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Foreword

This Technical Report 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 the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

With enhancements such as HSDPA and Enhanced Uplink, the 3GPP radio-access technology will remain highly
competitive for several years to come. However, to ensure competitiveness in an even longer time frame, the long-term
evolution of the 3GPP radio-access technology is under study. Important parts of such a long-term evolution include
reduced latency, higher user data rates, optimised support for packet services, improved system capacity and coverage,
and reduced cost for the operator, while also reducing system complexity. In order to achieve this, evolutions of the
radio interface as well as the radio network architecture are considered in the study item “Evolved UTRA and UTRAN”
[1]. This document covers the Radio Interface Protocol Aspects of the study item.

3GPP
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1 Scope

The purpose of this TR is to help TSG RAN WG?2 to define and describe the radio interface protocol evolution under

consideration for Evolved UTRA and UTRAN [1]. This activity involves the Radio Access Network work area of the
3GPP studies for evolution and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather the agreements rather than comparing different solutions.

NOTE: this document is a living document, i.e. it is permanently updated and presented to TSG-RAN meetings.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

e References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

e For a specific reference, subsequent revisions do not apply.

o For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1 TD RP-040461: “Proposed Study Item on Evolved UTRA and UTRAN”.

[2] 3GPP TR 21.905: “Vocabulary for 3GPP Specifications”.

[3] 3GPP TR 25.913: “Requirements for Evolved UTRA and UTRAN™.

[4] 3GPP TR 25.912; “Feasibility Study for Evolved UTRA and UTRAN".

[5] 3GPP TR 25.814: “Physical Layer Aspects for Evolved UTRA”.

[6] 3GPP TR 23.882, “System architecture evolution (SAE): Report on technical options and
conclusions”.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply.

<defined term>: <definition>.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

<symbol> <Explanation>

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

aGW E-UTRAN Access Gateway

3GPP
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ARQ Automatic Repeat Request

AS Access Stratum

DL Downlink

eNB E-UTRAN NodeB

E-UTRA Evolved Universal Terrestrial Radio Access
E-UTRAN Evolved Universal Terrestrial Radio Access Network
HARQ Hybrid Automatic Repeat Request

HO Handover

L1 Layer 1 (physical layer)

L2 Layer 2 (data link layer)

L3 Layer 3 (network layer)

MAC Medium Access Control

NAS Non-Access Stratum

PDCP Packet Data Convergence Protocol

PDU Protocol Data Unit

RLC Radio Link Control

RRC Radio Resource Control

SAE System Architecture Evolution

SDU Service Data Unit

TCH Traffic Channel

UE User Equipment

UL Uplink

UMTS Universal Mobile Telecommunications System
UTRA Universal Terrestrial Radio Access

UTRAN Universal Terrestrial Radio Access Network

Other abbreviations used in the present document are listed in 3GPP TR 21.905 [2].

4

Objectives and requirements

Simplification of the UTRAN protocol architecture and actual protocols is expected. The overall requirements on the E-
UTRAN are described in 3GPP TR 25.913 [3].

4.1

Complexity

A key requirement of E-UTRAN is to maintain the complexity at a reasonable level. In this respect the following
assumptions apply:

The number of transport channels will be reduced, by making use of shared channels.
Dedicated transport channels are not supported by E-UTRAN.

The number of different MAC-entities will be reduced (MAC-d not needed in the absence of dedicated transport
channels).

The BMC layer and the CTCH are not needed i.e. All data broadcast will be on MBMS and on e.g. MTCH.

There is no SHO in the downlink (as currently supported for Rel-6 dedicated channels) for the shared channel, in
case of unicast transmissions. Note: This does not preclude the potential support of other schemes such as fast
cell selection, bi-casting, "softer HO" (L1 combining) for intra-site cases, etc.

Compressed mode should not be supported. If some transmission/reception gaps for measurement purpose have
to be provided to the UE (exact need/case to be defined), this will be based on scheduling gaps.

Only one receiver structure will be assumed for defining the measurements and their requirements.

RRC should be simplified by e.g. reducing the number of RRC states compared to UTRAN (e.g. removal of
CELL_FACH is agreed).

3GPP
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4.2 Performance

Note: From R2-051759: U-Plane Latency < Smsec; C-Plane Latency < 100msec (from Inactive to Active);
optimisation of User Plane for high bit rates; hide breaks from application; shorter transitions (state
transitions, handover within UTRA?); support “always-on” efficiently.

5 Protocol architecture

5.1 Overall protocol architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (RLC/MAC/PHY) and control plane (RRC)
protocol terminations towards the UE. The eNBs interface to the aGW via the S1.

Figure 5.1 below gives an overview of the E-UTRAN architecture where:
- Logical Nodes depicted as yellow-shaded boxes with solid frame are agreed.
- Logical Nodes depicted as yellow-shaded boxes with dashed frame are not yet agreed.

- White boxes depict the functional entities of the control plane and blue boxes depict the functional entities of the
user plane:

- Those, where an agreement on their association with logical nodes has been achieved are depicted inside this
logical node;

- Those, where an agreement on their association with logical nodes has not yet been achieved, are depicted
outside logical nodes and their possible locations are indicated by arrows;

- Those, where an agreement on their existence has been achieved are depicted with solid frames;

- Those, where an agreement on their existence has not been achieved are depicted with dashed frames;

3GPP
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eNB
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Figure 5.1: E-UTRAN Architecture

The functions agreed to be hosted by the eNB are:

Selection of aGW at attachment;

Routing towards aGW at RRC activation;

Scheduling and transmission of paging messages;

Scheduling and transmission of BCCH information;

Dynamic allocation of resources to UEs in both uplink and downlink;
The configuration and provision of eNB measurements;

Radio Bearer Control;

Radio Admission Control;

Connection Mobility Control in LTE ACTIVE state.

