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1. Introduction
Rel-15 WUS issue was discussed in previous meetings, upon receiving the RAN3 LS R3-201397 on the issues of SA2 solution, SA2 further discussed the topic and provided further feedback in a new reply LS [1], the LS provides attached CRs [2] [3] about SA2 updated solution, and ask RAN3/RAN2 to confirm one assumption from SA2.
In this contribution, we first discuss the RAN3 impact of the SA2 updated solution, and then discuss the SA2 assumption.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1 RAN3 impact of the SA2 updated solution
In the new attached SA2 CRs [2] [3], SA2 agreed an updated solution as below:
	[bookmark: _Toc27844109]4.3.21.4	Wake Up Signal Assistance
4.3.21.4.1	General
The RAN and UE may use a Wake Up Signal (WUS) to reduce the UE’s idle mode power consumption. The RAN sends the WUS shortly before the UE’s paging occasion. The WUS feature enables UEs to determine that in the paging occasions immediately following their WUS occasion they will not be paged if their WUS is not transmitted, or that they might be paged if their WUS is transmitted (see TS 36.304 [34]).
To avoid waking up UEs due to an MME paging other UEs across multiple cells (e.g. due to frequent UE mobility and/or for low paging latency services such as VoLTE), the use of WUS by the eNB and the UE is restricted to the last used cell, i.e. the cell in which the UE’s RRC connection was last released. To support this:
a)	WUS-capable eNBs should provide the Recommended Cells for Paging IE in the Information On Recommended Cells And eNBs For Paging IE (see TS 36.413 [36]) to the MME in the S1 UE Context Release Complete or UE Context Suspend Request messages for WUS capable UEs;
b)	if received during the last S1 UE Context Release Complete or UE Context Suspend Request message, the MME provides (without modification) the Recommended Cells for Paging as Assistance Data for Recommended Cells IE in the S1-AP Paging message to the RAN (see also TS 36.413 [36]); and
c)	the MME shall delete (or mark as invalid) the Information On Recommended Cells And eNBs For Paging when a new S1-AP association is established for the UE.
In the S1-AP Paging message, the last used cell ID is sent in the Assistance Data for Recommended Cells IE in the Assistance Data for Paging IE (see TS 36.413 [36]). When receiving an S1-AP Paging message for a WUS-capable UE that also includes the Assistance Data for Recommended Cells IE then a WUS-capable eNB shall only broadcast the WUS on the cell that matches the last used cell ID.


2.1.1 RAN3 impact about MME handling of the received last used cell info
In current S1AP specification, upon receiving the Recommended Cells, it is said that the MME may use it for subsequent paging, considering that SA2 stage2 specification TS23.401 (assuming TS36.300 will also) mandate the MME to provide such information, there is no need to update this part of RAN3 specification.
	TS36.413
	If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT RELEASE COMPLETE message, the MME shall, if supported, store it and may use it for subsequent paging. 

	
	If the Information on Recommended Cells and eNBs for Paging IE is included in the UE CONTEXT SUSPEND REQUEST message, the MME shall, if supported, store it and may use it for subsequent paging.


As mentioned in previous meetings, in the definition of Recommended Cells for Paging IE, it is said that this IE is transparent to the EPC. As in the new updated solution such info is handled without modification by the MME, there is no need to update this part of RAN3 specification as well.
	TS36.413
	[bookmark: _Toc20953814][bookmark: _Toc29390992][bookmark: _Toc36551729]9.2.1.106	Recommended Cells for Paging
This IE contains the recommended cells for paging.
This IE is transparent to the EPC.


Conclusion 1: no RAN3 impact about the MME handling of the received last used cell info
2.1.2 RAN3 impact about eNB handling of the last used cell info received S1AP PAGING message
Simliar to the analyses above, although S1AP stage3 specification said that the eNB may use the received Recommended Cells, considering that SA2 stage2 specification TS23.401 (assuming TS36.300 will also) mandate the WUS capable eNB to use such information, i.e. to determin whether use WUS over each cell to page the UE. There is no need to udpate RAN3 specification
	TS36.413
	If the Assistance Data for Recommended Cells IE is included in the Assistance Data for Paging IE it may be used, together with the Paging Attempt Information IE if also present according to TS 36.300 [14].


