3GPP TSG CT WG1 Meeting #47
C1-071175
Beijing, China, 7th – 11th May 2007.
Source:
Alcatel-Lucent

Title:
NAS message handling during intra-TLE handover
Agenda item:
9.01
Document for:
INFORMATION

Introduction
CT1 received LS from RAN3 and RAN2 LS “NAS Signalling in E-UTRAN” (C1-070961)  on NAS signalling messages are not transferred between eNBs during Handover.    Even though NAS for LTE/SAE has not been defined yet, in principle at least, it will not be largely different from UMTS NAS in terms of functionality to be supported etc.  This contribution discusses further the topic from NAS point of view.
Discussion

The handling of NAS messages in UMTS is first reviewed.  The differences with LTE are discussed in more detail below.
UMTS case – a recap:
RAN3 discussion on LTE and not forwarding the NAS signalling messages were largely motivated by the experiences with SRNC relocation with UMTS.   In UMTS, NAS messages can be transferred from the SRNC to DRNC but only relocation with Iur.  Buffered NAS messages are discarded by the RNC for Combined SRNC relocation and Hard Handover.
This was considered acceptable for UMTS because the relocations were not frequent.  Further, the CN is aware of the Relocation preparation. Thus the CN can stop sending NAS messages during the relocation procedure.  
In UMTS, NAS messages are repeated with long repetition timers of the order of few seconds (8-30s).  

Impact on end user experience:

The end user impact also depends on which messages are lost and at which time of the call.  If, for example, Session management messages  are used for LTE, and these messages are lost, depending on the long 30seconds timer will adversely impact end user experience.  It also depends on whether user data is allowed to be sent during a Tracking area update etc.  On the other hand, losing a NAS message during an Attach procedure can be considered acceptable.

LTE case:
For LTE some of these are not valid.  However, there are other differences in LTE that can counter some of these.  Both these are discussed in further detail below.

LTE CN is not aware of the Handover preparation:

The current RAN3 working view is that the MME/UPE is not informed about the ongoing HO procedure and hence the MME is not aware of this.  This means that the MME cannot stop sending NAS messages during the HO preparation phase and hence there is more likelihood of NAS messages buffered in the eNB at the time of HO.
Frequency of potential loss of NAS messages:
Further, for LTE, potential loss of NAS messages can happen at every cell change compared to the every relocation in UMTS.  The significantly higher number of handovers compared to relocations can also increase the probability of losing a NAS message.

Forwarding of data between eNBs:
RAN has already defined procedures to forward user data over inter-eNB interfaces.  Forwarding of NAS messages also over these interfaces can introduce some additional complexity but not so significant.

Discussion on possible solutions

Several solutions have been mentioned in the LSs from the different groups.  They are discussed in more detail below.

Forwarding of NAS messages between eNBs:
This is a possible option and may seem attractive since data forwarding over eNBs is supported already.  However, the data forwarding is over GTP and other mechanisms must be defined to forward NAS signalling messages.

Repetition at NAS level:

This option implies that the NAS is responsible for handling possible message loss during HO.    If the end users should not be adversely impacted by potential loss of critical call processing messages, then the NAS must be able to repeat the messages at short time intervals.   
This will not be ideal from NAS point of view since longer timers help overcome possible longer term (of seconds) issues on the network (like overload), radio conditions and possible processing by more number of nodes and protocol layers and sometimes nested messages.  Given the time scale for a HO procedure, signalling loss during the HO should really be handled at the RAN level rather than using NAS timers. 
However, the lower latency, short Round trip time and the faster RAN (one node) in LTE allows shorter timers also for the NAS.

Handling over S1 interface

In this option, if eNB receives any message over S1 during the HO preparation phase will be rejected.  The MME then re-sends the message to the target eNB as soon as the HO is complete.   This solution is attractive since most of the mechanisms needed for this must be supported anyway for reasons discussed below.
Since the MME is unaware of the HO preparation, there is always the possibility that the MME could send some S1 application message (such as bearer establishment) over S1 during the HO preparation phase.  These will have to be rejected by the eNB and the MME will have to re-initiate them towards the target eNB after completion of the HO.

In LTE, there is an expectation that messages will be concatenated.  This is required to reduce call setup time.  For example, the S1 Security mode command may be concatenated with a RAB establishment message (Note, this is just a possible example, and no decision has been taken on such concatenation yet).   These concatenated messages will also have to be rejected by the eNB during the HO preparation phase because the S1 application part of the message cannot be handled.  And hence even the concatenated NAS message will be automatically rejected.
In summary, a mechanism for rejection and repetition over S1 must be provided in any case for LTE.   Hence it seems easiest to use the same mechanism to reject and repeat all NAS messages.
However, it must be noted that this method cannot guarantee loss free delivery of NAS messages since any buffered NAS messages already in the eNB cannot be rejected over S1.  But given that there is likely to be at most only one NAS message in the buffer, short round trip time in LTE combined with the fact that the source eNB is aware of the HO preparation, it will, in almost all cases, be able to prioritise and deliver any buffered NAS message to the UE.  
Conclusion and proposal

The contribution discussed the issues with not forwarding NAS messages during a HO.   It also compared the UMTS SRNC relocation scenario with the LTE HO scenarios and found some differences between the two.  While the possibility of NAS message loss is not likely to be very high, not forwarding NAS messages can adversely impact end user experience depending on the type of NAS message.  
Repetition at NAS level has the drawback of having to manipulate the timer values to handle the cases of HO and other radio failures leading to non-optimum timer values.  LTE-RAN already forwards user data and forwarding NAS messages could be considered but needs additional mechanism to carry signalling messages over X2.  

Repeating over S1 has to be supported for S1 application part messages anyway and this same mechanism can also be used to repeat NAS DT messages to the target cell.  
It is hence proposed that RAN3 should consider the repetition over S1 to handle potential loss of NAS messages during HO.    And other solutions should be looked at only if this method is seen not feasible.  

