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1 Introduction

CB: # 79_Rel-15_WUS

- concentrate on the scenario as described by SA2 and on the reply LS (QC)

- check RAN3 st2 impact? (probably minimal)

- seems no RAN3 st3 impact?

- whether a correction is needed (e.g. as proposed by Nok/HW)?

- check details

(ZTE - moderator)

Summary of offline disc R3-204043
2 For the Chairman’s Notes

Propose the following:

3 Discussion

After online discussion, this CB mainly focuses on the reply LS and corresponding RAN3 CRs.

	1
Overall description

SA2 thanks RAN3 for the LS on assistance indication for WUS and would like to provide the following feedback.

SA2 has agreed the attached CRs which restrict the use of WUS to the last used cell (the cell in which the UE’s RRC connection was last released) by eNB and UE while avoiding the issues that RAN3 raised in R3-201397.

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.

2
Actions

To RAN2, RAN3

ACTION: SA2 asks RAN2 and RAN3 to take the above into account and to provide feedback, if required, on eNB determining a UE supports WUS in connected mode


	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.


3.1 Issues raised from the SA2 LS and related CRs
According to the SA2 LS and attached agreed CR, SA2 agreed that 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, it raised two issues.

1. Can eNB always provide Recommended Cells for Paging to the MME?

2. Does MME need to enhance to transparently forward Recommended Cells for Paging as Assistance Data for Recommended Cells IE in the S1-AP Paging message to the RAN?

In the contributions [6] and [10], in case of inter-eNB handover, the target eNB cannot acquire UE WUS capability. Otherwise, the eNB can acquire UE WUS capability information.

Question 1: Do companies agree that eNB cannot acquire UE WUS capability information in case of inter-eNB handover.

	Company
	Comment

	ZTE
	Yes, in case of inter-eNB handover, the target eNB cannot acquire this information. 

	Huawei
	After inter node handover/context retrieval, the new eNB does is not able to know whether the UE supports WUS or not.

	Qualcomm
	Agree with HW and ZTE

	Ericsson
	Yes, agree with the above

	
	

	
	


Summary:
The target eNBs cannot acquire UE WUS capability information in case of inter-eNB handover
In the contribution [6], it means that the MME shall be enhanced, i.e., the MME shall always transparently forward this information to RAN.
	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.


Question 2: Do companies agree that the legacy MME may not transparently provide Recommended Cells for Paging to the eNB?

	Company
	Comment

	ZTE
	Yes, according to the TS23.401 spec, it seems so.

	Huawei
	Yes

	Qualcomm
	Yes, if the question is understood, I think it was clear in SA2 that the MME needs to support the transparent mechanism.

	Ericsson
	Yes, but this is a deployment issue. An operator that enables WUS in an area, must deploy its network so that all the network components are upgraded to support the feature.

	
	

	
	


Summary:
Since legacy eNB may not transparently provide Recommended Cells for Paging to the eNB, in order to support WUS, an operator that enables WUS in an area, must deploy its network so that all the network components are upgraded to support the feature.
3.2 Impact on 36.300
In the current stage 2 spec, some changes are needed to align with both RAN3 agreement and SA2 progress.
	10.1.4
Paging and C-plane establishment

<skip unrelated part>
When WUS is used in idle mode, the following are applicable:

-
The WUS is used to indicate that the UE shall monitor MPDCCH or NPDCCH to receive paging in that cell;

-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to one or multiple paging occasion(s) (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;

-
The paging operation in the MME is not aware of the use of the WUS in the eNB.
The timing between WUS and the paging occasion (PO) is illustrated in Figure 10.1.4-1. The UE can expect WUS repetitions during "Configured maximum WUS duration" but the actual WUS transmission can be shorter, e.g. for UE in good coverage. The UE does not monitor WUS during the non-zero "Gap".
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Figure 10.1.4-1: Illustration of WUS timing


In the last RAN3 #107bis-e meeting, it has been agreed that:

	eNB WUS capability is not sent to MME by S1AP signaling, it can be achieved via OAM configuration.


It means that the paging operation in the MME is aware of the use of the WUS in the eNB.
Question 3: Do companies agree to correct that the paging operation in the MME is aware of the use of the WUS in the eNB in TS36.300?

	Proposal : The paging operation in the MME is aware of the use of the WUS in the eNB in TS36.300

	Company
	Comment

	ZTE
	Yes, according to our agreement, it seems so.

	Huawei
	Not exactly, in the SA2 new solution, the MME just need to make sure to provide the received last used cell info in the subsequent paging. It does not need to aware using WUS for a specific UE.

	Qualcomm
	Agree with Huawei. And for eNB support, the MME does not need to take a different action depending on whether the eNB supports or not, so there is actually no need even for OAM configuration.

