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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#102-e meeting) are listed in the appendix.
This contribution is updated from [2] and discusses potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time, especially regarding the following topic:
· PDCCH monitoring reduction.
· Reducing PDCCH BD limits VS. Sparse Monitoring
· Multi-slot PDSCH/PUSCH scheduling

Discussion
PDCCH monitoring reduction
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 in time domain within active time should be studied.
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.
In NR-U of Rel.16, search space set group switching was agreed. Based on DCI, which search space(s) are monitored are controlled by gNB. With such mechanism, the similar operations to controlling SearchSpace and ControlResourceSet are possible.
To enable the above mentioned PDCCH monitoring adjustment, DCI-based or timer based search space set group switching can be considered as an efficient solution. For different traffic adaptation requirements, proper parameters controlling the PDCCH monitoring time domain resource can be associated with different search space set.
Proposal 2: DCI based PDCCH monitoring adjustment on parameters in RRC parameters SearchSpace and ControlResourceSet should be studied for Rel.17 power saving enhancement. As an alternative, search space set group switching can be considered as an efficient solution.

Reducing PDCCH BD limits VS. Sparse Monitoring
As already discussed in our companion contribution [3] for RedCap, the comparison between PDCCH BD reduction and sparse monitoring is performed to investigate whether PDCCH BD reduction should be supported.
Similarly, three cases are considered below for non-RedCap UEs for numerical analysis by using the current power model:
· Case 1: PDCCH is monitored every slot, number of BD limit is reduced to 50%
· The average power consumption for PDCCH monitoring is 0.5*PPDCCH + 0.5*0.7* PPDCCH = 85
· Case 2: PDCCH is monitored every 2 slots, no reduction of BD limit
· The average power consumption for PDCCH monitoring is (PPDCCH + Pmicro-sleep) / 2 = 72.5
· Case 3: PDCCH is monitored every 4 slots, no reduction of BD limit
· The average power consumption for PDCCH monitoring is (PPDCCH + Pmicro-sleep *3) / 4 = 58.75
Thus, it can be easily observed that utilizing sparser PDCCH monitoring would provide more power saving gain than BD reduction, although the scheduling latency is compromised. Also, the throughput may also be impacted for high date rate demanding scenarios. However, this can be addressed by multi-slot scheduling, which is discussed in the next sub-section. 
Observation 1: Compared with PDCCH BD reduction, sparse PDCCH monitoring may provide better power saving gain.

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 3: Multiple TB scheduling should be studied for Rel.17 power saving enhancement due to the power saving merit provided by sparse PDCCH monitoring.  



Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: The support of PDCCH monitoring reduction for traffic adaptation in 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. As an alternative, search space set group switching can be considered as an efficient solution.
Observation 1: Compared with PDCCH BD reduction, sparse PDCCH monitoring may provide better power saving gain.
Proposal 3: Multiple TB scheduling should be studied for Rel.17 power saving enhancement due to the power saving merit provided by sparse PDCCH monitoring.  
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Appendix: Conclusions achieved in RAN1#102-e meeting

Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.


Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled


Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.

Draft LS is approved (with generic RAN2 action), with final LS in R1-2007419.
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