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Foreword
This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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3.1

Definitions, symbols and abbreviations

Definitions

For the purposes of the present document, the following terms and definitions apply.
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Access Control: the process that checks whether a UE is alowed to access and to be granted servicesin a closed cell.
Anchor carrier: in NB-l1oT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted.
Carrier frequency: center frequency of the cell.

Cell: combination of downlink and optionally uplink resources. The linking between the carrier frequency of the
downlink resources and the carrier frequency of the uplink resourcesisindicated in the system information transmitted
on the downlink resources.

Cell Group: indua connectivity, agroup of serving cells associated with either the MeNB or the SeNB.
CSG Cell: acell broadcasting a CSG indicator set to true and a specific CSG identity.

CSG 1D Validation: the process that checks whether the CSG ID received via handover messagesis the same as the
one broadcast by the target E-UTRAN.

CSG member cell: acell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN and
for which the CSG whitelist of the UE includes an entry comprising cell’s CSG ID and the respective PLMN identity.

Dual Connectivity: mode of operation of aUE in RRC_CONNECTED, configured with a Master Cell Group and a
Secondary Cell Group.

E-RAB: an E-RAB uniquely identifies the concatenation of an S1 Bearer and the corresponding Data Radio Bearer.
When an E-RAB exists, there is a one-to-one mapping between this E-RAB and an EPS bearer of the Non Access
Stratum as defined in [17].

Frequency layer: set of cells with the same carrier frequency.
Handover: procedure that changes the serving cell of aUE in RRC_CONNECTED.

Hybrid cell: acell broadcasting a CSG indicator set to false and a specific CSG identity. Thiscell isaccessible asa
CSG cell by UEs which are members of the CSG and as anormal cell by all other UEs.

L ocal Home Network: asdefined in TS 23.401 [17].

LTE bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in the eNB only to use eNB radio
resources only.

LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the WLAN
to use both eNB and WLAN resources.

LWAAP PDU: in LTE-WLAN Aggregation, aPDU with DRB 1D generated by LWAAP entity for transmission over
WLAN.

Master Cell Group: in dual connectivity, agroup of serving cells associated with the MeNB, comprising of the PCell
and optionally one or more SCells.

Master eNB: in dual connectivity, the eNB which terminates at least SI-MME.
M BM S-dedicated cell: cell dedicated to MBMS transmission. MBM S-dedicated cell is not supported in this release.
M BM S/Unicast-mixed: cell supporting both unicast and MBM S transmissions.

M CG bearer: indua connectivity, a bearer whose radio protocols are only located in the MeNB to use MeNB
resources only.

M ember ship Verification: the process that checks whether a UE is a member or non-member of a hybrid cell.
NB-10T: NB-loT allows access to network services via E-UTRA with a channel bandwidth limited to 180 kHz.
NB-1oT UE: a UE that uses NB-10T.

Non-anchor carrier: in NB-10T, acarrier where the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB are
transmitted.
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PLMN ID Check: the process that checks whether a PLMN ID isthe RPLMN identity or an EPLMN identity of the
UE.

Power saving mode: mode configured and controlled by NAS that allows the UE to reduce its power consumption, as
defined in TS 24.301 [20], TS 23.401 [17], TS 23.682 [57].

Primary PUCCH group: agroup of serving cellsincluding PCell whose PUCCH signalling is associated with the
PUCCH on PCell.

Primary Timing Advance Group: Timing Advance Group containing the PCell. In this specification, Primary Timing
Advance Group refers aso to Timing Advance Group containing the PSCell unless explicitly stated otherwise.

ProSe-enabled Public Safety UE: a UE that the HPLMN has configured to be authorized for Public Safety use, and
which is ProSe-enabled and supports ProSe procedures and capabilities specific to Public Safety. The UE may, but need
not, have a USIM with one of the special access classes{12, 13, 14}.

ProSe Per-Packet Priority: ascalar value associated with a protocol data unit that defines the priority handling to be
applied for transmission of that protocol data unit.

ProSe UE-to-Network Relay: a UE that provides functionality to support connectivity to the network for Remote
UE(s).

ProSe UE-to-Network Relay Selection: Process of identifying a potential ProSe UE-to Network Relay, which can be
used for connectivity services (e.g. to communicate with a PDN).

ProSe UE-to-Network Relay Reselection: process of changing previously selected ProSe UE-to-Network Relay and
identifying potential a new ProSe UE-to-Network Relay, which can be be used for connectivity services (e.g. to
communicate with PDN).

Public Safety ProSe Carrier: carrier frequency for public safety sidelink communication and public safety sidelink
discovery.

PUCCH group: either primary PUCCH group or a secondary PUCCH group.

PUCCH SCéll: a Secondary Cell configured with PUCCH.

Remote UE: a ProSe-enabled Public Safety UE, that communicates with a PDN via a ProSe UE-to-Network Relay.
SCG bearer: indua connectivity, a bearer whose radio protocols are only located in the SeNB to use SeNB resources.

Secondary Cell Group: indua connectivity, agroup of serving cells associated with the SeNB, comprising of PSCell
and optionally one or more SCells.

Secondary eNB: in dual connectivity, the eNB that is providing additional radio resources for the UE but is not the
Master eNB.

Secondary PUCCH group: agroup of SCells whose PUCCH signalling is associated with the PUCCH on the PUCCH
SCell.

Secondary Timing Advance Group: Timing Advance Group containing neither the PCell nor PSCell.

Sidelink: UE to UE interface for sidelink communication and sidelink discovery. The Sidelink corresponds to the PC5
interface as defined in TS 23.303 [62].

Sidelink Control period: period over which resources are allocated in acell for sidelink control information and
sidelink data transmissions. The Sidelink Control period corresponds to the PSCCH period as defined in TS 36.213 [6].

Sidelink communication: AS functionality enabling ProSe Direct Communication as defined in TS 23.303 [62],
between two or more nearby UEs, using E-UTRA technology but not traversing any network node.

Sidelink discovery: AS functionality enabling ProSe Direct Discovery asdefined in TS 23.303[62], using E-UTRA
technology but not traversing any network node.

Split bearer: in dual connectivity, a bearer whose radio protocols are located in both the MeNB and the SeNB to use
both MeNB and SeNB resources.
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Split LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the
WLAN to use both eNB and WLAN radio resources.

Switched LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and
the WLAN but uses WLAN radio resources only.

Timing Advance Group: agroup of serving cellsthat is configured by RRC and that, for the cells with an UL
configured, use the same timing reference cell and the same Timing Advance value.

WLAN Termination: the logical node that terminates the Xw interface on the WLAN side.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905[1].

1IxCSFB Circuit Switched Fallback to IxRTT
ABS Almost Blank Subframe

ACK Acknowledgement

ACLR Adjacent Channel Leakage Ratio
AM Acknowledged Mode

AMBR Aggregate Maximum Bit Rate
ANDSF Access Network Discovery and Selection Function
ANR Automatic Neighbour Relation
ARQ Automatic Repeat Request

ARP Allocation and Retention Priority
AS Access Stratum

BCCH Broadcast Control Channel

BCH Broadcast Channel

BL Bandwidth reduced Low complexity
BR-BCCH Bandwidth Reduced Broadcast Control Channel
BSR Buffer Status Report

7] Carrier-to-Interference Power Ratio
CAZAC Constant Amplitude Zero Auto-Correlation
CA Carrier Aggregation