	Ericsson
	Not necessary, WUS would work even if the MME is not aware of the use of WUS in the eNB. The MME just transmits transparently the paging container to the eNB during the paging operation.  

	
	

	
	


Summary: 
Remove the sentence “-The paging operation in the MME is not aware of the use of the WUS in the eNB.” in TS36.300.
According to agreed SA2 CR，the following yellowed highlight sentence shall be mentioned. 

	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;


If the answer of Q1 is “yes” (i.e., in some cases, the (target) eNB cannot acquire the UE WUS capability information), then, simply, it is suggested for WUS-capable eNB to always 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. So, it is proposed as below.

Question 4: Do companies agree with the following Proposal and to capture it into the TS36.300?
	Proposal : 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.

	Company
	Comment

	ZTE
	Yes, the last part (i.e., “for WUS capable UEs”) of last sentence should be removed, since eNB cannot always obtain the UE’s WUS capability.

	Huawei
	This is ok.

	Qualcomm
	Agree with ZTE, Huawei. In fact we should also point to stage 2 (23.501) as this is much more detailed (also should track automatically the issue of “WUS capable UEs” once RAN2/3 reply to SA2).

	Ericsson
	Agree with ZTE, Huawei and Qualcomm. This should definitely be mentioned in the RAN3 reply to SA2. In fact, that action (i.e. sending the list of recommended cells) can be done by the eNB supporting WUS regardless of whether the UE supports WUS. When the WUS capable eNB receives the paging request it would know whether the UE supports WUS anyway. 

	
	

	
	


Summary:
Remove the “for WUS capable UEs” in the last sentence.
If the answer of Q2 is “yes”, then in case of legacy MME, the WUS-capable eNB may not acquire last cell information through the Recommended Cells for Paging as Assistance Data for Recommended Cells IE in the S1-AP Paging message. In this case, the WUS-capable eNB shall broadcast WUS signalling within TA scope, then the paging will not be missed by UE.

Question 5: Do company agree with the following proposal and to capture it into the TS36.300.

	Proposal: If WUS-capable eNB does not acquire last cell information from MME, it shall broadcast WUS within TA scope.

	Company
	Comment

	ZTE
	Yes, it is not normal case (i.e., WUS-capable eNB can usually acquire the last cell), so it is acceptable.

	Huawei
	Yes, in such case, the eNB needs to use WUS in all related cells.

As we clarified online, this will not happen frequently, it is a backup plan for the network, to avoid that in some scenario in which the IE is not provided. It is an essential handling.

	Qualcomm
	Not sure the question is entirely clear. Also this opens up some issues that SA2 has discussed, and their output already reflects that discussion. Anyway, the normal case from support point of view as per stage 2 is: WUS supporting eNB sends info, MME relays it. If this is not done, the feature does not work and indeed WUS needs to be used everywhere. But we should not be considering this case. If MME does not support, then simply there is no WUS use reduction, and the supporting eNBs must be configured to use WUS always – this is obvious and not part of standard. 

Now lets consider the case where the feature is deployed as per stage 2, but somehow “last cell” information is not delivered to paging eNB (and eNB supports WUS). There are several ways to look at this:

a) If WUS support is deployed homogeneously in a TA, then something went wrong and paging eNB should use WUS (fall-back as Huawei mentions), this should be rare

b) If WUS support is not homogeneous, we cannot distinguish between error and last eNB = non-supporting node

But this is becoming like specific error handling which starts to be very close to implementation. We can agree that the proposal is a possible implementation, but not sure it is the only one.

	Ericsson
	The SA2’s agreement is that WUS is only applied to the UE’s last serving cell. The fallback plan proposed by Huawei, although is a corner case scenario, brings us back to square one of when this discussion has started. 

As a reminder, the goal of Rel-15 WUS correction is to avoid paging the UE in the whole TA list, which may lead to increased power consumption for UEs using WUS. Note that SA2 took the following agreement that is mentioned in the attached SA2 CRs; (which also proves that they have already taken into consideration such corner case scenario):


If the UE and eNodeB support WUS, then:
-
if the S1-AP Paging message contains the Assistance Data for Recommended Cells IE (see TS 36.413 [36]), 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 included in the S1-AP Paging message) the eNodeB should not broadcast the UE’s Wake Up Signal.
Therefore, based on the highlighted part above, if the WUS-capable eNB does not receive the last cell ID information, it shall not page at all.

