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1	Introduction
RAN2 has made the following agreements in RAN2#109e regarding UE group wake up signal (WUS) [3]:

RAN2#109_e agreements:
For NB-IoT, RAN2 agree signalling changes proposed in Table 5 from R2-2000306 as the baseline.
For NB-IoT, RAN2 assume the changes proposed in Table 7, 8 and 9 from R2-2000306 as the baseline for signalling group WUS information.
For NB-IoT, RAN2 use the changes proposed in Table 10 from R2-2000306 as the baseline.
For eMTC, RAN2 agree to use the changes proposed in Table 12 from R2-2000306 as the baseline.

For eMTC, RAN2 assume the changes proposed in Table 15, 16 and 17 from R2-2000306 as the baseline for signalling group WUS information.

For eMTC and NB-IoT support the same paging probability range and granularity.
No special handling of WUS resource overlap is specified and UE use the WUS resource corresponding to its gap capability.
Update stage 2 to explain group WUS in more detail using text proposed in R2-2000639 as starting point.
From RAN2 point of view paging escalation does not need to be mandated.

TP in R2-2001790 is endorsed.

Working assumption:
For NB-IoT, if only one R16 WUS resource is configured and no Release 15 WUS resource is configured then R16 WUS resource is always in primary location.
Support of Release 16 WUS is independent to support of Release 15 WUS.
Define WUS group selection based on the formula defined in R2-2001472.

FFS:
Code points for paging probability thresholds.
Mechanism to minimize false wake-up.


In order to finalize the remaining open issues for UE group WUS, it was agreed to have the following email discussion:
[bookmark: _Hlk36467874]
[Post109e#45][NB-IoT/eMTC] WUS open issues (Ericsson)
Address known remaining open issues from 109e
[bookmark: _Hlk36484834]Capture identified NEW, if any, issues. Issues that have already been discussed and not pursued should not be brought up again.  
      Intended outcome: Report and proposals addressing open issues

In this document, companies are invited to provide their views regarding the open issues and details on UE groups WUS based on the agreements made so far.
2	Discussion
[bookmark: _Hlk36468194]2.1 Configuration of paging probability thresholds
In RAN2#109e, the range and the granularity of values for paging probability were discussed [4]. Companies had different views such as with a range up to 0.5, 0.8 or 1.0 with a granularity of %5, %10 or more. There was also a suggestion to leave that up to SA2 WG due to its relevance to NAS layer configuration by MME.
A UE that supports Rel-16 group WUS can be configured by MME with a paging probability class via NAS layer. It is up to the CN how to configure such as it can be based on e.g., information provided by UE via NAS layer, subscription information, data collected by the CN etc. However, MME needs to inform eNB regarding the configured paging probability class of a UE along with the paging request. The eNB should also know the maximum number of paging probability classes and this can be achieved either since a fix value with a fixed granularity is specified, e.g., 10 values with a granularity of %10 evenly distributed over the value range, or a mechanism/signalling is introduced between the MME and the eNB to provide such information The details of such signalling is up to SA2/RAN3 to discuss.
RAN2 has agreed to have a configuration where maximum number of probability thresholds is 3 giving 4 groups in a working assumption. Those thresholds would be provided in probabilityThresholdList, as part of the broadcast signalling in the serving cell, so that it would be possible for the UE to know which WUS group set and thus the WUS group, based on the formula agreed in RAN2#109e, it is configured with to monitor prior to its PO.

Discussion point 1: What should the range of values for paging probability be? Note that companies have already stated their preference regarding the range of values in the previous meeting [4], e.g., up to 0.5, 0.8 or 1.0. Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable in addition to your preference.

	Company
	Value range
	Comments

	Lenovo
	We prefer the range of paging probability threshold could be at least equal or larger than 0.9.
	Based on current agreement, the UE in the highest paging probability group is possible to share the WUS group with UE applying UE-ID based grouping rule. So, a high paging probability threshold could flexibly segment less UE to share the WUS groups with the UE applying UE-ID based grouping, this could reduce the wrong paging alarm to the UEs in the highest paging probability threshold.

	Qualcomm
	0.2 to 0.9
	We think lowest value of 0.2 and highest value of 0.9 are enough. Any UE with NAS configured probability higher than 0.9 would map to UE ID based scheme. Note, there is a RAN2 agreement that at least one WUS group shall be configured for UE ID based scheme hence there will always be a group WUS for NAS configured probability higher then then eNB configured highest probability threshold. 

