 1XRTT
information is contained inside RRC and S1-AP mgssédetween the UE and MME and in a generic "tethsf
message between MME and 1xRTT network. The respiooisethe 1XRTT network triggers the eNB to send a
DL Information Transfer message which includes BTk channel assignment message that causes the UE t
acquire a traffic channel in the 1XRTT access ngtwdhile continuing to be served by the E-UTRANTr (RS-
domain services).

- direct its second radio to 1XRTT, where it pemierthe 1xCS call origination or termination proasdin the
1XRTT access network while continuing to be seftwethe E-UTRAN (for PS-domain services).

The following table summarizes the various CS fadlboptions for 1XRTT, necessary UE capabilitied BGI index
which should be set to ‘1'. The meaning of FGI indespecified in [16, Annex B].

Table 10.3.2.3.3-1: CS fallback options

Target RAT Solutions Release UE Capability FGI Index
CS fallback to | RRC Connection Release with | Rel-8 (NOTE 1)
1IXRTT Redirection Mandatory for UEs
supporting CS fallback to
1XRTT
enhanced 1xCSFB Rel-9 (NOTE 1)
e-CSFB-1XRTT
enhanced 1xCSFB with Rel-9 (NOTE 1) FGI12, FGI26
concurrent HRPD handover e-CSFB-ConcPS-
Mob1XRTT, Support of
HRPD,
supportedBandListHRPD
dual receiver 1xCSFB (RRC Rel-9 (NOTE 1)
Connection Release without rx-Config1 XRTT (set to
Redirection) ‘dual’)
dual receiver/transmitter Rel-10 (NOTE 1)
enhanced 1xCSFB e-CSFB-dual-1XRTT
NOTE 1: All CS fallback to 1xRTT capable UE shall indicate that it supports 1xRTT and supported band list in the UE
capability.
NOTE 2: The measurement may be performed before any of the above CS fallback solution is triggered to select the
target cell or frequency layer more accurately based on eNB decision. eNB may trigger any of above CS
fallback solutions blindly.
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10.3.2.3.3.1 Pre-registration Procedure for 1XxRTT CSFB

A 1xCSFB capable terminal may pre-register in tkRTT network via the E-UTRAN in order to establiSB services
(e.g. originating and terminating voice calls) et1xRTT network. Pre-registration applies onlyRel-8 1xCSFB,
enhanced 1xCSFB and dual receiver/transmitter exgtetxCSFB. It does not apply to dual receiver & Ssince
the UE registers directly in the 1XRTT network gsthe normal 1xCS registration procedure.

The UE determines whether pre-registration is néddesed on 1XxRTT pre-registration parameters besdda system
information (SIB8). Before performing a 1xRTT pegistration, the UE requests from the eNB the reugs
information to perform the 1XRTT pre-registratiosing the CDMA2000 CSFB Parameters Request messageeNB
provides the necessary parameters in the CDMA20@FBC Parameters Response messdageese necessary
parameters are pre-configured in the eNB and ansparent to E-UTRAN.

The UE is responsible for maintaining the 1xRTTteat e.g. by performing re-registrations if needEde UE will
use the 1xRTT pre-registration information to decithether a re-registration shall be performedual deceiver UE
which registers directly in the 1XRTT network cgnadre these parameters. Re-registrations are dolyet in areas
where pre-registration is allowed.

The management of the pre-registration and reragjisn is handled by the 1XRTT upper layer inthe

10.3.3 CDMAZ2000 interworking in LTE shared networks

LTE system information (SIB8) can contain paramsgefer multiple CDMA2000 networks to allow the difét
PLMNSs to inter-work with different CDMA2000 netwaskThere is a one to one mapping between PLMN and
CDMA2000 network in that each LTE PLMN in SIB1 dater-work with only one CDMA2000 network. Thus tbié&,
eNB and MME implicitly knows the CDMA2000 networioim the UE's RPLMN. All UEs not supporting the per-
PLMN signalling inter-work with the same CDMA2008twork independent of their RPLMN.

10.4  Area Restrictions

NOTE: The term Area Restrictions is not used inRebnd onwards. It has been replaced by the teramihg
and Access Restrictions, see section 10.4a.

10.4a Roaming and Access Restrictions

The roaming and access restriction informatioraflE includes information on restrictions to belegapfor
subsequent mobility action during ECM-CONNECTEDtestdt includes the Serving PLMN and may includestof
equivalent PLMNs and other information. It may bevided by the MME at context setup over the Sérfiace, and
may be updated by the MME during S1 Handover, ahenwsending NAS Downlink messages.

NOTE: In case of GWCN network sharing scenario,rdsmning and access restriction information shailiehys
be provided by the MME to the eNBs.

Upon receiving the roaming and access restrictiforination for a UE, the eNB shall store it andrétadter it should
use it to determine whether to apply restrictiondiang for subsequent mobility action for which #&B provides
information about the target of the mobility actioavards the UE, e.g., handover and CCO, if applefl7] [23]. If
the roaming and access restriction informatioroisavailable at the eNB, the eNB shall considet tiere is no
restriction for subsequent mobility actions.

Only if received via S1 signalling or X2 signallinpe roaming and access restriction informatioraft/E shall be
propagated by the source eNB over X2 at intra E-AINNFRhandover. For the case when the X2 handovettseisua
change of serving PLMN (to an equivalent PLMN), soeirce eNB shall replace the Serving PLMN withitrentity of
the target PLMN and move the Serving PLMN to theieajent PLMN list, before propagating the roamargl access
restriction information.

SCG selection for DC at the MeNB is based upon mgrand access restriction information. If the radagrand access
restriction information is not available at the M@Nhe MeNB shall consider that there is no restiicfor the SCG
selection. In case of RAN sharing scenarios, th&lBleelects the serving PLMN ID of the SCG and paesiit to the
SeNB.
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10.5  Mobility to and from CSG and Hybrid cells

10.5.0 Principles for idle-mode mobility with CSG cells
10.5.0.1 Intra-frequency mobility

Intra-frequency mobility in idle mode in the preserof CSG member cells is based on cell rankingraselection
using the "best cell principle": For cell rankingdareselection, the UE may ignore all CSG cell$ dna known by the
UE not to be CSG member cells.

10.5.0.2 Inter-frequency mobility

For cell ranking and reselection, the UE shouldnitize CSG member cells irrespective of normalvaek configured
frequency priorities.

10.5.0.3 Inter-RAT Mobility

Inter-RAT inbound mobility to E-UTRAN CSG cellséso supported by a UE autonomous search whenBhs U
camped on a RAT other than E-UTRAN. The UE requésts are defined in the specifications of the comed RAT.

10.5.1  Inbound mobility to CSG cells
10.5.1.1 RRC_IDLE

Cell selection/reselection to CSG cells is based biE autonomous search function. The search fumdgtermines
itself when/where to search, and need not be addist the network with information about frequesaiéhich are
dedicated to CSG cells.

To assist the search function on mixed carriets$$&EG cells on mixed carriers broadcast in syst&orination a range
of PCI values reserved by the network for use b E8lls. Optionally also non-CSG cells on the migadier can
send this information in system informatidrhe reserved PCI range is only applicable to tequency of the PLMN
where the UE received this information. The UE é&is the last received reserved range of PCl gdlueCSG cells
to be valid for a maximum of 24 hours within théienPLMN. UE’s use of the received PCI split infwation is UE
implementation dependent.