	
	

	
	


Summary: 
If WUS-capable eNBs does not have last cell information, how to handle WUS is network strategy.
If the answers of Q3, Q4 and Q5 are “yes”, then we can agree to capture them into the TS36.300.

a) The paging operation in the MME is aware of the use of the WUS in the eNB
b) 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.

c) If the UE’s last serving cell is indicated in the S1-MME PAGING message as received from the eNB at UE Context Release or Suspend[within the Recommended Cells for Paging], as specified in TS 23.401, the WUS-capable eNBs shall send WUS in the concerned last serving cell. Otherwise, the WUS-capable eNBs shall broadcast WUS in the TA scope.

Question 6: Do companies agree to capture or simplify above a), b) and c) into the TS36.300?

	Company
	Comment

	ZTE
	Include a, b and c.

	Huawei
	We need to wait and see what RAN2 captures in their CR about SA2 solution.

	Qualcomm
	As mentioned above, we seem to be getting ready to repeat what is in SA2 specification. 

For specifics:

P(a) seems not necessary (see above)

P(b) is correct and it is captured in SA2 spec – in fact this is not a requirement for WUS to operate, it is an optimization to reduce WUS use.

For P(c), see our answer to Q5: this is a strategy, but maybe not the only one. In any case we should just point to 23.501 – or check what is missing that is in RAN3 scope.

	Ericsson
	Mostly agree with Qualcomm. P(b) can be corrected in SA2 specs based on our feedback in the reply LS. Disagree on P(c), it is an implementation issue.

	
	

	
	


Question 7: Besides, companies are kindly invited to input other suggestion to capture into TS36.300.

	Company
	Comment

	Huawei
	We think it is need to capture that “in case the last used cell is not received, the eNB should use WUS in all related cells” somewhere, and we are ok to capture it in TS 36.300 if preferred by all companies.

But as the company who raised such issue and provided solution,  there is no reason to revise other unrelated stage2 CR, we will ask new Tdoc number for TS 36.300 CR.

	Qualcomm
	We can have some stage 2, but should focus on tying things together with 23.501 and not repeat it or contradict it (also depends on RAN2, which has work to do on UE behaviour).

The proposal from Huawei above however seems like a possible implementation, at least it is in the scope of the SA2 text, but they chose not to go that far. Not sure we need to specify.

	Ericsson
	We can simply reply to SA2 with our inputs and leave RAN2 capture the necessary text in st2.

	
	

	
	

	
	


3.3 Impact on TS36.413

In contribution [7], it adds a new sentence as below, to capture the latest SA2 progress.

	If the Assistance Data for Recommended Cells IE is not included in the Assistance Data for Paging IE in the PAGING message, the eNB should use WUS in all the relevant cells when page a WUS capable UE.


However, if our stage 2 correction is agreed and has captured above correction, it seems no need to introduce it into the stage 3 spec.

Question 8: Do company agree that above correction can be captured into TS36.300?

	Company
	Comment

	ZTE
	Yes, it can be captured in 36.300

	Huawei
	We ark ok to capture it in TS 36.300, if preferred by all companies. But as the company who raised such issue and provided solution,  there is no reason to revise other unrelated stage2 CR, we will ask new Tdoc number for TS 36.300 CR.

	Qualcomm
	For sure this should not be in TS 36.413. For stage 2, please see our comments above.

	Ericsson
	See our comments above

	
	

	
	


In contribution [12], it is proposed that when the last serving eNB sends the Recommended Cells for Paging IE to the MME in UE Context Release Complete or Suspend Request messages for WUS reasons, it includes a WUS Indicator IE to inform the MME of the purpose of the included Recommended Cells for Paging IE. 

Question 9: Do company agree to introduce a new WUS Indicator IE into TS36.413?

	Company
	Comment

	ZTE
	No, we do not need this enhancement. In our view, MME does not differentiate the usage of this information, it just transparently forward this information to the RAN via S1 Paging message.

	Huawei
	Can be further discussed, it can make things more explicitly, the MME will have a better understanding of whether it has to store and forward the last used cell info.

	Qualcomm
	The current logic is as described by ZTE. But of course we can discuss.Actually we should first discuss the scenario where this is a problem rather than go straight to a solution. So taking that line, a first thought is that

· If the paging opto feature is already supported in the network, then this seems to be no problem 

· If the paging opto feature is not supported, then also this is no problem (the network now needs to support the signalling and behaviour aspects but need not do any paging opto)

But can discuss further.

	Ericsson
	Agree with ZTE. 

It’s pointless to send the indication to MME, because if eNB provides this list of Recommended Cells for Paging then we’ve already done the job and the MME would know the capability implicitly. This is a simple operation for the operator to fix, since I deployed WUS, I have to support this for all MMEs in my area.

Note that there is also a “flaw” in this reasoning for proposing such indicator that we would like to clarify: the WUS capability bit does not come with the capability information but in the paging container. It is not required nor specified that eNB decodes the paging information from the capability RRC container that is sent from MME. The eNB does not know, unless it has received a paging request from the MME, if the UE supports WUS.

