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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].

ACK
Acknowledgement

ACLR
Adjacent Channel Leakage Ratio

AM
Acknowledge Mode
AMBR
Aggregate Maximum Bit Rate

ARQ
Automatic Repeat Request

AS
Access Stratum

BCCH
Broadcast Control Channel

BCH
Broadcast Channel

C/I
Carrier-to-Interference Power Ratio

CAZAC
Constant Amplitude Zero Auto-Correlation

CMC
Connection Mobility Control

CP
Cyclic Prefix

C-plane
Control Plane

CQI
Channel Quality Indicator

CRC
Cyclic Redundancy Check

DCCH
Dedicated Control Channel

DL
Downlink

DRX
Discontinuous Reception

DTCH
Dedicated Traffic Channel

DTX
Discontinuous Transmission

eNB
E-UTRAN NodeB

EPC
Evolved Packet Core

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

HARQ
Hybrid ARQ

HO
Handover

HSDPA
High Speed Downlink Packet Access

ICIC
Inter-Cell Interference Coordination

IP
Internet Protocol

LB
Load Balancing

LCR
Low Chip Rate

LTE
Long Term Evolution

MAC
Medium Access Control

MBMS
Multimedia Broadcast Multicast Service
MBR
Maximum Bit Rate

MCCH
Multicast Control Channel
MCH
Multicast Channel
MCS
Modulation and Coding Scheme

MIMO
Multiple Input Multiple Output

MME
Mobility Management Entity

MTCH
MBMS Traffic Channel

NACK
Negative Acknowledgement
NAS
Non-Access Stratum


OFDM
Orthogonal Frequency Division Multiplexing
OFDMA
Orthogonal Frequency Division Multiple Access

PA
Power Amplifier

PAPR
Peak-to-Average Power Ratio
PBR
Prioritised Bit Rate

PCCH
Paging Control Channel

PDCP
Packet Data Convergence Protocol

PDU
Packet Data Unit

PHY
Physical layer

PLMN
Public Land Mobile Network

PRB
Physical Resource Block

PSC
Packet Scheduling

QAM
Quadrature Amplitude Modulation

QoS
Quality of Service

RAC
Radio Admission Control

RACH
Random Access Channel

RAT
Radio Access Technology

RB
Radio Bearer

RBC
Radio Bearer Control


RF
Radio Frequency

RLC
Radio Link Control

RNL
Radio Network Layer

ROHC
Robust Header Compression

RRC
Radio Resource Control

RRM
Radio Resource Management

RU
Resource Unit
S-GW
Serving Gateway
S1-MME
S1 for the control plane

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

SDMA
Spatial Division Multiple Access

SDU
Service Data Unit

SFN
Single Frequency Network

SU
Scheduling Unit

TA
Tracking Area

TB
Transport Block

TCP
Transmission Control Protocol

TDD
Time Division Duplex

TM
Transparent Mode

TNL
Transport Network Layer

TTI
Transmission Time Interval

UE
User Equipment

UL
Uplink

UM
Un-acknowledge Mode

UMTS
Universal Mobile Telecommunication System

U-plane
User plane

UTRA
Universal Terrestrial Radio Access

UTRAN
Universal Terrestrial Radio Access Network

VRB
Virtual Resource Block

X2-C
X2-Control plane 

X2-U
X2-User plane

~ next modified section ~

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 S1 interface to the EPC (Evolved Packet Core), more specifically to the MME (Mobility Management Entity) by means of the S1-MME and to the Serving Gateway (S-GW) by means of the S1-U. The S1 interface supports a many-to-many relation between MMEs / Serving Gateways and eNBs.

The EUTRAN architecture is illustrated in Figure 4 below.


[image: image1.emf]eNB

MME / S-GW MME / S-GW

eNB

eNB

S

1

S

1

S

1

S

1

X2

X

2 X

2

E-UTRAN



Figure 4: Overall Architecture

~ next modified section ~

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 UEs in both uplink and downlink (scheduling);

-
IP header compression and encryption of user data stream;

-
Selection of an MME at UE attachment;

NOTE:
it is assumed, that at UE attachment, firstly the MME is involved, i.e. actually the MME is selected.

-
Routing of User Plane data towards Serving Gateway;

NOTE: 
it is FFS which node actually establishes the User Plane tunnel.

NOTE:
it is FFS whether User Plane tunnel establishment takes place together with the RRC activation.

-
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.

The MME hosts the following functions:

-
Distribution of paging messages to the eNBs;

-
Security control;

-
Idle state mobility control;

-
SAE bearer control;

-
Ciphering and integrity protection of NAS signalling.

The Serving Gateway hosts the following functions:

-
Termination of U-plane packets for paging reasons (FFS);
-
Switching of U-plane for support of UE mobility.

This is 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: 
it is assumed that a logical E-UTRAN node in addition to the eNB is not needed for RRM purposes. Moreover, due to the different usage of inter-cell RRM functionalities, each inter-cell RRM functionality should be considered separately in order to assess whether it should be handled in a centralised manner or in a distributed manner.

NOTE:
MBMS related functions in E-UTRAN are described separately in subclause 15.
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Figure 4.1: Functional Split between E-UTRAN and EPC
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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 in subclause 6, e.g. header compression, ciphering, scheduling, ARQ and HARQ;
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Figure 4.3.1: User-plane protocol stack

~ next modified section ~

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 same security functions as for the user plane but does not perform header compression;
-
RLC and 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;

-
Mobility functions;

-
UE measurement reporting and control.

-
NAS control protocol (terminated in MME on the network side) performs among other things:

-
SAE bearer management;

-
Authentication;

-
LTE_IDLE mobility handling;

-
Paging origination in LTE_IDLE;

-
Security control.

NOTE:
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: Control-plane protocol stack
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5.4.1.2
Broadcast Channel

The BCH transport channel is characterized by a fixed pre-defined transport format. The TTI (repetition rate) of the BCH is 40ms. In case problems are discovered, e.g. w.r.t. the reading of BCH from neighbouring cells, a TTI of 20ms will be used. The BCH physical-layer model is described based on the corresponding BCH physical-layer-processing chain, see Figure 5.4.1.2:

-
Higher-layer data passed to/from the physical layer
-
A single (fixed-size) transport block per TTI.

-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.

-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;

-
No BCH Hybrid ARQ, i.e. no higher-layer control of redundancy version.

-
Interleaving
-
No control of interleaving by higher layers.

-
Data modulation
-
Fixed modulation scheme (QPSK), i.e. not higher-layer control.

-
Mapping to resource blocks
-
Fixed pre-determined transport format and resource allocation, i.e. no higher-layer control.
-
Physical-layer processing Step 6: Multi-antenna processing

· Fixed pre-determined processing, i.e. no higher-layer control.
-
Support for Hybrid-ARQ-related signalling
-
No Hybrid ARQ.
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Figure 5.4.1.2: BCH physical-layer model
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6
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 subclause gives a high level description of the Layer 2 sub-layers in terms of services and functions. The two figures below depict the PDCP/RLC/MAC architecture for downlink and uplink, where:

-
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 sublayer and the RLC sublayer provide the logical channels.

-
The multiplexing of several logical channels (i.e. radio bearers) on the same transport channel (i.e. transport block) is performed by the MAC sublayer;

-
In both uplink and downlink, only one transport block is generated per TTI in the non-MIMO case.


[image: image10.emf]Segm.

ARQ

Multiplexing UE

1

Segm.

ARQ

...

HARQ

Multiplexing UE

n

HARQ

BCCH PCCH

Scheduling / Priority Handling

Logical Channels

Transport Channels

MAC

RLC

Segm.

ARQ

Segm.

ARQ

PDCP

ROHC ROHC ROHC ROHC

Radio Bearers

Security Security Security Security

...

 
Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL
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6.1.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of RLC 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;


-
Padding.

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

~ next modified section ~

6.1.2
Logical Channels

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, CCCH and PCCH.

~ next modified section ~

6.3.1
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;


-
In-sequence delivery of upper layer PDUs at HO;

-
Duplicate detection of lower layer SDUs;

-
Ciphering of user plane dataand control plane data;


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

~ next modified section ~

7.1
Services and Functions

The main services and functions of the RRC sublayer include:

-
Broadcast of System Information related to the non-access stratum (NAS);

-
Broadcast of System Information related to the access stratum (AS);

-
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 signalling radio bearer(s) for RRC connection:

-
Low priority SRB and high priority SRB.

-
Security functions including:

-
Integrity protection for RRC messages.


