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1. Introduction
[bookmark: OLE_LINK12]In CT1#100 meeting, CT1 received an incoming LS C1-164473/R2-167315 [1] from RAN2 on mobility enhancements for eNB-IoT under Rel-14 NB_IOTenh-Core work item.

In this LS, RAN2 would like CT1 to provide the required confirmation on below questions:
"To provide lossless data transmission in case of RLF using RRC Connection re-establishment during RRC_CONNECTED mode mobility:
· RAN2 would like RAN3, CT1, and SA2 to confirm that the DL NAS data transport PDUs can be transmitted by the MME to the new eNB when the MME is notified that the UE has accessed via the new eNB, and whether this could be supported by RAN3, CT1, and SA2 specifications. 
· RAN2 would like CT1 and SA2 to confirm that the UL NAS data transport PDUs can be retransmitted by the UE to the new eNB after the RRC connection re-establishment to the new eNB, and whether this could be supported by CT1 and SA2 specifications, assuming that AS provides an indication to NAS that the NAS PDU has not been transmitted. "
This discussion paper attempts to provide observations based on current CT1 specifications and propose a way to reply the RAN2 LS.


2. Discussion
2.1 Current NAS signalling connection recovery
The NAS signalling connection recovery was originally introduced in CT1 since Rel-8 based on several LS exchanges between CT1, RAN2 and SA2.

If there is no signalling or user uplink data pending, below TAU trigger will be used for the NAS signalling connection recovery:
"i)	when the UE receives an indication of "RRC Connection failure" from the lower layers and has no signalling or user uplink data pending (i.e when the lower layer requests NAS signalling connection recovery);."

If there is signalling or user uplink data pending, service request procedure will be used for the NAS signalling connection recovery.

Based on below indication copied from the reply LS from RAN2 (C1-090062 [2]) in February 2009, in case of Radio Link Failure (RLF) happened in the RRC_CONNECTED mode, the RRC will indicate “RRC connection failure” to the NAS and then trigger NAS signalling connection recovery as specified in CT1:
"With regards to NAS recovery, RAN2 would like to inform CT1, SA2 and RAN3 of the following decisions made at RAN2 #64:

	The UE RRC indicates “RRC connection failure” to the NAS, when radio link failure cannot be recovered by the AS, so that the NAS recovery procedure (e.g., TAU) can be initiated by the NAS.

	For all cases that lead to leaving RRC_CONNECTED, an RRC connection release cause value is defined to be indicated to the NAS. The cause values in Table 1 are agreed. For the cases when the release cause is set to “RRC connection failure”, RAN2 expects that NAS will trigger the NAS recovery procedure."

Now go back to the topic discussed in RAN2 as indicated in the LS that “the RRC connection re-establishment and data forwarding of NAS PDUs for CP solution to avoid the data loss during RRC_CONNECTED mode mobility", it can be understood that RAN2 will use RLF as a trigger for NAS signalling connection recovery (i.e. RRC connection re-establishment) to enable lossless data transmission via CP during RRC_CONNECTED mode mobility within two eNBs. The details on when and how the UE AS layer indicates "RRC connection failure" to the NAS layer for the NAS signalling connection recovery is still under RAN2 discussion and here we just assume that NAS layer has received the "RRC connection failure" indication from the AS layer.

So from NAS perspective, the scenarios are:
(1) For the downlink, during the ongoing user data transport via CP procedure (i.e. the ESM DATA TRANSPORT message is ongoing), the MME receives lower layer indication of non-delivered NAS PDU. The typical cause value provided by the lower layer (i.e. source eNB) needs to be decided by RAN3.

(2) For the uplink, during the ongoing user data transport via CP procedure (i.e. the ESM DATA TRANSPORT message is ongoing), the UE receives the "RRC connection failure" indication from the AS layer.

2.2 Analysis on NAS handling at downlink
For the scenario (1) above, due to the specific cause value for non-delivered NAS PDU is unclear, so cannot see any existing MME handling can be matched. However, TS 24.301 subclause 6.3.4 has already specified MME’s behaviour in below abnormal case which is very similar as this scenario:
" a)	Lower layer indication of non-delivered NAS PDU due to handover 
	Unless the procedure descriptions in subclause 6.4, 6.5 or 6.6 specify a different behaviour, the following applies:
If the downlink ESM NAS message could not be delivered due to an intra MME handover and the target TA is included in the TAI list, then upon successful completion of the intra MME handover the MME shall retransmit the ESM message. If a failure of the handover procedure is reported by the lower layer and the S1 signalling connection exists, the MME shall retransmit the downlink ESM NAS message.”

For the case indicated in RAN2 LS that "when the MME is notified that the UE has accessed via the new eNB", it means that the UE has successfully moved to the target eNB after RRC connection re-establishment via RLF. Similar as above handling that “upon successful completion of the intra MME handover the MME shall retransmit the ESM message”, the MME can retransmit the ESM DATA TRANSPORT message which includes the DL NAS data to the eNB.