	
	

	
	


Summary: 
So far, RAN3 does not achieve the consensus on this enhancement. We can discuss it in the future release.
3.4 Draft reply LS

In the reply LS, RAN3 shall notify that:

1) eNB WUS capability is not sent to MME by S1AP signaling, it can be achieved via OAM configuration, which is already agreed in RAN3.
2) 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 
3) eNB cannot always determine whether a UE supports WUS in connected mode. i.e. eNB cannot obtain the UE’s WUS capability in the case of inter-NodeB handover. 
4) FFS
Question 10: Companies are kindly to input your view for the reply LS.
	Company
	Comment

	ZTE
	At least 1), 2) and 3) are needed.

	Huawei
	First answer SA2 question, with answer that in some scenarios the eNB cannot know, like after inter eNB handover/context retrieval.

Then inform SA2 and RAN2 that in some scenario, like legacy MME case, the last used cell info may not be provide to the eNB in paging, in such case to avoid missing page, the eNB should use WUS in all related cells.

	Qualcomm
	Focus on SA2 question with answer mentioned by Huawei above – basically item 3 is the #1.

After that, we are not sure that any of the other statements is correct or needs to be made, as already explained above. The case of legacy MME is anyway a special case where all bets are off (i.e. you basically have to use WUS everywhere as the WUS reduction is not supported). The solution described by SA2 only works for supporting MMEs, otherwise we are in the normal non-optimized case which requires WUS paging everywhere. This is more like implementation / network configuration. 

We can all think a bit more about this, based on the feedback so far

	Ericsson
	Ok with points 1, 2, 3 above. The objective of this LS is to answer SA2’s questions, based on what they will update or not their specifications. We were not requested to provide a solution.

	
	

	
	


3.5 Progress after the first round 
1. The target eNBs cannot acquire UE WUS capability information in case of inter-eNB handover.

2. Since legacy eNB may not transparently provide Recommended Cells for Paging to the eNB, in order to support WUS, an operator that enables WUS in an area, must deploy its network so that all the network components are upgraded to support the feature.
3. Remove the sentence “-The paging operation in the MME is not aware of the use of the WUS in the eNB.” in TS36.300

4. Remove the “for WUS capable UEs” in the last sentence in the SA2 CR.

5. If WUS-capable eNBs does not have last cell information, how to handle WUS is network strategy.

6. RAN3 does not achieve the consensus on this enhancement (i.e., introduce a new WUS Indicator IE）. We can discuss it in the future release.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	


3.6 Progress on Reply LS
RAN3 has achieved the following agreement.

1) eNB WUS capability is not sent to MME by S1AP signaling, it can be achieved via OAM configuration.
2) eNB cannot always determine whether a UE supports WUS in connected mode, e.g. eNB cannot obtain the UE’s WUS capability in the case of inter-NodeB handover.
3) WUS-capable eNBs shall 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 all UEs.

	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	


3.7 Progress on 36.300

RAN2 is modifying the 36.300 for support of LTE WUS (seen in draft_R2-2005932), but RAN2 focuses on Uu interface enhancement, the change from RAN2 group is blue highlight as below.
	10.1.4
Paging and C-plane establishment

<Skip unrelated part>
When WUS is used in idle mode, the following are applicable:
-
The UE monitors WUS only in the cell where it was last released/suspended by the eNB;
-
The WUS is used to indicate that the UE shall monitor MPDCCH or NPDCCH to receive paging in that cell;
-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to one or multiple paging occasion(s) (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;

-
The paging operation in the MME is not aware of the use of the WUS in the eNB.


So, RAN3 shall focus on S1 interface enhancement for support of LTE WUS.
We shall not repeat the content in 36.300 with 23.401. But we shall in general describe the S1 procedure from RAN3 point of view, and detailed content can be referred to TS23.401.
The following change is marked by yellowed-highlight.
	10.1.4
Paging and C-plane establishment

<Skip unrelated part>
When WUS is used in idle mode, the following are applicable:
-
The UE monitors WUS only in the cell where it was last released/suspended by the eNB;
-
The WUS is used to indicate that the UE shall monitor MPDCCH or NPDCCH to receive paging in that cell;
-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to one or multiple paging occasion(s) (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;
-
WUS-capable eNBs shall always provide UE’s last cell information to MME in the S1 UE Context Release Complete or UE Context Suspend Request messages for all UEs.

Note 1: eNB WUS capability is not sent to MME by S1AP signaling, it can be achieved via OAM configuration.
Note 2: If WUS capable eNBs do not have UE’s last cell information, how to handle WUS is left to network strategy.


	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	


4 Conclusion, Recommendations [if needed]

If needed
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