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1- Introduction
CT1 Jeju Apr08 received C1-080972 RAN2 Response LS to R2-081198/CT1-080399 on retransmission of UL and DL NAS message during inter-eNB handovers. 
RAN2 working assumption is the NAS messages retransmission on the uplink will be done in NAS.

During CT1 discussion and despite RAN2 opinion, the majority of companies was in favour of having the NAS messages retransmission in AS. 
Here it is assumed that the retransmission of NAS messages shall be done either by NAS or AS.
Given the UE AS (PDCP) buffers reset on inter eNB handover implying possible loss of NAS messages, this contribution proposes:

* first, to show the use cases where NAS messages retransmission is needed for each NAS procedure;
* then, to describe the following alternatives (with their respective pros and cons) as a way forward to the UE AS reset behaviour:
- Alternative 1 (NAS): NAS messages retransmission in NAS according to NAS messages transmission failure  indication from AS

- Alternative 2 (NAS): decrease NAS guard timers (to allow earlier NAS messages retransmission)

- Alternative 3 (AS): no reset of UE AS (PDCP) buffers on inter eNB, ie blind retransmission by AS
- Alternative 4 (AS): NAS messages retransmission in AS (using a devoted interface between NAS and AS).
Finally, this contribution proposes to agree on alternative 1 ie the NAS messages retransmission shall be done in NAS according to NAS messages transmission failure indication by lower layers so that a CT1 feedback  to RAN2 reply as previously mentioned can be further provided.
2- Discussion
This document covers NAS messages retransmission on the UL on inter eNB handover due to NAS messages loss.
Upon handover, while the UE PDCP buffers are used to retransmit uplink data PDUs, the UE PDCP buffers related to signalling radio bearers are reset. Hence, if an RRC message (e.g. including a NAS message) was not completely transmitted before the handover, this message will be lost due to the handover.  

As inter eNB handover more frequently occurs than UTRAN SRNC relocation, the probability of NAS messages loss is higher in E-UTRAN.

2.1- Use cases for NAS messages retransmission due to RRC mobility
For the attach procedure:

There can be no handover until eNB activates security. So, the attach procedure until ATTACH ACCEPT message reception can not be compromised due to RRC mobility. In case ATTACH COMPLETE message loss, the MME resends the ATTACH ACCEPT further to T3450 (6s) guard timer expiry so that the UE can resend ATTACH COMPLETE.
For the TAU procedure:
We have 2 use cases:

a) no security activated prior to the TAU procedure, ie the UE was in ECM-IDLE prior to the TAU: there can be no handover until eNB activates security. So, the TAU procedure until TAU ACCEPT can not be compromised due to RRC mobility.
b) security activated prior to TAU procedure, ie the UE was in ECM-CONNECTED prior to the TAU. Two sub-cases can be seen:

i. (inter MME change) While a TAU is ongoing (for periodic update purpose or not) and a handover occurs to a new TAI, the ongoing TAU procedure shall be aborted and a new TAU procedure shall be started immediately (similar behaviour as in UTRAN system). A TAU Request including the same last visited registered TAI as included in the previous TAU Request shall be sent. In this case, blind retransmission by AS is to be avoided.
ii. (no MME change) While a periodic TAU is ongoing  and a handover occurs to a TAI that belongs to the registered TAI list, no further TAU Request shall be sent. But, this is part of NAS mobility procedure and does not deal with NAS message retransmission: the MME may already have received the previous TAU Request. In this case, blind retransmission by AS is to be avoided.
iii. (no MME change) While a not periodic TAU is ongoing (for periodic update purpose or not) and a handover occurs to a TAI that belongs to the old registered TAI list, further TAU Request shall be sent because the UE does not know whether the network has received the former TAU Request. But, this is part of NAS mobility procedure and does not deal with NAS message retransmission: the MME may already have received the previous TAU Request. In this case, blind retransmission by AS is to be avoided.
In case TAU COMPLETE message loss, the MME resends the TAU ACCEPT further to T3450 (6s) guard timer expiry so that the UE can resend TAU COMPLETE.
For the authentication procedure:


For the case the Authentication Response is lost due to handover without MME relocation, the network will retransmit the Authentication Request further to T3460 (default 6s) timer expiry. 
In case of MME relocation, the UE will initiate TAU procedure. Similarly to UTRAN system in TS 24.008 s4.7.7.6 case e), the network shall progress both procedures.

So, the authentication procedure is not compromised due to RRC mobility.

For the detach procedure:


For the case the Detach Request without switch off is lost due to handover without MME relocation, the UE will retransmit the Detach Request further to T3421 (15s) timer expiry. 

The same reasoning can be applied for network initiated detach with reattach guarded by T3422 (6s) timer.


In case of MME relocation, the detach procedure is aborted and the UE will initiate TAU procedure immediately. Upon completion of the TAU procedure, the UE re-initiates the detach procedure.


So, the detach procedure is not compromised due to RRC mobility.