-
Establishment, configuration, maintenance and release of point to point 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 MBMS services (FFS);

-
Establishment, configuration, maintenance and release of Radio Bearers for MBMS services (FFS);

-
QoS management functions;

-
UE measurement reporting and control of the reporting;

-
MBMS control (FFS);

-
NAS direct message transfer to/from NAS from/to UE.
~ next modified section ~

7.3
Transport of NAS messages

In E-UTRAN, NAS messages are either concatenated with RRC messages or carried in RRC without concatenation.

 Initial Direct Transfer is concatenated with RRC connection request if the transport block size allows it (FFS). 
Other NAS messages maybe concatenated with RRC messages i.e. for synchronised NAS/RRC procedure.



NOTE:
NAS messages are integrity protected by RRC and ciphered by PDCP, in addition to the integrity protection and ciphering performed by NAS.
~ next modified section ~

7.4
System Information

Scheduling information (indicating starting times) is provided for a group of system information blocks (SIBs) that have the same scheduling requirements (i.e. periodicity). Such a group of SIBs is referred to as a Scheduling Unit (SU). It is expected that typically 3 or 4 SUs will be used. The mapping of SIBs on to SUs may be configurable or fixed in the specification (FFS).

The following system information is carried on the BCH:

-
Physical layer parameters:

-
Downlink system bandwidth [4 bits];
-
Number of transmit antennas [1..2 bits];
-
Reference-Signal transmit power [0..6 bits];

-
System Frame Number (SFN [10 bits], unless provided otherwise);

-
Scheduling information of the most frequently repeated Scheduling Unit (SU-1) (FFS) [1 bit];

-
Cell re-selection and handover related parameters:

-
Offset [6 bits].

-
Value tag(s) (FFS).

The system information carried on BCH is contained in a System Information Block called the Master Information Block (MIB).

All system information other than contained in the MIB is carried on DL-SCH. The following system information is carried within the most frequently repeated Scheduling Unit (SU-1):

-
One or more PLMN identities;

-
Tracking Area Code;

-
Cell identity;

-
Cell barring status;

-
Scheduling information i.e. the periodicity of the other Scheduling Units (other than SU-1);

-
SIB mapping information i.e. indication in which SU the SIB is included (FFS).

The scheduling information, as contained within SU-1, is carried in a System Information Block called the Scheduling Block (SB). Besides this SB, SU-1 includes one or more other SIBs. SU-1 should include all access restriction related parameters. SU-1 is carried on the DL-SCH and uses a fixed schedule with a periodicity of 80 ms.

It is FFS whether the SB includes a value tag for each SU, whether a common value tag is used. The common value tag could either be carried in the MIB or in the SB.

An SU may be segmented, in which case segments are scheduled in subsequent consequtive subframes. SU-1 is scheduled in the subframe following the one carrying BCH (FFS for TDD). It is FFS if further SUs are scheduled in subsequent consequtive subframes. The eNB may schedule DL-SCH transmissions concerning logical channels other than BCCH in the same subframe as used for BCCH. The minimum UE capability restricts the BCCH mapped to DL-SCH e.g. regarding the maximum rate. It is FFS if the eNB may schedule more than one SU in a subframe. 



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

~ next modified section ~

8.2
Network entity related Identities

The following identities are used in E-UTRAN for identifying a specific network entity:

a)
MME identity:

- 
It is 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, in order for the eNB to fetch the UE context from the MME;

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

-
It is FFS whether this MME identity is provided by the UE to the eNB as a separate identity, or whether this MME identity 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 MME;

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

3)
In order to obtain a UE context, the new eNB contacts the MME.

-
If it is required for the new eNB to be able to contact the old eNB without involving the MME (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 identify the UE for retrieving the correct UE context. For this purpose either an eNB identity or cell identity could be used.

c)
Tracking Area identity (FFS):

-
Unique identification of a Tracking Area in a PLMN.

The following identities are broadcast in every E-UTRAN cell:

a)
Cell identity:

-
Uniquely identifying the cell in the area (size of area is FFS).

b)
Tracking Area identity:

-
Tracking Area this cell belongs to.

c)
One or more PLMNs:

-
PLMN (s) for which this cell is providing radio access.

~ next modified section ~

10.1
Intra E-UTRAN

In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers are performed and various DRX/DTX cycles are supported.











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

~ next modified section ~

10.1.1.1
Cell selection

The principles of PLMN selection in E-UTRA are based on the 3GPP PLMN selection principles. Cell selection is required on transition from LTE_DETACHED to LTE_IDLE or LTE_ACTIVE.

Cell selection:

-
The UE NAS identifies a selected PLMN and equivalent PLMNs;

-
The UE searches the E-UTRA frequency bands and for each carrier frequency identifies the strongest cell. It reads cell system information broadcast to identify its PLMN(s):

-
Details for the cell search are FFS;

-
The UE may search each carrier in turn (“initial cell selection”) or make use of stored information to shorten the search (“stored information cell selection”).

-
The UE seeks to identify a suitable cell; if it is not able to identify a suitable cell it seeks to identify an acceptable cell. When a suitable cell is found or if only an acceptable cell is found it camps on that cell and commence the cell reselection procedure:

-
A suitable cell is one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN is the selected PLMN, registered or an equivalent PLMN; the cell is not barred or reserved and the cell is not part of a tracking area which is in the list of “forbidden tracking areas for roaming”;


-
An acceptable cell is one for which the measured cell attributes satisfy the cell selection criteria and the cell is not barred;

-
The measurements made and the cell selection criteria to be applied are FFS.

Transition to RRC_IDLE:


On transition from RRC_CONNECTED to RRC_IDLE, a UE should camp on the last cell for which it was in RRC_CONNECTED or a cell/any cell of set of cells or frequency be assigned by RRC in the state transition message.

Recovery from out of coverage:


The UE should attempt to find a suitable cell in the manner described for stored information or initial cell selection above. If no suitable cell is found on any frequency or RAT the UE should attempt to find an acceptable cell.

~ next modified section ~

10.1.1.2
Cell reselection

UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:


-
The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:


-
There is no need to indicate neighbouring cell in the serving cell system information to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;
-
It is FFS if there is a need to indicate specific intra-frequency neighbouring cells to speed up their detection;
-
For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated.
-
The attributes to be measured for E-UTRAN cells are FFS;

-
Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria. The criteria and rules relating to which measurements may be omitted are FFS;

-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details for cell reselection criteria are FFS;

-
It should be possible to use cell reselection parameters for specific intra-frequency neighbouring cells. The BCH of the neighbouring cell includes parameters that are often cell specific e.g. an offset. The neighbouring cell information provided by the serving cell includes parameters that are rarely cell specific or for which there is a need to indicate values for a specific serving- neighbouring cell pair. Consequently, the UE needs to read the BCH of detected neighbouring cells, possibly only for suitable cell reselection candidates.;
-
For inter-frequency neighbouring cells, there is no need to indicate cell-specific cell reselection parameters i.e. these parameters are common to all neighbouring cells on a frequency;
-
It should be possible to prevent the UE from reselecting to specific detected neighbouring cells. The details of the mechanism are FFS;
-
Cell reselection parameters are applicable for all UEs in a cell, but it is possible to configure specific reselection parameters per UE group or per UE.

Cell access restrictions apply as for UTRAN, which consist of access class (AC) barring and cell reservation (e.g. for cells “reserved for operator use”) applicable for mobiles in RRC_IDLE mode.

~ next modified section ~

10.1.2
Mobility Management in LTE_ACTIVE

The Intra-E-UTRAN-Access Mobility Support for UEs in LTE_ACTIVE handles all necessary steps for relocation/handover procedures, like processes that precedes the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers are performed and various DRX/DTX cycles are supported.
The UE makes measurements of attributes of the serving and neighbour cells to enable the process:

-
There is no need to indicate neighbouring cell to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;

-
It is FFS if there is a need to indicate specific intra-frequency neighbouring cells to speed up their detection;

-
For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated (other information FFS).



-
Network signals reporting criteria for event-triggered and periodical reporting.


