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Introduction
Rel.17 power saving enhancement work item [1] was updated and agreed in RAN plenary #88e meeting.
The working scope 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



This contribution discusses potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime. More specifically, the following topics are discussed:
· PDCCH monitoring reduction related discussion,
· Potential interaction between Secondary DRX, WUS/DCP and SCell dormancy operation for Rel.17

Discussion
PDCCH monitoring reduction
DCI-based PDCCH monitoring adaptation
In Rel.16, DCI-based WUS was introduced before DRX Active time for wake up indication and SCell dormancy indication, which controls UE behavior of whether to start monitoring PDCCH in the upcoming DRX active time. Thus gNB can control that based on the UE traffic/ buffer status and proper scheduling prediction.
For power saving scheme inside active time, cross-slot scheduling for relaxed UE processing and dormancy indication to allow PDCCH monitoring skipping per serving cell are introduced. 
We think time domain adaptation for PDCCH monitoring reduction can be further improved. The DCI format 2_6 only works for triggering outside active time. Once UE has entered active time, UE always has to monitor PDCCH in the PCell as per search space configuration until going into DRX OFF. Therefore, more dedicated optimization for traffic adaptation in time domain within active time should be further studied.
Proposal 1: The support of PDCCH monitoring reduction for traffic adaptation time domain within active time should be studied.
[bookmark: _GoBack]At the initial stage of the Rel.16 Power Saving study, WUS or so called Power Saving Channel/Signal (PoSS) was discussed for both outside and inside active time. The functionality for the WUS/PoSS inside active time provides flexible and dynamic control for PDCCH monitoring, which is technically beneficial. The reason of not introducing in Rel.16 is the concern from DRX duplication and potential specification impact to the DRX scheme, e.g. how to manage the DRX related timers. Hence, dynamically adjusting the PDCCH monitoring occasions without impact to or without duplication of DRX would be appealing solution.
In the current specification, basically the monitoringSlotPeriodicityAndOffset and duration in SearchSpace decide the slots where the PDCCH is monitored. Then monitoringSymbolsWithinSlot in SearchSpace and duration in ControlResourceSet determine the PDCCH monitoring occasion pattern within a slot. Figure.1 in below briefly illustrates how to identify the monitoring occasions.


Figure.1 PDCCH monitoring occasions identified by SearchSpace and ControlResourceSet
Within the active time, DCI-based PDCCH monitoring adjustment can be considered to modify monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot in SearchSpace, and duration in ControlResourceSet. The modification is performed by gNB based on the traffic adaptation and scheduling prediction. It is also beneficial for control resource balancing between UEs. By doing so in time domain, the blocking rate can be managed better than solely reducing the number of BD and CCEs. In the meanwhile, this will not impact the DRX related specification and provides differentiated functionality from DRX because DRX related timer handles "ms" order granularity of wake-up/sleep operation and these parameters handles within "ms" of symbol/slot granularity of wake-up/sleep operation. PDCCH monitoring at least once in a millisecond ensures no impact on DRX operation.
Proposal 2: DCI based PDCCH monitoring adjustment on parameters in RRC parameters SearchSpace and ControlResourceSet should be studied for Rel.17 power saving enhancement.

Other extensions for PDCCH monitoring reduction
Another aspect to consider for the PDCCH monitoring reduction is that for certain scenarios and traffic types, gNB is capable to perform scheduling prediction. If the prediction can be in a relatively longer term and in a regular basis, it is useful to minimize UE PDCCH monitoring but without sacrificing the system performance.
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. Multiple TB scheduling was supported by eMTC and NR-U and was also discussed in URLLC. For Rel.17 power saving enhancement, it can also be discussed and studied due to the power saving technical merit. 
Proposal 3: Multiple TB scheduling should be studied for Rel.17 power saving enhancement.  


Secondary DRX configuration
[bookmark: _Hlk37309040]In the RAN #88e meeting, a secondary DRX group was agreed to be introduced in Rel.16 due to easier deployment. A separate drx-InactivityTimer and drx-onDurationTimer can be configured compared to the default DRX group. Furthermore, the drx-ShortCycleTimer is handled per DRX group, but a common configuration value is used. Under this scope, it is assumed that there is no impact to RAN1 specification, especially on the WUS and dormancy indication.
However, in the scope of Rel.17 power saving, if secondary DRX group is configured together with WUS and/or dormancy indication, some UE behaviour should be clarified. For example, the wake up indication in WUS should trigger only drx-onDurationTimer of the default DRX group or both DRX groups. In additional, dormancy indication is also cell group-based configured. As also pointed earlier in the Rel.16 phase, it is possible that in the default DRX group, dormancy indication may point to a certain SCell, which belongs to the secondary DRX group. Then the UE behaviour is not clear. If this is not sensible configuration, it is also question how to limit the SCell grouping configuration. Considering the TU budget limitation and current e-meeting working manner, it is desirable to clarify the UE behaviour which may minimize the specification impact.
Proposal 4: UE behaviour on simultaneous configuration of secondary DRX group, WUS and dormancy indication should be clarified with minimum specification impact.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: The support of PDCCH monitoring reduction for traffic adaptation time domain within active time should be studied.
Proposal 2: DCI based PDCCH monitoring adjustment on parameters in RRC parameters SearchSpace and ControlResourceSet should be studied for Rel.17 power saving enhancement.
Proposal 3: Multiple TB scheduling should be studied for Rel.17 power saving enhancement.
Proposal 4: UE behaviour on simultaneous configuration of secondary DRX group, WUS and dormancy indication should be clarified with minimum specification impact.
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