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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 SAE 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 SAE 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

~ 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

~ next modified section ~
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.
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Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL


~ 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;

-
Reordering of the downlink RLC SDUs at least during inter-eNB mobility;

-
In-sequence delivery of upper layer PDUs at HO in the uplink (FFS);

-
Duplicate detection of lower layer SDUs;

-
Ciphering of user plane dataand control plane data;

Note:
The location of reordering and in-sequence delivery functions need to be re-discussed as a result of moving the PDCP from SAE Gateway down to the eNB.
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 ~

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:

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

-
List of carrier frequencies of inter-frequency neighbours is signalled to the UE (other information FFS); 

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

Following defines the handover support within E-UTRAN:

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

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

10.1.1
Mobility Management in LTE_IDLE

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.

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 means to signal these parameters is FFS i.e. it is FFS whether these parameters are part of the neighbouring cell information provided by the serving cell, or are provided on the BCH of the neighbouring cell, or whether the second approach is used for parameters that are often cell specific while the first mechanism is used for parameters that rarely are cell specific;
-
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 ~

10.1.5
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 alternative TDD.

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.
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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 may move from “synchronised” to “non-synchronised” include:

-
Expiration of a timer;

-
Non-synchronised handover;

-
Explicit request by MAC or RRC in the eNB;

~ 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 ~

10.2
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.

~ 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). As a result, 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). As a result, 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).
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 isnot 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 

The DRX Cycle is depicted on Figure 12 below, where an “on-duration” defines the time during which the UE monitors the L1/L2 control signalling for possible allocations.
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Figure 12: DRX Cycle
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;

-
In DRX, 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 remains in DRX (hereafter referred to as initial DRX). However, if the L1/L2 control signalling signals an allocation to the UE, the UE goes to non-DRX mode:
-
until a MAC header/control message tells the UE to go back to DRX, with a cycle explicitely indicated in the MAC payload; or
-
the UE autonomously goes back to 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).
~ next modified section ~

14
Security


14.1
Overview and Principles

The following principles apply to eNB security:

-
The eNB keys are cryptographically separated from the CN keys used for NAS protection (making it impossible to use the eNB key to figure out a CN key).

-
The eNB keys are either generated directly by a NAS (CN/UE) level AKA procedure, or derived in the CN/UE from key material that was generated by a NAS (CN/UE) level AKA procedure.

-
The eNB keys are sent from the CN 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 eNB 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.

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 SAE Gateway or for the transport of user plane data between eNB and SAE 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 ~

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.

E.1
Drivers

The drivers for mobility control are described in the following sections.

E.1.1
Best radio condition

The primary purpose of cell reselection, regardless of intra-frequency, inter-frequency, or inter-RAT, is to ensure that the UE camps on/connects to the best cell in terms of radio condition, e.g., path loss, received reference symbol power, or received reference symbol Es/I0. The UE should support measurements to suffice this aspect. For E-UTRAN cells, the frequency domain scheduling and channel/symbol mapping may have some implications to designing the measurements and reselection/reporting criteria. The UE would also have to check that the selected cell falls within the accesible range (in terms of signal strength and possibly also in terms of propagation delay, i.e., check if it falls within the dynamic range of timing advance, FFS).

E-UTRAN should support good mobility even when the radio environment changes suddenly, e.g., when the UE enters a tunnel or in a Manhattan-like street cell scenario. It should be discussed whether a special mechanism is needed to cope with such sudden changes in radio environment or it can be handled with good radio network planning practices. In either case, the system design should minimise any side effects of counteracting the sudden changes in the radio environment (e.g., ping-pongs).

For inter-frequency/RAT mobility, the UE needs idle gaps to perform measurements on other frequency layers/RATs. In addition, for inter-RAT, E-UTRAN measurements while the UE is in another RAT (UTRAN/GERAN) need to be supported. It should be discussed whether in certain cases (e.g., co-located E-UTRAN cells within the same frequency band) the measurements can be omitted.

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/SAE Gateway relocation by itself should not cause any radio mobility procedure (but only NAS procedures like NAS ID and security updates).
E.1.3
Traffic load balancing

This is to balance the loading of active state UEs, using redirection for example. In E-UTRAN, traffic load balancing is essential because of the shared channel nature. That is, the user throughput decreases as the number of active UEs in the cell increases, and the loading directly impacts on the user perception. A solution is desired that causes minimum impact on the user perception. This implies that inter-layer transitions are preferably done during data inactivity (e.g., DRX) or transition to the idle state. Although this driver is also applicable to inter-RAT, for inter-RAT, the “service dependent control” driver may be more dominant than the load balancing aspect.

E.1.4
UE capability

As E-UTRAN bands/carriers may be extended in the future, UEs having different band capabilities may coexist within a network. It is also likely that roaming UEs have different band capabilities. Overlaying different RATs adds to this variety. The mobility solution should cope with the coexistence of various UE capabilities in an efficient manner.

E.1.5
Hierarchical cell structures

As in UTRAN, hierarchical cell structures (HCS) may be utilised in E-UTRAN to cover for example, indoors and hot spots efficiently. It is possible that E-UTRAN is initially deployed only at hot spots, in which case this driver becomes essential for inter-RAT, not just for inter-frequency. Another use case would be to deploy a large umbrella cell to cover a vast area without having to deploy a number of regular cells, while providing capacity by the regular cells on another frequency. While HCS can be seen as a solution to reduce measurement and signalling loads, to optimise HCS usage, mobility control should take into account the UE mobility (e.g., speed). This however implies that sufficient mobility detection is also required. Although HCS is not addressed as a mobility driver for intra-frequency mobility, intra-frequency HCS deployment should not be restricted.
E.1.6
Network sharing

At the edge of a shared portion of a network, it will be necessary to direct UEs belonging to different PLMNs to different target cells. The mobility solutions in both idle and active states should therefore support differentiation between UEs of different operators.