CBC Cell Broadcast Center

CcC Component Carrier

CG Cell Group

CIF Carrier Indicator Field

CloT Cellular Internet of Things

CMAS Commercial Mobile Alert Service
CMC Connection Mobility Control

CP Cyclic Prefix

CoMP Coordinated Multi Point

C-plane Control Plane

C-RNTI Cdl RNTI

CQl Channel Quality Indicator

CRC Cyclic Redundancy Check

CRE Cell Range Extension

CRS Cell-specific Reference Signal

CSA Common Subframe Allocation

CsG Closed Subscriber Group

csl Channel State Information

CSl-IM CSl interference measurement
CSI-RS CSl reference signal

DC Dual Connectivity

DCCH Dedicated Control Channel

DCN Dedicated Core Network

DeNB Donor eNB

DFTS DFT Spread OFDM

DL Downlink
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DMTC Discovery Signal Measurement Timing Configuration
DRB Data Radio Bearer
DRS Discovery Reference Signal
DRX Discontinuous Reception
DTCH Dedicated Traffic Channel
DTX Discontinuous Transmission
DWPTS Downlink Pilot Time Slot
EAB Extended Access Barring
ECGI E-UTRAN Cell Global Identifier
ECM EPS Connection Management
EMM EPS Mobility Management
E-CID Enhanced Cell-ID (positioning method)
elMTA Enhanced I nterference Management and Traffic Adaptation
eHRPD enhanced High Rate Packet Data
eNB E-UTRAN NodeB
EPC Evolved Packet Core
EPDCCH Enhanced Physical Downlink Control Channel
EPS Evolved Packet System
E-RAB E-UTRAN Radio Access Bearer
ETWS Earthquake and Tsunami Warning System
E-UTRA Evolved UTRA
E-UTRAN Evolved UTRAN
FDD Frequency Division Duplex
FDM Frequency Division Multiplexing
GERAN GSM EDGE Radio Access Network
GNSS Global Navigation Satellite System
GSM Global System for Mobile communication
GBR Guaranteed Bit Rate
GP Guard Period
GRE Generic Routing Encapsulation
G-RNTI Group RNTI
SC-N-RNTI Single Cell Notification RNTI
SC-RNTI Single Cell RNTI
GUMMEI Globally Unigue MME Identifier
GUTI Globally Unique Temporary Identifier
GWCN GateWay Core Network
HARQ Hybrid ARQ
(H)eNB eNB or HeNB
HO Handover
HPLMN Home Public Land Mobile Network
HRPD High Rate Packet Data
HSDPA High Speed Downlink Packet Access
H-SFN Hyper System Frame Number
ICIC Inter-Cell Interference Coordination
IDC In-Device Coexistence
IP Internet Protocol
ISM Industrial, Scientific and Medical
KPAS Korean Public Alert System
LAA Licensed-Assisted Access
LB Load Balancing
LBT Listen Before Talk
LCG Logical Channel Group
LCR Low Chip Rate
LCS LoCation Service
LIPA Local IP Access
LHN Local Home Network
LHN ID Loca Home Network ID
LMU Location Measurement Unit
LPPa LTE Positioning Protocol Annex
L-GW Local Gateway
LTE Long Term Evolution
LWA LTE-WLAN Aggregation
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LWAAP LTE-WLAN Aggregation Adaptation Protocol
LWIP LTE WLAN Radio Leve Integration with 1Psec Tunnel
MAC Medium Access Control
MBMS Multimedia Broadcast Multicast Service
MBR Maximum Bit Rate
MBSFN Multimedia Broadcast multicast service Single Frequency Network
MCCH Multicast Control Channel
MCE Multi-cell/multicast Coordination Entity
MCG Master Cell Group
MCH Multicast Channel
MCS Modulation and Coding Scheme
MDT Minimization of Drive Tests
MeNB Master eNB
MIB Master Information Block
MIMO Multiple Input Multiple Output
MME Mobility Management Entity
MPDCCH MTC Physical Downlink Control Channel
MSA MCH Subframe Allocation
MSl MCH Scheduling Information
MSP MCH Scheduling Period
MTC Machine-Type Communications
MTCH Multicast Traffic Channel
NACK Negative Acknowledgement
NAS Non-Access Stratum
NB-loT Narrow Band Internet of Things
NPBCH Narrowband Physical Broadcast channel
NCC Next Hop Chaining Counter
NH Next Hop key
NNSF NAS Node Selection Function
NPDCCH Narrowband Physical Downlink Control channel
NPDSCH Narrowband Physical Downlink Shared channel
NPRACH Narrowband Physical Random Access channel
NPUSCH Narrowband Physical Uplink Shared channel
NPSS Narrowband Primary Synchronization Signal
NR Neighbour cell Relation
NRT Neighbour Relation Table
NSSS Narrowband Secondary Synchronization Signal
OFDM Orthogonal Frequency Division Multiplexing
OFDMA Orthogonal Frequency Division Multiple Access
OPI Offload Preference Indicator
OTDOA Observed Time Difference Of Arrival (positioning method)
P-GW PDN Gateway
P-RNTI Paging RNTI
PA Power Amplifier
PAPR Peak-to-Average Power Ratio
PBCH Physical Broadcast CHannel
PBR Prioritised Bit Rate
PCC Primary Component Carrier
PCCH Paging Control Channel
PCell Primary Cell
PCFICH Physical Control Format Indicator CHannel
PCH Paging Channel
PCI Physical Cell Identifier
PDCCH Physical Downlink Control CHannel
PDCP Packet Data Convergence Protocol
PDN Packet Data Network
PDSCH Physical Downlink Shared CHannel
PDU Protocol Data Unit
PHICH Physical Hybrid ARQ Indicator CHannel
PHY Physical layer
PLMN Public Land Mobile Network
PMCH Physical Multicast CHannel
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PMK Pairwise Master Key
PPPP ProSe Per-Packet Priority
PRACH Physical Random Access CHannel
PRB Physical Resource Block
ProSe Proximity based Services
PSBCH Physical Sidelink Broadcast CHannel
PSC Packet Scheduling
PSCCH Physical Sidelink Control CHannel
PSCell Primary SCell
PSDCH Physical Sidelink Discovery CHannel
PSK Pre-Shared Key
PSM Power Saving Mode
PSSCH Physical Sidelink Shared CHannel
pTAG Primary Timing Advance Group
PTW Paging Time Window
PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel
PWS Public Warning System
QAM Quadrature Amplitude Modulation
QCl QoS Class Identifier
QoS Quiality of Service
R-PDCCH Relay Physical Downlink Control CHannel
RA-RNTI Random Access RNTI
RAC Radio Admission Control
RACH Random Access Channel
RAT Radio Access Technology
RB Radio Bearer
RBC Radio Bearer Control
RCLWI RAN Controlled LTE-WLAN Interworking
RF Radio Frequency
RIBS Radio-interface based synchronization
RIM RAN Information Management
RLC Radio Link Control
RN Relay Node
RNC Radio Network Controller
RNL Radio Network Layer
RNTI Radio Network Temporary Identifier
RMTC RSSI Measurement Timing Configuration
ROHC Robust Header Compression
RRC Radio Resource Control
RRM Radio Resource Management
RU Resource Unit
SGW Serving Gateway
S RSRP Sidelink Reference Signal Received Power
S1-MME S1 for the control plane
SCC Secondary Component Carrier
SCell Secondary Cell
SCG Secondary Cell Group
SD-RSRP Sidelink Discovery Reference Signal Received Power
SeNB Secondary eNB
Sl System Information
SIB System Information Block
SIPTO Selected IP Traffic Offload
SIPTO@LN Selected | P Traffic Offload at the Local Network
SI-RNTI System Information RNTI
S1-U S1 for the user plane
SAE System Architecture Evolution
SAP Service Access Point
SC-FDMA Single Carrier — Frequency Division Multiple Access
SCH Synchronization Channel
SC-MCCH Single Cell Multicast Control Channel
SC-MTCH Single Cell Multicast Transport Channel
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SC-PTM Single Cell Point To Multiploint
SCTP Stream Control Transmission Protocol
SDF Service Data Flow
SDMA Spatial Division Multiple Access
SDU Service Data Unit
SeGW Security Gateway
SFN System Frame Number
S-GW Serving GateWay
SBCCH Sidelink Broadcast Control Channel
SL-BCH Sidelink Broadcast Channel
SL-DCH Sidelink Discovery Channel
SL-RNTI Sidelink RNTI
SL-SCH Sidelink Shared Channel
STCH Sidelink Traffic Channel
SPID Subscriber Profile ID for RAT/Frequency Priority
SR Scheduling Request
SRB Signalling Radio Bearer
SuU Scheduling Unit
sTAG Secondary Timing Advance Group
TA Tracking Area
TAG Timing Advance Group
B Transport Block
TCP Transmission Control Protocol
TDD Time Division Duplex
TDM Time Division Multiplexing
TEID Tunnel Endpoint Identifier
TFT Traffic Flow Template
™ Transparent Mode
TMGI Temporary Mobile Group Identity
TNL Transport Network Layer
TTI Transmission Time Interval
UE User Equipment
UL Uplink
UM Unacknowledged Mode
UMTS Universal Mobile Telecommunication System
U-plane User plane
UTRA Universal Terrestrial Radio Access
UTRAN Universal Terrestrial Radio Access Network
UpPTS Uplink Pilot Time Slot
VRB Virtual Resource Block
WLAN Wireless Local Area Network
WT WLAN Termination
X2 GW X2 GateWay
X2-C X2-Control plane
X2-U X2-User plane
Xw-C Xw-Control plane
Xw-U Xw-User plane

ETSI TS 136 300 V13.5.0 (2016-12)

4

Overall architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC)
protocol terminations towards the UE. The eNBs are interconnected with each other by means of the X2 interface. The
eNBs are also connected by means of the Sl interface to the EPC (Evolved Packet Core), more specifically to the MME
(Mobility Management Entity) by means of the S1-MME interface and to the Serving Gateway (S-GW) by means of the
S1-U interface. The Sl interface supports a many-to-many relation between MMEs/ Serving Gateways and eNBs.

The E-UTRAN architecture isillustrated in Figure 4 below.
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Figure 4-1: Overall Architecture

If the eNB supports SIPTO@LN with collocated L-GW, it shall support an S5 interface towards the S-GW and an SGi
interface towards the I P network. See section 4.8.2 for the details of the architecture and functionsin case SIPTO@LN
with collocated L-GW is supported.

The E-UTRAN may aso comprise LMUs (Location Measurement Unit) (see [51]) used for Uplink positioning.

For NB-IoT the positioning may be supported based on the existing L CS architecture with eNB measurements only.

4.1

Functional Split

The eNB hosts the following functions:

Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection
Mobility Control, Dynamic allocation of resources to UEsin uplink, downlink and sidelink (scheduling);

I P header compression and encryption of user data stream,;

Selection of an MME at UE attachment when no routing to an MME can be determined from the information
provided by the UE;

Routing of User Plane data towards Serving Gateway;

Scheduling and transmission of paging messages (originated from the MME);

Scheduling and transmission of broadcast information (originated from the MME or O&M);

Measurement and measurement reporting configuration for mobility and scheduling;

Scheduling and transmission of PWS (which includes ETWS and CMAS) messages (originated from the MME);
CSG handling;

Transport level packet marking in the uplink;

S-GW relocation without UE mobility, as defined in TS 23.401 [17];

SIPTO@LN handling;

Maintaining security and radio configuration for User Plane CloT EPS optimizations, as defined in TS 24.301
[20];

Optionally registering with the X2 GW (if used).

The DeNB hosts the following functions in addition to the eNB functions:
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- SI/X2 proxy functionality for supporting RNs;

- Sl1termination and S-GW/P-GW functionality for supporting RNs.
The MME hosts the following functions (see 3GPP TS 23.401 [17]):

- NASsignaling;

- NASsignalling security;

- AS Security control;

- Selection of CloT EPS optimizations (Control Plane CloT EPS optimizations or User Plane CloT EPS
optimizations, as defined in TS 24.301 [20]);

- Inter CN node signalling for mobility between 3GPP access networks;

- ldle mode UE Reachability (including control and execution of paging retransmission);

- Tracking Arealist management (for UE inidle and active mode);

- PDN GW and Serving GW selection;

-  MME selection for handovers with MME change;

- SGSN selection for handovers to 2G or 3G 3GPP access networks,

- Roaming;

- Authentication;

- Bearer management functions including dedicated bearer establishment;

- Support for PWS (which includes ETWS and CMAS) message transmission;

- Optionally performing paging optimisation;

- S-GW relocation without UE mobility, as defined in TS 23.401 [17].

NOTE 1: The MME should not filter the PAGING message based on the CSG | Ds towards macro eNBs.
The Serving Gateway (S-GW) hosts the following functions (see 3GPP TS 23.401 [17]):

- Theloca Mobility Anchor point for inter-eNB handover;

- Mohility anchoring for inter-3GPP mohility;

- E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure;

- Lawful Interception;

- Packet routeing and forwarding;

- Transport level packet marking in the uplink and the downlink;

- Accounting on user and QCI granularity for inter-operator charging;

- UL and DL charging per UE, PDN, and QCI.
The PDN Gateway (P-GW) hosts the following functions (see 3GPP TS 23.401 [17]):

- Per-user based packet filtering (by e.g. deep packet inspection);

- Lawful Interception;

- UE IP address allocation;

- Transport level packet marking in the uplink and the downlink;
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- UL and DL servicelevel charging, gating and rate enforcement;
- DL rate enforcement based on APN-AMBR,;

Thisis summarized on the figure below where yellow boxes depict the logical nodes, white boxes depict the functional
entities of the control plane and blue boxes depict the radio protocol layers.

NOTE 2: Thereisno logical E-UTRAN node other than the eNB needed for RRM purposes.

NOTE 3: MBMSrelated functionsin E-UTRAN are described separately in subclause 15.

eNB

Inter Cell RRM

RB Control

Connection Mobility Cont.

MME

Radio Admission Control

NAS Security

eNB Measurement
Configuration & Provision

Idle State Mobility
Handling

Dynamic Resource
Allocation (Scheduler)

EPS Bearer Control

RRC
PDCP
‘ ‘ S-GW P-GW
RLC
‘ ‘ Mobility UE IP address
‘ MAC ‘ Anchoring allocation
S1
\ PHY \ Packet Filtering
internet
E-UTRAN EPC

Figure 4.1-1: Functional Split between E-UTRAN and EPC

4.2 Void
4.2.1 Void
4.2.2 Void

4.3 Radio Protocol architecture

In this subclause, the radio protocol architecture of E-UTRAN is given for the user plane and the control plane.