	Nokia
	Range and granularity can be based on relative paging rate
	Actual paging probability if estimated based on the paging transmission over paging occasions, the paging probability value for all the UE will fall within some lower ranges. The paging probability for UE with highest paging transmission can be considered as reference for estimating probability for others. For example, based on the paging transmissions , SA2 may decide to assign paging probability of 0.9 or 1 for UE with 1000 pages per hour. For UE with lower number of paging transmission per hour can be assigned with lower probability value.
Otherwise chances of all the UE falling within lower paging probability ranges.
With the above assumption range can be 0 to 1 with granularity of 0.1 will be sufficient. 

	Ericsson
	[bookmark: _Hlk37522961]{n10,n20,n30,n40,
n50,n60,n80,n100}
	[bookmark: _Hlk37524196]Considering that it is the MME that configures a UE which supports group WUS with a paging probability class via NAS layer, we think it would be better if SA2/RAN3 would decide on the value range and granularity. However, if the intention is to agree on such in RAN2 and inform those WGs as a suggestion for confirmation with an LS, it may be acceptable to us. 
Quantitative values such as low, medium, high can also be used instead of actual paging probabilities, however this may require further coordination between the CN and RAN nodes considering that it would be up to the eNB how to map the configured paging probability classes in the serving cell, e.g., MME may group UEs with respect to classes such as low, medium-low, medium, medium-high and high whereas eNB may map those classes to 3 WUS group sets. In that case it may not be straight forward how to map considering that eNB would not know whether it would be better to map e.g., the paging probability class low and medium-low to the same group set without OEM. Hence grouping UE with respect to actual paging probabilities would be more beneficial. 
Regarding the value range; 8 values which can be represented by 3 bits may be sufficient. The question is whether full range of values is needed, or granularity should be even regardless of it is for large or small values. Large paging probability values are probably not very useful considering that the intention is mainly to reduce the impact on power consumption for UEs that are paged rarely, so we suggest the following: {n10, n20, n30, n40, n50, n60, n80, n100}

	Huawei, HiSilicon
	0.1 to 0.5
	Based on the paging probability agreed by CT1:
· Value 0 should be excluded as a threshold.
· Value 5% should be excluded also as there should not be UE with 0 paging probability that cares about GWUS.
The intention of paging probability based grouping is avoid negative impact on the UEs with lower paging probability. Thus we cannot see the need to have large values for threshold. From this point of view, values larger than 50% should be excluded to reduce signalling overhead.

	ZTE
	0.2 to 0.9 
	We understand there have two things, one is paging probability and the other is paging probability threshold.
For paging probability which is assigned for UE by NAS, we assume it could have value range from 0 to 1, e.g., the minimum value is 0 and maximum is 1. This would be finally decided by SA2/CT1. 
With some assumption for paging probability, RAN2 could have more discussion on the value range for paging probability threshold which is broadcasted by SIB. We think it’s obvious the minimum and maximum values of paging probability cannot be set as paging probability threshold. So we agree with some above comments that value 0 and value 1 should be excluded as a threshold.
We also agree with Ericsson 8 values which can be represented by 3 bits in SIB may be sufficient and good for signalling efficiency. 




Discussion point 2: What should the granularity of values for paging probability be? Note that companies have already stated their preference regarding the granularity of values in the previous meeting [4], e.g., %5, %10, or more. Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable in addition to your preference.

	Company
	Granularity
	Comments

	Lenovo
	5% is preferable.
	In CT1, the granularity of UE paging probability is proposed to be 5%, so, the 5% value for paging probability threshold could be aligned to UE paging probability value, and more flexible to segment the UE into different WUS group. If the code point is limited, 10% is also fine.

	Qualcomm
	10% (i.e. 0.1 is sufficient)
	We think 8 code points (3-bits) are sufficient: 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 to provide flexibility in paging probability threshold setting.
Understand NAS supports 5% granularity but such granularity comes at higher signalling cost (5-bits) which is not justified. Higher granularity is beneficial if large number of thresholds could be configured by eNB but in Release 16 at most 3 thresholds can be configured.

	Nokia
	10%
	As explained above.

	Ericsson
	10% - 20%
	Please see our reply for Discussion point 1 regarding our suggestion for granularity of values for paging probability.

	Huawei, HiSilicon
	5%-10%
	We need to consider the signalling overhead. Thus based on our proposed value range, 3 bits for 8 values should be enough:
{p10, p15, p20, p25, p30, p35, p40, p50}

	ZTE
	10%
	{p20, p30, p40, p50, p60, p70, p80, p90}




Discussion point 3: Please state below if there are any other aspects to discuss regarding the configuration of paging probability thresholds and elaborate on why.