NOTE: In shared NW scenario, aligned PCI rangedareficial in the shared carrier frequency actoss
involved PLMNs. Furthermore, in deployments whegliscbroadcast different primary PLMN (with or
without multiple PLMN IDs), it is beneficial thatSI5 and non-CSG cells will broadcast same PCI ranges

UE checks the suitability of CSG cells (identifieg the 1 bit indicator) based on the CSG whiteéfighe UE (provided
by upper layers). Only CSG member cells are consttisuitable.

The automated searching for the CSG cells by thest be disabled by the search function, if ti83Gvhitelist
configured in the UE is empty.

In addition, manual selection of CSG cells is supgmh

Cell selection/reselection to CSG cells does ngtiire the network to provide neighbour cell infotioa to the UE.
The neighbour cell information can be provided éplthe UE in specific cases, e.g. where the nétwighes to
trigger the UE to search for CSG cells.

Cell Reselection between CSG member cells is basawrmal cell reselection procedure.

10.5.1.2 RRC_CONNECTED

While the UE is in RRC_CONNECTED state, the UE perfs normal measurement and mobility proceduresdas
configuration provided by the network.

The UE is not required to support manual seleaio@SG IDs while in RRC_CONNECTED state.

Handover to a HNB/HeNB follows the framework of dEsisted network controlled handover as describd®.1.2.1.
Handover to a HNB/HeNB is different from the norrhahdover procedure in four aspects:
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1. Proximity Estimation: in case the UE is able to determine, using autenss search procedures, that it is near a

CSG member cell, the UE may provide to the soul® an indication of proximity. The proximity inditan
may be used as follows:

- If a measurement configuration is not presenttierconcerned frequency/RAT, the source eNB may
configure the UE to perform measurements and riqgpfor the concerned frequency/RAT.

- The source eNB may determine whether to perfdimaraactions related to handover to HNB/HeNBs based
on having received a proximity indication (for exalm the source eNB may not configure the UE taiaeq
system information of the HNB/HeNB unless it haseieed a proximity indication).

PSC/PCI Confusion: due to the typical cell size of HNB/HeNBs being tenaller than macro cells, there can
be multiple HNBs/HeNBs within the coverage of tbarse eNB that have the same PSC/PCI. This leaals to
condition referred to as PSC/PCI confusion, whetiegnsource eNB is unable to determine the cotaeget cell
for handover from the PSC/PCI included in the mezment reports from the UE. PSC/PCI confusion igesb

by the UE reporting the global cell identity of taeget HNB/HeNB.

Access Control: if the target cell is a hybrid cell, prioritizatiof allocated resources may be performed based
on the UE’s membership status. Access control iedry a two step process, where first the UE repehiether
the target cell is a CSG member cell based on #e OSG whitelist, and then the network verifies teported
status. When the UE has an emergency call the MiM&sinbound mobility to CSG cells even if the ass
control fails as specified in TS 23.401[17].

PLMN Selection: If the target cell is a shared CSG/hybrid cel YE reports the subset of the broadcasted
PLMN identities passing PLMN ID check and the CSKitalist of the UE includes an entry comprisinglué
concerned PLMN identity and the CSG ID broadcadghieytarget cell. The source eNB performs PLMN ID
check for the PLMNs reported by the UE and selentsif multiple pass the PLMN ID check. Finally thiME
verifies the CSG membership according to the rece{VSG ID, the selected PLMN ID and stored subsorip
CSG information of the UE.

Mobility from eNB/HeNB to a HeNB’s CSG/hybrid cefiay take place with the S1 Handover proceduréhén t
following call flow the source cell can be an eNBaocHeNB.

The current version of the specification also sutgmobility involving HeNBs by using X2 handoversome cases
(see section 4.6.1). If membership verificationeiguired for X2 mobility, the procedure describe®ection 10.1.2.1
applies, with the following additions to the stejgscribed in Section 10.1.2.1.1:

In Step 4, the source eNB/HeNB includes the CSEnbership status reported by the UE handed ovéein
X2AP HANDOVER REQUEST message to the target HeMB;target HeNB performs admission control
based on the CSG membership status reported hyEhe

In Step 12, the target HeNB includes the CSG nestbp status of the UE handed over in the PATH BUH
REQUEST message to the MME;

In Step 16, after the MME has performed membershrification for the UE handed over, the MME inmbés
its verified CSG membership status in the PATH SBHTIREQUEST ACKNOWLEDGE message to the target
HeNB; the target HeNB updates its membership inédiom if needed.

The procedure below applies to any scenario wher€SG ID is provided by the UE or provided by sberce eNB.
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Figure 10.5.1.2-1: Mobility to HeNB’s CSG and hybrid cells.

The source eNB configures the UE with proxinitgication control.

The UE sends an "entering" proximity indicatighen it determines it may be near a CSG member cell
(based on autonomous search procedures). The prpxidgication includes the RAT and frequency of
the cell.

If a measurement configuration is not presenttie concerned frequency/RAT the source eNB
configures the UE with relevant measurement conditjon including measurement gaps as needed, so
that the UE can perform measurements on the repBAd and frequency. The network may also use the
proximity indication to minimize the requestingtendover preparation information of CSG/hybridell
by avoiding requesting such information when theitJBot in the geographical area where its CSG
member cells are located.

The UE sends a measurement report including@lig(e.g., due to triggered event A3).
The source eNB configures the UE to performcguisition and reporting of a particular PCI.

The UE performs Sl acquisition using autonomgayss, i.e., the UE may suspend reception and
transmission with the source eNB within the lindéfined in [TS 36.133] to acquire the relevant syst
information from the target HeNB.

The UE sends a measurement report includingc@&h) TAI, CSG ID and "member/non-member"
indication. If the target cell is a shared CSG/liyleell, the measurement report also includes tibset of
the broadcast PLMN identities that pass PLMN IDogh&nd for which the CSG whitelist of the UE
includes an entry comprising the cell's CSG ID "rrespective PLMN identity.

The source eNB includes the target E-CGI andX86 ID in the Handover Required message seneto th
MME. If the target is a hybrid cell the Cell Accddede of the target is included.

The MME performs UE access control to the CSIBbaesed on the CSG ID and the selected target
PLMN received in the Handover Required messagetandtored CSG subscription data for the UE (see
3GPP TS 23.401 [17]). If the access control prooedails, the MME ends the handover procedure by
replying with the Handover Preparation Failure ragss If the Cell Access Mode is present, the MME
determines the CSG Membership Status of the UEihgrayer to the hybrid cell and includes it in the
Handover Request message.
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10-11) The MME sends the Handover Request meseabe target HeNB including the target CSG ID reedi
in the Handover Required message. If the targetigbrid cell the CSG Membership Status will be
included in the Handover Request message.

12) The target HeNB verifies that the CSG ID reediin the Handover Request message matches thd@SG
broadcast in the target cell and if such validatsosuccessful it allocates appropriate resoutdEes.
prioritisation may also be applied if the CSG Memnshé Status indicates that the UE is a member.