-
It should be possible to use measurement related parameters for specific intra-frequency neighbouring cells. The BCH of the neighbouring cell includes parameters that are often cell specific e.g. an offset. The neighbouring cell information provided by the serving cell includes parameters that are rarely cell specific or for which there is a need to indicate values for a specific serving- neighbouring cell pair. The parameter(s) is(are) common to CONNECTED and IDLE mode mobility. . Consequently, the UE in RRC_CONNECTED needs to read the BCH of detected intra-frequency neighbouring cells;
~ next modified section ~

10.1.2.1
Handover

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

-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

-
The QoS profiles in use by the UE (SAE bearer attributes) are sent to the target eNB by the source eNB, and it is FFS if also the currently used AS configuration is sent (intra-MME case);

-
Both the source ENB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
UE accesses the target cell by a contention-free procedure using dedicated resources or via contention-based RACH if dedicated resources are not available (the use of dedicated resources for accessing the target cell in a contention-free manner is FFS).
~ next modified section ~

10.1.2.1.1
C-plane handling

The HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:
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Figure 10.1.2.1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

3
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, RRC context, SAE bearer context). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The SAE bearer context includes necessary RNL and TNL addressing information.  QoS profiles of the SAE bearers and possibly the AS configurations of these bearers are FFS.

5
Admission Control may be performed by the target eNB dependent on the received SAE bearer QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received SAE bearer QoS information and reserves a C-RNTI.
6
Target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as part of the Handover Command. The container may include new C-RNTI, possibly some other parameters i.e. access parameters, SIBs, etc. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

Steps 7 to 13 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The source eNB generates the HANDOVER COMMAND (RRC message) towards the UE. The HANDOVER COMMAND includes the transparent container, which has been received from the target eNB. The source eNodeB performs the necessary integrity protection and ciphering of the message. The UE receives the HANDOVER COMMAND with necessary parameters (i.e. new C-RNTI, possible starting time, target eNB SIBs etc) and is commanded by the source eNB to perform the HO. It is probable that UE needs to acknowledge reception of the HANDOVER COMMAND with RLC acknowledgment procedure.

8
After expiry of starting time in HANDOVER COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

9
Network responds with UL allocation and timing advance. 

10
When the UE has successfully accessed the target cell, the UE sends the HANDOVER CONFIRM message (C-RNTI) to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the HANDOVER CONFIRM message.

11
The EPC is informed that the UE has changed cell. The UPE switches the downlink data path to the target side and can release any U-plane/TNL resources towards the source eNB.  

12
The EPC confirms the HANDOVER COMPLETE message with the HANDOVER COMPLETE ACK message.

13
By sending RELEASE RESOURCE the target eNB informs success of HO to source eNB and triggers the release of resources. The timing for the target eNB to send this message between steps 10 and 12 is FFS. 

14
Upon reception of the RELEASE RESOURCE message, the source eNB can release radio and C-plane related resources associated to the UE context. 

NOTE:
Details on updating of roaming/area restriction information within E-UTRAN in the course of the HO procedure are FFS

~ next modified section ~

10.1.2.3
Data forwarding

Upon handover, the source eNB forwards all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB. The decision of which SDUs to forward can be based for example on RLC status reports or HARQ feedback information depending on eNB implementation. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits and prioritize all downlink PDCP SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. 


Upon handover, the source eNB forwards uplink PDCP SDUs successfully received in-sequence to the SAE Gateway, forwards uplink PDCP SDUs received out-of-sequence to the target eNB and discards any remaining uplink RLC PDUs. The UE re-transmits the uplink PDCP SDUs that have not been successfully received by the source eNB. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. 
In-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the re-ordering function at the PDCP layer, which can be activated at least during inter-eNB mobility:
-
in the downlink, the re-ordering function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs;

-
in the uplink, the re-ordering function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.

~ next modified section ~

10.1.3
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 RRC_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 for RRC_IDLE state is FFS. In RRC_CONNECTED state, a UE shall follow the measurement configurations specified by RRC directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non gap assisted. A non gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed.
Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps. 

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell. The UE should not be assumed to be able to carry out such measurements without measurement gaps.
Whether a measurement 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:
-
Same carrier frequency and cell bandwidths (Scenario A): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell smaller than the bandwidth of the current cell (Scenario B): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell larger than the bandwidth of the current cell (Scenario C): FFS.

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

-
Different carrier frequencies, bandwidth of the target cell larger than the bandwidth of the current cell and bandwidth of the current cell within bandwidth of the target cell (Scenario E): an inter-frequency scenario; measurement gap-assisted scenario.

-
Different carrier frequencies and non-overlapping bandwidth, (Scenario F): an inter-frequency scenario; measurement gap-assisted scenario.
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Figure 10.1.3: Inter and Intra-frequency measurements scenarios
Measurement gaps are provided and controlled by the network.
10.1.3.1
Intra-frequency neighbour (cell) measurements
In a system with frequency reuse = 1, mobility within the same frequency layer (i.e. between cells with the same carrier frequency) is predominant. Good neighbour cell measurements are needed for cells that have the same carrier frequency as the serving cell in order to ensure good mobility support and easy network deployment. Search for neighbour cells with the same carrier frequency as the serving cell, and measurements of the relevant quantities for identified cells are needed.
NOTE:
To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for neighbour cell measurements should match the used DRX/DTX cycle.

10.1.3.2
Inter-frequency neighbour (cell) measurements
Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling (i.e. gap assisted measurements).
NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

~ next modified section ~

10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size
.

The random access procedure is performed for the following four events:

-
Initial access from RRC_IDLE;

-
Handover requiring random access procedure;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised” or there are no dedicated scheduling request channels available.
Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to all four events);

-
Non-contention based (applicable to only handover and DL data arrival).
Normal DL/UL transmission can take place after the random access procedure.
10.1.5.1
Contention based random access procedure
The contention based random access procedure is outlined on Figure 10.1.5.1-1 below:
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Figure 10.1.5.1-1: Contention based Random Access Procedure
The four steps of the contention based random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a 5 bit random ID, and 1 bit to indicate information on size of message 3 or requested resource blocks (FFS) limited by radio conditions. 
The groups of signatures that are used for indicating the 1 bit information, as well as necessary thresholds are broadcast on system information.

NOTE:
the total number of bits is 5 for TDD Frame Structure Type II.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on L1/L2 control channel;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for one or multiple UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
RLC TM: no segmentation (if RLC is involved);

-
For initial access:

-
Conveys at least NAS UE identifier;

-
If the size of the message allows it, the initial NAS message (or something allowing to build the initial NAS message in eNB) can be included;

-
Size of the message is dynamic.

-
For other events:
-
Conveys at least C-RNTI.
4)
Contention Resolution on DL-SCH:

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention
-
Not synchronised with message 3;

-
Content of the message is FFS;

-
HARQ is supported;

-
Addressed to the Temporary C-RNTI on L1/L2 control channel (at least for initial access):

-
For UE in RRC_CONNECTED, the use of C-RNTI, HARQ and the consequences thereof (e.g. delay impact on other UEs in conjunction with HARQ) are FFS;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the RRC Contention Resolution message.

NOTE:
Contention resolution for events other than initial access needs further discussion;

At initial access, the four steps are:

1)
Random Access Preamble on RACH;

2)
Random Access Response generated by the MAC sublayer and transmitted on DL-SCH;

3)
RRC Connection Request generated by the RRC layer and transmitted via CCCH on UL-SCH;

4)
RRC Contention Resolution generated by the RRC layer and transmitted via CCCH or DCCH (FFS) on DL-SCH.

The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.

10.1.5.2
Non-contention based random access procedure
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
The three steps of the non-contention based random access procedures are:

1)
Random Access Preamble assignment via dedicated signalling in DL:

-
eNB assigns to UE a 6 bit non-contention Random Access Preamble (a Random Access Preamble not within the set broadcasted on BCH).

-
Signalled via:

-
HO command generated by target eNB and sent via source eNB for handover;

-
MAC signalling (L1/L2 control channel or MAC control PDU is FFS) in case of DL data arrival.

2)
Random Access Preamble on RACH in uplink: 

-
UE transmits the assigned non-contention Random Access Preamble.

3)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
Use of HARQ is FFS;
-
Addressed either to C-RNTI or RA-RNTI (which one is FFS) on L1/L2 control channel;
-
Conveys at least:

-
Timing Alignment information and initial UL grant for handover;

-
Timing Alignment information for DL data arrival;

-
In addition, RA-preamble identifier if addressed to RA-RNTI on L1/L2 control channel.

-
Intended for:

-
Only one UE in one DL-SCH message if addressed to C-RNTI on L1/L2 control channel;

-
One or multiple UEs in one DL-SCH message if addressed to RA-RNTI on L1/L2 control channel.