4.3.1 User plane
The figure below shows the protocol stack for the user-plane, where PDCP, RLC and MAC sublayers (terminated in

eNB on the network side) perform the functions listed for the user plane in subclause 6, e.g. header compression,
ciphering, scheduling, ARQ and HARQ.
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Figure 4.3.1-1: User-plane protocol stack

For NB-IoT, the user plane is not used when transfering data over NAS.

4.3.2 Control plane

The figure below shows the protocol stack for the control-plane, where:

- PDCP sublayer (terminated in eNB on the network side) performs the functions listed for the control planein

subclause 6, e.g. ciphering and integrity protection;

- RLCand MAC sublayers (terminated in eNB on the network side) perform the same functions as for the user

plane;
- RRC (terminated in eNB on the network side) performs the functions listed in subclause 7, e.g.:
- Broadcast;
- Paging;
- RRC connection management;
- RB control;
- Mohility functions;
- UE measurement reporting and control, except for NB-loT.
- NAS control protocol (terminated in MME on the network side) performs among other things:
- EPS bearer management;
- Authentication;
- ECM-IDLE mobility handling;
- Paging origination in ECM-IDLE;

- Security control.

NOTE 1: The NAS control protocol is not covered by the scope of this TS and is only mentioned for information.
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Figure 4.3.2-1: Control-plane protocol stack

NOTE 2: For aNB-loT UE that supports Control Plane CloT EPS optimizations, as defined in TS 24.301 [20] only,
PDCP is bypassed. For aNB-10T UE that supports both Control Plane CloT EPS optimizations and User
Plane CloT EPS optimizations, as defined in TS 24.301 [20], PDCP is aso bypassed (i.e. not used) until
AS security is activated.

4.4 Synchronization

Diverse methods and techniques are preferred depending on synchronization requirements. As no single method can
cover all E-UTRAN applications alogical port at eNB may be used for reception of timing and/or frequency and/or
phase inputs pending to the synchronization method chosen.

4.5 IP fragmentation
Fragmentation function in IP layer on S1 and X2 shall be supported.

Configuration of S1-U (X2-U) link MTU in the eNB according to the MTU of the network domain the node belongs to
shall be considered as a choice at network deployment. The network may employ various methods to handle IP
fragmentation, but the specific methods to use are implementation dependant.

4.6 Support of HeNBs

4.6.1 Architecture
Figure 4.6.1-1 shows alogical architecture for the HeNB that has a set of S1 interfaces to connect the HeNB to the EPC.

The configuration and authentication entities as shown here should be common to HeNBs and HNBs.
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Figure 4.6.1-1: E-UTRAN HeNB Logical Architecture

The E-UTRAN architecture may deploy aHome eNB Gateway (HENB GW) to allow the S1 interface between the
HeNB and the EPC to support alarge number of HeNBs in a scalable manner. The HeNB GW serves as a concentrator
for the C-Plane, specifically the SI-MME interface. The S1-U interface from the HeNB may be terminated at the HeNB
GW, or adirect logical U-Plane connection between HeNB and S-GW may be used (as shown in Figure 4.6.1-1).

The Sl interface is defined as the interface:
- Between the HeNB GW and the Core Network;
- Between the HeNB and the HeNB GW;
- Between the HeNB and the Core Network;
- Between the eNB and the Core Network.

The HENB GW appearsto the MME as an eNB. The HeENB GW appearsto the HeNB as an MME. The S1 interface
between the HeNB and the EPC is the same, regardless whether the HeNB is connected to the EPC viaaHeNB GW or
not.

The HeNB GW shall connect to the EPC in away that inbound and outbound mobility to cells served by the HeNB GW
shall not necessarily require inter MME handovers. One HeNB serves only one cell.

The functions supported by the HeNB shall be the same as those supported by an eNB (with possible exceptions e.g.
NNSF) and the procedures run between aHeNB and the EPC shall be the same as those between an eNB and the EPC
(with possible exceptions e.g. S5 proceduresin case of LIPA support).

X2-based HO involving HeNBs is allowed as shown in Table 4.6.1-1.

Table 4.6.1-1: X2-based HO support

Source

Target

Notes

eNB or any HeNB

open access HeNB

eNB, or any HeNB

hybrid access HeNB

hybrid access HeNB or
closed access HeNB

closed access HeNB

Only applies for same
CSG ID and PLMN,
and if the UE is a
member of the CSG
cell.

Any HeNB

eNB

Thisversion of the specification supports X2-connectivity between HeNBs, independent of whether any of the involved

HeNBs s connected to aHeNB GW.
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The overall E-UTRAN architecture with deployed HeNB GW and X2 GW is shown below.
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Figure 4.6.1-2: Overall E-UTRAN Architecture with deployed HeENB GW and X2 GW.

NOTE: Inthe figure above, aHeNB operating in LIPA mode has been represented with its S5 interface. X2-based
HO involving HeNBs is supported according to Table 4.6.1-1.

If the HeNB supports the L1PA function, it shall support an S5 interface towards the S-GW and an SGi interface
towards the residential/I P network. See section 4.6.5 for the details of the architecture and functionsin case of LIPA
support.

If the HeNB supports SIPTO@LN with collocated L-GW, it shall support an S5 interface towards the S-GW and an SGi
interface towards the I P network. The S5 interface does not go viathe HeNB GW, even when present. All other
functions are described in section 4.8.2.

4.6.2 Functional Split

A HeNB hosts the same functions as an eNB as described in section 4.1, with the following additional specificsin case
of connection to the HeNB GW:

- Discovery of asuitable Serving HeNB GW;

- A HeNB shall only connect to asingle HeNB GW at one time, namely no S1 Flex function shall be used at the
HeNB:

- The HeNB will not simultaneously connect to another HeNB GW, or another MME.
- TheTAC and PLMN ID used by the HeNB shall also be supported by the HENB GW;

- Selection of an MME at UE attachment is hosted by the HeNB GW instead of the HeENB. Upon reception of the
GUMMEI from a UE, the HeNB shall includeit in the INITIAL UE MESSAGE message; upon reception of the
GUMMEI Type from the UE, the HeNB shall also includeit in the message if supported and supported by the
HeNB GW.

- HeNBs may be deployed without network planning. A HeENB may be moved from one geographical areato
another and therefore it may need to connect to different HeNB GWs depending on its location;

- Signaling the GUMMEI of the Source MME to the HeNB GW in the S1 PATH SWITCH REQUEST message.

Regardless of HeNB GW connection:
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The HeNB may support the LIPA function. See section 4.6.5 for details.

The HeNB may support Fixed Broadband Access network interworking function to signal Tunnel Information to
the MME viaINITIAL UE MESSAGE message, PATH SWITCH REQUEST message and HANDOVER
NOTIFY message as specified in TS 23.139 [55]. The HeNB may also signal Tunnel Information to the MeNB
viaSENB ADDITION REQUEST ACKNOWLEDGE message when the HeNB provide SeNB function and the
MeNB signal to MME via E-RAB MODIFICATION INDICATION message The Tunnel Information includes
the HeNB 1P address, the UDP port if NAT/NAPT is detected.

In case an X2 GW is used, the HeNB registers with the X2 GW at power on or after any change of TNL
address(es).

The HeNB GW hosts the following functions:

Relaying UE-associated S1 application part messages between the MME serving the UE and the HeNB serving
the UE, except the UE CONTEXT RELEASE REQUEST message received from the HeNB with an explicit
GW Context Release Indication. In that case, the HeNB GW terminates the S1 UE Context Release Request
procedure and releases the UE context if it determinesthat the UE identified by the received UE S1AP IDsisno
longer served by an HeNB attached to it. Otherwise it ignores the message.

- Incaseof SLINITIAL CONTEXT SETUP REQUEST message and S1 HANDOVER REQUEST message,
informing the HeNB about any GUMMEI corresponding to the serving MME, the MME UE S1AP ID
assigned by the MME and the MME UE S1AP ID assigned by the HeNB GW for the UE. In case of S1
PATH SWITCH REQUEST ACKNOWLEDGE message, informing the HeNB about the MME UE S1AP ID
assigned by the MME and the MME UE S1AP ID assigned by the HeNB GW for the UE.

- Incaseof SLINITIAL UE MESSAGE message, S1 PATH SWITCH REQUEST and S1 HANDOVER
REQUEST ACKNOWLEDGE message, verifying, as defined in TS 33.320 [53], for a closed HeENB, that the
indicated cell access mode and CSG ID are valid for that HENB.

Terminating non-UE associated S1 application part procedures towards the HeNB and towards the MME. In
case of S1 SETUP REQUEST message, verifying, as defined in TS 33.320 [53], that the identity used by the
HeNB is valid and determining whether the access mode of the HeNB is closed or not. In case of S1 PWS
RESTART INDICATION message and PWS FAILURE INDICATION message, verifying, asdefined in TS
33.320 [53], that the indicated cell identity is valid and replacing the HeNB ID by the HeNB GW ID before
sending the PWS RESTART INDICATION message (respectively the PWS FAILURE INDICATION message)
to the MME.

- Upon receiving an OVERLOAD START/STOP message, the HENB GW should send the OVERLOAD
START/STOP message towards the HeNB(s) including in the message the identities of the affected MME
node. The HeNB uses this information received from the OVERLOAD START message to identify to which
traffic the above defined rejections shall be applied. The HeNB shall apply the defined rejections until
reception of an OVERLOAD STOP message applicable to this traffic, or until the HeNB receives a further
OVERLOAD START message applicable to the same traffic, in which caseit shall replace the ongoing
overload action with the newly requested one.

NOTE: If aHeNB GW is deployed, non-UE associated procedures shall be run between HeNBs and the HeNB

GW and between the HeNB GW and the MME.
Optionally terminating S1-U interface with the HeNB and with the S-GW.
Supporting TAC and PLMN 1D used by the HENB.
X2 interfaces shall not be established between the HeNB GW and other nodes.

Routing the S1 PATH SWITCH REQUEST message towards the MM E based on the GUMMEI of the source
MME received from the HeNB.

Selection of an IP version to be used for S1-U, if arequested ERAB configuration contains two transport layer
addresses of different versions.

A list of CSG IDs may be included in the PAGING message. If included, the HeNB GW may use the list of CSG IDs
for paging optimization.

The X2 GW hosts the following functions:
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routing the X2AP X2 MESSAGE TRANSFER message to target eNB or HeNB based on the routing
information received in the X2AP X2 MESSAGE TRANSFER message.

informing the relevant (H)eNBs upon detecting that the signalling (i.e. SCTP) connection to a (H)eNB is
unavailable. The relevant (H)eNBs are the ones which had an " X2AP association" with this (H)eNB viathe X2
GW when the signalling connection became unavailable.

Mapping the TNL address(es) of a (H)eNB to its corresponding Global (H)eNB 1D and maintaining the
association.