13-14) The target HeNB sends the Handover Requelsidwledge message to the MME via the HeNB GW if

present.
15) The MME sends the Handover Command message tsource eNB.
16) The source eNB transmits the Handover CommBRL(Connection Reconfiguration message including

mobility control information) to the UE.
NOTE: Steps 1-9, 15 and 16 also apply to inter-Rédbility from LTE to HNB.

After sending an "entering" proximity indicatiortép 2), if the UE determines that it is no longeana CSG member
cell, the UE sends a "leaving" proximity indicatitmthe source eNB. Upon reception of this indmatthe source eNB
may reconfigure the UE to stop measurements orefiarted RAT and frequency.

In the above procedure, steps 2 and 3 may nottierped in case the UE has not previously visitezllieNB, e.g.,
when the UE first visits a hybrid cell.

The PCI confusion is resolved by steps 5, 6 ariché.source eNB can request Sl acquisition and tiegdior any PCI,
not limited to PSCs/PCls of CSG or hybrid cells.

10.5.2 Outbound mobility from CSG cells
10.5.2.1 RRC_IDLE

For a UE leaving a CSG cell in idle mode normal eedelection based on configuration from the BC&lthe CSG
cell applies.

10.5.2.2 RRC_CONNECTED

For a UE leaving a CSG cell in active mode norneiiwork controlled mobility applies.
10.6  Measurement Model

RRC configures RRC configures

parametel parametel
v l
Layer 1 Layer 3
A » filtering B, filtering C 3 Evaluation D >
of reporting
C' criteria
_’v

Figure 10.6-1: Measurement model

- A: measurements (samples) internal to the physigat.la

- Layer 1filtering: internal layer 1 filtering of the inputs measuedgoint A. Exact filtering is implementation
dependant. How the measurements are actually edauthe physical layer by an implementation (isp
and Layer 1 filtering) in not constrained by tharstard.

- B: A measurement reported by layer 1 to layer 3 ddigar 1 filtering.

3GPP



Release 12 116 3GPP TS 36.300 V12.10.0 (2016-06)

- Layer 3filtering: Filtering performed on the measurements providgmbamt B. The behaviour of the Layer 3
filters are standardised and the configuratiorheflayer 3 filters is provided by RRC signallingté¥ing
reporting period at C equals one measurement patigd

- C: A measurement after processing in the layer &rfilthe reporting rate is identical to the repgrtiate at
point B. This measurement is used as input foraymaore evaluation of reporting criteria.

- Evaluation of reporting criteria: This checks whether actual measurement repodingéessary at point D.
The evaluation can be based on more than one flomeasurements at reference point C e.g. to compare
between different measurements. This is illustrégdput C and C'. The UE shall evaluate the repgr
criteria at least every time a new measurementtrissieported at point C, C'. The reporting cidegre
standardised and the configuration is provided BCRignalling (UE measurements).

- D: Measurement report information (message) senth@madio interface.

Layer 1 filtering will introduce a certain level ofeasurement averaging. How and when the UE expetfprms the
required measurements will be implementation spetfthe point that the output at B fulfils therfsemance
requirements set in [21]. Layer 3 filtering andgraeters used is specified in [16] and does nabdhuice any delay in
the sample availability between B and C. Measurd¢raepoint C, C' is the input used in the eventation.

10.7  Hybrid Cells

Hybrid Cells have a CSG Indication bit set to FALSE broadcast a CSG ldentity and the PCI valuehybrid cells
are not contained within the reserved PCI rang€€G cells. Similar to CSG cells, the network aaserve a PCI list
for hybrid cells.

The network shall distinguish whether it is a hgtlwell, e.g. by reserving a PCI list for hybridlse

10.7.1  RRC_IDLE

When the CSG ID and associated PLMN ID of the hy/bgll belong to the CSG whitelist of the UE, thybifid cell is
considered by the UE as a CSG cell in idle modesedtction/reselection procedures.

NOTE: The autonomous search for hybrid cells dagsmply that a UE needs to constantly check th& T3
and associated PLMN ID of all cells it sees.

For all other UEs, normal cell selection/reseletpoocedures apply with hybrid cells (as for norGalIs).

Manual selection of CSG IDs of hybrid cells is adspported in the same way as for CSG cells.

10.7.2 RRC_CONNECTED

10.7.2.1 Inbound Mobility
Inbound mobility to hybrid cells is described incBen 10.5.1.2.
10.7.2.2 Outbound Mobility

Procedure for outbound mobility from CSG cells &p[See section 10.5.2.2).

11 Scheduling and Rate Control
In order to utilise the SCH resources efficiendyscheduling function is used in MAC. In this salugle, an overview

of the scheduler is given in terms of schedulerafpan, signalling of scheduler decisions, and measents to
support scheduler operation.

11.1  Basic Scheduler Operation

MAC in eNB includes dynamic resource schedulersalacate physical layer resources for the DL-SOH;SCH
and SL-SCH transport channels. Different schedupesate for the DL-SCH, UL-SCH and SL-SCH.
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The scheduler should take account of the trafflame and the QoS requirements of each UE and adedaiadio
bearers, when sharing resources between UEs. @ahyJE" grants are used to grant the right to trahsn the UL-
SCH and SL-SCH (i.e. there are no "per UE per RBhts).

Schedulers may assign resources taking accounadie conditions at the UE identified through measwents made
at the eNB and/or reported by the UE.

Radio resource allocations can be valid for onmultiple TTIs.

Resource assignment consists of physical resolmcks(PRB) and MCS. Allocations for time periodader than one
TTI might also require additional information (alltion time, allocation repetition factor...).

When CA is configured, a UE may be scheduled owdtipte serving cells simultaneously but at mos¢ eandom
access procedure shall be ongoing at any time s@rasier scheduling with the Carrier Indicatorl&i€CIF) allows
the PDCCH of a serving cell to schedule resourceanmther serving cell but with the following réstions:

- Cross-carrier scheduling does not apply to PiGelPCell is always scheduled via its PDCCH,;

- When the PDCCH of an SCell is configured, cramsier scheduling does not apply to this SCellit.es always
scheduled via its PDCCH,;

- When the PDCCH of an SCell is not configuredseroarrier scheduling applies and this SCell isagv
scheduled via the PDCCH of one other serving cell.

A linking between UL and DL allows identifying tlserving cell for which the DL assignment or UL dgrapplies
when the CIF is not present:

- DL assignment received on PCell corresponds twndok transmission on PCell;
- UL grant received on PCell corresponds to uptiaksmission on PCell;
- DL assignment received on SGealbrresponds to downlink transmission on S¢ell

- UL grant received on SCeltorresponds to uplink transmission on SC&lISCell, is not configured for uplink
usage by the UE, the grant is ignored by the UE.

When DC is configured, cross-carrier schedulingaaly be used across serving cells within the s@@eWithin a
CG, neither PCell of MCG nor PSCell of SCG can tmss-carrier scheduled

11.1.1  Downlink Scheduling

In the downlink, E-UTRAN can dynamically allocatspurces (PRBs and MCS) to UEs at each TTI vi&CtRNTI
on PDCCH(s). A UE always monitors the PDCCH(s)riden to find possible allocation when its downligception is
enabled (activity governed by DRX when configuratfhen CA is configured, the same C-RNTI appliealt@erving
cells.

