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Introduction
In RAN#89-e meeting [1], it was agreed that DRX group is introduced in R16 NR to address power consumption concerns when UE is configured with FR1+FR2 CA. However, because DRX group was discussed in RAN2 under TEI, it was not allowed to be configured together with other R16 power saving features [2], in order to minimize its potential impact on other working groups. 
We think this restriction is rather an artifact due to the TEI requirement. In this paper, we discuss the benefits and feasibility of joint configuration between DRX group and other R16 power saving feature in R17 NR.
[bookmark: _Toc242573354]Discussion
Background 
[bookmark: _Toc242573360]DRX group was first proposed in RAN2#107bis [3] to address power consumption concerns when UE is configured with FR1+FR2 CA. Its motivation was to configure FR1 and FR2 carriers with different DRX parameters, so that FR2 carriers can have shorter active time and thus save power. It was proposed and discussed under TEI16, because enhancements to DRX were not part of R16 power saving WI. 
During its discussion, other working groups were asked to evaluate its potential impacts on their specs. RAN4 confirmed that there is minimum impact on them [4]. On the other hand, RAN1 could not reach a consensus [5], because there were different views on whether procedures for wakeup signaling (WUS) and SCell dormancy may be impacted. As a way-forward, RAN2 agreed to introduce DRX group in R16 but it cannot be jointly configured with WUS and SCell dormancy.
Observation 1. Exclusivity between DRX group and WUS or SCell dormancy is an artifact due to constraint on TEI studies.
Benefits of joint configuration
From UE’s perspective, we think additional power can be saved if DRX group and other R16 power saving features can be configured together, even without additional enhancements to the individual features. For example, in R16 WUS can be used to signal UE whether it should wake up for the next DRX on duration or skip it, depend on availability of DL data. Therefore, skipping on duration when there is no data can help UE save extra power on top of DRX group, just like how WUS saves UE power if there is only single DRX group.   
From network’s perspective, even if there is no strong synergy for power saving between two features, it is still beneficial to allow joint configuration between them . Since each individual feature is effective for saving power, it would be a pity if network is forced to choose one feature over the other.. For example, if DRX group is deployed earlier than other features (e.g. as operators have more field experience with DRX), then the artificial exclusivity we have imposed between it and other features may delay their deployment, which clearly is not desirable.
Observation 2. 	It is beneficial to allow joint configuration between DRX group and WUS or SCell dormancy.
Feasibility of joint configuration
We believe joint configuration between different features (as specified in the current R16 release) can be enabled with minimum changes to RAN1/2/4 specs. 
For example, our analysis in [6] showed that joint configuration between DRX group and WUS can be supported with only simple clarifications in RAN1 specs. More specifically, in the text where DRX active time is used, we only need to clarify that it refers to DRX active time of a DRX group. And in the text on WUS procedure, we only need to clarify that DRX on-duration timer refers to those of all DRX groups. 
As to SCell dormancy, our understanding is that no technical issues were identified during discussions in RAN1 that would block its joint configuration with DRX group. That is because its main functionality is largely independent from DRX procedures, except whether dormancy indication is sent inside or outside DRX active time. For that, we only need to add clarification that DRX active time in the current text refers to DRX active time of SpCell. 
As one may see from the above analysis, such clarifications can be easily captured in a single CR, which would require minimum meeting time for discussion and agreement. We therefore expect it can be studied in the R17 power saving WI, without a need to change the current TU allocation of the WI. 
Observation 3.  	Amount of work required to enable joint configuration between DRX group and WUS or SCell dormancy is expected to be minimum and can be accommodated by the R17 power saving WI, without impact on its TU allocation.   
Based on the above analysis, we’d propose to add the following objective to the R17 power saving WI: 
Proposal 1.  In R17 power saving WI, specify necessary spec changes to enable joint configuration between DRX group and WUS or SCell dormancy.
Further enhancements
In addition to Proposal 1, we also see opportunities for further enhancements to DRX group. For example, additional power can be saved if network is able to selectively wake up FR1 and/or FR2 carriers depend on traffic load (e.g. wake up FR2 only when there is a large amount of buffered data). Another example is to allow wakeup of one DRX group by another which is active (e.g. when FR1 DRX group is active but FR2 one is not). Currently if a large burst arrives while FR2 carriers are not active, UE has to wait until the next on duration before FR2 carriers can be used to offload the traffic. This limitation has negative impact on throughput and prevents configuration of long DRX cycles. 
Such enhancements are small in scope but can enable additional power savings. We therefore think they are worth studying in R17. A good candidate solution would be to leverage existing procedures such as WUS to support those enhancements. However, since RAN1 part of the power saving WI is near full, we are not sure if that approach is feasible without impact on the successful completion of the existing objectives in the WI. 
Observation 4.  	Additional power can be saved if network can selectively wake up a DRX group. However, RAN1 may not have the necessary TU to complete the study.
Currently RAN2 part of the R17 power saving WI has relatively light load, as it has 1 TU to study just enhancements for reducing unnecessary paging reception. Given the TU constraint of RAN1, we therefore propose to task RAN2 to study L2 based techniques for those enhancements.
[bookmark: _Hlk50051899]Proposal 2.  In R17 power saving WI, task RAN2 to specify L2 techniques for selectively waking up a DRX group.
Conclusion
[bookmark: _Toc242573361]RAN is kindly asked to discuss the following proposals: 
Observation 1. Exclusivity between DRX group and WUS or SCell dormancy is an artifact due to constraint on TEI studies.
Observation 2. 	Additional power can be saved if DRX group and other R16 power saving features can be jointly configured.
Observation 3.  	Amount of work required to enable joint configuration between DRX group and WUS or SCell dormancy is expected to be minimum and can be accommodated by the R17 power saving WI, without impact on its TU allocation.   
Observation 4.  	Additional power can be saved if network can selectively wake up a DRX group. However, RAN1 may not have the necessary TU to complete the study.
Proposal 1.  In R17 power saving WI, specify necessary spec changes to enable joint configuration between DRX group and WUS or SCell dormancy.
[bookmark: _Hlk50052575]Proposal 2.  In R17 power saving WI, task RAN2 to specify L2 techniques for selectively waking up a DRX group.
Appendix – updated WID

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN2, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
c) Specify minimum changes required to enable joint configuration of DRX group and wakeup signaling or SCell dormancy [RAN2, RAN1]
d) Specify L2 techniques for selectively waking up a DRX group [RAN2] 
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