In addition to functions specified in section 4.1, the MME hosts the following functions:

Access control for UEs that are members of Closed Subscriber Groups (CSG):

- Incase of handoversto CSG cells, access control is based on the target CSG ID of the selected target PLMN
provided to the MME by the serving E-UTRAN (see 3GPP TS 23.401 [17]).

Membership Verification for UEs handing over to hybrid cells:

- Incase of handoversto hybrid cells the MME performs Membership Verification based on UE's selected
target PLMN, cell access mode related information and the CSG ID of the target cell provided by the source
E-UTRAN in S1 handover, or provided by the target E-UTRAN in X2 handover (see 3GPP TS 23.401 [17]).

Membership Verification for UEs for which the hybrid cell is served by an SeNB is described in section 4.9.3.3.

CSG membership status signalling to the E-UTRAN in case of attachment/handover to hybrid cells and in case
of the change of membership status when a UE is served by a CSG cell or ahybrid cell.

Supervising the E-UTRAN action after the change in the membership status of a UE.
In case of aHeNB directly connected:

- verifying asdefined in TS 33.320 [53], that the identity used by the HeNB is valid when receiving the S1
SETUP REQUEST message and determining whether the access mode of the HeNB is closed or not;

- verifying asdefined in TS 33.320 [53], for a closed HeNB, that the indicated cell access mode and CSG ID
are valid when receiving the S1 INITIAL UE MESSAGE message, the S1 PATH SWITCH REQUEST and
the S1 HANDOVER REQUEST ACKNOWLEDGE message;

- and verifying, asdefined in TS 33.320 [53], that the indicated HeNB identity is valid when receiving the S1
PWS RESTART INDICATION message and the S1 PWS FAILURE INDICATION message.

Routing of handover messages, MME configuration transfer messages and MME Direct Information Transfer
messages towards HeNB GWs based on the TAI contained in these messages.

NOTE: If routing ambiguities are to be avoided, a TAI used in aHeNB GW should not be reused in another

HeNB GW.

NOTE: The MME or HeNB GW should not include the list of CSG IDs for paging when sending the paging

message directly to an un-trusted HeNB or eNB.
The MME may support the LIPA function with HeNB. See details of this support in section 4.6.5.

The MME may support fixed Broadband Access network interworking with HeNB as specified in TS 23.139
[55].

The MME may send two transport layer addresses of different versions only in case of HeNB GW which does
not terminate user plane.

4.6.3 Interfaces

46.3.1 Protocol Stack for S1 User Plane

The S1-U data plane is defined between the HeNB, HeNB GW and the S-GW. The figures below show the S1-U
protocol stack with and without the HeENB GW.
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Figure 4.6.3.1-1: User plane for S1-U interface for HeNB without HeNB GW
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Figure 4.6.3.1-2: User plane for S1-U interface for HeNB with HENB GW

The HENB GW may optionally terminate the user plane towards the HeNB and towards the S-GW, and relay User
Plane data between the HeNB and the S-GW.

4.6.3.2 Protocol Stacks for S1 Control Plane

The two figures below show the S1-MME protocol stacks with and without the HeNB GW.

When the HeNB GW is not present (Fig. 4.6.3.2-1), all the S1-AP procedures are terminated at the HeNB and the
MME.

When present (Fig. 4.6.3.2-2), the HeNB GW shall terminate the non-UE-dedicated procedures — both with the HeNB,
and with the MME. The HeNB GW relays Control Plane data between the HeNB and the MME. The scope of any
protocol function associated to a non-UE-dedicated procedure shall be between HeENB and HENB GW and/or between
HeNB GW and MME.

Any protocol function associated to an UE-dedicated-procedure shall reside within the HeNB and the MME only.
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Figure 4.6.3.2-1: Control plane for SI-MME Interface for HeNB to MME without the HeNB GW
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Figure 4.6.3.2-2: Control plane for S1-MME Interface for HeNB to MME with the HeNB GW

4.6.3.3 Protocol Stack for S5 interface

The protocol stack for the S5 interface can be found in TS 29.281 [47] for the user plane and in TS 29.274 [40] for the
control plane.

46.34 Protocol Stack for SGi interface

The protocol stack for the SGi interface can be found in TS 29.061 [41].

4.6.3.5 Protocol Stack for X2 User Plane and X2 Control Plane

The protocol stack for X2 User Plane and X2 Control Plane is reported in Section 6.4 of TS 36.420 [46].
4.6.4 Void

4.6.5 Support of LIPA with HeNB

Figure 4.6.5-1 shows the logical architecture for the HeNB when it supports the LIPA function.
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Figure 4.6.5-1: E-UTRAN - HeNB operating in LIPA mode - Logical Architecture

For aLIPA PDN connection, the HeNB sets up and maintains an S5 connection to the EPC.

The S5 interface does not go viathe HeENB GW, even when present.

Requirements on the secure backhaul link for the S5 interface are specified in TS 33.320 [53].

The mobility of the LIPA PDN connection is not supported in this release of the specification. The LIPA connectionis
always released at outgoing handover as described in TS 23.401 [17]. The L-GW function in the HENB triggers this
release over the S5 interface.

In case of LIPA support, the HeENB supports the following additional functions, regardless of the presence of aHeNB

GW:

transfer of the collocated L-GW IP address of the HeNB over S1-MME to the EPC at every idle-active
transition;

transfer of the collocated L-GW IP address of the HeNB over S1-MME to the EPC within every Uplink NAS
Transport procedure;

support of basic P-GW functionsin the collocated L-GW function such as support of the SGi interface
corresponding to LIPA;

additional support of first packet sending, buffering of subsequent packets, internal direct L-GW - HENB user
path management and in sequence packet delivery to the UE;

support of the necessary restricted set of S5 procedures corresponding to the strict support of LIPA function as
specified in TS 23.401 [17];

notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the L1PA bearer(s) over S5
interface within the restricted set of proceduresto be forwarded over S1-MME and further used by the HeNB as
"correlation id" for correlation purposes between the collocated L-GW function and the HeNB;

in case of outgoing handover triggering the L-GW function to release the LIPA PDN connection and only
handing over the non-LIPA E-RABs.

In case of LIPA support, the MME may support the following additional functions:
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verification of UE authorization to request L1PA activation for the requested APN at this CSG and transfer of the
received collocated L-GW IP address;

transfer of the "correlationid" i.e. collocated L-GW uplink TEID or GRE key to the HeNB within the UE
context setup procedure and E-RAB setup procedure;

verification of whether the LIPA PDN connection has been released during the handover procedure, as specified
in TS 23.401 [17];

deactivation of the LIPA PDN connection of an idle-mode UE if it detects that the UE has moved out of the
coverage area of the HeNB collocated with L-GW function, as specified in TS 23.401 [17].

4.6.6 Support of X2 GW

Figure 4.6.6-1 shows the logical architecture when X2-connectivity viathe X2 GW is supported.

eNB [« }

HeNB

EPC

HeNB

Figure 4.6.6-1: E-UTRAN operating with X2 GW - Logical Architecture

Support for the X2 GW relies on following principles:

A HeNB connectsto asingle X2 GW only. Each HeNB is preconfigured with information about which X2 GW
it connectsto, e.g. an | P address of the X2 GW.

There is no limitation on the number of X2 GWsan eNB may connect to.

The X2 GW does not terminate X 2AP procedures except for the X2AP Message Transfer procedure, but it
initiates the X2 Release procedure and the X2 Error Indication procedure.

This version of the specification does not support an interface between two X2 GWSs. The routing of X2AP
messages via more than one X2 GW (i.e. more than two SCTP hops) is not allowed.

X2AP contexts only exist in the two peer (H)eNBs (same as without X2 GW). The peer X2AP contexts define
an "X2AP association" between peer (H)eNBs which spans over two SCT P associations (one per each hop).

The X2 GW puts no constraints on the X2 user plane interface (X2-U).
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- For each (H)eNB connected to the X2 GW, the X2 GW maintains the association information, i.e. the mapping
of the Global eNB ID to the TNL address(es). The registration procedure, described in Sec. 4.6.6.4, isused to
update the association information in the X2 GW.

4.6.6.1 Enhanced TNL Address Discovery

In case of Enhanced TNL Address Discovery is used with the X2 GW, in addition to the procedures specified in section
22.3.6.1, the following also applies.

- During HeNB initiated Enhanced TNL address discovery procedure, the HeNB may include the | P address of the
X2 GW to which the HeNB connected in the eNB CONFIGURATION TRANSFER message thus indicating its
X2 GW support capability. Upon the reception of the IP address of the X2 GW, the candidate eNB may include
initsreply the received I P address of the X2 GW thus indicating the support of indirect X2 viathe indicated X2
GW.

- During the eNB or HeNB initiated Enhanced TNL address discovery procedure towards an HeNB, the candidate
HeNB may includeinitsreply the |P address of the X2 GW to which the candidate HeNB connected thus
indicating the support of indirect X2 viathe indicated X2 GW.

4.6.6.2 Routing of X2AP messages

When a (H)eNB sends an X 2AP message (except the X2AP X2 MESSAGE TRANSFER message) to a peer node via
the X2 GW, the (H)eNB encapsulates the X2AP message in an X2AP X2 MESSAGE TRANSFER message, adds the
routing information, then sends the X2AP X2 MESSAGE TRANSFER message to the X2 GW. The routing
information includes both Target (H)eNB 1D and source (H)eNB ID. The X2 GW routes the message based on the
target (H)eNB ID. The source (H)eNB ID is used by the destination (H)eNB node to reply.

4.6.6.3 (H)eNB unavailability

Upon the detection that the signalling (i.e. SCTP) connection to a (H)eNB is unavailable, the X2 GW initiates the X2
Release procedure to inform the relevant (H)eNBs. The relevant (H)eNBs are the ones which had an " X2AP
association” with this (H)eNB viathe X2 GW when the signalling connection became unavailable.

4.6.6.4 (H)eNB registration

Registration of a (H)eNB is performed by initiating the X2AP Message Transfer procedure towards the X2 GW
signalling a Source (H)eNB ID, no Target (H)eNB ID, and no X2AP Message in the X2AP MESSAGE TRANSFER
message. Upon receipt of this message, the X2 GW saves the association information, i.e. the mapping of the received
Global eNB ID to the TNL address(es) of the originating (H)eNB.

4.7 Support for relaying

4.7.1 General

E-UTRAN supportsrelaying by having a Relay Node (RN) wirelesdy connect to an eNB serving the RN, called Donor
eNB (DeNB), viaamodified version of the E-UTRA radio interface, the modified version being called the Un interface.

The RN supports the eNB functionality meaning it terminates the radio protocols of the E-UTRA radio interface, and
the S1 and X2 interfaces. From a specification point of view, functionality defined for eNBs, e.g. RNL and TNL, also
applies to RNs unless explicitly specified. RNs do not support NNSF.

In addition to the eNB functionality, the RN also supports a subset of the UE functionality, e.g. physical layer, layer-2,
RRC, and NAS functionality, in order to wirelessly connect to the DeNB.

NOTE: Inter-cell handover of the RN is not supported.
NOTE: Itisup to implementation when the RN starts or stops serving UES.