Conclusion 2: no RAN3 impact about the eNB handling of the received last used cell info.
2.1.3 RAN3 impact if last used cell info not received S1AP PAGING message for a WUS capable UE by a WUS capable eNB
There are some scenarios in which the last used cell info is not included in the S1AP PAGING message for a WUS capable UE:
Scenario 1: idle mode mobility from  non-WUS-capable eNB to WUS-capable eNB
In this scenario, the UE was released/suspended by an non-WUS-capable eNB, and the non-WUS-capable eNB did not provide the last used cell info to the MME, upon receivnig the S1AP PAGING message without the last used cell info by a WUS capable eNB. In this case, the WUS-capable eNB doe not need to use WUS when page the UE as the cell is not the last cell of the UE. 
Scenario 2: Legacy MME does not support paging optimization, i.e. does not support Recommended Cells
In this scenario, regardless of whether the last eNB provided the last used cell or not, the legacy MME may not provide the Recommended Cells in the S1AP PAGING message.
	TS23.401
	If the Information On Recommended Cells And ENBs For Paging is available in the MME, the MME shall take that information into account to determine the eNBs for paging and, when paging an eNB, the MME may transparently convey the information on recommended cells to the eNB.


In this scenario, as the UE may still stay in the last WUS-capable cell and monitors WUS, the WUS-capable eNB has to use WUS in all related cells to page the UE, otherwise the UE will miss the page.
Scenario 3: after connected mode inter node handover/context retrieval and the last eNB does not report the last cell
As the support of WUS related information are defined to be used for paging, it was not defined to be exchanged during connected mode inter node handover/context retrieval. If the last eNB did not report the last use cell info to the MME, the MME will not able to provide such information in subsequent paging.
As the WUS capable eNB is not able to distinguish the scenario 1, 2 and 3, upon receiving the S1AP PAGING message without the last used cell info, the WUS-capable eNB has to use WUS in all related cells to page the UE, otherwise the UE will miss the page.
Conclusion 3: In order to avoid missing page, it is needed to clarify that upon receiving the S1AP PAGING message without the last used cell info, the WUS-capable eNB has to use WUS in all related cells to page the WUS capable UE.
2.2 Confirmation of SA2 assumption
In SA2 LS [1], it is said that:
	SA2 has assumed that the eNB will be able to determine, while a UE is in connected mode, whether the UE supports WUS, based on UE Radio Capability information provided to the eNB from the MME. If this is not possible for all types of UE that support WUS, then SA2 asks RAN2/RAN3 to inform SA2 so SA2 can update their specifications accordingly.


As defined in TS36.331, the information of whether the UE support WUS, is included in UE-RadioPagingInfo(-NB), and UE-RadioPagingInfo(-NB) is included in UECapabilityInformation(-NB), for a UE in connected mode without inter node handover/context retrieval, the eNB will get the UE Radio Capability either from core network via S1AP signalling, and in case the information is absence, the eNB will ask the UE to report the UE Radio Capability and then report to the core network. As discussed above in scenario 3, for the scenario in which there inter node handover/context retrieval occurs, the new eNB does not know whether the UE supports WUS. 
It is therefore needed to inform SA2 about these and that upon receiving the S1AP PAGING message without the last used cell info, the WUS-capable eNB has to use WUS in all related cells to page the WUS capable UE.
Conclusion 4: it is needed to reply SA2 about the question, and RAN3 solution.
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: _Toc423020280]Conclusion
Based on the discussion of the RAN3 impact about the SA2 updated solution, and t the SA2 assumption, the following conclusions are achieved:
· [bookmark: _GoBack]Conclusion 1: no RAN3 impact about the MME handling of the received last used cell info
· Conclusion 2: no RAN3 impact about the eNB handling of the received last used cell info.
· Conclusion 3: In order to avoid missing page, it is needed to clarify that upon receiving the S1AP PAGING message without the last used cell info, the WUS-capable eNB has to use WUS in all related cells to page the WUS capable UE.
· Conclusion 4: it is needed to reply SA2 about the question, and RAN3 solution.
About Conclusion 3, it is proposed to update S1AP specification to clarify that that upon receiving the S1AP PAGING message without the last used cell info, the WUS-capable eNB has to use WUS in all related cells to page the WUS capable UE.
The related CRs are provided in [4] and [5], the Draft Reply LS is provided in [6].
4. Reference
[1] S2-2003217 Reply LS on assistance indication for WUS, Source:SA2, To: RAN3, RAN2
[2] S2-2003219 System support for Wake Up Signal, QCOM, CR#3600 to TS 23.401, Rel-15
[3] S2-2003218 System support for Wake Up Signal, Vodafone, Huawei, HiSilicon, CR#3583 to TS23.401, Rel-16
[4] R3-203212	Support of WUS,	Huawei, S1AP CR Rel-15
[5] R3-203213	Support of WUS,	Huawei, S1AP CR Rel-16
[6] R3-203227	[Draft]Reply LS on assistance indication for WUS, Huawei
3GPP