Hence, CT1 can provide below information for the question in the RAN2 LS:
“-	RAN2 would like RAN3, CT1, and SA2 to confirm that the DL NAS data transport PDUs can be transmitted by the MME to the new eNB when the MME is notified that the UE has accessed via the new eNB, and whether this could be supported by RAN3, CT1, and SA2 specifications.”
[CT1 answer] If following the existing handling for the case of "Lower layer indication of non-delivered NAS PDU due to handover" as specified in TS 24.301 subclause 6.3.4, the DL NAS data transport PDUs can be transmitted by the MME to the new eNB when the MME is notified that the UE has accessed via the new eNB. If the lower layer provides the same cause value as handover, no update needs in CT1 specifications.

In order to provide clear guidance for CT1’s future work, it is better to ask below question to RAN3:
[bookmark: OLE_LINK70]Question: In case of RLF using RRC connection re-establishment during RRC_CONNECTED mode mobility as indicated in RAN2’s LS, which cause value will be provided to the MME NAS layer for non-delivered NAS PDU indication?

Furthermore, one thing needs to be considered is how many DL NAS PDUs (i.e. the number of ESM DATA TRANSPORT message) can be sent to the source eNB before receiving the non-delivered NAS PDU from the lower layer? If following below ESM protocol principle, only one NAS PUD can be sent.
"During procedures related to EPS bearer contexts, the MME and the UE shall not initiate the transport of user data via the control plane procedure until the ongoing procedure is completed."

However, the completion of user data transport via CP in the DL direction currently cannot be guaranteed in Rel-13. Hence, in case of race condition, it could happen that more than one NAS PDU can be sent to the source eNB in Rel-13 (e.g. the MME starts a very short implementation timer to determine the DL NAS PDU successfully delivered to the UE and then quickly send the 2nd one at the expiry of this timer). However, what discussed in RAN2 LS is also a Rel-14 topic and if user data transport via CP in the DL direction can be guaranteed in Rel-14, then there will always be only one NAS PDU can be sent before receiving the non-delivered NAS PDU from the lower layer.

2.2 Analysis on NAS handling at uplink
For the scenario (2) above, tow sub-cases need to be considered separately:
(a) The user data NAS PDU has successfully sent out by the UE AS layer (i.e. before triggering RLF);
(b) The user data NAS PDU has not sent out by the UE AS layer due to RLF trigger.

In the sub-case (a), if there is a subsequent UL user data pending to be sent, then a service request procedure is triggered for the NAS signalling connection recovery, i.e. by sending CONTROL PLANE SERVICE REQUEST message which carries the UL user data. If there is no UL user data pending (e.g. only DL user data transport is ongoing), then a TAU procedure is triggered for the NAS signalling connection recovery.

In the sub-case (b), it will be treated as an abnormal case handling and below UE’s behaviour in TS 24.301 subclause 6.3.3 can be applied:
"a)	ESM uplink message transmission failure indication by lower layers
If lower layers indicate a TAI change, but the current TAI is not in the TAI list, the ESM procedure shall be aborted and re-initiated after successfully performing a tracking area updating procedure.
If lower layers indicate a TAI change, but the current TAI is still part of the TAI list, it is up to the UE implementation how the ESM procedure is re-initiated.
If lower layers indicate the TAI has not changed, it is up to the UE implementation how the ESM procedure is re-initiated.
NOTE 1: The ESM procedure can typically be re-initiated using a retransmission mechanism of the uplink message (the one that has previously failed to be transmitted) with new sequence number and message authentication code information thus avoiding to restart the whole procedure.”

If only considering intra-MME mobility, in case of UE moves out the current TAI list, then the UL NAS data PDU will be retransmitted after the TAU procedure. In case of the mobility within the current TAI list, the UE can immediately retransmit the UL NAS data PDU by sending CONTROL PLANE SERVICE REQUEST message carrying the UL user data if UE AS explicitly provides an indication to NAS that the NAS PDU has not been transmitted. Note that here the UE cannot directly retransmit the UL NAS data PDU by sending ESM DATA TRANSPORT message due to the RRC connection has gone due to RLF.

Based on above analysis, CT1 can provide below information for the question in the RAN2 LS:
“-	RAN2 would like CT1 and SA2 to confirm that the UL NAS data transport PDUs can be retransmitted by the UE to the new eNB after the RRC connection re-establishment to the new eNB, and whether this could be supported by CT1 and SA2 specifications, assuming that AS provides an indication to NAS that the NAS PDU has not been transmitted.”
[CT1 answer] If following the existing handling for the case of "ESM uplink message transmission failure indication by lower layers" as specified in TS 24.301 subclause 6.3.3, the UL NAS data transport PDUs can be transmitted by the UE to the new eNB after the RRC connection re-establishment to the new eNB. Some update is required in CT1 specifications.


[bookmark: OLE_LINK8]3. Conclusion
This discussion paper provided detail analysis on questions indicated in a RAN2 LS and proposed the answers to RAN2 based on the understanding of RAN2’s scenarios and the observations of current NAS handling.

Furthermore, in order to provide clear guidance for CT1’s future work, it proposes to ask a question to RAN3 on the cause value included in the non-delivered NAS PDU indication.

[bookmark: _GoBack]The proposed answers to RAN2 and question to RAN3 is captured in the draft reply LS C1-165006.
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