In addition, E-UTRAN can allocate semi-persistemivdlink resources for the first HARQ transmissiom$JES:
- RRC defines the periodicity of the semi-persistiownlink grant;

- PDCCH indicates whether the downlink grant ieaispersistent one i.e. whether it can be impiiaidused in
the following TTIs according to the periodicity defd by RRC.

When required, retransmissions are explicitly sigdavia the PDCCH(s). In the sub-frames wherelEehas semi-
persistent downlink resource, if the UE cannot iisSdC-RNTI on the PDCCH(s), a downlink transmissaxcording to
the semi-persistent allocation that the UE has lassigned in the TTI is assumed. Otherwise, irstheframes where
the UE has semi-persistent downlink resource g@fuife finds its C-RNTI on the PDCCH(s), the PDCClaedtion
overrides the semi-persistent allocation for that dnd the UE does not decode the semi-persistsources.

When CA is configured, semi-persistent downlinkorgses can only be configured for the PCell ang & CCH
allocations for the PCell can override the semsjgent allocation. When DC is configured, semispgtent downlink
resources can only be configured for the PCell®C&Il. Only PDCCH allocations for the PCell canroige the semi-
persistent allocation for PCell and only PDCCH e#itions for the PSCell can override the semi-ptnsisallocation
for PSCell.
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11.1.2 Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate oesces (PRBs and MCS) to UEs at each TTI via tHeNJH on
PDCCH(s). A UE always monitors the PDCCH(s) in orefind possible allocation for uplink transmissiwhen its
downlink reception is enabled (activity governediyX when configured). When CA is configured, tiagne C-RNTI
applies to all serving cells.

In addition, E-UTRAN can allocate a semi-persistgpitnk resource for the first HARQ transmissiomsl gotentially
retransmissions to UEs:

- RRC defines the periodicity of the semi-persistgriink grant;

- PDCCH indicates whether the uplink grant is aigeensistent one i.e. whether it can be implicigyised in the
following TTIs according to the periodicity definég RRC.

In the sub-frames where the UE has semi-persiggaimk resource, if the UE cannot find its C-RNT the PDCCH(s),
an uplink transmission according to the semi-pastsallocation that the UE has been assignedeim i can be made.
The network performs decoding of the pre-defined®®Rccording to the pre-defined MCS. Otherwiseh@sub-
frames where the UE has semi-persistent uplinkureso if the UE finds its C-RNTI on the PDCCH(¢)e tPDCCH
allocation overrides the persistent allocationtfat TTI and the UE’s transmission follows the PD¥C&llocation, not
the semi-persistent allocation. Retransmissionitiner implicitly allocated in which case the Uges the semi-
persistent uplink allocation, or explicitly alloeatvia PDCCH(s) in which case the UE does not ¥oliloe semi-
persistent allocation.

NOTE: there is no blind decoding in uplink and wilkea UE does not have enough data to fill the atied
resource, padding is used.

When the UE is provided with valid uplink grantssieveral serving cells in one TTI, the order inakhthe grants are
processed during logical channel prioritisation amether joint or serial processing is appliedlafeup to UE
implementation.

Similarly as for the downlink, semi-persistent nglresources can only be configured for the PGall@enly PDCCH
allocations for the PCell can override the semsjsent allocation. When DC is configured, semisjstent uplink
resources can only be configured for the PCell®C&l. Only PDCCH allocations for the PCell canroide the semi-
persistent allocation for PCell and only PDCCH editions for the PSCell can override the semi-ptnsisallocation
for PSCell.

11.2  Activation/Deactivation Mechanism

To enable reasonable UE battery consumption wheiis@Anfigured, an activation/deactivation mechang SCells
is supported (i.e. activation/deactivation doesapply to PCell). When an SCell is deactivated,UEkedoes not need
to receive the corresponding PDCCH or PDSCH, catmaasmit in the corresponding uplink, nor is fueed to
perform CQIl measurements. Conversely, when an $Catltive, the UE shall receive PDSCH and PDCGCIlthé UE
is configured to monitor PDCCH from this SCell)dan expected to be able to perform CQI measuresnent

The activation/deactivation mechanism is basechercombination of a MAC control element and deatibn timers.
The MAC control element carries a bitmap for thévation and deactivation of SCells: a bit set tdehotes activation
of the corresponding SCell, while a bit set to 8ates deactivation. With the bitmap, SCells caadtevated and
deactivated individually, and a single activatia@ddtivation command can activate/deactivate a satbskee SCells.
One deactivation timer is maintained per SCelldng common value is configured per UE by RRC.

At reconfiguration without mobility control inforntian:
- SCells added to the set of serving cells aréalhit"deactivated";

- SCells which remain in the set of serving cetisher unchanged or reconfigured) do not change &le&ivation
status ("activated" or "deactivated").

At reconfiguration with mobility control informatio(i.e. handover):
- SCells are "deactivated".

In DC, the serving cells of the MCG other than B@ell can only be activated/deactivated by the M2dntrol
Element received on MCG, and the serving cell$ief3CG other than PSCell can only be activateditidaded by the

3GPP



Release 12 119 3GPP TS 36.300 V12.10.0 (2016-06)

MAC Control Element received on SCG. The MAC entipplies the bitmap for the associated cells bleeiMCG or
SCG. PSCell in SCG is always activated like thelPe. deactivation timer is not applied to PSL&Dne
deactivation timer is maintained per SCell but common value is configured per CG by RRC.

11.3  Measurements to Support Scheduler Operation

Measurement reports are required to enable thelatdrgo operate in both uplink and downlink. Thassude
transport volume and measurements of a UEs radioogsment.

Uplink buffer status reports (BSR) are needed twidie support for QoS-aware packet scheduling.-WTRAN
uplink buffer status reports refer to the data thduffered in for a group of logical channel (L@ the UE. Four
LCGs and two formats are used for reporting innipli

- A short format for which only one BSR (of one LLiG reported;

- Along format for which all four BSRs (of all fol.CGSs) are reported.
Uplink buffer status reports are transmitted usvtC signalling.
In DC, LCG is configured per CG.

In DC, BSR configuration, triggering and reportiaug independently performed per CG. For split bsathe PDCP
data is considered in BSR only in one CG that iffigored by RRC.

11.4  Rate Control of GBR, MBR and UE-AMBR
11.4.1 Downlink

The eNB guarantees the downlink GBR associatedaiBBR bearer, enforces the downlink MBR associwiii a
GBR bearer and enforces the downlink AMBR assodiati¢h a group of Non-GBR bearers.

11.4.2 Uplink

The UE has an uplink rate control function whichnages the sharing of uplink resources between tzhoers. RRC
controls the uplink rate control function by giviegch bearer a priority and a prioritised bit (&BR). The values
signalled may not be related to the ones signaile®1 to the eNB.

The uplink rate control function ensures that tiiedérves its radio bearer(s) in the following sexee
1. All the radio bearer(s) in decreasing prioritder up to their PBR;
2. All the radio bearer(s) in decreasing prioritder for the remaining resources assigned by taetgr

NOTEL: In case the PBRs are all set to zero, tsedtep is skipped and the radio bearer(s) axeden strict
priority order: the UE maximises the transmissibhigher priority data.