It remains FFS whether the aGW is split into U- and C-plane. The functions agreed to be hosted by the aGW are:

Paging origination;

LTE_IDLE state management;

3GPP
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5.11

Ciphering of the user plane;
PDCP;
SAE Bearer Control (see 3GPP TR 23.882 [6]);

Ciphering and integrity protection of NAS signalling.

User plane

Figure 5.1.2 below shows the user-plane protocol stack for E-UTRAN, where:

RLC/MAC layer (terminated in eNB) performs the functions listed in section 5.3, e.g.:
- Scheduling;

- ARQ;

- HARQ;

Security layer (terminated in aGW) performs:

- Ciphering;

- Integrity protection (FFS);

PDCP layer (terminated in aGW) performs the functions listed in section 5.3, e.g.:

- Header Compression.

NOTE: [Itis FFS if there is a separate security layer or if it is part of PDCP.

UE eNB aGW
PDCP < > PDCP
RLC « RLC
MAC « MAC
PHY « > PHY

Figure 5.1.1: User-plane protocol stack

5.1.2 Control plane

Figure 5.1.2 below shows the control-plane protocol stack for E-UTRAN. The following working assumptions apply:

RLC/MAC layer (terminated in eNB) performs the same functions as for the user plane;
RRC (terminated in eNB) performs the functions listed in section 5.4.2, e.g.:

- Broadcast;

- Paging;

- RRC connection management;

- RB control;

3GPP
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- Mobility functions;
- UE measurement reporting and control.
- NAS (terminated in aGW) performs among other things:
- SAE bearer management;
- Authentication;
- Idle mode mobility handling;
- Paging origination in LTE_IDLE;

- Security control for the aGW-UE signalling and the user plane.

3GPP TR 25.813 V0.8.0 1 (2006-04)

NOTE: the NAS control protocol is not covered by the scope of this TR and is only mentioned for information.

Figure 5.1.2: Control-plane protocol stack

5.2 Layer 1

UE eNB aGW
NAS < > NAS
RRC N RRC
RLC < > RLC
MAC < MAC
PHY < > PHY

Note: This section will summarize the Layer 1 in terms of services, functions and transport channels offered to

Layer 2 (input from WG1 and 25.814).

521 Services and functions

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services
are described by #ow and with what characteristics data are transferred over the radio interface. An adequate term for

this is “Transport Channel”.

NOTE: This should be clearly separated from the classification of what is transported, which relates to the

concept of logical channels at MAC layer.

52.2 Transport channels
Downlink transport channel types are:
1. Broadcast Channel (BCH) characterised by:

- fixed, pre-defined transport format;

- requirement to be broadcast in the entire coverage area of the cell.

2. Downlink Shared Channel (DL-SCH) characterised by:

3GPP
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- support for HARQ;
- support for dynamic link adaptation by varying the modulation, coding and transmit power;
- possibility to be broadcast in the entire cell;
- possibility to use beamforming;
- support for both dynamic and semi-static resource allocation;
- support for UE discontinuous reception (DRX) to enable UE power saving.
NOTE: the possibility to use slow power control depends on the physical layer.
3. Paging Channel (PCH) characterised by:

- support for UE discontinuous reception (DRX) to enable UE power saving (DRX cycle is indicated by the
network to the UE);

- requirement to be broadcast in the entire coverage area of the cell;

- mapped to physical resources which can be used dynamically also for traffic/other control channels.
4. Notification Channel (NCH) FFS characterised by:

- support of UE power saving;

- requirement to be broadcast in the entire coverage area of the cell.

It is FFS whether a separate Multicast Channel (MCH) would exist or if additional attributes will be added to the
SCH.

Uplink transport channel types are:
1. Uplink Shared channel (UL-SCH) characterised by:
- possibility to use beamforming; (likely no impact on specifications)
- support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;
- support for HARQ;

- support for both dynamic and semi-static resource allocation; (Note: new attribute, FFS on whether there
would be two types of UL-SCH)

NOTE: the possibility to use uplink synchronisation and timing advance depend on the physical layer.

It is FFS, whether a Random Access Channel is included. If yes, it would be characterised by the following
attributes:

2. Random Access Channel(s) (RACH) characterised by:
- limited data field (FFS);
- collision risk;

NOTE: the possibility to use open loop power control depends on the physical layer solution.

5.3 Layer 2

Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet
Data Convergence Protocol (PDCP).

This section gives a high level description of the Layer 2 sub-layers in terms of services and functions. Figure 5.3a and
Figure 5.3b below depicts the PDCP/RLC/MAC architecture for downlink and uplink respectively, where:

3GPP
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- Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between
sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The
SAPs between the MAC and RLC sublayer provide the logical channels. The SAPs between RLC and the PDCP
sublayer provide the radio bearers.

- The multiplexing of several logical channels on the same transport channel is possible;;

- The multiplexing of radio bearers with the same QoS onto the same priority queue is FFS. If there is no
multiplexing of radio bearers onto priority queues, there is only one level of multiplexing in the RLC/MAC

layer;

- In the uplink, only one transport block is generated per TTI in the non-MIMO case;

- In the downlink, the number of transport block is FFS.