	Company
	Comments

	Nokia
	If WUS group set for UE not supporting paging probability threshold to be different from the WUS group sets for paging probability thresholds, the highest threshold should be set to 100%. In this case only 3 groups possible for service based grouping. Do we need to support 4 groups even for this situation ?

	Ericsson
	We propose to discuss whether it would be beneficial for the eNB, when configuring  the number of WUS groups for a particular WUS group set, if the MME provides assistance information regarding a particular paging probability class. 

	
	

	
	

	
	

	
	




2.2 Mechanism to minimize false wake-up
In SA2 WG a mechanism has been proposed in Rel-15 to reduce the impact on UE power consumption due to false wake-up signalling caused by paging “mobile” UEs. In RAN2#109e, it was discussed whether a mechanism is needed for Rel-16 and companies stated their preference regarding whether there is a need and if yes how the mechanism should work [4].

Discussion point 4: Should the mechanism proposed in SA2 for Release 15 to reduce false wake-up be used for Rel-16? Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable.

	Company
	Yes / No
	Comments

	Lenovo
	Yes
	We think R15 mechanism could be reused in R16, it is also effective to avoid paging extension issue for UE mobility. This is the baseline. Besides, for R16 UE, we think the cell for UE WUS detecting could be not only last connected cell but also the cells UE possibly paged, such as the cells in IE Information on Recommended Cells and eNBs for Paging, this could avoid the TA level paging extension and guarantee the UE power saving by monitoring group WUS in several dedicated cells. This method also has less spec impact.

	Qualcomm
	Yes
	It was commented during RAN2#109e that with group WUS the impact of using WUS in all the cells in which UE is to be paged is far less compared to Release 15 WUS. While this is true, the actual impact depends on the number of WUS groups configured in those cells. In any case, even if maximum number of WUS groups are configured there will be false wake-up of some UEs. 
We don’t think there is sufficient time left in Release 16 to agree on an alternative solution for mobile UEs using WUS. Therefore, we propose the release 15 solution should be the baseline for Release 16.

	Thales
	
	UE has connection in a cell, re-selects to another cell, has no activity and re-select after a while again to first cell.
So first cell remains WUS cell.
· Means UE is only required to listen to the WUS in said cell, unless WUS occasion has just passed and it needs to listen that time to paging occasion directly.
· Afterwards listing on said cell again to WUS only.
If this is interpretation we are fine with it.

	Nokia
	Yes
	Extending the Group based WUS for mobility scenario is preferable than disabling the WUS when UE moving out of last connected cell. This reduces the benefits of WUS for mobility UE. But this can be considered for later releases. For Rel-16 , Rel-15 based solution is sufficient. 

	Ericsson
	No
	We support the solution for Rel-15 however it has a shortcoming since it won’t be possible for “mobile” UEs, i.e., UEs that are not monitoring for paging in the cell where they were last in connected mode, to benefit from WUS. This was a compromise so that a solution can be introduced with the least possible impact on legacy UEs for the feature to be supported.
For Rel-16, this shortcoming can be avoided if WUS grouping is used. One or a number of paging probability classes can be used for “mobile” UEs as explained in R2-2001472. We prefer to utilize the GWUS solution to address this problem in Rel-16.

	Huawei, HiSilicon
	Yes
	The SA2 solution for Rel-15 is to reduce negative impact of mobile UEs on the benefit of WUS for other UEs due to paging in multiple cells following paging escalation.
In our understanding, the issue is common for both Rel-15 WUS and Rel-16 GWUS, thus reusing Rel-15 solution for Rel-16 can avoid multiple solutions for the same issue.
[bookmark: OLE_LINK1]Other alternatives are defining a separate WUS group for mobile UEs or reusing the WUS group(s) corresponding to no configured probability. Considering that the signalling and the group selection of Rel-16 GWUS is already complicated, we do not support the first alternative. For the second alternative, it has the same problem as rel-15, a bit more diluted depending on how many WUS groups are assigned for this category.