NOTEZ2: By limiting the total grant to the UE, thd& can ensure that the UE-AMBR plus the sum of MBRs
not exceeded.

NOTE3: Provided the higher layers are responsivatgestion indications, the eNB can enforce theRMiIBan
uplink radio bearer by triggering congestion intdiimas towards higher layers and by shaping the data
rate towards the S1 interface.

If more than one radio bearer has the same prjdhgyUE shall serve these radio bearers equally.

11.4.3 UE-AMBR for Dual Connectivity
In DC, the MeNB ensures that the UE-AMBR is noteedaed by:
1) limiting the resources it allocates to the UBMEG; and
2) indicating to the SeNB a limit so that the Sed# also in turn guarantee that this limit is nateded.

For split bearers the SeNB ignores the indicatedntiok UE-AMBR. If the SeNB is not configured torse the uplink
for split bearers, the SeNB ignores the indicatglthh UE-AMBR.
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11.5  CQl reporting for Scheduling

The time and frequency resources used by the Wepiart CQI are under the control of the eNB. CQlar¢ing can be
either periodic or aperiodic. A UE can be configlte have both periodic and aperiodic reportinthatsame time. In
case both periodic and aperiodic reporting ocautheé same subframe for a particular CG, only fhexiadic report is
transmitted in that subframe.

For efficient support of localized, distributed av¢MO transmissions, E-UTRA supports three type€afl reporting:
- Wideband type: providing channel quality inforioatof entire system bandwidth of the cell;
- Multi-band type: providing channel quality infoation of some subset(s) of system bandwidth otéike
- MIMO type: open loop or closed loop operationtfwor without PMI feedback).

Periodic CQI reporting is defined by the followiogaracteristics:

- When the UE is allocated PUSCH resources in &auie where a periodic CQI report is configuredbéosent,
the periodic CQI report is transmitted togethethwiplink data on the PUSCH. Otherwise, the peri@il
reports are sent on the PUCCH.

Aperiodic CQI reporting is defined by the followikaracteristics:
- The report is scheduled by the eNB via the PDCCH,;
- Transmitted together with uplink data on PUSCH.

When a CQI report is transmitted together with nipliata on PUSCH, it is multiplexed with the tramgfblock by L1
(i.e. the CQI report is not part of the uplink thensport block).

The eNB configures a set of sizes and formatsefé¢iports. Size and format of the report dependstather it is
transmitted over PUCCH or PUSCH and whether itpe@odic or aperiodic CQI report.

11.6  Explicit Congestion Naotification

The eNB and the UE support of the Explicit Congestilotification (ECN) is specified in Section 5[86] (i.e., the
normative part of [35] that applies to the end-to-édow of IP packets), and below. This enablesaN8 to control the
initial codec rate selection and/or to trigger demrate reduction. Thereby the eNB can incregsaoity (e.g., in terms
of number of accepted VolIP calls), and improve cage (e.g. for high bit rate video sessions).

The eNB should set the Congestion Experienced (C&g¢point (‘11’) in PDCP SDUs in the downlink ditiea to
indicate downlink (radio) congestion if those PDEPUs have one of the two ECN-Capable Transport {ECT
codepoints set. The eNB should set the Congestiperienced (CE) codepoint (‘11") in PDCP SDUs ia tiplink
direction to indicate uplink (radio) congestioriibse PDCP SDUs have one of the two ECN-Capablesprat (ECT)
codepoints set.

12 DRXin RRC_CONNECTED

In order to enable reasonable UE battery consumpB&X in E-UTRAN is characterised by the following

- Per UE mechanism (as opposed to per radio bearer)
- No RRC or MAC substate to distinguish betweeffed#nt levels of DRX;

- Available DRX values are controlled by the netkvand start from non-DRX up toseconds. Valug may be as
long as the paging DRX used in ECM-IDLE;

- Measurement requirement and reporting criterfadifer according to the length of the DRX interiza. long
DRX intervals may experience more relaxed requirgs)e

- Irrespective of DRX, UE may use first availabl&®H opportunity to send an UL measurement report;
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- HARQ operation related to data transmission @ependent of DRX operation and the UE wakes updd the
PDCCH for possible retransmissions and/or ACK/NAghslling regardless of DRX In the downlink, a tinig
used to limit the time the UE stays awake awaitorga retransmission;

- When DRX is configured, the UE may be furtherfagqured with an "on-duration" timer during whichrte the
UE monitors the PDCCHs for possible allocations;

- When DRX is configured, periodic CQI reports canly be sent by the UE during the "active-time".QR&an
further restrict periodic CQI reports so that tlzeg only sent during the on-duration;

- Atimer per TAG in the UE is used to detect némdobtaining timing advance for each TAG.
The following definitions apply to DRX in E-UTRAN:

- on-duration: duration in downlink subframes that the UE wéits after waking up from DRX, to receive
PDCCHs. If the UE successfully decodes a PDCCHUthestays awake and starts the inactivity timer;

- inactivity-timer: duration in downlink subframes that the UE waitsuccessfully decode a PDCCH, from the
last successful decoding of a PDCCH, failing whtate-enters DRX. The UE shall restart the inatyivimer
following a single successful decoding of a PDC®OHH first transmission only (i.e. not for retranssions).

- active-time: total duration that the UE is awake. This incleitlee "on-duration" of the DRX cycle, the time UE
is performing continuous reception while the inatyitimer has not expired and the time UE is pearfing
continuous reception while waiting for a DL retramssion after one HARQ RTT. Based on the above the
minimum active time is of length equal to on-dwatiand the maximum is undefined (infinite);

Of the above parameters the on-duration and iriactimer are of fixed lengths, while the activeat is of varying
lengths based on scheduling decision and UE degaiocess. Only on-duration and inactivity-timeradion are
signalled to the UE by the eNB:

- There is only one DRX configuration applied i tHE at any time;
- UE shall apply an on-duration on wake-up from D&&ep;

NOTE: this is also applicable for the case wheeeUlt has only one service (e.g. Real Time) thheing
handled through the allocation of predefined resesirthis allows for other signalling such as RB®é
sent during the remaining portion of the activedim

- New transmissions can only take place duringatiteve-time (so that when the UE is waiting for one
retransmission only, it does not have to be "awakgling the RTT).

- If PDCCH has not been successfully decoded duhiagn-duration, the UE shall follow the DRX canfiation
(i.e. the UE can enter DRX sleep if allowed by BfeX configuration):

- This applies also for the sub-frames where thehd&been allocated predefined resources.

- If it successfully decodes a PDCCH for a firsitsmission, the UE shall stay awake and startidagtivity timer
(even if a PDCCH is successfully decoded in thefsatmes where the UE has also been allocated predef
resources) until a MAC control message tells thetbJEe-enter DRX, or until the inactivity timer @rgs. In
both cases, the DRX cycle that the UE follows aféeentering DRX is given by the following rules:

- If a short DRX cycle is configured; the UE fifstlows the short DRX cycle and after a longer pdrof
inactivity the UE follows the long DRX cycle;

- Else the UE follows the long DRX cycle directly.