NOTE: AnRN may not use another RN asits DeNB.
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4.7.2 Architecture

The architecture for supporting RNsis shown in Figure 4.7.2-1. The RN terminates the S1, X2 and Un interfaces. The
DeNB provides S1 and X2 proxy functionality between the RN and other network nodes (other eNBs, MMEs and
S-GWSs). The S1 and X2 proxy functionality includes passing UE-dedicated S1 and X2 signalling messages as well as
GTP data packets between the S1 and X2 interfaces associated with the RN and the S1 and X2 interfaces associated
with other network nodes. Due to the proxy functionality, the DeNB appears asan MME (for SI-MME), an eNB (for
X2) and an S-GW (for S1-U) to the RN.

In phase Il of RN operation (see subclause 4.7.6.3), the DeNB also embeds and provides the S-GW/P-GW-like
functions needed for the RN operation. This includes creating a session for the RN and managing EPS bearers for the
RN, aswell as terminating the S11 interface towards the MME serving the RN.

The RN and DeNB also perform mapping of signalling and data packets onto EPS bearers that are setup for the RN.
The mapping is based on existing QoS mechanisms defined for the UE and the P-GW.

In phase I of RN operation (see subclause 4.7.6.3), the P-GW functionsin the DeNB alocate an | P address for the RN
for the O&M which may be different than the S1 |P address of the DeNB.

If the RN address is not routable to the RN O&M domain, it shall be reachable from the RN O&M domain (e.g. via
NAT).

I
MME / S-GW._ MME / S-GW
\xi/\‘d‘ nn
% 2" S, =
() h D (@)
. X2 <l . E-UTRAN
"/ “DeNB
eNB (( )) \/ e
RN
_/

Figure 4.7.2-1: Overall E-UTRAN Architecture supporting RNs

4.7.3 S1 and X2 user plane aspects

The S1 user plane protocol stack for supporting RNsis shown in Figure 4.7.3-1. Thereisa GTP tunnel associated with
each UE EPS bearer, spanning from the S-GW associated with the UE to the DeNB, which is switched to another GTP
tunnel in the DeNB, going from the DeNB to the RN (one-to-one mapping).

The X2 user plane protocol stack for supporting RNsis shown in Figure 4.7.3-2. Thereis a GTP forwarding tunnel
associated with each UE EPS bearer subject to forwarding, spanning from the other eNB to the DeNB, whichis
switched to another GTP tunnel in the DeNB, going from the DeNB to the RN (one-to-one mapping).

The S1 and X2 user plane packets are mapped to radio bearers over the Un interface. The mapping can be based on the
QCI associated with the UE EPS bearers. UE EPS bearer with similar QoS can be mapped to the same Un radio bearer.
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Figure 4.7.3-1: S1 user plane protocol stack for supporting RNs
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Figure 4.7.3-2: X2 user plane protocol stack for supporting RNs

4.7.4  S1 and X2 control plane aspects

The S1 control plane protocol stack for supporting RNsis shown in Figure 4.7.4-1. Thereisasingle Sl interface
relation between each RN and its DeNB, and there is one S1 interface relation between the DeNB and each MME in the
MME pool. The DeNB processes and forwards all S1 messages between the RN and the MMEs for all UE-dedicated
procedures. The processing of S1-AP messages includes modifying S1-AP UE IDs, Transport Layer address and GTP
TEIDs but leaves other parts of the message unchanged.

All non-UE-dedicated S1-AP procedures are terminated at the DeNB, and handled locally between the RN and the
DeNB, and between the DeNB and the MME(s). Upon reception of an S1 non-UE-dedicated message from an MME,
the DeNB may trigger corresponding S1 non-UE-dedicated procedure(s) to the RN(s). If more than one RN isinvolved,
the DeNB may wait and aggregate the response messages from all involved RNs before responding to the MME. Upon
reception of an S1 non-UE-dedicated message from an RN, the DeNB may trigger associated S1 non-UE-dedicated
procedure(s) to the MME(s). In case of the RESET procedure, the DeNB does not need to wait for the response
message(s) from the MME(s) or RN(s) before responding with the RESET ACKNOWLEDGE message to the
originating node. Upon reception of a PAGING message, the DeNB sends the PAGING message toward the RN(S)
which support any tracking area(s) indicated in the List of TAls. Upon reception of an SL MME overload
START/STOP message, the DeNB sends the MME overload START/STOP message towards the RN(s), including in
the message the identities of the affected CN node. The RN uses this information received from the OVERLOAD
START message to identify to which traffic the above defined rejections shall be applied. The RN shall apply the
defined rejections until reception of an OVERLOAD STOP message applicable to thistraffic, or until the RN receives a
further OVERLOAD START message applicable to the same traffic, in which case it shall replace the ongoing overload
action with the newly requested one. Upon reception of the GUMMEI from a UE, the RN shall include it in the
INITIAL UE MESSAGE message; upon reception of the GUMMEI Type from the UE, the RN shall also includeitin

the message.

The X2 control plane protocol stack for supporting RNsis shown in Figure 4.7.4-2. Thereisasingle X2 interface
relation between each RN and its DeNB. In addition, the DeNB may have X2 interface relations to neighbouring eNBs.
The DeNB processes and forwards all X2 messages between the RN and other eNBs for all UE-dedicated procedures.
The processing of X2-AP messages includes modifying SI/X2-AP UE IDs, Transport Layer address and GTP TEIDs
but leaves other parts of the message unchanged.
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All non-UE-dedicated X2-AP procedures are terminated at the DeNB, and handled locally between the RN and the
DeNB, and between the DeNB and other eNBs. Upon reception of an X2 non cell related non-UE-associated message
from RN or neighbour eNB, the DeNB may trigger associated non-UE-dedicated X2-AP procedure(s) to the neighbour
eNB or RN(s). Upon reception of an X2 cell related non-UE-dedicated message from RN or neighbour eNB, the DeNB
may pass associated information to the neighbour eNB or RN(s) based on the included cell information. If one or more
RN(s) are involved, the DeNB may wait and aggregate the response messages from all involved nodes to respond to the
originating node. Further, parallel Cell Activation procedures are not allowed on each X2 interface instance. The
processing of Resource Status Reporting I nitiation/ Resource Status Reporting messages includes modification of
measurement ID.

The S1 and X2 interface signalling packets are mapped to radio bearers over the Un interface.

S1-AP S1-AP S1-AP S1-AP
SCTP SCTP SCTP SCTP
IP IP P P

PDCP PDCP L2 L2
RLC RLC
MAC MAC
PHY PHY L1 L1
S1-MME S1-MME
RN DeNB MME

Figure 4.7.4-1: S1 control plane protocol stack for supporting RNs

X2-AP X2-AP X2-AP X2-AP
SCTP SCTP SCTP SCTP
P P P P
PDCP PDCP L2 L2
RLC RLC
MAC MAC
PHY PHY L1 L1
X2-CP X2-CP
RN DeNB eNB (other)

Figure 4.7.4-2: X2 control plane protocol stack for supporting RNs

4.7.5 Radio protocol aspects

The RN connects to the DeNB viathe Un interface using the same radio protocols and procedures as a UE connecting
to an eNB. The control plane protocol stack is shown in Figure 4.7.5-1 and the user plane protocol stack isshown in
Figure 4.7.5-2.

The following relay-specific functionalities are supported:

- the RRC layer of the Un interface has functionality to configure and reconfigure an RN subframe configuration
through the RN reconfiguration procedure (e.g. DL subframe configuration and an RN-specific control channel)
for transmissions between an RN and a DeNB. The RN may request such a configuration from the DeNB during
the RRC connection establishment, and the DeNB may initiate the RRC signalling for such configuration. The
RN applies the configuration immediately upon reception;

NOTE: The RN subframe configuration on the Un interface can be temporarily misaligned with the MBSFN
subframes configured in the RN cell due to the RN subframe configuration; i.e. a new subframe
configuration can be applied earlier by the RN on Un than in the RN cell.

- the RRC layer of the Un interface has functionality to send updated system information in a dedicated message
to an RN with an RN subframe configuration. The RN applies the received system information immediately;
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- the PDCP layer of the Uninterface has functionality to provide integrity protection for the user plane. The
integrity protection is configured per DRB.

To support PWS towards UEs, the RN receives the relevant information over S1. The RN should hence ignore DeNB
system information relating to PWS.

RN DeNB MME
RRC < > RRC
RLC < > RLC
MAC < > MAC
PHY < > PHY

RN DeNB
RLC < > RLC
MAC < > MAC
PHY < > PHY
o

Figure 4.7.5-2: Radio user plane protocol stack for supporting RNs
4.7.6 Signalling procedures

4.7.6.1 RN attach procedure

Figure 4.7.6.1-1 shows a simplified version of the attach procedure for the RN. The procedure is the same as the normal
UE attach procedure TS 23.401 [17] with the exception that:

- The DeNB has been made aware of which MMEs support RN functionality viathe S1 Setup Response message
earlier received from the MMEs;

- The RN sends an RN indication to the DeNB during RRC connection establishment;

- After receiving the RN indication from the RN, the DeNB sends the RN indicator and the IP address of the
S-GW/P-GW function embedded in the DeNB, within the Initial UE Message, to an MME supporting RN
functionality;

-  MME selects SSGW/P-GW for the RN based on the | P address included in the Initial UE Message;

- During the attach procedure, the EPC checksiif the RN is authorised for relay operation; only if the RN is
authorised, the EPC accepts the attach and sets up a context with the DeNB; otherwise the EPC rejects the attach.
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The RN is preconfigured with information about which cells (DeNBs) it is allowed to access.

RN DeNB MME HSS

l«—1. RRC connection setup—pm-
| -}—————————2a. NAS Attach, Authentication, Security, ... ———————Jp»-<@}-2b. Authentication, Security, ...~
|af}——3. GTP-C Create Session——p»|

) ) 4b. S1 Context Setup
le—-4a. RRC connection re-config.—jmt-<——— (NAS Attach Accept)_>

Figure 4.7.6.1-1: RN attach procedure

4.76.2 E-RAB activation/modification

Figure 4.7.6.2-1 shows a simplified version of the DeNB-initiated bearer activation/modification procedure. This
procedure can be used by the DeNB to change the EPS bearer alocation for the RN. The procedure is the same as the
normal network-initiated bearer activation/modification procedure TS 23.401 [17] with the exception that the S-
GW/P-GW functionality (steps 1 and 6) is performed by the DeNB.

RN DeNB MME

+——1. GTP-C Create/Update Bearer Request—jpm-|

g 2. S1-AP Bearer Setup/Modify Request
(NAS Session Management Message)

| -——————3. RRC connection re-config ————p»-|

4. S1-AP Bearer Setup/Modify Response—jm|

5b. Direct Transfer

i \, .
Sa. Direct Transfer (.. > (NAS Session Management Message)

l«—6. GTP-C Create/Update Bearer Response——

Figure 4.7.6.2-1: DeNB-initiated bearer activation/modification procedure

4.7.6.3 RN startup procedure

Figure 4.7.6.3-1 shows a simplified version of the startup procedure for the RN. The procedure is based on the normal
UE attach procedure TS 23.401 [17] and it consists of the following two phases:

I. Phasel: Attach for RN preconfiguration.
The RN attaches to the E-UTRAN/EPC as a UE at power-up and retrievesinitial configuration parameters,
including the list of DeNB cells, from RN OAM. After this operation is complete, the RN detaches from the
network as a UE and triggers Phase I1. The MME performs the S-GW and P-GW selection for the RN asa
normal UE.