	ZTE
	No
	For the R15 scheme itself, we want to mention the following two issues:
· First issue, per our roughly evaluation, with a general (not so high) paging density or paging possibility (e.g., less than 93.75%), to stop using WUS in the non-serving cell would cause more power consumption for the target mobile UE. This is the obvious shortcoming for the R15 mechanism.
· Second issue, the bad impacts in R15 cause by mobile UE is: when a target mobile UE moves to a non-serving cell and if WUS is still used, this WUS for this target UE would false wake up all the other UEs in the non-serving cell. But one thing we want to indicate is, when we say the bad impacts is big, we may have a very “ideal” assumption that there has no paging for any other UEs, then we can say those other UEs are false waken up. But if there have paging for some of those other UEs at the same time when the target UE is paged, the wake up of these UEs is not “false” but “intentional”. In summary, how big the bad impacts of false wake up may be very depend on the possibility of multiple UEs being paged at the same time.

For R16, as mentioned by QC, with R16 GWUS the (bad) impact of using WUS in all the cells in which UE is to be paged is far less compared to Release 15 WUS. That is, different from in R15 all the other UEs in the non-serving cell would be false waken up, for R16, only the UEs (maybe 1/16 of all the UEs) belong to same service or UE-ID group as the target UE will be possibly false waken up. We think more companies can agree on this. 
Furthermore, if this target UE also belongs to a low paging probability group and the paging for this target UE is anyway sparse, the bad impacts will further reduce. On the other hand, if this target UE belongs to a high paging probability group, e.g., the paging for this target UE may be very dense, as we can assume the possibility of paging the other UEs in the same service group is also high, with reference to the second issue mentioned above, we think the false wake up for other UEs can be seen very low, e.g., among all the wake up of other UEs in this high paging probability group, only a small part is “false” wake up caused by target UE and the other wake up are normal or intentional.
With all the above analysis, we think the disadvantage of re-using R15 scheme in R16 is obvious (more power consumption for the mobile UE) while the benefit may be unclear (how big the false wake up issue in R16 is also unclear). We do not agree to introduce R15 scheme in R16 or set restriction on usage of R16 GWUS.




2.3 Other
Discussion point 5: Please state below if there are any other open issues to discuss by providing a detailed description. Note that issues that have already been discussed and not pursued should not be brought up again.

	Company
	Comments

	Huawei, HiSilicon
	The following working assumption on the dependency of Rel-15 WUS was made in the last e-meeting:
-	Support of Release 16 WUS is independent to support of Release 15 WUS
Although RAN1 has agreed before that UE supports R16 GWUS also supports R15 WUS, we do not see technical reason to link the two capabilities. This requires NW and UE to implement Rel-15 WUS first before starting testing Rel-16 GWUS.
Thus we propose to confirm the working assumption.

	
	

	
	

	
	

	
	

	
	




3	Summary
The following companies provided comments to the email discussion: Lenovo, Qualcomm, Thales, Nokia, Ericsson, Huawei, ZTE.  

Discussion point 1: What should the range of values for paging probability be? Note that companies have already stated their preference regarding the range of values in the previous meeting [4], e.g., up to 0.5, 0.8 or 1.0. Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable in addition to your preference.

Discussion point 2: What should the granularity of values for paging probability be? Note that companies have already stated their preference regarding the granularity of values in the previous meeting [4], e.g., %5, %10, or more. Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable in addition to your preference.

Summary for discussion points 1 & 2:
5 companies think 8 codepoints (3 bits) would be sufficient, 1 company prefers to have 10 codepoints, and 1 company did not provide a comment for this discussion point.

[bookmark: _Toc37628666]8 codepoints are used to indicate paging probability classes.

5 companies think that the value range should be up to at least 0.9. 1 company prefers that the value range should be up to 0.5, and 1 company did not provide a comment for this discussion point.

[bookmark: _Toc37628667]The value range for paging probability classes is up to 0.9.

3 companies think that the granularity for paging probability classes should be 0.1. One company prefers 0.05 but indicated that 0.1 is also acceptable if code points are limited. 2 companies prefer a granularity that varies based on the paging probability class, i.e., 0.05 - 0.1 and 0.1 - 0.2. 1 company did not provide a comment for this discussion point.

[bookmark: _Toc37628668]The granularity for paging probability classes is 0.1.

3 companies think that the value range for paging probability classes should be from 0.1, whereas 2 companies prefer to have it from 0.2. One company did not provide any preference and 1 company did not provide a comment for this discussion point.

[bookmark: _Toc37628669]The value range for paging probability classes starts from 0.2.