NOTE: When DRX is configured, the network shoultedéwhether UE remains in EUTRAN coverage by
requesting UE to send periodic signals to the nekwo

In CA, whenever a UE is configured with only oneveag cell (i.e. PCell) Rel-8/9 DRX applies. In ethcases, the
same DRX operation applies to all configured arttated serving cells (i.e. identical active tinee PDCCH
monitoring).

In DC, separate DRX configurations can be applief€G and SCG, and the CG specific DRX operatigoliap to
all configured and activated serving cells in thee CG (i.e. identical active time for PDCCH moniitg).
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13 QoS

An EPS bearer/E-RAB is the level of granularity f@arer level QoS control in the EPC/E-UTRAN. TisaSDFs
mapped to the same EPS bearer receive the saner el packet forwarding treatment (e.g. schedufiolicy,
gueue management policy, rate shaping policy, Ru@iguration, etc.) [17].

One EPS bearer/E-RAB is established when the UBemia to a PDN, and that remains established thautghe
lifetime of the PDN connection to provide the UBmalways-on IP connectivity to that PDN. That ezds referred to
as thedefault bearer. Any additional EPS bearer/E-RAB that tatdished to the same PDN is referred to as a
dedicated bearer. The initial bearer level QoS parametanesbf the default bearer are assigned by the mietlvased
on subscription data. The decision to establismadify a dedicated bearer can only be taken b¥th€, and the
bearer level QoS parameter values are always &sklgnthe EPC.

An EPS bearer/E-RAB is referred to as a GBR beaadadicated network resources related to a GuaeahBit Rate
(GBR) value that is associated with the EPS bdasRAB are permanently allocated (e.g. by an admissontrol
function in the eNodeB) at bearer establishmentifiwadion. Otherwise, an EPS bearer/E-RAB is reddrto as a Non-
GBR bearer. A dedicated bearer can either be a @BRNon-GBR bearer while a default bearer shad bsan-GBR
bearer.

13.1 Bearer service architecture
The EPS bearer service layered architecture ictipin Figure 13.1-1 below, where:

- An UL TFT in the UE binds an SDF to an EPS bear¢he uplink direction. Multiple SDFs can be nipiéxed
onto the same EPS bearer by including multiplenkgtiacket filters in the UL TFT.

- ADLTFT inthe PDN GW binds an SDF to an EPSrbean the downlink direction. Multiple SDFs can be
multiplexed onto the same EPS bearer by includiniipte downlink packet filters in the DL TFT.

- An E-RAB transports the packets of an EPS bdagtreen the UE and the EPC. When an E-RAB existset
is a one-to-one mapping between this E-RAB andR& Bearer.

- Adata radio bearer transports the packets &R® bearer between a UE and one or more eNB(s)n\Whata
radio bearer exists, there is a one-to-one mappétgeen this data radio bearer and the EPS bedR&H

- An S1 bearer transports the packets of an E-Ré/&en an eNodeB and a Serving GW.
- An S5/S8 bearer transports the packets of antdeR&r between a Serving GW and a PDN GW.

- A UE stores a mapping between an uplink packet fand a data radio bearer to create the bindétgreen an
SDF and a data radio bearer in the uplink.

- A PDN GW stores a mapping between a downlink pafiker and an S5/S8a bearer to create the bindin
between an SDF and an S5/S8a bearer in the downlink

- An eNB stores a one-to-one mapping between arddta bearer and an S1 bearer to create the lgjtditween
a data radio bearer and an S1 bearer in both fikugnd downlink.

- A Serving GW stores a one-to-one mapping betveee81 bearer and an S5/S8a bearer to create tiadin
between an S1 bearer and an S5/S8a bearer inHeotiplink and downlink.
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Figure 13.1-1: EPS Bearer Service Architecture

13.2 QoS parameters

The bearer level (i.e. per bearer or per bearereggie) QoS parameters are QCI, ARP, GBR, and AMIBRR Each
EPS bearer/E-RAB (GBR and Non-GBR) is associatél tlie following bearer level QoS parameters:

- QoS Class Identifier (QCI): scalar that is usedaeference to access node-specific parametdrsdhtrol
bearer level packet forwarding treatment (e.g. dalieg weights, admission thresholds, queue managéem
thresholds, link layer protocol configuration, tend that have been pre-configured by the opecataing the
eNodeB. A one-to-one mapping of standardized QQlesto standardized characteristics is captur¢tiih

- Allocation and Retention Priority (ARP): the pany purpose of ARP is to decide whether a bearer
establishment / modification request can be acdemt@eeds to be rejected in case of resourceslfiioits. In
addition, the ARP can be used by the eNodeB taddeshich bearer(s) to drop during exceptional res®u
limitations (e.g. at handover).

Each GBR bearer is additionally associated withfollewing bearer level QoS parameter:
- Guaranteed Bit Rate (GBR): the bit rate thatlmamexpected to be provided by a GBR bearer;

- Maximum Bit Rate (MBR): the maximum bit rate tltain be expected to be provided by a GBR beareR MB
can be greater or equal to the GBR.

Each APN access, by a UE, is associated with thesfimg QoS parameter:
- per APN Aggregate Maximum Bit Rate (APN-AMBR).

Each UE in state EMM-REGISTERED is associated withfollowing bearer aggregate level QoS parameter:
- per UE Aggregate Maximum Bit Rate (UE-AMBR).

The definitions of APN AMBR and UE-AMBR are captdria [17].

The GBR and MBR denotes bit rate of traffic perrbeavhile UE-AMBR/APN-AMBR denote bit rate of tradfper
group of bearers. Each of those QoS parameterarhaplink and a downlink component.

13.3 QoS support in Hybrid Cells

The following principles apply to serving non CS@mbers and CSG members of a Hybrid Cell:

Note: The term "eNB" in this section applies to HB=Nas described in 84.6.1), as well as eNBs (astdd in
the basic E-UTRAN architecture in Figure 4-1).
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- When the UE connects to a Hybrid Cell, the MMB&Ismform the eNB serving this Hybrid Cell whethbe UE
is @ member or not of the CSG associated withHigtsrid Cell;
- Based on CSG membership, the offered QoS fordéifged by this Hybrid Cell may be modified as falfo

- The eNB serving this Hybrid Cell may distinguisttween a CSG member and non-member when
determining whether to handover a UE, which GBR&eato admit and which GBR bearers to deactivate;

- The eNB serving this Hybrid Cell may distingulsttween a CSG member and non-member for handover
and packet scheduling on Uu interface (includirduced QoS) of non-GBR bearers.

14 Security

14.1 Overview and Principles

The following principles apply to E-UTRAN security:
- The keys used for NAS and AS protection shallependent on the algorithm with which they are used

- The eNB keys are cryptographically separated filoenEPC keys used for NAS protection (making it
impossible to use the eNB key to figure out an KBg).

- For SCG bearers in DC, the SeNB keys are crypfugcally separated from the eNB keys.

- The AS (RRC and UP) and NAS keys are derivethénEPC/UE from key material that was generated by a
NAS (EPC/UE) level AKA procedure (#me) and identified with a key identifier (K&dwe).

- For SCG bearers in DC, the AS (UP) keys are ddria the SeNB/UE from key material that was geteerin
the MeNB/UE.

- The eNB key (Kng) is sent from the EPC to the eNB when the UE tergmgy ECM-CONNECTED state (i.e.
during RRC connection or S1 context setup).