PDCP

RLC <

MAC <

i

i

1

1

i

i

- Radio Bearers

ROHC ROHC
[ [
Ciphering Ciphering
Segm. Segm
ARQ ARQ

_O_

SAE Bearers

i

i

ROHC

ROHC

Ciphering

Ciphering

I

I

I
r

Segm.
ARQ

> O
28
o3

_O_

Scheduling / Priority Handling

Multiplexing UE4

L

Transport Channels

Multiplexing UE,

HARQ

Il

T

Figure 5.3a: Layer 2 Structure for DL in eNB and aGW
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L L SAE Bearers -------------------

ROHC ROHC
PDCP < | |
Ciphering Ciphering
\l( —————— Radio Bearers ---------------
¥ Segm. Segm.
RLC = ARQ ARQ
\l( ---- Logical Channels ---<>-------
Scheduling / Priority Handling
MAC - Multiplexing
HARQ
l T Ch | RACH
T ransport Channels e

Figure 5.3.b: Layer 2 Structure for UL in UE

5.3.1 MAC

This subclause provides an overview on services and functions provided by the MAC sublayer.

5.3.1.1 Services and Functions

The main services and functions of the MAC sublayer include:

Mapping between logical channels and transport channels;

Multiplexing/demultiplexing of upper layer PDUs belonging to one or different radio bearers into/from transport
blocks (TB) delivered to/from the physical layer on transport channels;

Traffic volume measurement reporting;

Error Correction through HARQ;

Priority handling between logical channels of one UE;

Priority handling between UEs by means of dynamic scheduling;
Transport format selection;

Mapping of Access Classes to Access Service Classes (FFS for RACH);
Padding (FFS);

Flow Control (FFS between aGW and eNB).

3GPP
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NOTE: How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.

5.3.1.2 Logical Channels

The MAC sublayer provides data transfer services on logical channels. A set of logical channel types is defined for
different kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of
information is transferred.

A general classification of logical channels is into two groups:
- Control Channels (for the transfer of control plane information);
- Traffic Channels (for the transfer of user plane information).

There is one MAC entity per cell. MAC generally consists of several function blocks (transmission scheduling
functions, per UE functions, MBMS functions, MAC control functions, transport block generation...). Transparent
Mode is only applied to BCCH (FFS) and PCCH.

5.3.1.2.1 Control Channels
Control channels are used for transfer of control plane information only. The control channels offered by MAC are:
- Broadcast Control Channel (BCCH)
A downlink channel for broadcasting system control information.
- Paging (and Notification) Control Channel (P(N)CCH)

A downlink channel that transfers paging information (and also notifications for MBMS FFS). This channel is
used when the network does not know the location cell of the UE.

- Common Control Channel (CCCH)

FFS: This channel is used by the UEs having no RRC connection with the network (need is FFS depending on
whether the access mechanism is contained in L1. If RACH is visible as a transport channel, CCCH would be
used by the UEs when accessing a new cell or after cell reselection).

- Multicast Control Channel MCCH)

FFS whether it is distinct from CCCH: a point-to-multipoint downlink channel used for transmitting MBMS
scheduling and control information from the network to the UE, for one or several MTCHs. After establishing
RRC connection this channel is only used by UEs that receive MBMS. (Note: old MCCH+MSCH).

- Dedicated Control Channel (DCCH)

A point-to-point bi-directional channel that transmits dedicated control information between a UE and the
network. Used by UEs having an RRC connection.

5.3.1.2.2 Traffic Channels
Traffic channels are used for the transfer of user plane information only. The traffic channels offered by MAC are:
- Dedicated Traffic Channel (DTCH)

A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user
information. A DTCH can exist in both uplink and downlink.

- Multicast Traffic Channel (MTCH)
A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. (Note: Includes
Rel 6/7 MTCH)
5.3.1.3 Mapping between logical channels and transport channels

The figure below depicts the mapping between logical and transport channels (in grey the items for FFS):
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PCCH BCCH DCCH DTCH

o O Logical

channels

C‘b d) o : Transport

channels
PCH BCH RACH SCH

Figure 5.3.1.2: Mapping between logical channels and transport channels

5.3.1.31 Mapping in Uplink

In Uplink, the following connections between logical channels and transport channels exist:

CCCH can be mapped to RACH; (FFS if access procedure is not contained within L1);

CCCH can be mapped to Uplink SCH; (FFS: if just a transient (random) ID is assigned for the resource request,
the actual e.g. RRC Connection Request message has still to contain a UE identifier and therefore such message
is considered to be a CCCH message, even if it’s transported on the UL _SCH, since the UE is not in

LTE ACTIVE state at this stage);

DCCH can be mapped to Uplink SCH;
DTCH can be mapped to Uplink SCH.

5.3.1.3.2 Mapping in Downlink

In Downlink, the following connections between logical channels and transport channels exist:

BCCH can be mapped to BCH;

BCCH can be mapped to Downlink SCH (FFS);

PCCH can be mapped to PCH;

CCCH can be mapped to Downlink SCH (FFS if CCCH exists);

DCCH can be mapped to Downlink SCH;

DTCH can be mapped to Downlink SCH;

MTCH can be mapped to Downlink SCH; (FES if a separate MCH does not exist)
MTCH can be mapped to MCH; (FFS if a separate MCH exists)

MCCH can be mapped to Downlink SCH; (FFS if a separate MCCH exist)

MCCH can be mapped to MCH. (FFS if a separate MCCH and MCH exist)

5.3.2 RLC

This subclause provides an overview on services and functions provided by the RLC sublayer.

5.3.2.1 Services and Functions

The main services and functions of the RLC sublayer include::
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- Transfer of upper layer PDUs supporting AM, UM or TM data transfer ;
- Error Correction through ARQ;
- Segmentation according to the size of the TB;

- Resegmentation when necessary (e.g. when the radio quality, i.e. the supported TB size changes) (FFS if it takes
place at PDU or SDU level);

- Concatenation of SDUs for the same radio bearer is FFS;
- In-sequence delivery of upper layer PDUs;

- Duplicate Detection;

- Protocol error detection and recovery;

- SDU discard (FFS);

- Reset (FFS).

