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Discussion and Decision
Introduction
The topic of handling of NAS messages was discussed in RAN2#62bis in R2-083330.  But no firm agreement was taken allowing more time to think about and check CT1 status.

This document discusses the topic further and makes proposals.

Discussion

CT1 in their previous LS (R2-082761/C1-081987) provided the following input on handling of unacked UL messages: 

CT1 agrees that NAS will take appropriate action when transmission of NAS UL message fails during inter-eNB handover or cell change.
What is needed at NAS level in order that NAS can take appropriate actions, is for AS to provide to NAS the indication of:

a) NAS message transmission failure due to inter-eNB handover or cell change without TA change or,

b) NAS message transmission failure due to inter-eNB handover or cell change with change of TA.

Based on this it is up to NAS to decide what action to take on possible loss of a NAS message.  CT1 does not explicitly address the case of multiple messages where an earlier one has been lost. 

Firstly it should be noted that possibility of two NAS messages in quick succession is rare but it can happen – especially if multiple EPS bearers are being handled.  

To discuss this topic, an example scenario is considered where there two NAS messages are sent in quick succession in the UL just before a HO.  And the first one was not acked.  There are few possibilities for the second NAS message:

1) the second NAS message was not received by eNB.  In this case, the AS will inform the NAS about non-delivery and no special consideration is required.

2) The second NAS message was received and acked by eNB but the ack was not received by UE.   In this case, the AS in the UE will inform the NAS and the NAS will take appropriate action.   Action at the eNB side depend on other decisions – see below.
3) The ack for the second NAS message was received by the UE.   This case needs additional consideration and is discussed below.

a) Deliver the NAS PDU to MME and have AS in UE not report it as a failed message.   The NAS then has the full flexibility to handle this optimally.   For example, depending on the nature of the second NAS message, NAS may choose to ignore, re-transmit or re-send a new message.  But this will also result in NAS receiving messages out of sequence and having to handle this possibility.   All this can be expected to make NAS protocol more complex for a rather rare case. 
b) Not deliver any NAS PDUs out of sequence to MME and in the UE report all NAS PDUs from the first unacked PDU as possibly having failed.  The recovery procedures already mentioned above can be expected to address two lost messages as it did one lost message.  No additional mechanism is considered essential.

Even for RRC (SRB1) messages, at the receiving end, the lower layers should simply discard any buffered out of sequence messages as these messages are not useful for the source RRC (except for the rare case of HO failure – but even here, it can be debated if it is useful to have the complexity of handling messages arriving out of sequence rather than use the normal L3 mechanisms for lost messages).   So it is easier to re-use the same behaviour also for NAS (SRB2).
Based on the above analysis, it seems easiest to discard and inform the NAS starting from the first unacked NAS PDU.  That is, follow b) above.
Similar analysis is also valid for the downlink.  To avoid NAS having to consider messages out of sequence (although it cannot be ruled out due to the nature of MME forwarding), and to use the same model for UL and DL, it is proposed that all PDUs starting from the first unacked one are discarded by the UE and the eNB forwards them all back to the MME.
Summary and Proposal

Based on the above discussion, it is simplest to simply discard any buffered signalling messages at layer 2 following a handover.
In addition, the following provided in R2-083330 are repeated here again:

As has already been agreed, unacked DL NAS messages can be “rejected” by the eNB during handover and the MME may repeat them to the new eNB.   eNB is allowed to reject any NAS message that has not been acked by the UE, but the UE may have actually received the message.  So duplication of messages can occur.  Since this functionality is anyway optional for the eNB and MME, message loss can only occur during handover.

Further, since it is not possible for the MME to know if and when a NAS message will be rejected (rejection can happen any time during T304, 310 and T311- see R2-082969), it is not possible to ensure that all rejected NAS messages will be sent before a fresh NAS message.  Hence in-sequence delivery cannot be guaranteed during Handover in the DL.  

Further, for UL, as with the DL, it is possible that the NAS messages were received by the eNB.  Hence duplication can also occur.  
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7
RRC

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

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 key management;
-
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;

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

-
QoS management functions;

-
UE measurement reporting and control of the reporting;

-
NAS direct message transfer to/from NAS from/to UE.
7.2
RRC protocol states & state transitions

RRC uses the following states:

-
RRC_IDLE:

-
PLMN selection;

-
DRX configured by NAS (Option to have UE specific DRX is FFS);

-
Broadcast of system information;

-
Paging;

-
Cell re-selection mobility;

-
The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;

-
No RRC context stored in the eNB.

-
RRC_CONNECTED:

-
UE has an E-UTRAN-RRC connection;

-
UE has context in E-UTRAN;

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

-
Network can transmit and/or receive data to/from UE;

-
Network controlled mobility (handover and inter-RAT cell change order to GERAN with NACC);

- 
Neighbour cell measurements;

-
At PDCP/RLC/MAC level:

- 
UE can transmit and/or receive data to/from network;

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

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

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

7.3
Transport of NAS messages

The AS provides reliable in-sequence delivery of NAS messages.  However, message loss, out-of-sequence delivery or duplication of NAS messages can occur during handover in the DL.   Message loss or duplication of NAS messages may occur during handover in the UL.
 In E-UTRAN, NAS messages are either concatenated with RRC messages or carried in RRC without concatenation. Initial Direct Transfer is not used in E-UTRAN and no NAS message is concatenated with RRC connection request.
NOTE:
NAS messages are integrity protected and ciphered by PDCP, in addition to the integrity protection and ciphering performed by NAS.

	Next Change


10.1.2
Mobility Management in ECM-CONNECTED
The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED handles all necessary steps for relocation/handover procedures, like processes that precede 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 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;

-
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;

-
An NCL can optionally be provided by the serving cell to handle specific cases. This NCL can contain cell specific cell reselection parameters (e.g. cell specific offset) for specific neighbouring cells.

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. Gap patterns (as opposed to individual gaps) are configured and activated by RRC.
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 (EPS 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;
-
DL NAS messages that have not been acknowledged can be forwarded back by the eNB towards the MME.  The MME may forward them towards the target eNB.  Any received but buffered out of sequence messages on the SRBs are discarded by the lower layers in the UE;
- 
For the UL, any received but buffered out of sequence messages on the SRBs are discarded by the lower layers in the eNB.  AS in the UE indicates to the NAS from the first unacknowledged NAS message for NAS to take appropriate action.  
-
UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:
-
If an end-time is associated to the dedicated preamble, the UE follows a contention-based procedure after reaching the end time;
-
If an end-time is not associated to the dedicated preamble, the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);

-
If the RACH procedure towards the target cell is not successful within a certain time, the UE initiates radio link failure recovery using the best cell;
-
No ROHC context is transferred during inter eNB mobility.
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