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Introduction
Rel.17 power saving enhancement work item [1] includes the following objectives:
	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 #102-e 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, 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



The agreements achieved in the previous meeting (RAN1#103-e meeting) are listed in the appendix.
This contribution discusses extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time, regarding the following topic:
· Multi-slot PDSCH/PUSCH scheduling (same from [2])
· Search space set group switching.
· PDCCH skipping for a certain duration / DRX cycle

Discussion
Multi-slot PDSCH/PUSCH scheduling
When the scheduling latency is not the issue but high throughput by every slot scheduling is required, a high level consideration is multiple TBs can be scheduled once by only one DCI. In this case, even if PDCCH monitoring occasions are reduced for a UE like once per 2 slots or once per 4 slots, the throughput is not impacted. This can save power consumption for PDCCH monitoring, and in the meanwhile compensate the throughput by supporting 2 or 4 slot PDSCH/PUSCH scheduling. Multiple TB scheduling was supported by eMTC and NR-U. For Rel.17 power saving enhancement, it can also be discussed and studied due to the power saving technical merit. 
Proposal 1: Multiple TB scheduling should be studied for Rel.17 power saving enhancement due to the power saving merit provided by sparse PDCCH monitoring.  

Search space set group switching
Once UE wakes up from DRX inactive period, dynamic search space set group switching is beneficial for traffic adaptation, from the perspective of traffic arrival interval and/or latency requirement. The PDCCH monitoring periodicity in each search space set group may be chosen to match to the traffic characteristic and latency requirement. For power saving benefits enjoyed by broader service/traffic type, DCI formats 1_1, 0_1, 1_2, 0_2 should support this dynamic indication. 
Particularly, with regarding to DCI format 1_1, scheduling and non-scheduling DCI for dormancy indication may both support this feature.
Regarding DCI format 2_6, if gNB has clear idea on which search space set group to be used by UE, incorporating this indication is beneficial for shorter latency but in the meanwhile keeps low power consumption. An example could be that UE can be configured with search space set with larger monitoring periodicity by default to save system control overhead and if from gNB side, a short latency required traffic arrives before the starting of DRX active time, DCI format 2_6 may switch UE into a search space set group that utilizes a short monitoring periodicity.
For DCI format 2_0, as search space set group switching was already introduced by NR-U, the potential enhancement may also be considered further if needed in the context of power saving enhancement.
[bookmark: _Hlk61858145]Proposal 2: Dynamic search space set group switching should be supported by DCI format 1_1, 0_1, 1_2, 0_2, 2_6. Further enhancement to DCI format 2_0 can also be considered.
Besides the explicit indication, we think the implicit switching in conjunction with multi-slot PDSCH/PUSCH scheduling is also beneficial for power saving. When UE is scheduled with multi-slot PDSCH/PUSCH, the search space set group can be automatically switched with larger monitoring periodicity and the switching can be the other way around in case UE is scheduled with single-slot PDSCH/PUSCH. Then the throughput is not impacted while the power consumption for PDCCH monitoring can be saved.
Proposal 3: Implicit dynamic search space set group switching in conjunction with multi-slot PDSCH/PUSCH should be studied.

PDCCH skipping for a certain duration / DRX cycle
By allowing UE to skip PDCCH monitoring for a certain duration is meaningful operation for power saving. If UE is during DRX inactive, when gNB has some traffic to transmit, but due to some reason like resource congestion or interference coordination, the scheduling needs to be postponed for a certain duration. DCI format 2_6 can indicate the period of time that UE is allowed to sleep until it may start to monitor PDCCH. This has power saving benefit by avoiding UE wake up from the start of the DRX active time but without scheduling.
Proposal 4: PDCCH skipping for a certain duration / DRX cycle should be supported by DCI format 2_6.
If UE is already during DRX active time, current MAC CE can deactivate UE. Although L1-based PDCCH skipping indication is faster than MAC CE and can reduce PDCCH monitoring by several slots, the additional power saving benefit is not so solid. Therefore, in our view, the support of PDCCH skipping for DCI format 1_1, 0_1, 1_2, 0_2 is not so necessary. On the other hand, from signaling overhead point of view, if gNB needs to indicate PDCCH skipping for a group of UEs or even as a cell common operation, a common DCI like DCI format 2_0 can be enhanced if the scenario can be justified.
Proposal 5: During DRX active time, PDCCH skipping supported by a common PDCCH, e.g. DCI format 2_0, could be studied if the use case can be justified.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Multiple TB scheduling should be studied for Rel.17 power saving enhancement due to the power saving merit provided by sparse PDCCH monitoring.
Proposal 2: Dynamic search space set group switching should be supported by DCI format 1_1, 0_1, 1_2, 0_2, 2_6. Further enhancement to DCI format 2_0 can also be considered.
Proposal 3: Implicit dynamic search space set group switching in conjunction with multi-slot PDSCH/PUSCH should be studied.
Proposal 4: PDCCH skipping for a certain duration / DRX cycle should be supported by DCI format 2_6.
Proposal 5: During DRX active time, PDCCH skipping supported by a common PDCCH, e.g. DCI format 2_0, could be studied if the use case can be justified.
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Appendix: Conclusions achieved in RAN1#103-e meeting



Agreements:
Observation: 

· Each of the following schemes is individually shown to be beneficial for UE power saving compared to the baseline.
· Dynamically switching search space set
· Dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· At least the following Rel-15 and/or Rel-16 power saving solutions have been utilized for baseline,
· For eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT or long IAT), Wake-up signal, Cross-slot scheduling, CA/Scell dormancy, MAC-CE skipping, BWP switching
· For VoIP traffic,
· DRX setting(only long DRX cycle with a short IAT), Wake-up signal,  Cross-slot scheduling, MAC-CE skipping
· For IM traffic,
· DRX setting(long DRX cycle [with a short IAT]), Wake-up signal
· For intensive eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT), Wake-up signal, Cross-slot scheduling, [CA/Scell dormancy], MAC-CE skipping, BWP switching
· Note: intensive eMBB traffic is optional and companies may use FTP model 3 with different packet size and mean data arrival time, e.g., 15ms, 30ms, 50ms or 100ms. 
· Note 1: For Search space switching, switching from 1slot monitoring to 2, 4, 8, 10, 16 or 32 slot with 30kHz SCS (FR1) and 120kHz (FR2) is utilized.
· Note 2: For PDCCH skipping , skipping 2ms, 4ms, 5ms, 8ms, 15ms, 16ms, 32ms,  64ms or to next DRX cycle is utilized
· Note 3: the baseline assumed may vary across companies




Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study
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