ETSI



3GPP TS 36.300 version 13.5.0 Release 13 45 ETSI TS 136 300 V13.5.0 (2016-12)

I1. Phasell: Attach for RN operation.
The RN connectsto aDeNB selected from the list acquired during Phase | to start relay operations. For this
purpose, the normal RN attach procedure described in section 4.7.6.1 is applied. After the DeNB initiates setup
of bearer for S1/X2, the RN initiates the setup of S1 and X2 associations with the DeNB (see section 4.7.4). In
addition, the DeNB may initiate an RN reconfiguration procedure via RRC signalling for RN-specific
parameters.
After the S1 setup, the DeNB performs the S1 eNB Configuration Update procedure(s), if the configuration data
for the DeNB is updated due to the RN attach. After the X2 setup, the DeNB performs the X2 eNB
Configuration Update procedure(s) to update the cell information.
In this phase the RN cells' ECGls are configured by RN OAM.

RN eNB MME S/IP-GW HSS OAM

RN power-up

RN attaches as a
I.1. UE attach regular UE for
initial configuration

- 1.2. OAM provides initial parameters -
|

1.3. UE detach Phase |

DeNB and MME serving the RN

MME provides “RN Support

. '3’.“ pt“j)fitde; ”’;’g’ Indication” to DeNB at S1 Setup
indicator” to De L
during RRC connection MME Neighbor
establishment DeNB RN MME eNBs

] ! ] ] ]

RN attaches as a
I1.1. RN attach relay for setup
and operations

I
g} 11.2. OAM completes RN configuratio -

1
. 11.3b. S1 eNB
-g-11.3a. RN-initiated S1 Setup-pwreg— Configuration Update -

-a-1l.4a. RN-initiated X2 Setup-jwr<——I1.4b. X2 eNB Configuration Update———»- Phase Il
| |
[ [

RN starts to
operate as a relay

Figure 4.7.6.3-1: RN startup procedure

4.7.6.4 RN detach procedure

Figure 4.7.6.4-1 shows a simplified version of the detach procedure for the RN operation in case no UE is connected to
the RN cells.

1. The detach procedure is the same as the normal UE detach procedure TS 23.401 [17].
2. The DeNB performsthe X2 eNB Configuration Update procedure(s) to update the cell information.
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3 The DeNB performsthe S1 eNB Configuration Update procedure(s), if the configuration data for the DeNB is
updated due to the RN detach.

RN DeNB Neighbor MME HSS
eNBs
1. Detach procedure
le-2. X2-AP eNB Configuration Update-Jm-
lef}— — —3. S1-AP eNB Configuration Update= — — P

Figure 4.7.6.4-1: RN detach procedure

4.7.6.5 Neighbouring Information Transfer

The X2 eNB Configuration Update procedure (see section 20.2.2.8) is used by the DeNB to also transfer application
level configuration data of a single neighbouring eNB to the RN. Upon reception of an ENB CONFIGURATION
UPDATE message, if the served cells contained in the message belong to the neighbour eNB rather than the DeNB, the
RN shall regard the X2 interface between DeNB and the neighbour eNB as available. The RN will update the X2
availability, the corresponding GU Group ID and other information of the neighbour eNB according to the message.

4.7.6.6 Mobility to or from RN

In case of Handover between RN and neighbour eNB, in addition to the procedures specified in section 10.1.2.1.1, the
following also applies.

- TheDeNB may inform the RN of any GUMMEI of the UE's serving MME in the INITIAL CONTEXT SETUP
REQUEST and S1 HANDOVER REQUEST messages. Considering thisinformation as well as the GU Group
ID of the neighbour eNB and the X2 interface availability between DeNB and neighbour eNB, the RN initiates
either S1 or X2 handover for the UE. In case the GUMMEI information is not available to the RN, the RN
attempts X2 handover for the UE (see section 19.2.2.5); upon X2 handover failure, S1 handover may be
initiated.

- The SI/X2 HANDOVER REQUEST isreceived by the DeNB, which reads the target cell ID from the message,

finds the target node corresponding to the target cell 1D, and forwards the message toward the target node if
appropriate.

4.7.7 Relay Node OAM Aspects

4771 Architecture

Each RN sends aarms and traffic counter information to its OAM system, from which it receives commands,
configuration data and software downloads (e.g. for equipment software upgrades). This transport connection between
each RN and its OAM, using IP, is provided by the DeNB; the reference architecture is shown in Figure 4.7.7.1-1. RN
OAM traffic istransported over the Un interface, and it shares resources with the rest of the traffic, including UES
attached to the DeNB. The secure connection between the RN and its OAM may be direct or hop-by-hop, i.e. involving
intermediate hops trusted by the operator for this purpose.
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Figure 4.7.7.1-1: Relay OAM architecture.

It has to be noted that Figure 4.7.7.1-1 refers to normal operating conditions for the RN, i.e. after theinitial start-up
phase has been completed. The case where the secure connection between the RN and the OAM does not go through the
DeNB, e.g. during the initial start-up phase, is hot precluded.

4.7.7.2 OAM Traffic QoS Requirements

Alarmsin the RN generate bursts of high-priority traffic, to be transported in real time. Traffic counters generate bursts
of traffic, but their transport need not be real-time. Configuration messages from OAM to the RN will also generate
small bursts of traffic, possibly with lower priority than alarms but still delay-sensitive: when a configuration is
committed on the OAM, the time interval between the commitment and the effect on the equipment shall be small.

Alarm messages and commands should be transported on a high-priority bearer, while counters may be transported on a
lower priority bearer. Thereis no need to specify a new QCI value other than those already standardized.

Alarm messages and commands may be mapped over a dedicated bearer or over the same bearer that carries S1 and/or
X2 messages between the RN and the DeNB.

OAM software download to the RN may generate larger amounts of data, but both the required data rate and the priority
of thiskind of traffic are much lower than in the case of alarms, commands and counters. OAM software downloads
may be mapped to a dedicated, non-GBR bearer, or transported together with the user plane traffic. If a dedicated bearer
isused, it is FFS whether it shall be present at all times, or its setup should be event-triggered (software upgrades are
triggered by the operator).

4.7.7.3 Security Aspects

Refer to section D.2.5 of TS 33.401 [22] for details on secure management procedures for RN.
4.7.7.4 Void
4.7.7.5 OAM Requirements for Configuration Parameters

4.7.75.1 Parameters Associated with Relay Bearer Mapping

OAM provides the appropriate support to configure a QCl-to-DSCP mapping function at the relay node which is used
to control the mapping in uplink of Uu bearer(s) of different QCI(s) to Un bearer(s).

4.8 Support of SIPTO at the Local Network
4.8.1 General

E-UTRAN supports SIPTO at the Local Network with a collocated L-GW in the eNB or a standalone GW (with S-GW
and L-GW collocated), as specified in TS 23.401 [17].
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4.8.2 SIPTO at the Local Network with collocated L-GW

Figure 4.8.2-1 shows the logical architecture for the eNB when it supports SIPTO@LN with a collocated L-GW.

S1-MME HeNB S1-MME
- l GW }
$1-U $1-U
HeNB |« } }
SIPTO SeGW S5
LGW ‘
,,,,,
! HeNB
SGi 3 Mgmt !
! System | EPC
””””””” S1-MME
|
‘ Ll
$1-U
eNB « }
SIPTO S5
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Figure 4.8.2-1: E-UTRAN - SIPTO@LN with collocated L-GW - Logical Architecture

For aSIPTO@LN PDN connection, the eNB sets up and maintains an S5 connection to the EPC.

The mobility of the SIPTO@LN PDN connection is not supported in this release of the specification. The SIPTO@LN
PDN connection is released after a handover is performed, and the collocated L-GW in the source eNB triggers the
release over the S5 interface, as described in TS 23.401 [17].

In case of SIPTO@LN with collocated L-GW support, the eNB supports the following additional functions:

transfer of the collocated L-GW IP address of the eNB over SI-MME to the EPC at every idle-active transition;

transfer of the collocated L-GW |P address of the eNB over S1-MME to the EPC within every Uplink NAS
Transport procedure;

support of basic P-GW functionsin the collocated L-GW such as support of the SGi interface corresponding to
SIPTO@LN;

additional support of first packet sending, buffering of subsequent packets, internal direct L-GW-eNB user path
management and in sequence packet delivery to the UE;

support of the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN function as
specified in TS 23.401 [17];

notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the SIPTO@LN bearer(s)
over S5 interface within the restricted set of procedures to be forwarded over SI-MME and further used by the
eNB as"SIPTO correlation id" for correlation purposes between the collocated L-GW and the eNB;

triggering SIPTO@LN PDN connection release by the collocated L-GW after a handover is performed, as
specified in TS 23.401 [17].

In case of SIPTO@LN with collocated L-GW support, the MME supports the following additional functions:

SIPTO@LN activation for the requested APN based on SIPTO permissions in the subscription data and received
collocated L-GW |P address;

transfer of the "SIPTO correlation id" to the eNB viatheinitial context setup procedure and E-RAB setup
procedure;
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- release of the SIPTO@LN PDN connection of an idle-mode UE when the UE moves away from the coverage
area of the eNB, as specified in TS 23.401 [17].

4.8.3 Support for SIPTO@LN with Stand-Alone Gateway

SIPTO@LN is supported using a stand-alone gateway (with co-located S-GW and L-GW) deployed in the local
network. The MME may decide to trigger S-GW relocation without UE mobility, as specified in TS 23.401 [17].
Mobility for the SIPTO@LN PDN connection is not supported in this release: the SIPTO@LN PDN connection shall

be released after handover, unless the source and target eNBs are in the same LHN (i.e. they have the same LHN ID), as
specified in TS 23.401 [17].

In case of SIPTO@LN support with stand-alone gateway, the eNB supports the following additional functions:

- signaling of itsLHN ID to the MME in the INITIAL UE MESSAGE, UPLINK NAS TRANSPORT,
HANDOVER NOTIFY and PATH SWITCH REQUEST messages,

- support for MME-triggered S-GW relocation without UE mobility through the E-RAB MODIFY REQUEST
message.

In case of SIPTO@LN support with stand-alone gateway, the MME supports the following additional functions:
- SIPTO@LN PDN activation for the requested APN based on subscription data and received LHN ID;
- S-GW relocation without UE mobility.