10.1.5.3
Interaction model between L1 and L2/3 for Random Access Procedure
Random access procedure described above is modelled in Figure 10.1.5.3-1 below from L1 and L2/3 interaction point of view. L2/L3 receives indication from L1 whether ACK is received or DTX is detected after indication of Random Access Preamble transmission to L1. L2/3 indicates L1 to transmit first scheduled UL transmission (RRC Connection Request in case of initial access) if necessary or Random Access Preamble based on the indication from L1.


[image: image18.emf]L2/L3 indicates "Random 

Access Preamble" 

transmission

L1 transmits "Random 

Access Preamble"

L2/L3 procedure

L1 procedure

ACK ("Random 

Access Response" 

reception)

DTX reception (No 

"Random Access 

Response" reception)

L2/L3 receives 

indication from L1

L2/L3 receives 

indication from L1

L2/L3 indicates "RRC 

Connection Request" 

transmission

L2/L3 indicates 

"Random Access 

Preamble" transmission


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

10.1.2.7
Timing Advance

In RRC_CONNECTED, the timing advance is not necessarily always maintained (e.g. during DRX). MAC knows if the L1 is synchronised and which procedure to use to start transmitting in the uplink (FFS for RRC).

Cases where the UL synchronisation status moves from “synchronised” to “non-synchronised” include:

-
Expiration of a UE-specific timer;

-
Non-synchronised handover;

-
Explicit request by MAC or RRC in the eNB (FFS);
Upon DL data arrival, dedicated signature on PRACH can be allocated by the eNB to UE.
TA updates are signalled by the eNB to the UE in MAC PDUs addressed via C-RNTI, and embedded with user data or alone.
~ next modified section ~

10.2.2
Handover

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

1.
Inter RAT HO is network controlled through source access system. The source access system decides about starting the preparation and provides the necessary information to the target system in the format required by the target system. That is, the source system adapts to the target system. The actual handover execution is decided in the source system.

2.
Inter RAT HO is backwards handover, i.e. radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

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

4.
The target access system will be responsible for giving exact guidance for the UE on how to make the radio access there (this includes radio resource configuration, target cell system information etc.). This information is given during the handover preparation and should be transported completely transparently through the source access system to the UE.

5.
Mechanisms for avoiding or mitigating the loss of user data (e.g. forwarding or bi-casting) may be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.

6.
The handover procedure should not require any UE to CN signalling in order for data to start to flow in the target system. This requires that the security context, UE capability context and QoS context is transferred (or translated) within the network between source and target system.

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

~ next modified section ~

10.2
Inter RAT


10.2.1 
Cell reselection

A UE in RRC_IDLE performs cell reselection. The principles of this procedure are as follows:

-
The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:

-
Only the frequency needs to be indicated to enable the UE to search and measure UTRA neighbouring cells;
-
It is FFS if there is a need to indicate each neighbouring GSM cell in the serving cell system information to enable the UE to search and measure a cell or if it is sufficient to indicate the list of BCCH frequencies (range);
-
Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria. The criteria and rules relating to which measurements may be omitted are FFS;

-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details of the cell reselection criteria are FFS;

-
For UTRA neighbouring cells, there is no need to indicate cell-specific cell reselection parameters i.e. these parameters are common to all neighbouring cells on a UTRA frequency;

-
For GSM neighbouring cells, the need to indicate cell-specific cell reselection parameters is FFS;

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

Cell access restrictions apply as for UTRAN, which consist of access class (AC) barring and cell reservation (e.g. for cells “reserved for operator use”) applicable for mobiles in RRC_IDLE mode.

When performing cell reselection while the UE is camped on another RAT, the principles of this procedure are as follows:

-
The UE measures attributes of the E-UTRA neighbouring cells:

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

-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells. Details of the cell reselection criteria are FFS;

-
For E-UTRA neighbouring cells, there is no need to indicate cell-specific cell reselection parameters i.e. these parameters are common to all neighbouring cells on an E-UTRA frequency;

-
Cell reselection parameters are applicable to all UEs in a cell, but it is possible to configure specific reselection parameters per UE group or per UE.
-
It should be possible to prevent the UE from reselecting to specific detected neighbouring cells. The details of the mechanism are FFS;
~ next modified section ~

11.1
Basic 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.

The scheduler should take account of the traffic volume and the QoS requirements of each UE and associated radio bearers, when sharing resources between UEs. Only “per UE” grants are used to grant the right to transmit on the UL-SCH (i.e. there are no “per UE per RB” grants).

 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 physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).














11.1.1
Downlink Scheduling

In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX).
In addition, E-UTRAN can allocate predefined downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the L1/L2 control channel(s). In the sub-frames where the UE has been pre-assigned resources, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), a downlink transmission according to any pre-defined allocation that the UE has been assigned in the TTI is assumed. As a result, the UE performs blind decoding of the pre-defined resources (the subset of pre-defined resources shall be set in accordance to UE’s capability). Otherwise, in the sub-frames where the UE has been pre-assigned resources, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE does not perform blind decoding of the pre-defined resources.
11.1.2
Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation for uplink transmission when its downlink reception is enabled (activity governed by DRX).
In addition, E-UTRAN can allocate a predefined uplink resource for the first HARQ transmissions and potentially retransmissions to UEs. In the sub-frames where the UE has been pre-assigned resource, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), an uplink transmission according to the pre-defined allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has been pre-assigned resource, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE’s transmission follows the L1/L2 control, not the pre-defined allocation. Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel(s) in which case the UE does not follow the pre-defined allocation.
11.2
Void



~ next modified section ~

11.4.2
Uplink

The UE has an uplink rate control function which manages the sharing of uplink resources between radio bearers. RRC controls the uplink rate control function by giving each bearer a priority and a prioritised bit rate (PBR). In addition, an MBR per GBR bearer is also provided. The values signalled may not be related to the ones signalled via S1 to the eNB.

The uplink rate control function ensures that the UE serves its radio bearer(s) in the following sequence:

1.
All the radio bearer(s) in decreasing priority order up to their PBR;

2.
All the radio bearer(s) in decreasing priority order for the remaining resources assigned by the grant and the function ensures that the MBR is not exceeded.

NOTE1:
In case the PBRs are all set to zero, the first step is skipped and the radio bearer(s) are served in strict priority order: the UE maximises the transmission of higher priority data.
NOTE2:
By limiting the total grant to the UE, the eNB can ensure that the AMBR is not exceeded.
If more than one radio bearer has the same priority, the UE shall serve these radio bearers equally.

~ next modified section ~

12
DRX in RRC_CONNECTED 





In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in LTE_IDLE. Detailed values are FFS;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The network may send a threshold indicating to the UE that it does not need to make measurements of neighbouring cells if the radio quality of the serving cell (exact definition of the radio quality and possible dependency on DRX value is FFS) is above the threshold;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to UL data transmission is independent of DRX operation. Whether HARQ operation of DL data is independent of DRX operation is FFS;
-
When DRX is configured, the UE may be further configured with an “on-duration” during which time the UE monitors the L1/L2 control channels for possible allocations;
-
When DRX is configured, CQI reports can only be sent by the UE during the “on-duration”;


-
A timer in the UE is used to detect need for obtaining timing advance.
For NRT services, during the “on-duration”, if the UE cannot find an allocation, it reenters DRX (hereafter referred to as initial DRX). However, if the L1/L2 control signalling signals an allocation to the UE, the UE enters non-DRX mode:
-
until a MAC header/control message tells the UE to re-enter DRX, with a cycle explicitely indicated in the MAC payload; or
-
the UE autonomously re-enters DRX with a predefined cycle after not receiving any allocation for a given duration. The predefined DRX cycle may be shorter than the initial one. And if it is, a longer period of inactivity will bring the UE back to the initial DRX cycle directly or by successive steps (FFS).
13.1
QoS concept and bearer service architecture

The SAE bearer service layered architecture is depicted in Figure 13.1 below:
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Figure 13.1: SAE Bearer Service Architecture
The SAE Bearer Service is used to provide the edge-to-edge QoS for service data flows. The SAE bearer consists of a SAE radio bearer and a SAE access bearer. The SAE Radio Bearer Service provides the transport of the SAE Bearer Service data units between eNB and UE according to the SAE QoS profile associated with each SAE bearer. The SAE Access Bearer Service provides the transport of the SAE Bearer Service data units between Serving Gateway and eNB according to the SAE QoS profile associated with each SAE bearer.

With respect to E-UTRAN, the following principles apply:

- 
There is a one-to-one mapping between an SAE Bearer and an SAE Radio Bearer;

-
There is a one-to-one mapping between an SAE Radio Bearer and a logical channel.