- For SCG bearers in DC, the SeNB key (sd(is sent from the MeNB to the SeNB when addinGaG.

- Separate AS and NAS level security mode commaodgulures are used. AS level security mode command
procedure configures AS security (RRC and userg)land NAS level security mode command procedure
configures NAS security. Both integrity protectiand ciphering for RRC are activated within the sa@Be
SMC procedure. User plane ciphering is activatetie@same time as RRC ciphering.

- Keys stored inside eNBs shall never leave a seenvironment within the eNB (except when done in
accordance with this or other 3GPP specificatioas)l, user plane data ciphering/deciphering shiedl pdace
inside the secure environment where the related &ey stored.

- Key material for the eNB keys is sent betweeneiN8s during ECM-CONNECTED intra-E-UTRAN mobility
and from the MeNB to the SeNB in DC for SCG bealtming SCG addition and SCG change.

- A sequence number (COUNT) is used as input teiiigering and integrity protection. A given seqeen
number must only be used once for a given eNB &&gdpt for identical re-transmission) on the saatkor
bearer in the same direction. The same sequencbearwan be used for both ciphering and integribtgmtion.

- A hyper frame number (HFN) (i.e. an overflow ctemmechanism) is used in the eNB and UE in oraldintit
the actual number of sequence number bits thagdded to be sent over the radio. The HFN needs to b
synchronized between the UE and eNB.

- No integrity protection initialisation number (ERH).

- Since SIM access is not granted in E-UTRAN TS3183.[22] except for making IMS Emergency callseidl
mode UE not equipped with USIM shall not attempiaselect to E-UTRAN unless it is originating anSM
Emergency call. The RNC may try to prevent handéedt-UTRAN for example by identifying a SIM based
UE from the security keys provided by the CN.

A simplified key derivation is depicted on Figur&.1-1 below, where:
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- Knasnt is a key, which shall only be used for the pratecof NAS traffic with a particular integrity algithm
This key is derived by UE and MME fromnkve  as well as an identifier for the integrity algorith

- Knasenc is @ key, which shall only be used for the pratecof NAS traffic with a particular encryption
algorithm. This key is derived by UE and MME fromdfe, as well as an identifier for the encryption algamit

- Kensis a key derived by UE and MME fromuKve. Kens may also be derived by the target eNB from NH at
handover. Kxg shall be used for the derivation ogdcin, Krrcenc@nd Kupens and for the derivation of &g
upon handover.

- Kenpr is a key derived by UE and source eNB from eitfgis or from a fresh NH. Kue+ shall be used by UE
and target eNB as a newg for RRC and UP traffic.

- Kupencis a key, which shall only be used for the protacif UP traffic with a particular encryption algm.
This key is derived by UE and eNB fromng, as well as an identifier for the encryption altion.

- Krercintis @ key, which shall only be used for the protetof RRC traffic with a particular integrity algtm.
Krreintis derived by UE and eNB fromekg, as well as an identifier for the integrity algbm.

- Krreencis a key, which shall only be used for the protectof RRC traffic with a particular encryption
algorithm.Krrcencis derived by UE and eNB fromeks as well as an identifier for the encryption altfum.

- Next Hop (NH) is used by UE and eNB in the derivation gl for the provision of "forward security" [22].
NH is derived by UE and MME from A&&me and Keng When the security context is established, or fkotave
and previous NH, otherwise.

- Next Hop Chaining CountNCC) is a counter related to NH (i.e. the amount oy Kbkaining that has been
performed) which allow the UE to be synchronisethvlie eNB and to determine whether the héxie needs
to be based on the currendNs or a fresh NH.

K
USIM / AuC
A
CK, IK
UE / HSS
A
Kasme
UE / MME
Y Y \ 4 + %
Khasenc | | Knas int Kens NH |
UE / eNB
»<NCC> |
Y 3
Kupenc | | Krrcenc || KrRC int Kenps |

,,,,,,,,

Figure 14.1-1: Key Derivation

Key derivation for SCG bearers in DC is depicted-ayure 14.1-2 below, where:
- SCG Counter is a counter used as freshnessimpus-Keng derivations (see TS 33.401 Annex E.2.4 [22]).
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Figure 14.1-2: DC Key Derivation

The MME invokes the AKA procedures by requestinthaatication vectors to the HE (Home environmeinti

unused EPS authentication vectors have been sibihedHE sends an authentication response bacle tvIhE that
contains a fresh authentication vector, includidmse-key namedAéve. Thus, as a result of an AKA run, the EPC and
the UE share Kksve. From Kasme, the NAS keys, (and indirectly)di§s keys and NH are derived. Thedfe is never
transported to an entity outside of the EPC, hygland NH are transported to the eNB from the EPCwthe UE
transitions to ECM-CONNECTED. From theng, the eNB and UE can derive the UP and RRC keys.

RRC and UP keys are refreshed at handoviz-Hs derived by UE and source eNB from target P&ljet frequency
and Kene (this is referred to ashworizontal key derivation and is indicated to UE with an N@©@&t does not increase) or
from target PCI, target frequency and NH (thiseiferred to as wertical key derivation and is indicated to UE with an
NCC increase). s+ is then used as newlg for RRC and UP traffic at the target. When the gies into ECM-IDLE
all keys are deleted from the eNB.

For SCG Bearers in DC, UP keys are updated at S@8ge by indicating in RRC signalling to the UE Ha¢ue of the
SCG Counter to be used in key derivation. Wheiks refreshed, SCG Counter shall be reset andyg-gbhall be
newly derived from the K.

COUNT reusing avoidance for the same radio bedetity in RRC_CONNECTED mode withoutit change is left
to eNB implementation e.g. by using intra-cell hawet, smart management of radio bearer identiti¢ggpering a
transition to RRC_IDLE.

SCG bearers in DC share a common pool of radiobédentities (DRB IDs) together with the MCG bearand when
no new DRB ID can be allocated for an SCG bear#rouit guaranteeing COUNT reuse avoidance, the Msihdl
derive a new S-kKs. SeNB indicates to MeNB when uplink or downlink @B COUNTSs are about to wrap around and
MeNB shall update the SzKs. To update the S-ig, the MeNB increases the SCG Counter and useglérive a new
S-Keng from the currently active KeNB in the MeNB. The N sends the newly derived Sq% to the SeNB. The
newly derived S-Kng is then used by the SeNB in computing a new eticnyfxey KupencWhich is used with all DRBs

in the SeNB for this UE. Furthermore, when the SQEinter approaches its maximum value, the MeNEséies the
currently active KeNB, before any further SxKis derived.

In case of HFN de-synchronisation in RRC_CONNECTR@e between the UE and eNB, the UE is pushedlt& D

14.2  Security termination points

The table below describes the security termingtioints.

3GPP



Release 12 127 3GPP TS 36.300 V12.10.0 (2016-06)
Table 14.2-1 Security Termination Points
Ciphering Integrity Protection
NAS Signalling Required and terminated in MME Required and terminated in MME
U-Plane Data Required and terminated in eNB Not Required
(NOTE 1)

RRC Signalling (AS)

Required and terminated in eNB

Required and terminated in eNB

MAC Signalling (AS)

Not required

Not required

NOTE 1: Integrity protection for U-Plane is not required and thus it is not supported between UE and Serving
Gateway or for the transport of user plane data between eNB and Serving Gateway on S1 interface.