4.9 Support for Dual Connectivity

49.1 General

E-UTRAN supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is
configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal
backhaul over the X2 interface (see TR 36.842 [59] and TR 36.932 [60]). The overall E-UTRAN architecture as
specified in section 4 and depicted in Figure 4-1 is applicable for DC as well. eNBsinvolved in DC for a certain UE
may assume two different roles: an eNB may either act asan MeNB or asan SeNB. In DC a UE is connected to one
MeNB and one SeNB.

4972 Radio Protocol Architecture

In DC, the radio protocol architecture that a particular bearer uses depends on how the bearer is setup. Three bearer
types exist: MCG bearer, SCG bearer and split bearer. Those three bearer types are depicted on Figure 4.9.2-1 below.
RRC islocated in MeNB and SRBs are always configured as MCG bearer type and therefore only use the radio
resources of the MeNB.

NOTE: DC can aso be described as having at least one bearer configured to use radio resources provided by the

SeNB.
MCG Split SCG
Bearer Bearer Bearer
s1 s1
\ 4 \ 4 X2 \ 4
[ Poce ][ Poce | 1 EDICE
I I
| RLC | | RLC | | RLC | | RLC |
I I I I
| MAC | | MAC |
MeNB SeNB

Figure 4.9.2-1: Radio Protocol Architecture for Dual Connectivity

ETSI



3GPP TS 36.300 version 13.5.0 Release 13 50 ETSI TS 136 300 V13.5.0 (2016-12)

49.3 Network Interfaces

4931 E-UTRAN Control Plane for Dual Connectivity

Inter-eNB control plane signalling for DC is performed by means of X2 interface signalling. Control plane signalling
towards the MME is performed by means of S1 interface signalling.

Thereis only one S1-MME connection per DC UE between the MeNB and the MME. Each eNB should be able to
handle UEs independently, i.e. provide the PCell to some UEs while providing SCell(s) for SCG to others. Each eNB
involved in DC for a certain UE controlsits radio resources and is primarily responsible for allocating radio resources
of its cells. Respective coordination between MeNB and SeNB is performed by means of X2 interface signalling.

Figure 4.9.3.1-1 shows C-plane connectivity of eNBsinvolved in DC for a certain UE: the SI-MME is terminated in
MeNB and the MeNB and the SeNB are interconnected via X2-C.

Figure 4.9.3.1-1: C-Plane connectivity of eNBsinvolved in Dual Connectivity

4.9.3.2 E-UTRAN User Plane for Dual Connectivity

For dual connectivity two different user plane architectures are allowed: one in which the S1-U only terminatesin the
MeNB and the user plane datais transferred from MeNB to SeNB using the X2-U, and a second architecture where the
S1-U can terminate in the SeNB. Figure 4.9.3.2-1 shows different U-plane connectivity options of eNBsinvolved in DC
for a certain UE.

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the
bearer option configured:

- For MCG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB.
The SeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

- For split bearers, the S1-U connection to the S-GW is terminated in the MeNB. PDCP datais transferred
between the MeNB and the SeNB via X2-U. The SeNB and MeNB are involved in transmitting data of this
bearer type over the Uu.

- For SCG bearers, the SeNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the
transport of user plane data for thistype of bearer(s) over the Uu.
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Figure 4.9.3.2-1: U-Plane connectivity of eNBsinvolved in Dual Connectivity

NOTE: if only MCG and split bearers are configured, thereis no S1-U termination in the SeNB.

4.9.3.3 Support of HeNBs for Dual Connectivity

The following scenarios for Dual Connectivity involving HeENBSs are supported as listed in Table 4.9.3.3-1.

Table 4.9.3.3-1: Support of HeNBs for Dual Connectivity

MeNB SeNB
eNB open access HeNB
eNB hybrid access HeNB

Membership Verification for the hybrid access HENB is performed between the MeNB and the MME and is based on
membership status information reported by the UE and the CSG ID.

If the cell served by the SeNB is a shared hybrid cell, the UE reports the subset of the broadcasted PLMN identities
passing PLMN ID check and the CSG whitelist of the UE includes an entry comprising of the concerned PLMN identity
and the CSG D broadcast by the cell served by the SeNB. The MeNB performs PLMN ID check for the PLMNs
reported by the UE and selects one if multiple passthe PLMN ID check. If the cell served by the SeNB belongsto a
different PLMN than the PLMN serving for the UE in the MeNB, the information provided to the MME for
membership verification needs to contain the PLMN-ID of the hybrid cell served by the SeNB as well. Finally the

MME verifies the CSG membership according to the received CSG ID, the selected PLMN 1D and stored subscription
CSG information of the UE.

In case the UE has been admitted with SCG resources configured with the split bearer option from a hybrid HeNB and a
SeNB Change is performed within the coverage area of the MeNB towards another hybrid HeNB which has the same
CSG ID asthefirst one, the MeNB may re-use the result of the membership verification performed for the first HeNB.

49.3.4 Support of SIPTO@LN and LIPA for Dual Connectivity

This version of the specification supports SIPTO@LN and LIPA for Dual Connectivity according to the following
logical architecture:

- SIPTO@LN with co-located L-GW in the MeNB. The MeNB and the MME support the functions described in
Section. 4.8.2 with the following change:

- For SCG bearer option, the MeNB sets GTP TEID and Transport Layer Addressin S1 UL GTP Tunnel Endpoint
IE in the SENB ADDITION REQUEST message and SENB MODIFICATION REQUEST messages as the
correlation 1D received from the MME and the I P address of the collocated L-GW respectively.
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Figure 4.9.3.4-1. SIPTO@LN with co-located L-GW in MeNB — split and SCG bearer options.

SIPTO@LN with co-located L-GW in the SeNB. For this scenario, only the SCG bearer option is supported for
the SIPTO bearer. The SeNB signalsits L-GW IP address using the SeNB Addition Preparation procedure, or
the MeNB obtains such address via OAM. The MeNB signalsthe “SIPTO correlation id” to the SeNB using the
SeNB Addition Preparation and SeNB Modification Preparation procedures. The functions described in Section
4.8.2 are supported with the following changes:

- TheMeNB supports the transfer of the L-GW IP address of SeNB over S1-MME to the EPC within every
Uplink NAS Transport procedure;

- The SeNB supports basic P-GW functionsin the collocated L-GW such as support of the SGi interface
corresponding to SIPTO@LN;

- Additional support by the SeNB of first packet sending, buffering of subsequent packets, internal direct L-
GW-eNB user path management and in sequence packet delivery to the UE;

- The SeNB supports the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN
function as specified in TS 23.401 [17];

- The MeNB supports the notification to the EPC of the L-GW uplink TEID(s) or GRE key(s) for the
SIPTO@LN bearer(s) over S5 interface within the restricted set of procedures to be forwarded over SI-MME
and further used as "SIPTO correlation id" for correlation purposes between the L-GW and the SeNB;

- The SeNB supportstriggering SIPTO@LN PDN connection release by the collocated L-GW after an SeNB
change or MeNB to eNB handover is performed.

S1-MME
) } Lad
MeNB |
|
2 $1-U
EPC
x2
v
S1-U
SeNB |« }
SIPTO | >
LGW _ |
o SGi S5

Figure 4.9.3.4-2: SIPTO@LN with co-located L-GW in SeNB

SIPTO@LN with stand-alone gateway: the MeNB and the SeNB belong to the same LHN (i.e. they have the

same LHN ID). The MeNB and the SeNB exchange their LHN 1D using the X2 Setup procedure or via OAM.
The MeNB initiates the SeNB Modification Preparation procedure in order to support the MME-triggered S-GW
relocation without UE mobility. The MeNB and the MME support the functions described in Sec. 4.8.3.
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- LIPA: thelogical architecturesfor LIPA correspond to the logical architectures for SIPTO@LN with co-located
L-GW in the SeNB.

- Before handover, the MeNB shall initiate the SeNB Modification Preparation procedure or the UE Context
Rel ease procedure to release radio and control plane related resources associated to the LIPA bearer.

4.10 NB-loT

NB-loT provides access to network services using physical layer optimized for very low power consumption (e.g. full
carrier bandwidth is 180 kHz, subcarrier spacing can be 3.75 kHz or 15 kHz).

Asindicated in the relevant subclauses in this specification, a number of E-UTRA protocol functions supported by all
Rel-8 UEs are not used for NB-10T and need not be supported by eNBs and UEs only using NB-10T.

In this version of the specification, a number of functionsincluding inter-RAT mobility, handover, measurement
reports, public warning functions, GBR, CSG, support of HeNBs, relaying, carrier aggregation, dual connectivity,
NAICS, MBMS, real-time services, interference avoidance for in-device coexistence, RAN assisted WLAN
interworking, sidelink communication/discovery, MDT, emergency call, CS fallback, self-configuration/self-
optimisation, ACB, EAB, ACDC and SSAC are not supported for NB-l1oT. Thisis not further stated in the
corresponding procedures.

5 Physical Layer for E-UTRA

Downlink and uplink transmissions are organized into radio frames with 10 ms duration. Two radio frame structures are
supported:

- Type 1, applicable to FDD;
- Type2, applicableto TDD.

Frame structure Type 1 isillustrated in Figure 5.1-1. Each 10 msradio frame is divided into ten equally sized sub-
frames. Each sub-frame consists of two equally sized dots. For FDD, 10 subframes are available for downlink
transmission and 10 subframes are available for uplink transmissionsin each 10 msinterval. Uplink and downlink
transmissions are separated in the frequency domain.

#0 #1 #2 | eececcccces #18 #19
< slot »
<«—— Sub—frame »
< One radio frame = 10ms >

Figure 5.1-1: Frame structure type 1

Frame structure Type 2 isillustrated in Figure 5.1-2. Each 10 ms radio frame consists of two half-frames of 5 ms each.
Each half-frame consists of eight slots of length 0.5 ms and three specia fields: DWPTS, GP and UpPTS. The length of
DwPTS and UpPTS is configurable subject to the total length of DWPTS, GP and UpPTS being equal to 1ms. Both 5ms
and 10ms switch-point periodicity are supported. Subframe 1 in al configurations and subframe 6 in configuration with
5ms switch-point periodicity consist of DWPTS, GP and UpPTS. Subframe 6 in configuration with 10ms switch-point
periodicity consists of DWPTS only. All other subframes consist of two equally sized dots.

For TDD, GP isreserved for downlink to uplink transition. Other Subframes/Fields are assigned for either downlink or
uplink transmission. Uplink and downlink transmissions are separated in the time domain.

ETSI



3GPP TS 36.300 version 13.5.0 Release 13 54 ETSI TS 136 300 V13.5.0 (2016-12)

<«+——— Oneradio frame =10 ms——»

-+—— One half frame =5 ms—»

- 1 ms—»
#0 #2 #3 #4 #5 #7 #8 #9
| | | | | | | |
DWPTS GP UpPTS DWPTS GP UpPTS

Figure 5.1-2: Frame structure type 2 (for 5ms switch-point periodicity)

Table 5.1-1: Uplink-downlink allocations.