~ next modified section ~
14
Security

14.1
Overview and Principles

The following principles apply to E-UTRAN security:
-
The eNB keys are cryptographically separated from the EPC keys used for NAS protection (making it impossible to use the eNB key to figure out an EPC key).

-
The keys are derived in the EPC/UE from key material that was generated by a NAS (EPC/UE) level AKA procedure.

-
The eNB keys are sent from the EPC to the eNB when the UE is entering LTE_ACTIVE state (i.e. during RRC connection or S1 context setup).
-
Key material for the eNB keys is sent between the eNBs during LTE_ACTIVE intra-E-UTRAN mobility.

-
A sequence number is used as input to the ciphering and integrity protection. A given sequence number must only be used once for a given key (except for identical re-transmission). The same sequence number can be used for both ciphering and integrity protection.
-
A hyper frame number (HFN) (i.e. an overflow counter mechanism) is used in the eNB and UE in order to limit the actual number of sequence number bits that is needed to be sent over the radio. The HFN needs to be synchronized between the UE and eNB.
As a result of an AKA run, the EPC and the UE share a base-key named K_ASME. From K_ASME, the NAS, (and indirectly) K_eNB keys are derived. The K_ASME never leaves the EPC, but the K_eNB key is transported to the eNB from the EPC when the UE transitions to LTE_ACTIVE. From the K_eNB, the eNB and UE can derive the UP and RRC keys. When the UE goes into LTE_IDLE or LTE_DETACHED, the K_eNB, UP and RRC keys are deleted from the eNB. The key hierarchy is depicted on Figure 14.1 below:
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Figure 14.1: Key Hierarchy
14.2
Security termination points

The table below describes the security termination points.

Table 14.2 Security Termination Points

	
	Ciphering
	Integrity Protection

	NAS Signalling
	Required and terminated in MME
	Required and terminated in MME

	U-Plane Data
	Required and terminated in eNB 
	Not Required 
(NOTE 1)

	RRC Signalling (AS)
	Required and terminated in eNB
	Required and terminated in eNB

	MAC Signalling (AS)
	Not required (NOTE 2)
	Not required (NOTE 2)

	

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

NOTE 2: SA3 needs to further study on whether buffer status reports from UEs to the eNBs in MAC layer need to be protected.


~ next modified section ~

22
Support for self-configuration and self-optimisation

22.1
Definitions

This concept includes several different functions from eNB activation to radio parameter tuning. Figure 22.1 is a basic framework for all self-configuration /self-optimization functions.

Self-configuration process is defined as the process where newly deployed nodes are configured by automatic installation procedures to get the necessary basic configuration for system operation.
This process works in pre-operational state. Pre-operational state is understood as the state from when the eNB is powered up and has backbone connectivity until the RF transmitter is switched on.

As described in Figure 21.1, functions handled in the pre-operational state like:

-
Basic Setup and

-
Initial Radio Configuration

are covered by the Self Configuration process.

NOTE:
depending on the final chosen functional distribution in RAN, the feasibility of following items should be studied e.g.:

-
To obtain the necessary interface configuration;

-
Automatic registration of nodes in the system can be provided by the network; 

-
Alternative possibilities for nodes to obtain a valid configuration;

-
The required standardization scope.

Self-optimization process is defined as the process where UE & eNB measurements and performance measurements are used to auto-tune the network.
This process works in operational state. Operational state is understood as the state where the RF interface is additionally switched on.
As described in Figure 21.1, functions handled in the operational state like:

-
Optimization / Adaptation

are covered by the Self Optimization process.

NOTE: 
depending on the final chosen functional distribution in RAN the feasibility of following items should be studied e.g.:

-
The distribution of data and measurements over interfaces relevant to RAN3;

-
Functions/entities/nodes in charge of data aggregation for optimization purpose;

-
Dependencies with O&M and O&M interfaces, in the self optimization process;

-
The required standardization scope.

The architecture of logical self-configuration/optimization functionality is FFS.
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Figure 22.1: Ramifications of Self-Configuration /Self-Optimization functionality
22.2
UE Support for self-configuration and self-optimisation
UE shall support measurements and procedures which can be used for self-configuration and self-optimisation of the E-UTRAN system.
-
UE shall support measurements and measurement reporting to support self-optimisation of the E-UTRAN system. Measurements and reports used for the normal system operation, should be used as input for the self-optimisation process as far as possible. 

NOTE: 
the UE impact should be carefully investigated and taken into account.
-
The network is able to configure the measurements and the reporting for self-optimisation support by RRC signalling messages.


-
It shall be possible to associate measurements for self-optimisation purpose with location information depending on UE capability (details are [FFS]).
~ next modified section ~

Annex E (informative):
Drivers for Mobility Control
Table E.1 lists the drivers, limitations, and their applicability to intra-frequency, inter-frequency, and inter-RAT scenarios. Each driver and limitation is described in Section E.1 and E.2, respectively. For inter-frequency and inter-RAT scenarios, the applicable drivers are shown in detail for IDLE/ACTIVE modes and their transitions in Section E.3.
Table E.1:  Drivers and limitations for mobility control and applicability to mobility scenarios.

	
	#
	Drivers/limitations
	Intra-frequency
	Inter-frequency
	Inter-RAT

	Drivers
	1
	Best radio condition
	X
	X
	X

	
	2
	Camp load balancing
	
	X
	X

	
	3
	Traffic load balancing
	
	X
	X

	
	4
	UE capability
	
	X
	X

	
	5
	Hierarchical cell structures
	
	X
	X

	
	6
	Network sharing
	
	X
	X

	
	7
	Private neworks/home cells
	
	X
	X

	
	8
	Subscription based mobility control
	
	X
	X

	
	9
	Service based mobility control
	
	X
	X

	
	10
	MBMS
	
	X
	X

	Limitations
	11
	UE battery saving
	X
	X
	X

	
	12
	Network signalling/processing load
	X
	X
	X

	
	13
	U-plane interruption and data loss
	X
	X
	X

	
	14
	OAM complexity
	X
	X
	X


As shown in Table E.1, the applicable drivers depend on the mobility scenario, i.e., intra-frequency, inter-frequency, and inter-RAT:

-
Intra-frequency mobility: intra-frequency mobility is the most fundamental, indispensable, and frequent scenario. With the frequency reuse being one in E-UTRAN, applying any driver other than the “best radio condition” to intra-frequency mobility control incur increased interference and hence degraded performance. As such, only the “best radio condition” driver is applicable to intra-frequency mobility. Note that the exact definition of “intra-frequency mobility” is yet unclear, and shall be clarified with RAN1.

-
Inter-frequency mobility: as in UTRAN, an operator may have multiple carriers/bands for E-UTRAN working in parallel. The use of these frequency layers may be diverse. For example, some of these frequency layers may utilise the same eNB sites and antenna locations (i.e., co-located configuration), whereas some may be used to form a hierarchical cell structure (HCS), or even be used for private networks. Some frequency layers may provide MBMS services, while some may not. Moreover, E-UTRAN carriers/bands may be extended in the future to increase capacity. For example, as E-UTRAN gains popularity, an operator may decide to convert existing UTRAN carriers into E-UTRAN ones. The operator may also acquire additional carriers/bands, that are not necessarily contiguous. As a consequence, different UE band capabilities may coexist and different carriers/bands may operate at different areas within a network. The E-UTRAN standard should readily support such carrier/band extensions and diverse network configurations, providing flexibility and efficiency. Therefore, a number of drivers apply to inter-frequency mobility control, in addition to the “best radio condition” driver.

-
Inter-RAT mobility: the aspects that need to be considered for inter-RAT are similar to those for inter-frequency. For mobility solutions to be complete with the inter-RAT drivers, relevant updates would be necessary on the legacy (UTRAN/GERAN) specifications. This will add to the limitations, which are evidently more effective in inter-RAT. Although the drivers/limitations need to be assessed per objective RAT (UTRAN/GERAN), the solutions should be made common as much as possible to reduce any complexity.

~ next modified section ~

E.1.2
Camp load balancing

This is to distribute idle state UEs among the available bands/carriers/RATs, such that upon activation, the traffic loading of the bands/carriers/RATs would be balanced. At least the path loss difference between different bands should be compensated to avoid UEs concentrating to a certain frequency layer (e.g., lower frequency bands due to the propagation nature). A deliberate mechanism would be necessary to avoid UEs concentrating to a certain RAT (e.g., E-UTRAN). Various solutions have been presented including the use of Qoffset and an approach of limiting the frequency layers for camping.