For the service request procedure:

In case of messages loss due to handover without MME relocation, the SERVICE REQUEST shall be retransmitted further to guard timers (from 6s to 15s) expiry. In this case, NAS message retransmission by AS has more benefits than by NAS.

In case of MME relocation, the ongoing service request procedure is aborted and the UE will initiate TAU procedure immediately. Upon completion of the TAU procedure, it is up to the NAS to decide based on the service type (the UTRAN behaviour in TS 24.008 [6] s4.7.13.5 case e) is assumed as a baseline) whether the SERVICE REQUEST shall be retransmitted or not. So, blind retransmission by AS is to be avoided.
For the ESM procedures:
For the case of ESM Request loss due to handover without MME relocation, the UE will retransmit the ESM Request further to T3480, T3490 (8s from T3380, T3390 GERAN/UTRAN) timer expiry. In this case, NAS message retransmission by AS has more benefits than by NAS from end-user experience point of view.

In case of MME relocation, the ESM procedure is aborted and the UE will initiate TAU procedure immediately. Upon completion of the TAU procedure, the UE re-initiates the ESM procedure.


So, the ESM procedure is not compromised due to RRC mobility.

To sum up, we can see the following use cases when the retransmission of NAS messages by AS (ie blind retransmission by AS) should be avoided:

· Inter eNB handover with or without MME relocation while ongoing TAU: it is up to NAS to decide whether to perform a new TAU procedure or not. In the case NAS decides not to perform a TAU, the TAU Request shall not be retransmitted.

· Inter eNB handover with MME relocation while ongoing service request: it is up to NAS to decide whether to perform a new service request procedure or not. In the case NAS decides not to perform a service request, the Service Request shall not be retransmitted.
The update of NAS SN on NAS message retransmission by NAS has the drawback of implying a new AKA run in the case the SN wraps around, thus slowing down eg the ESM procedures. This should not happen as the network should anticipate an SN wrapping around.
It has to be noted that in case of Radio Link Failure, as the recovery may take up to 30s, the NAS messages retransmission by NAS will have to be done.
2.2- Complexity of NAS messages retransmission implementation in NAS VS in AS

We can 4 alternativess to fulfil NAS messages retransmission:

1) Alternative 1 (NAS): NAS messages retransmission in NAS according to NAS messages loss indication from AS
2) Alternative 2 (NAS): decrease NAS guard timers (to allow earlier NAS messages retransmission)
3) Alternative 3 (AS): no reset of UE AS (PDCP) buffers on inter eNB (ie blind retransmission in AS)
4) Alternative 4 (AS): NAS messages retransmission in AS (using a devoted interface between NAS and AS)
2.2.1- Alternative 1 (NAS): NAS messages retransmission in NAS using NAS message transmission outcome from lower layer
In case NAS messages retransmission due to RRC mobility is to be done by NAS, NAS shall be notified by RRC whenever a handover occurs if pending NAS buffers in UE AS PDCP and a NAS message transmission failure has occurs if no pending NAS buffers in UE AS PDCP 
From an implementation point of view, NAS has to save the NAS message until it is successfully transmitted by lower layers. AS shall notify the NAS in case of NAS message transmission success so that NAS can release the storage of the NAS message.

The impacts are as follows:

· Impacts on NAS specification TS 24.301 to take into account NAS message transmission outcome from lower layer to control NAS message retransmission,

· Impacts on RRC specification TS 36.331 to relay the NAS message transmission outcome notification from PDCP to NAS,
· Impacts on PDCP specification TS 36.323 to notify RRC about NAS message transmission outcome,
NAS and AS processings in the UE are increased to allow for NAS to retransmit while NAS messages loss on inter eNB handover should be rare case ie frequent inter eNB handover but the expected delay of an inter eNB handover is in range of 20 ms while the NAS guard timers are matter of seconds.
In case of NAS messages retransmission, as the same contents except for the SN is to be used, the NAS messages retransmission in NAS is highly inefficient because NAS has to apply security on the retransmitted NAS message once more using a new SN.
2.2.2- Alternative 2 (NAS): decrease NAS guard timers
As processings of NAS procedures should be faster due to E-UTRA access, an upper bound of 6s for NAS guard timers shall be considered. The NAS timers to be shortened are typically those for which the said NAS procedures would be impacted from end user experience point of view if the NAS timers were not shortened. 

So, timers for ESM procedures and Service Request procedures shall be shortened. Timers for EMM procedures can not be shortened as end user experience is not impacted.
The impacts would only be on NAS specification TS 24.301.

2.2.3- Alternative 3 (AS): no reset of UE AS (PDCP) buffers on inter eNB, ie blind retransmission in AS
This part has been elaborated further to discussions with our RAN2 delegate. 
The impacts are as follows:

· NAS specification TS 24.301 to handle responses messages from the network related to deprecated requests messages (ie in case NAS messages has been retransmitted but should not have if the retransmission were handled by NAS),

· PDCP specification (to adopt same behaviour as user plane handover cf TS 36.323 [1] s5.5.1.1),

· Stage2 RAN specification (to adopt the same behaviour as for source eNB and target eNB for user plane handover cf TS 36.300 [2] s10.1.2.1.2 for RLC-AM bearers)
The impacts on AS are explained in appended Annex because they are not CT1 scope.

