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1. Introduction
In previous meetings, whether and how using the WUS may affect MME paging strategies were discussed among SA2 and RAN2, the following statements can be found in the LSs [1] ~ [4]:
SA2: 
Whether and how using the WUS may affect MME paging strategies.

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]RAN2: 
In RAN2#102, it was agreed that in Rel-15 MME is not aware of WUS.
After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.
The above observation applies to both Rel-15 WUS and Rel-16 WUS.

[bookmark: _Hlk25290550]RAN2: 
RAN2 re-discussed “whether and how using WUS may affect MME paging strategies” in R15 and concluded that with some MME paging strategies, e.g. always paging a UE in the entire TA list, this may lead to increased power consumption for UEs using WUS. Therefore, RAN2 asks SA2 to take this into consideration from Release 15 so that benefit of WUS can be realised.

SA2:
SA2 would also like to indicate that it addressed the issue raised in LS R2-1916440: “RAN2 re-discussed “whether and how using WUS may affect MME paging strategies” in R15 and concluded that with some MME paging strategies, e.g. always paging a UE in the entire TA list, this may lead to increased power consumption for UEs using WUS. Therefore, RAN2 asks SA2 to take this into consideration from Release 15 so that benefit of WUS can be realised”. SA2 approved TS 23.401 CR 3582 from release 15 for the usage of WUS only in the cell in which the UE was released/suspended, therefore preventing waking UEs in other cells in case of paging escalation. If the UE is paged in another cell, then WUS is not used.
 In this contribution, we analyse the corresponding RAN3 impacts.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3. Discussion
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]In the approved SA2 CR#3582 to TS 23.401 [5], it is stated that one device that moves around within the TAI list and receives a lot of MT traffic can destroy WUS benefits for all the WUS UEs in the TAI LIST of the moving UE, and this could be solved if the MME includes “last used cell ID” in the S1 paging to ALL eNBs (so that the eNB knows that it is not the last used eNB) AND the UEs are modified so that they do not use WUS in any cell other than the last used cell.
The solution could be understood as [5]:
At least when paging a UE that supports WUS in an eNB and RAT that supports WUS, the MME shall send the UE’s last used cell ID within the Assistance Data for Recommended Cells IE in all S1-AP Paging messages for that UE whenever the MME has last used cell ID information available (see clause 4.3.21.4.2).
If the UE and eNode B support WUS, then:
-	if the S1-AP Paging message contains the Assistance Data for Recommended Cells IE, the eNodeB shall only broadcast the UE’s Wake Up Signal in the last used cell;
-	else (i.e. the Assistance Data for Recommended Cells IE is not in the S1-AP Paging message) the eNodeB shall broadcast the UE’s Wake Up Signal in all the cells in which paging is to occur.
To support the solution, there are several aspects digested from [5], with potential RAN3 impacts:
a) The MME can determine whether the UE is WUS capable from the UE Radio Capability for Paging Information stored in the MME for the UE’s current RAT.
b) The eNB informs the MME whether it supports WUS on a per RAT basis in the S1-AP S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.
c) the MME shall send the UE’s last used cell ID in all S1-AP paging messages for WUS capable UEs in WUS capable cells whenever the MME has this information available.
· In the S1-AP Paging message, the last used cell ID is sent in the Assistance Data for Recommended Cells IE within the Assistance Data for Paging information element. If the MME received the Information on Recommended Cells and eNBs for Paging information element (which contains the Recommended Cells for Paging IE) during the release of the UE’s last S1-AP association (e.g. in the UE CONTEXT RELEASE COMPLETE, UE CONTEXT SUSPEND REQUEST) then the MME shall copy the Recommended Cells for Paging into the Assistance Data for Recommended Cells IE in the S1-AP Paging message. If the MME did not receive the Information on Recommended Cells and eNBs for Paging IE but did receive the User Location Information IE during the release of the UE’s last S1-AP association then the MME shall use the User Location Information IE to create an Assistance Data for Recommended Cells information element.
For a), as the MME should not able to interpret the UE Radio Capability for Paging Information which stored at MME as an RRC container, and it is impossible to extend the existing UE Radio Capability for Paging IE (which is defined as octet string) to include a new sub S1AP IE.
Therefore, to support a), it is needed to introduce a new S1AP IE (i.e. WUS capable indication) in UE CAPABILITY INFO INDICATION.
Proposal 1: introduce a WUS capable indication IE in S1AP: UE CAPABILITY INFO INDICATION message.
For b), although it is assume that the per eNB per RAT support of WUS could be configured by OAM to the MME, in order to reduce the OAM configuration efforts between RAN and CN, according to SA2 description, we see the benefit to provide the WUS support indication IE in the S1AP: S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages from the eNB to the MME.
Proposal 2: introduce a per RAT WUS support indication IE in S1AP: S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.
For c), the SA2 solution reuses the current Recommended Cells for Paging IE, but the IE is defined as transparent to the EPC in S1AP, therefore it is needed to remove such limitation.
Proposal 3: remove the limitation that Recommended Cells for Paging is transparent to the EPC in S1AP spec.
4. Conclusion
[bookmark: _Toc423020280]In this contribution, we discussed the SA2 solution of Rel-15 WUS, get the following proposals:
Proposal 1: introduce a WUS capable indication IE in S1AP: UE CAPABILITY INFO INDICATION message.
Proposal 2: introduce a per RAT WUS support indication IE in S1AP: S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.
Proposal 3: remove the limitation that Recommended Cells for Paging is transparent to the EPC in S1AP spec.
The corresponding CR is provided in [6] and [7].
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