For inter-RAT, this driver also includes the aspect of balancing the loading of core network nodes of different RATs. Nevertheless, for intra- E-UTRAN, the core network load aspect is out of scope, since MME/Serving Gateway relocation by itself should not cause any radio mobility procedure (but only NAS procedures like NAS ID and security updates).
~ next modified section ~

E.3
Inter-frequency/RAT drivers
E.3.1
Mobility control during IDLE mode
This is to control the mobility of UEs during IDLE mode, i.e., cell reselection. Table E.2 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers. Note that in Tables E.2-E.5, an “X” in the table indicates that the driver is essential, whereas an “(X)” indicates that the driver may be reduced in support depending on the complexity incurred. Furthermore in Tables E.2-E.5, the following abbreviations are used:

-
L(L:  LTE to LTE inter-frequency mobility;
-
L(U:  LTE to UTRAN inter-RAT mobility;
-
U(L:  UTRAN to LTE inter-RAT mobility;
-
L(G:  LTE to GERAN inter-RAT mobility;
-
G(L:  GERAN to LTE inter-RAT mobility.
Table E.2:  Mobility control during IDLE (cell reselection)
	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	X
	Inter-frequency/RAT measurements (solutions to mitigate measurement load should be considered, e.g., S-criteria);
Cell reselection and reselection criteria.

	2
	Camp load balancing
	X
	X
	X
	(X)
	(X)
	Mechanism to prioritise cell reselection to certain layer/RAT, depending on the loading of layers/RATs;
Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT).

	3
	Traffic load balancing
	
	
	
	
	
	N/A

	4
	UE capability
	(X)
	X
	X
	X
	X
	Mechanism to prioritise cell reselection to certain layer/RAT, depending on the UE capability.

	5
	HCS
	(X)
	(X)
	(X)
	(X)
	(X)
	Mobility detection (e.g., number of crossed cells);
Mechanism to prioritise cell reselection to certain layer/RAT, depending on the UE speed (e.g., HCS mechanism as in UTRAN).

	6
	Network sharing
	X
	X
	X
	X
	(X)
	Mechanism to direct the UE to the appropriate PLMN at a network sharing border;
Mechanism to restrict UE measurements and reselection to cells that are entitled to access.

	7
	Private neworks / home cells
	X
	(X)
	X
	
	(X)
	Mechanism to prioritise reselection to private/home cells that are entitled to access;
Mechanism to restrict UE measurements and reselection to cells that are entitled to access;
Other unidentified features, FFS.

	8
	Subscription / Policy based mobility control
	X
	X
	X
	(X)
	(X)
	Mechanism to prioritise cell reselection to certain layer/RAT, depending on the subscription information or any other operator policy (e.g., for L(L there may be cases where an operator has policy in allocating UEs to certain frequencies due to different carrier bandwidths).

	9
	Service based mobility control
	
	
	
	
	
	N/A

	10
	MBMS
	X
	(X)
	X
	
	
	Mechanism to prioritise cell reselection to the layer/RAT, depending on whether the UE requires reception of a certain MBMS transmission.


E.3.2
Mobility control upon IDLE to ACTIVE transition
This is to control the mobility of UEs upon IDLE to ACTIVE transition, i.e., redirection upon RRC or U-plane establishment. Table E.3 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.

Table E.3:  Mobility control upon IDLE to ACTIVE transition
(redirection upon RRC/U-plane establishment)
	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	(X)
	(X)
	
	
	
	Inter-frequency/RAT measurements (during IDLE mode or upon IDLE to ACTIVE transition) and measurement reporting upon RRC establishment (it should be investigated whether measurements can be omitted in some or all cases, e.g., co-located cells).

	2
	Camp load balancing
	
	
	
	
	
	N/A

	3
	Traffic load balancing
	X
	(X)
	(X)
	(X)
	
	Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the loading of layers/RATs;
Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT).

	4
	UE capability
	X
	(X)
	
	(X)
	
	Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the UE capability.

	5
	HCS
	
	
	
	
	
	N/A

	6
	Network sharing
	(X)
	(X)
	(X)
	(X)
	
	Redirection to a certain layer/RAT (cell) of the preferred PLMN, upon RRC establishment.

	7
	Private neworks / home cells
	(X)
	
	
	
	
	Redirection from a certain private/home cell.

	8
	Subscription / Policy based mobility control
	X
	X
	(X)
	(X)
	(X)
	Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the subscription information (if available upon establishment) or any other operator policy.

	9
	Service based mobility control
	X
	X
	(X)
	(X)
	(X)
	Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the requested service (if the service information is available upon establishment).

	10
	MBMS
	
	
	
	
	
	N/A


E.3.3
Mobility control during ACTIVE mode
This is to control the mobility of UEs during ACTIVE mode (LTE_ACTIVE or UTRAN RRC Connected), i.e., handover. Table E.4 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.

Table E.4:  Mobility control during ACTIVE (handover)
	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	(X)
	Gap assisted inter-frequency/RAT measurements (network controlled);
Measurement reporting and reporting criteria;
Inter-frequency/RAT handover (UE assisted network controlled).

	2
	Camp load balancing
	
	
	
	
	
	N/A

	3
	Traffic load balancing
	X
	(X)
	(X)
	(X)
	
	Inter-frequency/RAT handover (network controlled);
Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT). 

	4
	UE capability
	(X)
	(X)
	(X)
	(X)
	
	Inter-frequency/RAT handover (network controlled), depending on the UE capability.

	5
	HCS
	(X)
	(X)
	(X)
	
	
	Mobility detection (e.g., number of crossed cells);
Inter-frequency/RAT handover (network controlled), depending on the UE speed.

	6
	Network sharing
	X
	X
	X
	X
	
	Inter-frequency/RAT handover (network controlled) to a cell of the appropriate PLMN at network sharing border;
Mechanism to restrict UE measurements to cells that are entitled to access.

	7
	Private neworks / home cells
	X
	X
	X
	X
	X
	Inter-frequency/RAT handover (network controlled) to a private/home cell on another layer/RAT, where the UE is entitled to access;
Mechanism to restrict UE measurements and reselection to cells that are entitled to access;
Other unidentified features, FFS.

	8
	Subscription / Policy based mobility control
	(X)
	X
	X
	X
	X
	Inter-frequency/RAT handover (network controlled), depending on the subscription information or any other operator policy.

	9
	Service based mobility control
	(X)
	X
	X
	X
	X
	Inter-frequency/RAT handover (network controlled), depending on the service or combination of services being used or requested.

	10
	MBMS
	X
	X
	X
	
	
	Inter-frequency/RAT handover (network controlled), depending on whether the UE requires reception of a certain MBMS transmission.


E.3.4
Mobility control upon ACTIVE to IDLE transition
This is to control the mobility of UEs upon ACTIVE to IDLE transition, i.e., redirection upon RRC or U-plane release. Table E.5 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.

Table E.5:  Mobility control upon ACTIVE to IDLE transition (redirection upon RRC/U-plane release)
	#
	Drivers
	Applicability
	Necessary features to support the driver

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	X
	Gap assisted inter-frequency/RAT measurements (it should be investigated whether measurements can be omitted in some or all cases, e.g., co-located cells), OR

Cell search upon redirection.

	2
	Camp load balancing
	X
	X
	X
	(X)
	(X)
	Redirection to a certain layer/RAT upon RRC release, depending on the loading of layers/RATs;
Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT).

	3
	Traffic load balancing
	
	
	
	
	
	N/A

	4
	UE capability
	X
	X
	X
	(X)
	(X)
	Redirection to a certain layer/RAT upon RRC release, depending on the UE capability.

	5
	HCS
	
	
	
	
	
	N/A

	6
	Network sharing
	X
	X
	X
	X
	
	Redirection to a certain layer/RAT of the preferred PLMN, upon RRC release.

	7
	Private neworks / home cells
	
	
	
	
	
	N/A

	8
	Subscription / Policy based mobility control
	X
	X
	X
	(X)
	(X)
	Redirection to a certain layer/RAT upon RRC release, depending on the subscription information or any other operator policy.

	9
	Service based mobility control
	(X)
	(X)
	
	(X)
	
	Redirection (or maintaining) to a certain layer/RAT upon RRC release, depending on the service that has been used (predicting that the UE uses the same service in the future).