The table below describes the security termingtioints for DC with SCG bearers and split bearers.

Table 14.2-2 Security Termination Points in DC

U-Plane Data for split
bearers

Ciphering Integrity Protection
NAS Signalling Required and terminated in MME Required and terminated in MME
U-Plane Data for MCG Required and terminated in MeNB Not Required
bearers
U-Plane Data for SCG Required and terminated in SeNB Not Required
bearers
Required and terminated in MeNB Not Required

RRC Signalling (AS)

Required and terminated in MeNB

Required and terminated in MeNB

14.3  State Transitions and Mobility

14.3.1

RRC_IDLE to RRC_CONNECTED

As a general principle, on RRC_IDLE to RRC_CONNEOIiEansitions, RRC protection keys and UP proteckieys
shall be generated while keys for NAS protectiomvell as higher layer keys are assumed to be giraaailable in the
MME. These higher layer keys may have been estaddlisn the MME as a result of an AKA run, or agsuit of a
transfer from another MME during handover or idleda mobility [22].

14.3.2 RRC_CONNECTED to RRC_IDLE

On RRC_CONNECTED to RRC_IDLE transitions, eNBs ktlalete the keys they store such that state ferrbde
UEs only has to be maintained in MME. It is alssuased that eNB does no longer store state infoomatbout the
corresponding UE and deletes the current keys frtememory. In particular, on connected to idlensitions:

- The eNB and UE deletes NHelg , Krrcene, Krreintand Kupencand related NCC.

- MME and UE keeps keme, Knasint and KyasencStored.

14.3.3 Intra E-UTRAN Mobility

The key hierarchy does not allow, as is, expli¢R@Rand UP key updates, but RRC and UP keys areedibiased on
the algorithm identifiers anddgs which results with new RRC and UP keys at evendoaer:

- Source eNB and UE independently creatgsKwith the input parameters as described in 3GPB3[&01 [22];
- Kengr is given to Target eNB during the HO preparatibage;

- Both Target eNB and UE considers the newg€equal to the receivedeks+.
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The handling of HFN and PDCP SN at handover dependke type of radio bearer:
- SRB: HFN and PDCP SN are reset.
- RLC-UM bearers: HFN and PDCP SN are reset.
- RLC-AM bearers: PDCP SN and HFN are maintainéd1(2.3).

NOTE: COUNT reusing avoidance is left to networlplementation.

14.3.4 SeNB Removal

For SCG bearers in DC, at SeNB removal, the SeNi dhlete the keys it stores. It is also assurhatd$eNB does no
longer store state information about the correspgndE and deletes the current keys from its memiorparticular,
at SeNB removal:

- The SeNB and UE delete Sq& and Kypens
- The MeNB and UE keepes.

14.4  AS Key Change in RRC_CONNECTED

If AS Keys (Kupenc Krrcintand Krrcend Need to be changed in RRC_CONNECTED, an intrBhegldover shall be
used.

For SCG bearers in DC, if AS Key (Kend Nneeds to be changed, the SCG change shall barmed.

14.5  Security Interworking

Inter-RAT handover from UTRAN to E-UTRAN is only gpiorted after activation of integrity protectionWTRAN.
Security may be activated in the target RAN usialj ciphering algorithms. If ciphering was not rumg in UTRAN, it
will be activated at handover to E-UTRAN. Integnisotection shall be activated in E-UTRAN on hanelofrom
UTRAN/GERAN.

For E-UTRAN to UTRAN/GERAN mobility, the MME shatlerive and transfer to the SGSN a confidentially &ad
an integrity key derived from &we and other input parameters as specified in 3GPB3T4&)1 [22]. Based on this
information, the SGSN can in turn derive approgriatys to be used in the target RAN.

Similarly for UTRAN/GERAN to E-UTRAN mobility, th&§GSN shall derive and transfer to the MME a comfiddly
key and an integrity key CK and IK. Based on thimimation and other input parameters as spedifi@GPP TS
33.401 [22], the MME and UE can in turn deriveske.

14.6 RN integrity protection for DRB(s)

Between the DeNB and the RN, integrity protect®neiquired for the DRB(S) carrying S1AP and/or X2#dghalling
and optional for other DRB(S).

Kuriny Used for the integrity protection of the DRBs¢&ived by the RN and the DeNB from KeNB, as \aslian
identifier for the integrity algorithm used as sified in 3GPP TS 33.401 [22].Jfint is generated, changed or deleted
when other AS keys are generated, changed or delete

15 MBMS

For MBMS, the following definitions are introduced:

MBSFN Synchronization Area: an area of the network where all eNodeBs carybelsonized and perform MBSFN
transmissions. MBSFN Synchronization Areas are lolgpaf supporting one or more MBSFN Areas. On &giv
frequency layer, a eNodeB can only belong to onéSMIB Synchronization Area. MBSFN Synchronizationasare
independent from the definition of MBMS Service Ase

MBSFN Transmission or atransmission in MBSFN mode: a simulcast transmission technique realised by
transmission of identical waveforms at the same tiram multiple cells. An MBSFN Transmission fronultiple cells
within the MBSFN Area is seen as a single transionisBy a UE.
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MBSFN Area: an MBSFN Area consists of a group of cells withmMBSFN Synchronization Area of a network,
which are co-ordinated to achieve an MBSFN Transimis Except for the MBSFN Area Reserved Cellsceallls
within an MBSFN Area contribute to the MBSFN Transsion and advertise its availability. The UE majymeed to
consider a subset of the MBSFN areas that aregumedi, i.e. when it knows which MBSFN area appleeghe
service(s) it is interested to receive.

—_— VBMS Servioe Area E—

1
| MBSFN Area MBSFN Area :
i MBSFN Area -
\
\

1
1

\
/ \
| \
'

5%5@@55

MBSFN Area Reserved Cell
Figure 15-1: MBMS Definitions

MBSFN Area Reserved Cell: A cell within a MBSFN Area which does not contrib to the MBSFN Transmission.
The cell may be allowed to transmit for other sezsibut at restricted power on the resource aboctar the MBSFN
transmission.

Synchronisation Sequence: Each SYNC PDU contains a time stamp which indisdhe start time of the
synchronisation sequence. For an MBMS service, sgiebhronisation sequence has the same duratiarhughi
configured in the BM-SC and the MCE.

Synchronisation Period: The synchronisation period provides the timerexiee for the indication of the start time of
each synchronisation sequence. The time stamp vidjtovided in each SYNC PDU is a relative valugoh refers
to the start time of the synchronisation periode Taration of the synchronisation period is confaple.

15.1 General

In E-UTRAN, MBMS can be provided with single freaquy network mode of operation (MBSFN) only on ajfrency
layer shared with non-MBMS services (set of caligpmorting both unicast and MBMS transmissionsseg.of
"MBMS/Unicast-mixed cells").

MBMS reception is possible for UEs in RRC_CONNECT&DRRC_IDLE states. Whenever receiving MBMS
services, a user shall be notified of an incomialgy and originating calls shall be possible. ROid@ot supported for
MBMS.

RNs do not support MBMS.
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