5.3.3 PDCP

This subclause provides an overview on services and functions provided by the PDCP sublayer.

5.3.3.1 Services and Functions
The main services and functions of the PDCP sublayer include:
- Header compression and decompression: ROHC only;

- Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and
forwards it to the RLC layer and vice versa;

- Security: ciphering of user plane data (FFS).

NOTE: When compared to UTRAN, the lossless DL RLC PDU size change is not required.

534 Data flows through Layer 2

Note: Different flows for different transport channels, logical channels and transfer mode.

5.4 RRC

This subclause provides an overview on services and functions provided by the RRC sublayer.

5.4.1 Services and Functions
The main services and functions of the RRC sublayer include:
- Broadcast of System Information related to the non-access stratum;
- Broadcast of System Information related to the access stratum;
- Paging;
- Establishment, maintenance and release of an RRC connection between the UE and E-UTRAN including:
- Allocation of temporary identifiers between UE and E-UTRAN;
- Configuration of radio resources for RRC connection.

- Security functions including integrity protection for RRC messages (FFS);
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- Establishment, maintenance and release of point to point Radio Bearers including configuration of radio
resources for the Radio Bearers
- Mobility functions including:
- UE measurement reporting and control of the reporting for inter-cell and inter-RAT mobility;
- Inter-cell handover;
- UE cell selection and reselection and control of cell selection and reselection;
- Context transfer between eNBs.
- Notification for multicast/broadcast services (FFS);

- Establishment, maintenance and release of Radio Bearers for multicast/broadcast services, including
configuration of the Radio Bearer (FFS);

- QoS management functions (FFS is spread across multiple layers);
- UE measurement reporting and control of the reporting;

- NAS direct message transfer to/from NAS from/to UE (FFS).

5.4.1 RRC protocol states & state transitions
RRC uses the following states in E-UTRAN:
- RRC_IDLE:
- DRX;
- Broadcast of system information;
- Paging;
- Cell re-selection mobility;
- The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;
- No RRC context stored in the eNB.
- RRC_CONNECTED:
- UE has an E-UTRAN-RRC connection;
- UE has context in E-UTRAN;
- E-UTRAN knows the cell which the UE belongs to;
- Network can transmit and/or receive data to/from UE;
- Network controlled mobility (handover);
- Neighbour cell measurements;
- AtRLC/MAC level:
- UE can transmit and/or receive data to/from network;

- UE monitors control signalling channel for shared data channel to see if any transmission over the shared
data channel has been allocated to the UE;

- UE also reports channel quality information and feedback information to eNB;

- DRX/DTX period can be configured according to UE activity level for UE power saving and efficient
resource utilization. This is under control of the eNB..
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5.5 NAS control protocol

This subclause provides an overview on services and functions provided by the NAS control protocol.

NOTE: the NAS control protocol is not covered by the scope of this TR and is only mentioned for information.

551 Services and Functions

The main services and functions of the NAS sublayer include:

- Configuration and control of PDCP;

- Configuration and control of Security.

55.2 NAS protocol states & state transitions
The NAS control protocol uses the following states:
- LTE_DETACHED:
- No RRC entity.
- LTE_IDLE:
- RRC _IDLE State;
- Some information is stored in the UE and in the network:
- IP address, etc;
- Security association (keys, etc);
- UE capability information (FFS);
- Radio Bearers (FFS);
- State transition decided in eNB or aGW (FFS);
- LTE_ACTIVE:
- RRC_CONNECTED State;
- State transition decided in eNB or aGW (FFS);

The following figure reflects how the NAS states relate to the RRC:
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LTE IDLE

RRC: RRC_IDLE

Context in network:

- Includes information to enable fast
transition to LTE_ACTIVE (e.g.
security key information)

Allocated UE-Id(s):

- IMSI

- ID unique in Tracking Area (TA-ID)
-1 or more IP addresses

UE position:
- Known by network at Tracking Area
(TA) level

Mobility:
- Cell reselection

DL activity:
- UE is configured with DRX period

l

|

LTE_ACTIVE

RRC: RRC_CONNECTED

RRC Context in network:
- Includes all information necessary for
communication

Allocated UE-Id(s):

-IMSI

- ID unique in Tracking Area (TA-ID)
- ID unique in cell (C-RNTI)

- 1 or more IP addresses

UE position:
- Known by network at cell level

Mobility:
- Handover

DL/UL activity:
- UE may be configured with DRX/DTX
periods

LTE DETACHED

RRC: NULL
RRC Context in network:

- Does not exist

Allocated UE-Id(s):
- IMSI

UE position:
- Not known by network

Mobility
- PLMN/Cell selection

DL/UL activity:
- None

_____________________________ l

——— [

New traffic
- Allocate C-RNTI

........ T.,....,....,..... TR

Change of PLMN/deregistration
- Deallocate C-RNTI, TA-ID, IP address

Timeout of periodic TA-update
- Deallocate TA-ID, IP address

Figure 5.5.2: E-UTRAN RRC protocol states

NOTE: The applicability of the ID unique in Tracking Area (TAID) in LTE DETACHED is FFS.

The UE context in the aGW will discriminate the 3 states. The UE context in the eNB will only exist in the

LTE ACTIVE state.

5.6 Identities used over the E-UTRAN radio interface

5.6.1 NAS related UE identities

Non-Access Stratum (NAS) related UE identities used in E_ TRAN are assumed to be very-similar to the NAS identities

used in 2G or 3G:
a) IMSI/IMEI,
b) TMSI for MME:

- Temporary identity allocated by the MME. The scope of the TMSI for MME is FFS.