E.1.7
Private networks/home cells

Cells that are part of a sub-network should prioritise the camping on that sub-network. UEs that do not belong to private sub-networks should not attempt to camp or access them. Although this could be resolved by the use of forbidden TAs as in UTRAN, a more deliberate mechanism may be needed as some of these sub-networks could be very small, e.g., one home.
E.1.8
Subscription based mobility control

This mobility driver aims to limit the inter-RAT mobility for certain UEs, e.g., based on subscription or other operator policies. The system should provide means to dissallow access on certain RATs (including E-UTRAN) as done with "LA reject" in legacy systems. It should be possible for the operator to trigger a subsequent UE action such as a cell or PLMN selection.
E.1.9
Service based mobility control

An operator may have different policies in allocating frequencies to certain services. For example, the operator may concentrate VoIP UEs to a certain frequency layer or RAT (e.g., UTRAN or GERAN), if evaluations prove this effective. UEs requiring higher data rates may better be served on a frequency layer or RAT (e.g., E-UTRAN) having a larger bandwidth. The operator may also want to accommodate premium services on a certain frequency layer or RAT, that has better coverage or larger bandwidth.

This driver is essential for inter-RAT, due to the different QoS levels provided by different RATs. The nature of the service being requested (e.g., QoS and traffic behaviour) should be considered in controlling mobility, so that services are accommodated in the best suitable RAT. Note that such service dependent control shall only be based on network decisions and not on UE decisions (i.e., no UE based service dependent cell reselection), except for MBMS scenarios.

E.1.10
MBMS

As MBMS services may be provided only in certain frequency layers, it may be beneficial/necessary to control inter-frequency/RAT mobility depending on whether the UE receives a particular MBMS service or not. For MBMS scenarios only, UE based service dependent cell reselection might be considered acceptable. This aspect also depends on the UE capability for simultaneous reception of MBMS and unicast.
E.2
Limitations for mobility control

While the issues mentioned above drive E-UTRAN towards “aggressive” mobility control, the limiting factors also have to be considered. The factors listed below apply to all intra-frequency, inter-frequency, and inter-RAT mobility scenarios.

E.2.1
UE battery saving

The mobility solution should not consume excessive UE battery, e.g., due to measurements, measurement reporting, BCH reception, or TA update signalling. This could be achieved for example by setting appropriate measurement rules such as S-criteria, hysteresis, and time-to-trigger. Adaptive control of some measurement/mobility parameters (e.g., based on DRX, cell size, or mobility) may also be considered as a countermeasure. To reduce TA update signalling, TA allocations can be differentiated depending on the UE speed or the mobility vector, on top of appropriate TA planning. Effects on additional delays (e.g., paging) should also be investigated if means such as “long DRX” are used to achieve these savings.

It should be investigated together with RAN4 if a coupling between measurements accuracy and DRX (as in UTRAN) is also acceptable for E-UTRAN.

E.2.2
Network signalling/processing load

The mobility solution should not cause excessive network signalling/processing load. This includes over-the-air signalling, S1/X2 signalling, and processing load at network nodes. Unnecessary handovers and cell reselections should be avoided, and PCH and BCH signallings, as well as dedicated signallings, should be limited. This could be achieved by similar countermeasures as for UE battery saving.

E.2.3
U-plane interruption and data loss

U-plane interruption and data loss caused by the mobility solution should be limited. The required QoS should be satisfied in any case.

E.2.4
OAM complexity

The mobility solution should not demand excessive efforts in operating/maintaining a network. For example, when a new eNB is added or an existing eNB fails, the mobility solution should not incur excessive efforts to set up or modify the parameters. Means should be studied to integrate the mobility solutions in the concept of “self-optimisation” to minimise manual processes. Reducing the neighbour list information in E-UTRAN would also be a countermeasure to this requirement.
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.


~ next modified section ~

Annex X (informative):
Mobility and Access Control Requirements for Home-eNB

X.1
Access Control

If an operator uses the 2G or 3G systems for a deployment in a home or small office, there are some limitations imposed by mandating that only a UE from a specific User Group can access through 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/ Home-eNB access in the home, 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 Home-eNB if it is not part of the User Group which is allowed to access the Home-eNB.

The User Group associated with a specific Home-eNB needs to be under the control of 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 the Home-eNB, under supervision of the operator, shall be able to control/modify quickly which other subscribers form part of the User Group associated with the Home-eNB.

X.2
Mobility

The Home-eNB 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. 

3.
The Home-eNB system shall support handover between Home-eNB and Macro-layer eNB.

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 Home-eNB for camping when in coverage of one of its 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 Home-eNB system shall not introduce excessive signalling and processing load from a UE frequently reselecting in LTE Idle between the Macro-Layer network and the Home-eNB.

As discussed above, the Home-eNBs will have an associated User Group describing which UEs can access the Home-eNB. The serving eNB 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 algorithm of the serving eNB shall take into account whether a UE is part of the User Group of the Target Home-eNB.

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 of Home-eNBs, if the UE does not belong to the User Group of a specific Home-eNB.
~ next modified section ~

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.
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