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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84 and RAN#85 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for group based wake-up signal:
For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In RAN2#107 meeting, RAN2 sent an LS [3] to ask SA2 to introduce the paging assistance information for WUS grouping.

SA2 replied [4] providing the corresponding technically endorsed CRs and asking for feedback if any. In the reply LS, SA2 indicates that impact of mobility on the WUS paging mechanism was discussed in SA2 and asks RAN2 whether assistance from the MME is required.

In SA2 it was also discussed whether frequency of mobility e.g. whether the UE is highly mobile/ static affect the efficiency of WUS paging mechanism. Hence SA2 would like to ask RAN2 whether additional assistance information is required and/or MME needs to NOT send WUS Assistance Information in S1 Paging message for highly mobile UEs that will be interpreted by RAN to not use WUS.

This document discusses the two questions asked by SA2.
2 Discussion
In the reply LS from SA2, RAN2 is asked to provide feedback on the following two questions:

· Question 1: Whether additional mobility related assistance information from MME for WUS is needed, e.g. whether the UE is highly mobile / static.

· Question 2: Whether a mechanism controlled by MME to disable the use of WUS in RAN for highly mobile UEs is needed, e.g. MME does not send WUS assistance information in S1 paging message for those UEs.

In our understanding, SA2 concern is that mobile UEs negatively impact the benefit of WUS for other UEs due to paging in multiple cells following paging escalation.

Observation 1: Mobile UEs negatively impact the benefit of WUS for other UEs in multiple cells due to paging escalation.

Based on Observation 1, the two questions are discussed in the following sections separately.
2.1 Question 1 on mobility information from the MME
We can see the intention of using mobility information to avoid impact from highly mobile UEs in multiple cells. However, we have the following concerns on the feasibility and accuracy of such information:

Feasibility

How to define mobility has been discussed multiple times in RAN2 and the conclusion was that there was no absolute answer, e.g.:

· A UE can be mobile for some time and then stationary for hours. 

· A UE can be geo-stationary (e.g. water meter) and changes cell every time a lorry is standing above it.

This is the reason why RAN2 has defined a NRSRP criteria in Rel-14 for neighbour cell relaxed monitoring to determine low mobility/stationary UEs.

Accuracy
As explained for the feasibility, if highly mobile / stationary cannot be defined clearly, the information cannot be used reliably to avoid the problem raised in Observation 1, e.g.:

· When mobile UEs become stationary, they cannot get the same power saving optimisations as stationary UEs

· A geo-stationary may also bring negative impact in multiple cells.

Observation 2: Mobility information from the MME is not feasible and/or accurate to solve the problem in Observation 1.

2.2 Question 2 on disabling WUS for highly mobile UEs
Based on Observation 2, we think a MME solution to make the decision on whether WUS is used in RAN, explicitly (indication in S1 paging message) or implicitly (by not sending WUS assistance information in S1 paging message) is not satisfactory.

In order to address Observation 1, a RAN solution can be considered. Since the concern is related to signalling WUS for mobile UEs in multiple cells due to paging escalation, one possible RAN solution is to disable WUS for mobile UEs based on “instant” mobility, e.g.:

· WUS is only used when the UE is camping in the cell it was last connected cell
· WUS is not used when the UE has reselected to another cell

Proposal 1: From RAN2 point of view, the negative impact from highly mobile UEs in multiple cells due to paging escalation can be avoided by only using WUS in the “last connected cell”.

Considering that the SA2 concern on mobility aspects of WUS is common for both Rel-15 WUS and Rel-16 WUS, we think the solution in proposal 1 should be introduced from Rel-15. 
Proposal 2: WUS is only used in the “last connected cell” in Rel-15 and Rel-16.
Based on the above observations and proposals, it is proposed that RAN2 replies to SA2 indicating that:

· Mobility information from MME and/or WUS disabling mechanism triggered by MME are not needed.

· RAN2 intends to introduce a RAN mechanism from Rel-15 to use WUS only in the “last connected cell” to address SA2 concern on mobility.

Proposal 3: Send a reply LS to SA2 with the above information.

3 Conclusion

This paper focused on the reply LS from SA2 on mobility aspects of WUS. Corresponding observations and proposals are listed as below:
Observation 1: Mobile UEs negatively impact the benefit of WUS for other UEs in multiple cells due to paging escalation.

Observation 2: Mobility information from the MME is not feasible and/or accurate to solve the problem in Observation 1.

Proposal 1: From RAN2 point of view, the negative impact from highly mobile UEs in multiple cells due to paging escalation can be avoided by only using WUS in the “last connected cell”.

Proposal 2: WUS is only used in the “last connected cell” in Rel-15 and Rel-16.
Proposal 3: Send a reply LS to SA2 with the above information.

If proposal 2 is agreed, the proponent company will be happy to provide corresponding 36.300 CR and 36.304 CR.

The draft LS for proposal 3 is provided in [5].
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