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1. Introduction

This is the summary for the following email discussion:

CB: # 99bis_WUS

-  sending last cell ID over S1 already supported – no need to do anything

- does MME need to be aware of Rel-15 WUS support by UE and eNB or not? Check RAN2 agreements (#102 vs. #107?)

- is there another solution to avoid MME awareness of UE’s WUS capabilities (e.g. involving the eNB etc. – E/// proposal?)

- “transparency” of cell list? Any limitations in current S1 signaling that RAN3 might need to remove?

- “optional” IE needs to be always signaled in order for WUS to be supported – incompatible with network sharing?

- impact on power consumption for stationary UEs?

- reply LS to SA2?

(HW)

Summary of offline disc R3-201232
2. Background

Solution digested from SA2 agreed CR S2-2001691 TS 23.401 CR#3582, release 15:
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.

Aspects related with RAN3 imapcts:

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.
In the SA2 solution, the S1AP: Recommended Cells for Paging IE is reused to provide the UE’s last used cell id in S1AP PAGING message, the current design of the IE is transparent to the EPC.

9.2.1.106
Recommended Cells for Paging

This IE contains the recommended cells for paging.
This IE is transparent to the EPC.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Recommended Cell List
	
	1
	
	

	>Recommended Cell Item IEs
	
	1 .. <maxnoofRecommendedCells>
	
	Includes visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.

	>>E-UTRAN CGI
	M
	
	9.2.1.38
	

	>>Time Stayed in Cell 
	O
	
	INTEGER (0..4095)
	This is included for visited cells and indicates the time a UE stayed in a cell in seconds. If the UE stays in a cell more than 4095 seconds, this IE is set to 4095. 


	Range bound
	Explanation

	maxnoofRecommendedCells
	Maximum no. of recommended Cells, the maximum value is 16.


3. Discussion

During online discussion, there are different views on how to introduce SA2 agreed solution in S1AP specification, therefore it is needed to collect views on the following questions:

Question 1: is it needed for the MME to be aware of whether the UE is WUS capable or not? If yes, how？
	Company
	Comment/Answer

	Huawei
	Yes.

The MME needs to be aware of using WUS by the UE, as the MME may need to use specific paging strategy e.g. longer re-page timer, etc. To achieve that, the MME needs to be aware of Rel-15 WUS support by UE and eNB.

Introduce a WUS capable indication IE in S1AP: UE CAPABILITY INFO INDICATION message.

	ZTE
	No
For WUS using only in the latest connection cell, it is not necessary for MME to be aware of using WUS by the UE. E.g. MME provides the latest connection cell ID in Recommended Cell Item IE and UE WUS capability in UE Radio Capability for Paging IE in PAGING, which is legacy implementation. Based on these information, eNB can decide whether to send WUS before paging.  This procedure does not impact the MME and NGAP behaviour.
For WUS before PTW of idle eDRX, MME can always send PAGING before PTW(as long as the eNB supports WUS, numPOs is configured in eNB, and UE uses idle eDRX), which can be based on MME implementation.

	Ericsson
	NO
The UE radio capabilities are RAN information. RAN decides when to retrieve the UE radio capabilities, how to retrieve them and if they are stored in the MME. If RAN3 adds an indicator in a message. This may cause interoperability problems in the future (even if difficult to predict exactly what it would be now).  

	
	


Question 2: is it needed for the MME to be aware of whether the eNB supporting WUS or not? If yes, how？
	Company
	Comment/Answer

	Huawei
	Yes.

The MME needs to be aware of using WUS by the UE, as the MME may need to use specific paging strategy e.g. longer re-page timer, etc. To achieve that, the MME needs to be aware of Rel-15 WUS support by UE and eNB.

Via OAM configuration, or introduce a per RAT WUS support indication IE in S1AP: S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.

	ZTE
	Yes, but it is not enough.
It is only necessary in the case that the eNB supports WUS, numPOs is configured in eNB, and UE uses idle eDRX. In such case, MME should send PAGING to eNB before g0, where

g0 = first PO in PTW – timeoffset - WUSLength
· timeoffset applies between the end of WUS and associated first PO of the numPOs POs for all the WUS occurrences for a PTW.
· WUSLength is configured by RRC.
Thus, knowing the eNB WUS capability is not enough for MME. The WUSLength, timeoffset, and whether numPOs is configured should also be known in MME.  
These information can be obtained via OAM or based on MME implementation(e.g. always send PAGING before the start of PTW).