Configuration | Switch-point periodicity Subframe number

0|12 |3|4|5|]6|7]|8]9
0 5ms D|S|UJUJU|D|S|U|U]|U
1 5 ms D|S|U|U|D|D|S|U|U|D
2 5ms D|S|U|D|D|D|S|U|D|D
3 10 ms D|S|UJlU|JU|D|D|D|D|D
4 10 ms D|S|U|lU|D|D|D|D|D|D
5 10 ms D|S|U/ D/ D/D|D|D|D|D
6 5ms D|S|]UJU|JU|D|S|U|JU|D

Sidelink transmissions are defined for sidelink discovery and sidelink communication between UES. The sidelink
transmissions use the same frame structure as the frame structure that is defined for uplink and downlink when UEs are
in network coverage; however, the sidelink transmission are restricted to a sub-set of the uplink resourcesin time and
frequency domain.

For FDD NB-loT, the frame structure is described in Sections 5.1.1aand 5.2.1a.

The physical channels of E-UTRA are:

Physical broadcast channel (PBCH)

The coded BCH transport block is mapped to four subframes within a40 msinterval;
40 mstiming is blindly detected, i.e. thereis no explicit signalling indicating 40 ms timing;

Each subframe is assumed to be self-decodable, i.e. the BCH can be decoded from a single reception,
assuming sufficiently good channel conditions.

Physical control format indicator channel (PCFICH)

Informs the UE and the RN about the number of OFDM symbols used for the PDCCHSs;

Transmitted in every downlink or special subframe.

Physical downlink control channel (PDCCH)

Informs the UE and the RN about the resource allocation of PCH and DL-SCH, and Hybrid ARQ
information related to DL-SCH;

Carriesthe uplink scheduling grant;

Carriesthe sidelink scheduling grant.

Enhanced physical downlink control channel (EPDCCH)

Informs the UE about the resource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH,;
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- Carriesthe uplink scheduling grant;
- Carriesthe sidelink scheduling grant.
MTC physical downlink control channel (MPDCCH)
- Informsthe UE about the resource alocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;
- Carriesthe uplink scheduling grant;
- Carriesthedirect indication information.
Physical Hybrid ARQ Indicator Channel (PHICH)
- CarriesHybrid ARQ ACK/NAKSs in response to uplink transmissions.
Physical downlink shared channel (PDSCH)
- Carriesthe DL-SCH and PCH.
Physical multicast channel (PM CH)
- Carriesthe MCH.
Physical uplink control channel (PUCCH)
- CarriesHybrid ARQ ACK/NAKSs in response to downlink transmission;
- Carries Scheduling Request (SR);
- Carries CSl reports.
Physical uplink shared channel (PUSCH)
- Carriesthe UL-SCH.
Physical random access channel (PRACH)
- Carriesthe random access preamble.
Relay physical downlink control channel (R-PDCCH)
- Informsthe RN about the resource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH,;
- Carriesthe uplink scheduling grant.
Physical sidelink broadcast channel (PSBCH)
- Carries system and synchronization related information, transmitted from the UE.
Physical sidelink discovery channel (PSDCH)
- Carries sidelink discovery message from the UE.
Physical sidelink control channel (PSCCH)
- Carries control from a UE for sidelink communication.
Physical sidelink shared channel (PSSCH)
- Carries datafrom a UE for sidelink communication.
Narrowband Physical broadcast channel (NPBCH)
- The coded BCH transport block is mapped to sixty four subframes within a 640 msinterval;
- 640 mstiming isblindly detected, i.e. there isno explicit signalling indicating 640 ms timing.
Narrowband Physical downlink shared channel (NPDSCH)
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- Carriesthe DL-SCH and PCH for NB-loT UEs.
Narrowband Physical downlink control channel (NPDCCH)

- Informsthe NB-loT UE about the resource alocation of PCH and DL-SCH;

- Carriesthe uplink scheduling grant for the NB-10T UE;

- Carriesthe direct indication information.
Narrowband Physical uplink shared channel (NPUSCH)

- Carriesthe UL-SCH and Hybrid ARQ ACK/NAKSsin response to downlink transmission for the NB-l1oT UE.
Narrowband Physical random access channel (NPRACH)

- Carriesthe random access preamble for the NB-1oT UE.

5.1 Downlink Transmission Scheme

511 Basic transmission scheme based on OFDM

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. The OFDM sub-carrier
spacing is Af = 15 kHz. 12 consecutive sub-carriers during one slot correspond to one downlink resource block. In the
frequency domain, the number of resource blocks, Nrs, can range from Ngg-min = 6 t0 Nra-max = 110 per CC or per Cell
in case of CA or DC.

In addition there is also areduced sub-carrier spacingAfiow = 7.5 kHz, only for MBM S-dedicated cell.

In the case of 15 kHz sub-carrier spacing there are two cyclic-prefix lengths, corresponding to seven and six OFDM
symbols per slot respectively.

- Normal cyclic prefix: Tcp = 160xTs (OFDM symbol #0) , Tcp = 144xTs (OFDM symbol #1 to #6)
- Extended cyclic prefix: Tcp.e = 512xTs (OFDM symbol #0 to OFDM symbol #5)
where Ts = 1/ (2048 x Af)

In case of 7.5 kHz sub-carrier spacing, there isonly asingle cyclic prefix length Tcp.ow = 1024XxTs, corresponding to 3
OFDM symbols per dot.

In case of FDD, operation with half duplex from UE point of view is supported.

5.1.1a Basic transmission scheme based on OFDM for NB-loT

The downlink transmission scheme for NB-10T is as described in Section 5.1.1, with the differences that in the
frequency domain, there is one resource block for an NB-10T carrier, the OFDM sub-carrier spacing Af = 15 kHz
always, and only operation with half duplex from NB-loT UE point of view is supported. There can be more than one
NB-I0T carrier configured as described in Section 5.5a.

5.1.2 Physical-layer processing

The downlink physical-layer processing of transport channels consists of the following steps:

- CRC insertion: 24 bit CRC for PDSCH and NPDSCH,;

- Channel coding: Turbo coding based on QPP inner interleaving with trellis termination, or Tail Biting
Convolutional Coding for NPDSCH,;

- Physical-layer hybrid-ARQ processing;

- Channel interleaving;
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- Scrambling: transport-channel specific scrambling on DL-SCH, BCH, and PCH. Common MCH scrambling for
al cellsinvolved in a specific MBSFN transmission;
- Modulation: QPSK, 16QAM, 64QAM, and 256QAM;
- Layer mapping and pre-coding;

- Mapping to assigned resources and antenna ports.

5.1.3 Physical downlink control channels

The downlink control signalling (PDCCH) islocated in the first n OFDM symbols wheren <4 and consists of:

- Transport format and resource alocation related to DL-SCH and PCH, and hybrid ARQ information related to
DL-SCH;

- Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;
- Resource allocation information related to SL-SCH and PSCCH.
Transmission of control signalling from these groups is mutually independent.
Multiple physical downlink control channels are supported and a UE monitors a set of control channels.

Control channels are formed by aggregation of control channel elements, each control channel element consisting of a
set of resource elements. Different code rates for the control channels are realized by aggregating different numbers of
control channel elements.

QPSK modulation is used for all control channels.
Each separate control channel hasits own set of x-RNTI.

Thereisan implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL
control channel used for assignment, and the downlink ACK/NAK resource used for feedback.

The physical layer supports R-PDCCH for the relay.

The enhanced physical downlink control channel (EPDCCH) carries UE-specific signalling. It islocated in UE-
specifically configured physical resource blocks and consists of:

- Transport format, resource allocation, and hybrid ARQ information related to DL-SCH;
- Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;
- Resource alocation information related to SL-SCH and PSCCH.

Multiple EPDCCHs are supported and a UE monitors a set of EPDCCHs.

EPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element
consisting of a set of resource elements. Different code rates for EPDCCHs are realized by aggregating different
numbers of enhanced control channel elements. An EPDCCH can use either localized or distributed transmission,
differing in the mapping of enhanced control channel elements to the resource elementsin the PRBs.

EPDCCH supports C-RNTI and SPS C-RNTI and SL-RNTI. If configured, EPDCCH is applicable in the same way as
PDCCH unless otherwise specified.

The MTC physical downlink control channel (MPDCCH) is used for bandwidth-reduced operation and carries common
and UE-specific signalling.

Multiple MPDCCHs are supported and a UE monitors a set of MPDCCHs.

MPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element
consisting of a set of resource elements. Different code rates for MPDCCHs are realized by aggregating different
numbers of enhanced control channel elements. An MPDCCH can use either localized or distributed transmission,
differing in the mapping of enhanced control channel elements to the resource elementsin the PRBs.
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MPDCCH supports RA-RNTI, SI-RNTI, P-RNTI, C-RNTI, Temporary C-RNTI and SPS C-RNTI.

For NB-loT, the narrowband physical downlink control channel (NPDCCH) is located in available symbols of
configured subframes. Within a PRB pair, two control channel elements are defined, with each control channel element
composed of resources within a subframe. NPDCCH supports aggregations of 1 and 2 control channel elements and
repetition. NPDCCH supports C-RNTI, Temporary C-RNTI, P-RNTI, and RA-RNTI.

514 Downlink Reference signal and synchronization signals

The downlink cell-specific reference signals consist of known reference symbolsinserted in the first and third last
OFDM symbol of each slot for antenna port 0 and 1. There is one cell-specific reference signal transmitted per
downlink antenna port. The number of downlink antenna ports for the transmission of cell-specific reference signals
equalsl, 2, or 4.

Physical layer provides 504 unique cell identities using Synchronization signals.

The downlink MBSFN reference signals consist of known reference symbolsinserted every other sub-carrier in the 3rd,
7th and 11th OFDM symbol of sub-frame in case of 15kHz sub-carrier spacing and extended cyclic prefix.

In addition to cell-specific reference signals and MBSFN reference signals, the physical layer supports UE-specific
reference signals, positioning reference signals, CSl reference signals, and discovery signals.

A UE may assume presence of the discovery signals consisting of cell-specific reference signals, primary and secondary
synchronization signals, and configurable CSI reference signals.

5.1.4a Downlink Reference signal and synchronization signals for NB-loT

The downlink narrowband reference signal consists of known reference symbolsinserted in the last two OFDM
symbols of each slot for NB-1oT antenna port 0 and 1, except invalid subframes and subframes transmitting NPSS or
NSSS. There is one narrowband reference signal transmitted per downlink NB-10T antenna port. The number of
downlink NB-loT antenna ports equals 1 or 2.

Physical layer provides 504 unique cell identities using the narrowband secondary synchronization signal. It isindicated
whether or not the UE may assume the cell ID isidentical for NB-10T and LTE. In case the cell IDs are identical, a UE
may use the downlink cell-specific reference signals for demodulation and/or measurements when the number of NB-
loT antenna ports is the same as the number of downlink cell-specific reference signal antenna ports.

515 Downlink multi-antenna transmission

Multi-antenna transmission with up to 8 transmit antennas is supported. The maximum number of codeword istwo
irrespective to the number of antennas with fixed mapping between code words to layers.

Spatia division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-
frequency (-code) resource