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Introduction
At the end of last RAN3#54 meeting, RAN3 has suggested in a LS to CT1 (C1-070026) that the NAS signalling messages are not transferred between eNBs during intra-LTE handovers.  However, the suggestion has been taken without thorough analysis of pros and cons but mainly by analogy with UMTS. This contribution discusses further the topic and tries to build up a complete pros versus cons analysis.

Discussion on the Issue
RAN3 suggestion on LTE to not forward the NAS signalling messages were largely motivated by the experiences with SRNC relocation with UMTS.   
1/ Loss probability of a NAS message
The probability of loss of a NAS message during one handover is indeed comparable to UMTS. It can be computed as the sum of probability of:

· NAS message sent to the source side close to the end of the preparation phase so that the message fails to be delivered before the UE moves away to the source side,

· NAS message sent during the execution phase.

However, for LTE, the frequency of inter-nodeB handovers is much higher than UMTS inter-RNC handovers (in fact it should even be compared to inter-RNC Hard Handovers since NAS messages can be forwarded over Iur in UMTS) and the potential loss of NAS messages can happen at every inter-nodeB handovers.
Therefore, even if the probability of loss of a NAS message during one individual handover is quite low, the overall probability of the loss of NAS messages over time is much higher than in UMTS. 
2/ CN not aware of the preparation phase

In addition, in UMTS the CN is aware of the Relocation preparation and execution. Thus the CN can stop sending NAS messages during the relocation procedure.  Of course, the UE is not aware of the relocation preparation and cannot stop sending NAS messages but most NAS messages follow a request/response model and stopping messages at one end will essentially stop or significantly reduce the number of messages from the UE.

In LTE/SAE, the CN was decided not aware of the handovers for the intra-LTE scenarios by RAN3- or informed at the end. 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.

3/ End User Experience

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. Typical Time critical messages such as activation/release of SAE bearers will be sent.  

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 NAS 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.

Therefore, depending on long NAS timers to retransmit a lost NAS message seems to introduce unacceptable delay to the end user - unless these timers are improved in LTE (see below). 
Discussion on solutions to the issue

1/ Shorter Repetitions of NAS

Today NAS messages are repeated with long repetition timers in the order of tens seconds.  Considering the higher loss probability described above, NAS will have to be modified to use shorter timers to overcome the perception of the end user.  This might not be possible 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.
However, this can be looked at using the fact that the short round trip time and the faster RAN (one node) in LTE allows shorter timers also for NAS.

2/ Reuse of forwarding mechanisms

RAN has already defined procedures to forward user data over inter-eNB interfaces.  So forwarding of NAS messages over these interfaces does not add significant additional complexity. However, this should be handled differently than user plane data forwarding which is an optional feature.
3/ Repetition by S1 CP

As discussed above, the CN is not aware of the preparation phase. Therefore, on the contrary of UMTS, it will continue sending S1 CP procedure initiating messages like for example S1 Bearer Set up whereas handover preparation phase has started. Therefore, unlike UMTS, this S1 bearer set up procedure will have to be failed. Similarly, one solution to the NAS message loss problem could be to define a failure message to the Direct Transfer message over S1 with an appropriate cause value, unlike UMTS where it is a class 2 procedure. The Direct Transfer message could then be further repeated at S1 CP and the NAS PDU in it. More flexibility is also assumed for the setting of the S1 CP repetition timers compared to the NAS timers.
Conclusion and proposal

This paper has provided a thorough analysis of pros and cons of discarding or not the NAS messages during inter-nodeB handovers. It mainly shows that parallel cannot be fully drawn with UMTS and the loss probability is much higher if nothing is done. Solutions must be considered as the impact on end user experience is considered the most significant factor. Solutions presented in this paper include:

· NAS forwarding between eNodeBs,

· reduction of NAS timers using LTE new paradigm if possible,

· repetition at S1 CP level. 
It is proposed to capture this analysis in the TR and to re-assess the situation in the light of:

· the arguments provided in this contribution,

· the incoming liaison from RAN2, 

· the answer we should receive from CT1 at this RAN3#55bis meeting.