	Vodafone
	S1 shall be plug and play. Therefore OAM is not a practical solution.

	Ericsson
	not positive on exposing explicitly eNB capabilities over S1AP. 


Question 3: is there another solution to avoid MME awareness of UE’s WUS capability? If yes, please clarify the solution.

	Company
	Comment/Answer

	Huawei
	In order to enable the MME to use proper paging strategy, it is needed for the MME to be aware of UE’s WUS capability.

	Ericsson
	Grouping UEs by WUS profiles and PP classes, as in Rel-16 GWUS. 

	
	

	
	


Question 4: any RAN3 specification impact to reuse the Recommended Cells for Paging IE to provide the last serving cell information to eNB in PAGING message? 

	Company
	Comment/Answer

	Huawei
	As described in SA2 solution, the MME needs to create the corresponding IE as below:

· 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.
The IE was defined as transparent to the EPC in S1AP, because in the past the MME only needs to be aware of the recommended eNBs but not the recommended cells. in this SA2 solution the IE is not transparent to the EPC anymore.

Therefore it is needed to remove the sentence “This IE is transparent to the EPC.” in S1AP section 9.2.1.106.

	ZTE
	As User Location Information IE is also an optional IE in UE CONTEXT RELEASE COMPLETE message, it may also be not present. In such case, MME cannot use the User Location Information IE to create an Assistance Data for Recommended Cells information element.
In fact, Cell Identifier and Coverage Enhancement Level IE is also suitable for eNB to decide the last connection cell for WUS. If Cell Identifier and Coverage Enhancement Level IE is present, it seems not necessary for MME to use the User Location Information IE to create an Assistance Data for Recommended Cells information element.
Furthermore,  Cell Identifier and Coverage Enhancement Level IE is also an optional IE. If all of the following three IE are not provided to MME, MME can not send  Assistance Data for Recommended Cells in PAGING, and eNB can not decide which cell is the latest connection cell, and does not know whether to send WUS before PAGING:

· User Location Information IE 
· Assistance Data for Recommended Cells IE
· Cell Identifier and Coverage Enhancement Level IE
RAN3 should send these information to SA2 and RAN2 for WUS solution decision.

	Ericsson
	If last cell ID has been sent in S1 UE context release messages, then it will be the same one provided later during the S1 Paging among the paging assistance data for recommended cells. The corresponding behaviour is well documented among TS 36.413
Also, don’t understand how RAN3 can decide to remove this limitation without checking with RAN2/SA2.

	
	


Question 5: anything to reply to SA2?

	Company
	Comment/Answer

	Huawei
	Update the RAN3 agreed solution to SA2, ask them to update their specification accordingly.

	ZTE
	Yes. 

Send Ls to SA2 and RAN2 that since all of the following three IE are optional IEs and may not be present in UE CONTEXT RELEASE COMPLETE message. In such case, it should consider how MME decides the last connection cell, and how eNB decides whether to send WUS before PAGING:

· User Location Information IE 
· Assistance Data for Recommended Cells IE
· Cell Identifier and Coverage Enhancement Level IE


	Ericsson
	Yes,

SA2 added text impacting RAN 2/3 without consulting with those WGs. It is unfortunately no the usual ways of working in 3GPP. We should request SA2 to remove those texts, as RAN2/3 need to investigate whether another solution exists with potential less CN/S1AP impacts

	
	


4. Summary and conclusions 

Based on the online and CB email discussion, it is hard to converge on the MME awareness and the solution. 

Send Reply LS (R3-201376) to SA2 to inform the issues exist in their agreed solution, and RAN3 will further discuss this issue and the potential solution in the following meeting.
Issues in SA2 solution:

· It is assumed by many companies that the MME is not able to interpret the UE Radio Capability for Paging which is encoded as RRC container.

· There is no agreement in RAN3 to inform the eNB WUS supporting to MME in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.

· The Assistance Data for Recommended Cells is now defined as transparent to EPC, besides this information, the MME is also able to get the last cell info from the received User Location Information IE and the Cell Identifier and Coverage Enhancement Level IE.

5. Annex ---- LS between SA2 and RAN2

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:

SA2:  S2-1908625

Whether and how using the WUS may affect MME paging strategies.

RAN2: R2-1911589

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.

RAN2: 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: S2-2001732

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.