¢) TMSI for UPE (FFS):

- Temporary identity allocated by the UPE.

56.2 E-UTRAN related UE identities

The following E-UTRAN related UE identities are used:

a) C-RNTL:
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- The C-RNTI provides a unique UE identification at the cell level;

- It is assumed that this identity is used for scheduling unless the cost would turn out to be too high and the
introduction of a separate MAC-Id would be required.

b) Random value for contention resolution:
- During some transient states, the UE is temporarily identified with a random value for contention resolution
purposes.
5.6.3 Network entity related Identities
The following identities are used in E-UTRAN for identifying a specific network entity:
a) MME Id:

- Itis agreed that a UE in LTE IDLE establishing an RRC connection has to provide a unique identification of
its current MME to the eNB when the connection establishment is initially related to NAS signalling;

- Itis FFS whether this identity is also provided when the RRC connection is initially intended for user plane
traffic;

- It is FFS whether this MME 1d is provided by the UE to the eNB as a separate identity, or whether this
identification is included in the TMSI for MME.

b) eNB identity or cell identity (FFS):

- The signalling sequence to be followed in case a UE in LTE_ACTIVE accesses a cell in which no UE
context has been established yet (kind of “cell update”) is currently not agreed. Identified options are:

1) In order to obtain the UE context/data from the old eNB, the new eNB directly contacts the old eNB
without consulting the aGW;

2) In order to obtain the UE context/data from the old eNB, the new eNB consults the aGW to obtain the
identity of the old eNB;

3) In order to obtain a UE context, the new eNB contacts the aGW;

- Ifitis required for the new eNB to be able to contact the old eNB without involving the aGW (case 1 above),
the UE has to provide a network entity related identification that enables the new eNB to contact the old
eNB, and that enables the old eNB to uniquely identity the UE for retrieving the correct UE context. For this
purpose either an eNB identity or cell identity could be used.

¢) UPEId (FFS):

- The signalling sequence to be followed when a UE in LTE_IDLE wants to establish an RRC connection
initially intended for user plane traffic is not agreed yet. If it is required to support user plane data transport
before the UE context is retrieved from the aGW, the UE might have to provide a UPE Id to the eNB thus
enabling the new eNB to contact the UPE directly.

d) Tracking Area Id (FFS):
- Unique identification of a Tracking Area in a PLMN.
The following identities are broadcast in every LTE cell:
a) Cell identity:
- Uniquely identifying the cell in the area (size of area is FFS).
b) One or more Tracking Area Ids (FFS):
- Tracking Area (s) this cell belongs to.

¢) One or more PLMNs:
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- PLMN (s) for which this cell is providing radio access.

6 ARQ and HARQ

E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by
retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at
Layer 1.

6.1 HARQ principles

The HARQ within the MAC sublayer of Layer 2 has the following characteristics:
- N-process Stop-And-Wait HARQ is used;
- The HARQ is based on ACK/NACKs;
- In the downlink:
- Asynchronous retransmissions with adaptive transmission parameters are supported,
- Additional optimisations (e.g. less adaptive/synchronous) are FFS.
- In the uplink:
- HARAQ is based on synchronous retransmissions;
- Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS.

- The HARQ transmits and retransmits TBs;

6.2 ARQ principles

The ARQ within the RLC sublayer has the following characteristics:
- It is FFS whether the ARQ retransmits RLC SDUs or RLC PDUs (segments);
- ARQ retransmissions are based on:
- RLC status reports (FFS);
-  HARQ/ARQ interactions (see subclause 6.3).
- The RLC transmitter can invoke a discard procedure (FFS);

- The RLC can invoke a reset procedure (FFS).

6.3 HARQ/ARQ interactions

In HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception
status of a TB e.g.:

- If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit it is FFS if
the relevant transmitting ARQ entities are notified;

- Ifthe HARQ receiver is able to detect a NACK to ACK error it is FFS if the relevant transmitting ARQ entities
are notified via explicit signalling;

- Ifthe HARQ receiver is able to detect TB transmission failure it is FFS if the receiving ARQ entities are
notified.
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7

Scheduling

In order to utilise the SCH resources efficiently, a scheduling function is used in MAC. In this subclause, an overview
of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements to
support scheduler operation.

Scheduler Operation:

MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and
UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

Taking account the traffic volume and the QoS requirements of each UE and associated radio bearers, schedulers
assign resources between UEs and potentially also between different radio bearers associated with a single UE
(FES).

Schedulers may assign resources taking account the radio conditions at the UE identified through measurements
made at the eNB and/or reported by the UE.

Radio resource allocations can be valid for one or multiple TTIs.

Resource assignment consists of radio resources (resource blocks). Allocations for time periods longer than one
TTI might also require additional information (allocation time, allocation repetition factor...).

Signalling of Scheduler Decisions:

UEs identify whether resources are assigned to them by receiving a scheduling (resource assignment) channel.
There may be separate scheduling channels for uplink and downlink resource assignment.

Scheduling decisions are signalled via MAC messages. It is FFS whether resources can be assigned by other
means e.g. MAC headers or RRC signalling.

Measurements to Support Scheduler Operation:

Measurement reports are required to enable the scheduler to operate in both uplink and downlink. These include
transport volume and measurements of a UEs radio environment. The time and frequency granularity of the UE
radio environment measurement reports is FFS.

