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1. Introduction

This document discusses the action requested in the LS received from RAN2 [1].
2. Discussion of the RAN2 LS
Background:
In [1], RAN2 informs other WGs that it has discussed changes to its specification to implement system support for WUS as advised in the previous SA2 LS in R2-2004317/S2-2003217. More specifically, it has identified a potential issue with the solution described in R2-2004317/S2-2003217 if it is possible for the eNB to release the RRC connection with RRCConnectionRelease without establishing/releasing the S1 connection (e.g. in case of CN overload or MME reset). The UE would be unreachable while it remains camped on this cell or till the UE establishes/resumes RRC connection (i.e. MO data, MO signalling). RAN2 assumes the same issue could also happen in 5GC.

As a result RAN2 asks RAN3 and SA2 to take the above scenario into account in the final solution, as per the action below.
ACTION: 
RAN2 respectfully asks SA2 and RAN3 to take the above scenario into account, if it is considered possible, in the final solution 

Discussion of scenarios:

The solution relies on the ID of the “last cell” being the same in the network and the UE. This is retained in the network as the eNB includes the Information On Recommended Cells And eNodeBs For Paging in the last message towards the MME, and the relevant part of this is subsequently sent to paging eNBs.
The problem highlighted by RAN2 is that there are scenarios where the UE is released, but the eNB may not have the opportunity to send the relevant information to the MME. The two scenarios mentioned are overload and reset.

In overload, it is in principle possible that the eNB decides to release the UE after reception of message 5, but before any signalling towards the CN. This is the case when the S-TMSI is not sufficient to decide whether the overload action applies to the UE (i.e. rejection cannot be used).

This scenario was discussed in Release 13 as part of the RAN Sharing Work Item. At that time, RAN3 received a LS from SA2 [3], which clarified that “the MMEC is unique within the MME pool area and, if overlapping pool areas are in use, unique within the area of overlapping MME pools”. Further an eNB can be connected to several non-overlapping pool areas, but in this case the eNB uses TAC and MMEC to identify the MME. Finally for the case of GWCN, SA2 confirmed that it is possible to have single MMEC for all shared PLMNs, or MMEC per shared PLMN. SA2 also noted that there were no features or requirements related to quotas of resources in the core network.
Once all this is considered, it seems that the cases where rejection is not possible should be extremely rare, and in fact may never happen in most networks.
In reset, the MME indicates that either all or a list of UE-associated logical S1 connections are to be released, which triggers UE release. In this case the eNB sends an acknowledgment, but there is no expectation that UE-specific information will be sent. However, reset is itself a rare occurrence.
Observation 1: The basic problem highlighted by RAN2 is that there are scenarios where the UE is released in a cell (which becomes the “last cell” from UE perspective), but the MME either is never contacted by the respective eNB, or does not receive the required information; hence the MME does not update to the “new last cell” and the MME and UE’s information on “UE’s last cell” become different.
Observation 2: The overload scenario may never happen in most networks (i.e. the eNB does not wait for msg3), and the reset scenario is not a common occurrence; hence these scenarios will be rare.
Nevertheless, if such an event occurs, the UE may continue to camp on the same cell in case of paging (where overload release or reset happened) and expect WUS, but in fact the respective eNB will not use WUS as it is not aware of the “last cell” from UE perspective. The UE therefore becomes unreachable until its next RRC connection triggered by MO data, periodic TAU or any other MO signalling.
Observation 3: Once one of these abnormal scenarios occurs, the UE could become unreachable until the next RRC connection triggered by MO data, periodic TAU (worst case scenario) or any other MO signalling.

Possible solutions:
Below we present some options to resolve the above:
1) 
eNB disables WUS for a period

A fairly simple solution is for the affected WUS-supporting eNB (that for some reason released UEs without providing the required information to the MME) to disable WUS support (i.e. stop the associated SIB indication and WUS paging) for a configurable period, commensurate with the largest TAU period.

This solution only affects specific eNBs for a time, and it can be applied to all scenarios including possibly new ones. 

2) eNB uses WUS for all WUS-supporting UEs for a period
This is the reverse of the above i.e. the affected eNB proceeds to always use WUS for WUS supporting UEs, again for a period commensurate with the largest TAU period. During this time, the eNB ignores the “last cell” information if received. Obviously, this has the impact that WUS may be inefficient for this period, depending on the number of UEs that access the affected cell having previously connected elsewhere.

Note that the eNB may minimize the number of affected UEs by reverting to normal operation in some cases (e.g. if the trigger was overload, UEs accessing other MMEs can be handled as normal).
3) Dedicated signalling to UE in RRC Release

In this option, the eNB includes an indicator in the RRC release message to the UE if it knows that it is not able to provide the “last cell information” to the MME at release. The UE that receives this indicator could for example disable use of WUS until such time as a new release occurs without the indicator. Obviously, a non-WUS supporting UE would ignore the indicator.
Discussion and comparison

All three solutions described above could be used to address the described problem and are also fully contained in the RAN, without CN involvement. Solutions 1 and 2 are a matter of eNB behaviour which can be captured in stage 2 specifications. Both these solutions impact eNB behaviour only and are therefore inter-operable with any MMEs or UEs. The difference between the two is basically whether it is preferable to over-use or under-use WUS for a period in the eNB. A choice between the two could even be left to operator configuration.

Solutions 1 and 2 may be acceptable if we assume that the triggering event is sufficiently rare. If not, and if the TAU periods are long, there is a danger that a sizeable proportion of the RAN is either not using WUS or using WUS indiscriminately for part of the time. In this case, solution 3 would be more efficient.

Solution 3 has an obvious efficiency advantage over the other solutions in that behaviour changes only in respect of the affected UEs. However, since it requires an RRC change, RAN2 should decide whether solution 3 is possible within the context of release 15.
Observation 4: Three possible solutions which are all within the RAN have been identified. The most efficient solution has RRC impacts and would require RAN2 analysis.

Since our analysis suggests that the problem scenarios are rare, it seems sufficient to handle this using either solutions 1 or 2, or a combination. In conclusion, we propose the following:

Proposal 1: RAN3 to discuss the above solutions and respond to RAN2 explaining that the scenarios are rare and may be solved within the RAN via a modification of eNB behaviour.

A draft LS reply is provided in [2].
3. Summary and conclusions
From the discussion above, the following observations and proposals were made:
Observation 1: The basic problem highlighted by RAN2 is that there are scenarios where the UE is released in a cell (which becomes the “last cell” from UE perspective), but the MME either is never contacted by the respective eNB, or does not receive the required information; hence the MME does not update to the “new last cell” and the MME and UE’s information on “UE’s last cell” become different.
Observation 2: The overload scenario may never happen in most networks (i.e. the eNB does not wait for msg3), and the reset scenario is not a common occurrence; hence these scenarios will be rare.
Observation 3: Once one of these abnormal scenarios occurs, the UE could become unreachable until the next RRC connection triggered by MO data, periodic TAU (worst case scenario) or any other MO signalling.
Observation 4: Three possible solutions which are all within the RAN have been identified. The most efficient solution has RRC impacts and would require RAN2 analysis.

Proposal 1: RAN3 to discuss the above solutions and respond to RAN2 explaining that the scenarios are rare and may be solved within the RAN via a modification of eNB behaviour.
A draft LS reply is provided in [2].
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