2.2.4- Alternative 4 (AS): NAS messages retransmission in AS controlled by NAS
This part has been elaborated further to discussions with our RAN2 delegate. This alternative can be compared to alternative 1 (ie based on an NAS message transmission failure outcome from AS to NAS) but where the NAS message is stored in AS and NAS does not need to reapply security for retransmitted NAS message.
A mechanism of NAS messages retransmission outcome within AS shall be specified by AS.

The impacts are as follows:

· NAS specification TS 24.301 to notify PDCP to discard NAS buffers immediately in case NAS message shall not be retransmitted (ie not to wait for PDCP timer discard expiry to do it), 
· RRC specification TS 36.331 to relay the notification about buffers discard from  NAS to PDCP,
· PDCP specification TS  36.323 to use timer discard for NAS related data (its duration shall be defined in accordance between CT1 and RAN2),

3- Conclusion

The table below gives a summary of the pros and cons for the four alternatives.

	Alternative
	Pros
	Cons

	Alternative 1 (NAS, NAS message retransmission in NAS using NAS message transmission outcome from lower layer)
Unblind NAS messages “retransmission”
	NAS decides to “retransmit” further to  NAS message transmission failure notification from lower layers

	Impacts on PDCP, RRC specifications

NAS security to be applied on retransmitted NAS message with updated SN
Storage of NAS message in AS 

until message transmission outcome from lower layers

NAS is notified of lower layer transmission whatever outcome

	Alternative 2 (NAS, decrease NAS guard timers (to allow earlier NAS messages retransmission further to NAS timer expiry))
Unblind NAS messages “retransmission”
	Improved end-user experience especially for ESM procedures

	Maintenability of NAS timers duration (we should remember why the NAS timers have been shortened)

	Alternative 3 (AS, no reset of UE AS (PDCP) buffers on inter eNB (ie blind retransmission in AS))
Blind NAS messages retransmission


	Less NAS impacts: Additional error handling in NAS in case the NAS message should not have been retransmitted but actually has
	Impacts on PDCP, RRC, Stage 2 RAN specifications


	Alternative 4 (AS,  NAS messages retransmission in AS controlled by NAS)
[variant of alternative 1 using a storage of the NAS message in AS]

Unblind NAS messages “retransmission”
	NAS is notified of lower layer transmission failure only


	Impacts on PDCP, RRC specifications

Storage of NAS message in AS 

Impacts on NAS specification to notify AS to discard a NAS message


Figure 1: NAS messages retransmission: NAS VS AS (pros and cons)
Given that:

· there are use cases when it is up to NAS to decide whether to retransmit or not; and
· the complexity to have NAS messages retransmission in AS is higher than to have it in NAS though AS impacts exist in both choice regardless of alternative 2 (which has only NAS impacts),
we propose to adopt alternative 1 – NAS messages retransmission by NAS using NAS message transmission outcome from lower layer.
4- Proposal

We propose to CT1 discusses and agrees with alternative 1 for the reasons given above so that a CT1 feedback can be provided to C1-080972/R2-081361.
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Annex – Alternative 3 (AS): no reset of UE AS (PDCP) buffers on inter eNB, ie blind retransmission in AS
Current AS specifications do not allow NAS messages retransmission in AS because UE AS reset the PDCP buffers of signalling radio bearers on handover cf TS 36.323 [1] s5.5.3.1. 

This reset is meant to avoid sending to the new eNB RRC signalling messages that would have been sent to the old eNB. As NAS data is carried using the same signalling radio bearer as RRC data, this reset has side-effect on NAS data. In UTRAN, retransmission of NAS messages is handled separately by RRC in the case of RLC re-establishment (see TS 25.331 [5] s8.1.10.2a).
We would like to point out that on handover, the PDCP AS buffers for certain data radio bearers are not reset so as to ensure that pending data in PDCP AS buffers prior to handover will be subsequently transferred further to handover completion. Hence, no data in these data radio bearers is lost further to handover.

One option is to adopt the same behaviour on handover for signalling radio bearers carrying UL NAS data (ie SRB2) to avoid NAS messages loss on inter eNB handover. Since RAN2 Shenzhen Apr08, it has been agreed to use a dedicated SRB (SRB2) for UL/DL NAS data once AS security has been activated. We think this decision allows to have specific AS behaviour as for NAS data according to NAS needs.

As per the core specifications, the impacts would be:
· on PDCP specification (to adopt same behaviour as user plane handover cf TS 36.323 [1] s5.5.1.1) and
· on Stage2 RAN specification (to adopt the same behaviour as for source eNB and target eNB for user plane handover cf TS 36.300 [2] s10.1.2.1.2 for RLC-AM bearers)
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