	10
	MBMS
	(X)
	(X)
	
	(X)
	
	Redirection to a certain layer/RAT upon stop of an MBMS service reception.
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Annex X (informative):
Mobility and Access Control Requirements associated with Closed Subscriber Group (CSG) Cells

X.1
Access Control

The following description is provided from the perspective of the Home cell deployment, and is used as an example to understand the general requirements of Closed Subscriber Group (CSG) Cells.

If an operator uses the 2G or 3G systems for a deployment in a home, there are some limitations imposed by mandating that only a UE from a specific User Group can access the cell. This access restriction is needed because some backhaul links for this type of deployment are not considered to provide adequate QoS to support a large numbers of UEs, or there may be regulatory issues with sharing the backhaul link/eNB access in that location, and additionally the backhaul maybe owned by the subscriber and they may not be happy to share the link with other subscribers.

In 3G, the Access Control would work based on the Location Updating or Routing Area Updating Reject for the LA or RA which is being signalled on the cell. Each unique User Group would require its Location Area ID, however the LAC of the LA ID is only 2 octets, which needs to be shared with the normal LAs of the PLMN.

There is an additional drawback with this solution in 3G, which is that all terminals would attempt to perform the Location Updating procedure on a cell advertising a LA not on the list of forbidden LAs in the UE. The network would reject the location updating procedure of those UEs which are not in the User Group associated with the LA. This would lead to the scenario in a densely populated area, where a UE moving down the street could attempt to access a home cell at each house, before being rejected causing a wastage of battery in the terminal, and unnecessary signalling/processing load in the core network.

1.
A UE should not camp on or access a CSG Cell if it is not part of the User Group which is allowed to access that CSG Cell.

The User Group associated with a specific Home-eNB needs to be updated, under the supervision of the network operator, by the the subscriber which is registered as the owner of the Home-eNB. When a subscriber is added to the User Group by the registered owner of the Home-eNB, the UE of the subscriber should be able to (almost) immediately camp on the cell(s) of Home-eNB and then may acquire service through the Home-eNB. This is especially important in the deployment scenario where this subscriber has no other means to access the network, i.e. there is no Macro-layer coverage available.

2.
The subscriber registered as the owner of a CSG Cell or group of Cells, under supervision of the operator, shall be able to control/modify quickly which other subscribers form part of the User Group associated with its CSG Cell(s). 

X.2
Mobility

The Home-eNB/CSG cells should form part of the network of the operator, and therefore the design needs to support mobility of UEs between the Macro-Layer network and the Home-eNB/CSG cells. In the following text, what is called Macro layer encompasses all the cells which are not from the CSG being considered i.e. it is not about their size/coverage but the fact that they are not closed.

3.
The system shall support handover between CSG Cells and any eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN) or with another CSG Cell of the same or different CSG.

The Home-eNBs will be deployed to improve network coverage, improve network capacity as well as offer differential billing models. As the User billing could be dependent on whether the UE is using the Home-eNB, it is important that the UE when it is range of the Home-eNB automatically camps on the Home-eNB.

4.
It shall be possible to set the reselection parameters, for UEs which are allowed to access the cell, such that they prioritise the CSG Cells for camping when in coverage of the cells. 

It is important that UEs camped on the Home-eNB do not cause excessive signalling load or processing load if/when the UE moves frequently between the Macro-Layer network and the Home-eNB.

5.
The system shall avoid excessive signalling and processing load from a UE frequently reselecting in LTE Idle between the CSG Cells and the non-CSG cells of eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).

As discussed above, the Home-eNBs will have an associated User Group describing which UEs can access the Home-eNB. The handover procedures needs to take the User Group of the Target Home-eNB into account when deciding whether to handover a UE to a specific Home-eNB. The solution for the mobility to/from the Home-eNB should avoid unnecessary signalling between the RAN nodes.

6.
The handover procedures shall take into account whether a UE is part of the User Group of the target CSG Cell. The mobility procedures should allow for prioritisation of the CSG Cells in LTE_ACTIVE when the UE enters coverage of a CSG Cell and the UE is part of the User Group of this cell. 

As the number of Home-eNBs in the network will become large, the proportion of measurements made by a UE which could be wasted may become large, to the point where it affects the mobility performance of the UE/system, as well as draining the battery of the UE. It is therefore necessary for the UE to be able to avoid unnecessary measurements of Home-eNBs where the UE does not belong to the User Group of the Home-eNB.

7.
It shall be possible to minimise the quantity of measurements which UEs perform on CSG Cells, if the UE does not belong to the User Group of a specificCSG Cell.

Due to the high number of Home-eNBs and the nature of their deployment, it would not be practical to change the configuration for the mobility procedures (measurements, handover, etc.) in the macro layer nodes when a Home-eNB is deployed/dismissed.

8.
The mobility procedures shall allow a large number of (small) CSG Cells to be deployed within the coverage of e-UTRAN, UTRAN and GERAN macro-layer cells. Deployment of (additional) CSG Cells shall not require reconfiguration of other eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).
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Annex Y (informative):
Guideline for E-UTRAN UE capabilities
Each radio access technology has defined specific “classes” of terminals in terms of radio capabilities. E.g. in GPRS the “multislot classes” are defined, in UMTS R’99 different dedicated bearer classes are defined and for HSDPA and HSUPA 12 respectively 6 physical layer categories are defined.  The definition of UMTS R’99 UE classes lead to 7 DL classes and 7 UL classes for FDD out of which only 2 DL and 3 UL classes were commercially realized. Furthermore the lower end classes (e.g. 64 UL and 64 DL) disappeared from the market with commercialization of the UMTS networks quite soon. Besides these class definitions a huge number of possible parameter combinations (to achieve certain data rates) exist with UMTS R’99 which lead to the huge number of RAB and RB combinations defined. Further activities in the early phase of UMTS standardization aimed to reduce the number of possible combinations significantly.

For HSDPA two “simple” DL categories (11 & 12) with lowered complexity were defined with the intend to speed up commercialization of HSDPA. Originally those categories should have been  removed for Rel-6. Out of the 12 defined categories only approx. 4 will be realized in commercial HSDPA platform products. A similar situation is likely for HSUPA as well as for the combinations of HSDPA/HSUPA.

Generally the aim to mandate certain essential functions/requirements can help to simplify the system definition as well as the realization options (e.g. mandating 20 MHz of DL reception as well as 20 MHz UL transmission bandwidth significantly reduced the E-UTRAN system complexity). Especially mandating certain terminal functions could be useful for the system design if a defined subset of parameter combinations are also supported by the systems, e.g. the eNB scheduler. However, there is also a risk that not all the defined E-UTRA features are deployed in the networks at the time when terminals are made commercially available on the market place. Some features are likely to be rather large and complex, which further increases the risk of interoperability problems unless these features have undergone sufficient interoperability testing (IOT) on real network equipment, and preferably with more than one network in order to improve the confidence of the UE implementation.  Thus, avoiding unnecessary UE mandatory features but instead defining a limited set of UE radio classes allows simplification for the interoperability testing.

Given the discussion above, it seems beneficial for the introduction of E-UTRAN to limit the combination of radio capabilities to a clearly defined subset and ensure that a given set of parameters is supported by certain UE classes as well as networks for rapid E-UTRAN deployment. It seems unrealistic to mandate only one single UE class which always mandates the maximum capability.

In order to address the different market requirements (low end, medium and high end), the definition of the following UE classes are proposed:

Table Y.1: E-UTRAN UE Classes

	Class
	UL
	DL

	A
	[50] Mbps
	[100] Mbps

	B
	[25] Mbps
	[50] Mbps

	C
	[2] Mbps
	[2] Mbps


NOTE:
For simplification reasons,  the table only depict the UE capabilities in terms of uplink and downlink peak data rates supported. However, it should be noted that further discussion on other features is expected once the work progresses.
It may require further discussion whether there be a need for an additional terminal class between 2 Mbps and 50 Mbps classes. It might make sense, since up to 5 MHz band allocations may be rather common in real deployments for several years. This would point to bit rate class of 25 Mbps in DL and 10 Mbps in UL. 

The above given data rates are indicative and should be subject for further discussions in 3GPP RAN working groups. Depending on the different solutions to reach those data rates, the target should be to define [3..4] UE classes in different data rate ranges, and other parameters affecting device complexity and cost. The definition of the required parameters/features is for further study for each of the classes. For instance, half-duplex UEs form a specific category that may be frequency band specific.
NOTE:
the support of half-duplex UEs is mandatory for the eNB where such a category is allowed in the frequency band supported by the eNB.
The aim is to ensure on the one hand that high end E-UTRAN UEs, supporting data rates representing state of the art level and competitive with other radio technologies are defined, while the medium and lower data rates aim to reduce implementation cost for chipset/terminal vendors and allow adoption of most cost efficient solutions for different market segments. It is expected that the support of the high end data rate terminals is ensured from the very beginning. 