Uplink buffer status reports are needed to provide support for QoS-aware packet scheduling. Uplink buffer status
reports refer to the data that is buffered in the logical channel queues in the UE MAC. The uplink packet
scheduler in the eNB is located at MAC level. Uplink buffer status reports may be transmitted using MAC
signalling (e.g. as a specific type of MAC control PDU). A way to separately signal buffer status reports for
different QoS classes may be used. To define the exact content of buffer status reports and the possible use of
physical layer signalling are FFS.

The buffer reporting scheme used in uplink should be flexible in order to support different types of data services.
The buffer reporting criteria are setup and reconfigured on a per user basis or per radio bearer basis (FFS) using
RRC or MAC signalling (FFS). The use of System Information should also be considered for the initial setup of
default buffer reporting criteria (on a per cell basis). Constraints on how often uplink buffer reports are signalled
from the UEs can be specified by the network to limit the overhead from sending the reports in the uplink.

It is FFS whether additional measurement information is required to support the classification of UEs between
localised and distributed resource allocation.

It is FFS whether additional measurement information is required to support cell center / cell-edge resource
subdivision.

8

QoS Control

Note: This section will describe how QoS is managed.
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9

Mobility

In LTE RRC_CONNECTED state, network controlled UE assisted handovers are performed and various DRX/DTX
cycles are supported:

UE performs neighbour cell measurements based on measurement control and neighbour cell information from
the network;

Network signals reporting criteria for event-triggered and possibly periodical (FFS) reporting.

Following defines the handover support within E-UTRAN:

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO with HO preparation
signalling in E-UTRAN.

In E-UTRAN RRC _IDLE state, cell reselections are performed and DRX is supported.

UTRAN LTE
CELL_DCH 1 » RRC_CONNECTED
< .
CELL_FACH
RRC_IDLE
CELL/URA_PCH 2.
””” (TEMMIde | »  UTRANRRC
Configuration 3. CConnectgd
Stored < onfiguration
Stored
IDLE
””” (TEMMIde | »  UMTSMM
Configuration 4. Configuration
Stored < Stored

Figure 9: Handovers between E-UTRAN and UTRAN

The following list defines the mobility support between E-UTRAN and UTRAN, with mobility support between
GERAN being FFS.

1y

2)

3)

The HO from E-UTRAN RRC_CONNECTED state to UTRAN CELL DCH state is supported with UE assisted
NW controlled manner including HO preparation signalling. From UTRAN CELL DCH state to E-UTRAN
RRC_CONNECTED state mobility is supported. The utilisation of the HO with preparation signalling or relying
on Network Assistant Cell Change (NACC) is FFS.

When a UE in CELL_FACH state in the UTRAN goes out-of-service it may reselect to the LTE. If the UE
camps on the LTE coverage the UE completes the Tracking Area update procedure to the MME. In this case the
UE stores the UMTS MM configuration.

The transition between UTRAN CELL/URA_PCH and LTE RRC IDLE is completed by UE controlled cell
reselection. The support of signalling-free transition between UTRAN CELL/URA_PCH and LTE RRC IDLE
states requires the UTRAN RRC Connection configuration to be stored by the UE whilst in LTE RRC IDLE
state (including the Last RRCState). The storage of the UTRAN context is indicated in the figure by the
“UTRAN RRC Connected Configuration Stored”.

If, when reselecting from LTE to UTRAN the UE has a valid UTRAN RRC Connection Configuration Stored, it
shall automatically enter LastRRCState indicated in the UTRAN Stored Configuration.
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4)

If, when changing between LTE and UTRAN the UE has moved out of its mobility area (e.g. Cell, URA, TA)
then the UE initiates the normal mobility update procedure (e.g. Cell Update, URA update or Tracking Area
Update procedures), but the completion of a Tracking Area Update in the LTE does not affect the stored
UTRAN configurations, and the RRC connection for the UE is maintained.

If the timer relating to the periodic CELL/URA Update of UTRAN has expired when the UE is in LTE coverage,
then the UE can delete the stored UTRAN RRC Connected configuration.

The transition between UTRAN RRC IDLE and LTE RRC IDLE is completed by UE controlled cell reselection.
The UMTS MM configuration is stored after completing the state transition to LTE IDLE state, and the LTE Idle
configuration is stored when reselecting from LTE RRC IDLE to UTRAN RRC IDLE.

NOTE: The handling in the LTE RRC IDLE state is independent of the stored UTRAN configuration.

9.1

Intra E-UTRAN

9.11 Variable bandwidth scenarios

The Figure below shows a number of scenarios for adjacent cells with different transmission bandwidths and UEs with
different receiver bandwidths. Measurements, reselection and handover need to be considered for these different

scenarios.

BS UE2 BS CCH UE6
S RX X X [ | RX

CCH UE4 CCH CCH UE7
o™ RX > ™[] RX 20 MHz

UE1 CCH UES
] [ ] RX X [ | RX
Cell A CellB CellC CellD Cell E
Figure 9.1.1: Variable bandwidth scenarios

1) A cell transmits one set of common channel information. This information must be contained in a bandwidth

2)

3)

4)

5)

6)

equal than or less than the UE minimum bandwidth capability (assumed to be 10MHz). This ensures all UEs in
LTE IDLE are capable of receiving the common channels irrespective of UE capability. The need to replicate
some control information is FFS.

The term handover is used for the procedure that changes the serving cell of a UE in LTE_ACTIVE. A
frequency reconfiguration within the same serving cell is not a handover. A frequency reconfiguration is used to
move the UE reception bandwidth within the cell transmission bandwidth.

Neighbour cell lists on which the network requests the UEs to perform measurements for handover and cell
reselection do not classify cells as intra-frequency or inter-frequency (i.e. there are no intra-frequency cells and
inter-frequency cells)

A non gap assisted measurement (for handover) is a measurement on a cell from the neighbour list that does not
require transmission/reception gaps to allow the measurement to be performed.