[bookmark: _Hlk37524053]If agreed, the proposals above would mean that the following codepoints are used to indicate a paging probability class: {n20,n30,n40,n50,n60,n70,n80,n90}. If that is the case, the following proposal can also be agreed as an alternative

[bookmark: _Toc37628670]The following codepoints are used to indicate a paging probability class: {n20,n30,n40,n50,n60,n70,n80,n90}

One company thinks that it would be better if SA2/RAN3 would decide on the value range and granularity considering that it is the MME that configures a UE which supports group WUS with a paging probability class and proposed to inform those WGs with an LS if RAN2 were to decide on the value range and granularity.

[bookmark: _Toc37628671]Discuss whether SA2/RAN3 should be informed with an LS if RAN2 were to decide on the value range and granularity.


Discussion point 3: Please state below if there are any other aspects to discuss regarding the configuration of paging probability thresholds and elaborate on why.
2 companies provided comments for this discussion point. One company wonders if there is a need to support 4 WUS group sets considering that it would only be possible to assign 3 WUS group sets for UEs configured with a paging probability class when 1 WUS group set is assigned for UEs with no paging probability class.

[bookmark: _Toc37628672]Discuss whether there is a need to support 4 WUS group sets considering that 1 WUS group set is assigned for UEs with no paging probability class.

The other company proposed to discuss whether it would be beneficial for the eNB, when configuring  the number of WUS groups for a particular WUS group set, if the MME provides assistance information regarding a particular paging probability class.

[bookmark: _Toc37628673]Discuss whether it would be beneficial for the eNB if the MME provides assistance information regarding a particular paging probability class.

[bookmark: _Hlk37627176]Discussion point 4: Should the mechanism proposed in SA2 for Release 15 to reduce false wake-up be used for Rel-16? Please provide comments regarding not only your preference but also pros and cons for the alternatives proposed along with what else is acceptable.
4 + 1 companies think that the mechanism proposed in SA2 for Release 15 to reduce false wake-up be should be used in Rel-16. The support from one company, i.e., representing + 1 above, depends on whether their interpretation on how the mechanism is supposed work is correct. The rapporteur assumes that this is the case and counted their support. 2 companies think that it would be better to utilize the Rel-16 WUS mechanism to address the issue for various reasons.

[bookmark: _Toc37628674]The mechanism proposed in SA2 for Release 15 to reduce false wake-up is used in Rel-16.

Discussion point 5: Please state below if there are any other open issues to discuss by providing a detailed description. Note that issues that have already been discussed and not pursued should not be brought up again.
One company provided a comment for this discussion point and proposed to confirm the following working assumption: “Support of Release 16 WUS is independent to support of Release 15 WUS”.

[bookmark: _Toc37628675]Confirm the following working assumption: “Support of Release 16 WUS is independent to support of Release 15 WUS”.

4	Conclusion
Based on the discussion and summary, the following proposals are made:

Proposal 1	8 codepoints are used to indicate paging probability classes.
Proposal 2	The value range for paging probability classes is up to 0.9.
Proposal 3	The granularity for paging probability classes is 0.1.
Proposal 4	The value range for paging probability classes starts from 0.2.
Proposal 5	The following codepoints are used to indicate a paging probability class: {n20,n30,n40,n50,n60,n70,n80,n90}
Proposal 6	Discuss whether SA2/RAN3 should be informed with an LS if RAN2 were to decide on the value range and granularity.
Proposal 7	Discuss whether there is a need to support 4 WUS group sets considering that 1 WUS group set is assigned for UEs with no paging probability class.
Proposal 8	Discuss whether it would be beneficial for the eNB if the MME provides assistance information regarding a particular paging probability class.
Proposal 9	The mechanism proposed in SA2 for Release 15 to reduce false wake-up is used in Rel-16.
Proposal 10	Confirm the following working assumption: “Support of Release 16 WUS is independent to support of Release 15 WUS”.
 
[bookmark: _In-sequence_SDU_delivery]4	References
RP-192875, “Additional MTC enhancements for LTE”, Ericsson, RAN#86, Sitges, Spain, 9th – 12th December 2019.
RP-193224, “Additional enhancements for NB-IoT”, Futurewei, RAN#86, Sitges, Spain, 9th – 12th December 2019.
R2-2001886, “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”, Blackberry, Rel-16, LTE_eMTC5-Core, NB_IOTenh3-Core
[bookmark: _GoBack]R2-2001789, “Report of WUS: Progress the FFS from Email Discussion 108#94 and Summary”, Qualcomm, Rel-16, LTE_eMTC5-Core, NB_IOTenh3-Core.
	8/8	