Another clear exception from this exercise is that on the low end very cheap product implementation is possible (e.g. for the machine-to-machine market or the voice and very low data rate only segment – to substitute GSM in the medium term) while top end performance is needed for data applications in notebooks, wireless gateways (“wireless DSL”), etc.

Another important aspect that must be ensured is that a higher capability UE can be treated in exactly the same way as for a lower capability UE, if the network wishes to do so, e.g., in case the network does not support some higher capability features. In HSDPA, there has been problems in this respect due to 2-stage rate matching in HARQ. Such problems should be avoided in E-UTRAN, and E-UTRAN UE capabilities should provide the compatibility to ease implementation and interoperability testing.
~ next modified section ~

Annex Z (informative):
L1/L2 Control Signalling Performance

The target quality on L1/L2 control channels of E-UTRAN is summarized in the two tables below: 
Table Z.1: DL control signalling
	Event
	Target quality

	DL scheduling information miss detection
	(10-2)

	UL scheduling grant miss detection
	(10-2)

	NACK to ACK error (for UL-SCH)
	(10-4 – 10-3)

	ACK to NACK error (for UL-SCH)
	(10-4 – 10-3)


Table Z.2: UL control signalling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(10-2)

	DTX to ACK error (for DL-SCH)
	(10-2 – 10-1)

	NACK to ACK error (for DL-SCH)
	(10-4 – 10-3)

	CQI block error rate
	 FFS (10-2 – 10-1)















































�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.


�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything . i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.  It consists of at least four digits, padded with leading zeros if necessary.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR was written and (normally) to which it will be applied if it is approved. Make sure that the latest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to � HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm" ��� � HYPERLINK "http://www.3gpp.org/specs/specs.htm" ��http://www.3gpp.org/specs/specs.htm�.


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark one or more of the boxes with an X.


�PAGE \# "'Page: '#'�'"  �� SIM / USIM / ISIM applications.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line, but if this is not possible, do not enter hard new-line characters.  Do not use redundant information such as "Change Request number xxx to 3GPP TS xx.xxx".


One or more organizations (3GPP Individual Members) which drafted the CR and are presenting it to the Working Group.


For CRs agreed at Working Group level, the identity of the WG.  Use the format "xn" where �	x = "C" for TSG CT, "R" for TSG RAN, "S" for TSG SA, "G" for TSG GERAN; �PAGE \# "'Page: '#'�'"  ���	n = digit identifying the Working Group; for CRs drafted during the TSG meeting itself, use "P". �Examples: "C4", "R5", "G3new", "SP".


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, A, B & C CRs for Release 4 and later. A list of work item acronyms can be found in the 3GPP work plan. See �� HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm" ��http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm� .


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.  Format to be interpretable by English version of MS Windows ® applications, e.g. 19/02/2006.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed. For more detailed help on interpreting these categories, see Technical Report �HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/21900.htm"��21.900� "TSG working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change. i.e. How the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR were to be rejected. It is mandatory to complete this section only if the CR is of category "F" (i.e. correction), though it may well be useful for other categories.


�PAGE \# "'Page: '#'�'"  �� Enter the number of each clause which contains changes.   Be as specific as possible (ie list each subclause, not just the umbrella clause).


�PAGE \# "'Page: '#'�'"  �� Tick "yes" box if any other specifications are affected by this change.  Else tick "no".  You MUST fill in one or the other.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected or the CRs which are linked.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.





_1233995950.vsd
eNB


PHY


UE


PHY


MAC


RLC


MAC


MME


RLC


NAS


NAS


RRC


RRC



_1240229661.vsd
Text



_1240335175.vsd
eNB


PHY


UE


PHY


MAC


RLC


MAC


PDCP


PDCP


RLC



_1240390444.doc


32







SB



















0























DL-SCH (D-BCH)







MIB















(P-)BCH



























SU-2







SIB-b











SIB-a







RF







8







4







128







SU-1







SIB-c











SIB-e















SIB-d







SU-3







subframe












_1240229784.vsd

_1237033630.vsd
current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


Scenario A


Scenario B


Scenario C



_1237047060.vsd
￼


RX off


RX on


on-duration


DRX Cycle



_1238597938.vsd
eNB


PHY


UE


PHY


MAC


RLC


MAC


MME


RLC


NAS


NAS


RRC


RRC


PDCP


PDCP



_1237033709.vsd
current cell


UE


target cell


fc


fc


current cell


UE


target cell


fc


fc


Scenario D


Scenario E


current cell


UE


target cell


fc


fc


Scenario F



_1234077632.vsd
Text


Legend


packet data


UE


packet data


Target eNB


Detach from old cell and synchronize to new cell


Deliver buffered and in transit packets to target eNB


6. Handover Request Ack


10. Handover Confirm


13. Release Resource


11. Handover Complete


2. Measurement Reports


3. HO decision


4. Handover Request


7. Handover Command


 DL allocation


DL Data Forwarding


Flush DL buffer, continue delivering in-transit packets


packet data


 UL allocation


5. Admission Control


Source eNB


MME/SAE Gateway


Buffer packets from Source eNB


8. Synchronisation


 9. UL allocation + TA for UE


packet data


DL Data Forwarding


Path Switching


packet data


L3 signalling


L1/L2 signalling


User Data


0. Area Restriction Provided


1. Measurement Control


12. Handover Complete Ack


14. Release Resources


Handover Completion


Handover Execution


Handover Preparation



_1236736634.vsd
UE


eNB


RA Preamble assignment


1


Random Access Preamble


2


Random Access Response


3



_1233179656.vsd
eNB


PHY


UE


PHY


MAC


RLC


MAC


SAE Gateway


PDCP


PDCP


RLC



_1233193636.vsd
Text


Segm. ARQ


Multiplexing UE1


...


Scheduling / Priority Handling


Segm. ARQ


...


Segm. ARQ


Multiplexing UEn


Segm. ARQ


HARQ


HARQ


BCCH


PCCH


Logical Channels


Transport Channels


MAC


RLC


PDCP


ROHC


ROHC


ROHC


ROHC


Radio Bearers


Security


Security


Security


Security



_1233193674.vsd
Text


Multiplexing


Segm. ARQ


...


HARQ


Segm. ARQ


Logical Channels


 


ROHC


ROHC


Radio Bearers


Scheduling / Priority Handling


Transport Channels


MAC


RLC


PDCP


Securtiy


Security



_1233186273.vsd

_1233181325.vsd
UE


eNB


GW


End-to-end Service


Peer Entity


SAE Bearer Service


External BS


SAE Radio BS


SAE Access BS


Radio


Gi


SAE


Internet


Phys. Radio BS


Physical BS


S1


E-UTRAN


EPC



_1230678780.vsd
UE


eNB


Random Access Preamble


1


Random Access Response


2


Scheduled Transmission


3


Contention Resolution


4



_1233177882.vsd
Text



_1222863229.vsd
eNB power on (or cable connected)


(A) Basic Setup


(B) Initial Radio Configuration


(C) Optimization / Adaptation


a-1 : 	configuration of IP address 	and detection of OAM


a-2 : 	authentication of eNB/NW


a-3 : 	association to aGW


a-4 : 	downloading of eNB software 	(and operational parameters)


b-2 : 	coverage/capacity related 	parameter configuration


b-1 : 	neighbour list configuration


c-1 : 	neighbour list optimisation


c-2 : 	coverage and capacity control


Self-Configuration
(pre-operational state)


Self-Optimisation
(operational state)



_1230621670.vsd
L2/L3 indicates "Random Access Preamble" transmission


L1 transmits "Random Access Preamble"


L2/L3 receives indication from L1


L2/L3 procedure


L1 procedure


ACK ("Random Access Response" reception)


DTX reception (No "Random Access Response" reception)


L2/L3 receives indication from L1


L2/L3 indicates "RRC Connection Request" transmission


L2/L3 indicates "Random Access Preamble" transmission



_1213608522.vsd
PRB Allocation


Long-lived


Short-lived


MCS Allocation


Fixed


Dynamic


Short-lived Fixed Allocation


Long-lived Dynamic Allocation


Long-lived
Fixed Allocation


Short-lived
Dynamic Allocation