A gap assisted measurement (for handover) is a measurement on a cell from the neighbour list that does require
transmission/reception gaps to allow the measurement to be performed.

Whether a measurement (for handover) is non gap assisted or gap assisted depends on the UE's capability and
current operating frequency. The UE determines whether a particular cell measurement needs to be performed in
a transmission/reception gap and the scheduler needs to know whether gaps are needed. The exact scenarios that
require gaps assisted measurements are FFS.
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91.2 Cell selection
913 Cell reselection

914 Paging

Note: From R2-051759: Several proposals 1) paging channel; 2) DRX on shared channel instead of paging
channel. URA concept retained. Common with UTRA or specific to E-UTRA always? No need for NAS
paging if some NAS/AS functionality merge (PMM with RRC) take place (e.g. if Idle mode is removed).

91.5 Handover

Note: From R2-051759: should depend on the RRC state and can be of intra-frequency or inter-frequency.
Network controlled proposed to be primary method, and UE controlled only for RL failure case. UE
controlled (like cell re-selection) for active state also proposed to be studied.

916 Measurements

Measurements to be performed by a UE for intra/inter-frequency mobility can be controlled by E-UTRAN, using
broadcast or dedicated control. In LTE IDLE state, a UE shall follow the measurement parameters defined for cell
reselection specified by the E-UTRAN broadcast (as in UTRAN SIB). The use of dedicated measurement control in cell
reselection is FFS. In LTE_ACTIVE state, a UE shall follow the measurement parameters specified by RRC or MAC
commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT CONTROL).

Usage of dedicated control for LTE IDLE state is FFS.

9.1.6.1 Intra-frequency

In a system with frequency reuse = 1, intra-frequency handovers are the most important and common handovers. Good
intra-frequency measurements are needed in order to ensure good mobility support and easy network deployment.
Search of intra-frequency neighbour cells from the neighbour list, and measurements of the relevant quantities for
identified cells is needed.

NOTE: To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for intra frequency measurements
should match the used DRX/DTX cycle.
9.1.6.2 Inter-frequency

Regarding inter-frequency handovers, UE performs neighbour cell measurements during DL/UL idle periods that are
provided by DRX/DTX or packet scheduling, if necessary.

NOTE: How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

9.1.7 Network aspects

When the eNB changes at handover, pending downlink RLC SDUs or PDUs (TBD) may be retransmitted in the target
eNB. In the uplink, if in-order delivery of RLC SDUs is required at the decompressor in PDCP, either:

- The PDCP sublayer includes a reordering buffer of RLC SDUs before security/decompressor; or

- The uplink RLC SDUs or PDUs which were not delivered to PDCP have to be provided to the target eNB for re-
ordering.

9.2 Inter RAT

Note: From R2-051759: simultaneous operation in two RATs should not be considered because of RF issues.
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921 Cell reselection
922 Handover

923 Measurements

9.2.3.1 Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-RAT mobility can be controlled by E-UTRAN, using broadcast or
dedicated control. In LTE ACTIVE state, a UE shall follow the measurement parameters specified by RRC or MAC
commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT CONTROL).

UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network
through suitable DRX/DTX period or packet scheduling if necessary.

NOTE: How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

9.2.3.2 Inter-RAT Handovers to E-UTRAN

From UTRAN, UE performs E-UTRAN measurements by using idle periods created by compressed mode
(CELL_DCH), FACH measurement occasions (CELL_FACH - FFS), or DRX (other states).

From GERAN, E-UTRAN measurements are performed in the same way as WCDMA measurements for handover to
UTRAN: E-UTRAN measurements are performed in GSM idle frames in a time multiplexed manner. However, it
should be discussed with GERAN how to ensure that inter-RAT measurements do not take too much measurement
time, while the requested 3GPP inter-RAT measurements can be performed well enough.

Design constraints of 3GPP inter-RAT measurements should be considered when L1 details of E-UTRAN concept are
defined.

9.2.3.3 Inter-RAT cell reselection from E-UTRAN

In LTE IDLE state, a UE shall follow the measurement parameters specified by the E-UTRAN broadcast (as in
UTRAN SIB). The use of dedicated measurement control is FFS.

9.2.34 Limiting measurement load at UE

Introduction of E-UTRA implies co-existence of various UE capabilities. Each UE may support different combinations
of RATs, e.g., E-UTRA, UTRA, GSM, and non-3GPP RATS, and different combinations of frequency bands, e.g., 800
MHz, 1.7 GHz, 2 GHZ, etc. Moreover, some UEs may support the full E-UTRA spectrum bandwidth of 20 MHz,
whereas some UEs may support only a part of 20 MHz. Despite such heterogeneous environment, the measurement
load at UE should be minimised. To limit the measurement load and the associated control load:

- E-UTRAN can configure the RATSs to be measured by UE;

- The number of measurement criteria (event and periodic reporting criteria) should be limited (as in TS 25.133
section 8.3.2);

- E-UTRAN should be aware of the UE capabilities for efficient measurement control, to prevent unnecessary
waking up of the measurement entity;

- The UE capabilities should be categorised to prevent diversion of capabilities and conformance test scenarios,
FFS;

- Support for blind HO (i.e., HO without measurement reports from UE) is FFS.

Note: From R2-051759: which Inter System measurements should be made mandatory (GERAN, UTRAN)?
Measurement of other technologies — e.g. WLAN, will depend on architectural integration. SYSINFO or
dedicated list of info for measurement purpose.
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9.24 Network Aspects

9.3 Timing Advance

The timing advance is a signal derived from the time synchronisation of the UL sequence and sent by the eNB to the
UE which the UE uses to advance its timings of transmissions to the eNB so as to compensate for propagation delay and
thus time align the transmissions from different UEs with the receiver window of the eNB. By avoiding the overlapping
of uplink transmissions, timing advance allows time domain multiplexing in the uplink.

In RRC_CONNECTED, it remains FFS whether the timing advance is permanently maintained or not. If not, beth- RRE
and-MAC knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink

Cases where the UL synchronisation status may move from “synchronised” to “non-synchronised” include:
- Expiration of a timer;
- Non-synchronised handover;

- Explicit request by MAC or RRC in the eNB;

10 Security

Note: This section will describe how Security is ensured.

10.1  Security Termination Points

The table below describes the security termination points.

Table 10.1 Security Termination Points

Ciphering Integrity Protection
NAS Signalling Required and terminated above eNB Required and terminated above eNB
(NOTE 1) (NOTE 1)
U-Plane Data Required and terminated in aGW Need is FFS
(NOTE 2)
RRC Signalling (AS) Need is FFS Required an terminated in eNB
(NOTE 3)
MAC Signalling (AS) Need is FFS Need is FFS
NOTE 1: “Above eNB” means that the termination point is in either the aGW or above (FFS) and that the
activation/deactivation is not controlled by the eNB.
NOTE 2: The protocol stack layer in which the ciphering takes place is FFS. The activation/deactivation of
ciphering of the U-Plane is not controlled by the eNB
NOTE 3: Key set for RRC protection cannot be used to derive NAS and user-plane keys.

11 MBMS

Note: A separate chapter might be needed to deal with MBMS specific issues.

Note: From R2-051759: The following issues have to be discussed: need for selective combining within E-
UTRA, possibility to perform selective combining between E-UTRA and UTRA; need for L1 combining
(simpler with OFDM); FLC across UTRA and E-UTRA, all new requirements of MBMS for LTE...
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12 Migration and compatibility

Note: This section will have a closer look at the evolution in terms of migration scenario and interaction with
previous releases. It will summarize what will be described in 25.912 and 25.913 from a protocol
architecture viewpoint. SA1 and SA2 should lead the way.

Note: From R2-051759: concept of having two stacks in the UE with a legacy stack connecting to legacy CN
via Iu, and a new stack. where E-RRC replaces NAS+RRC. Dual IP addresses.

12.1  Migration scenario
12.2  Interaction with previous releases

12.3  Interoperability

13 UE capabilities

Note: This section will deal with the UE capabilities from a RAN2 viewpoint (e.g. signalling support).

Note: From R2-051759: Mandating dual Receiver should be discussed early (different views, UE manufacturers
prefer single receiver; dual-receiver likely to be an optimisation (UE cap?). Possibility to have separate
capability for 20MHz. Will need signalling support of capabilities.

14 Impact on specifications
14.1  Specification methodology

14.2  Affected specifications

Note: This section will list the specifications that affected — if any.

14.3  New specifications

Note: This section will list the specifications that affected — if any.
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Annex A:
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2006-03 | RAN#31 |RP-060176 Agreement on the state names reflected throughout the document | 0.5.0 | 0.5.1
2006-03 [ RAN2#52 |RP-060825 Agreements of RAN#31 and from RP-060122 + SRJ-060059 0.5.1 | 0.6.0
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Annex B:
RACH and Contention Resolution

The contention channel i.e. RACH, allows achieving the following:
- Synchronising the L1 timing (timing advance);
- Transmission of a X bits message towards the network MAC e.g. 16 bits;
- RANI should combine both if possible to gain time.
The X bits may have a different content depending on the case where the RACH is used. This is TBD:

- Some information on UL resources needed, priority, establishment cause, and random ID to assist in contention
resolution;

- UE ID already allocated by the network to the UE.
In the case of the initial access, means for the network to prioritise the various requests should be possible.
After the X bits have been received by the network, the network is responsible to send to the UE:
- If necessary, timing advance information to be used on the UL SCH;
- Ifnecessary, C-RNTI;
- Allocation of UL resources on UL SCH.
Contention resolution takes place using the UL/DL-SCH.
The RACH L1 channel may have multiple signatures in UL (to help resolving collisions). To be checked with RAN1.

Transmission of L3 messages, MAC data or control PDU, only takes place on the UL-SCH, possibly after the RACH
procedure used to get an uplink allocation.

Resources for RACH are indicated by the network.

The RACH procedure can be used for (exact list TBD, details of its use/content of X bits TBD):
- Initial access to get UL SCH resources to send RRC connection request;
- To obtain L1 synchronisation;
- To request resources when no UL resources are available;

- In case of mobility.
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Annex C:
Architecture Progress

One IP address, n IP flows

« TFT »

USER PLANE decision

? IP flows
Mux 17

IP flows

Mux 1: TBD, to be finalised with SA2

QoS1 RAB 1
PDCP Mux 4: TBD, to be finalised with RAN1
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I
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I

Mux 3

Multiple ARQ flow in same HARQ process

[
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Mux 4

for same UE
=> Multiple TB in //

Figure C1:

User Plane

Table C1: Location of Control Plane Functions

Function eNB aGW | Comment
Broadcast + Originated from aGW or O&M
Paging + Originated from aGW
aGW connection handling NAS
Security control
Mobility handling for LTE_ACTIVE state +
Measurement configuration and reporting for +
mobility
Mobility handling for LTE_IDLE state NAS
RAB/QoS control NAS
Node-B level configuration +
Assignment of radio resources +
Identification and mapping of logical channels +
Scheduling for all channels incl BCH and PCH +
Measurements for scheduling +
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