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Introduction
In Rel-17 UE power saving WI [1], additional enhancement in CONNECTED state is proposed: Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX active time   

· Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
· Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Timer 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.











In the last RAN1 meeting RAN1#103e, the following agreement is reached [2]. 
Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation for active time,
· Option 1: Search space set group switching,e.g., including explicit and implicit search spaceset group switching   
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)
· 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



















In the contribution, we discuss further details on enhanced DCI based adaptation for UE power saving.  
Discussion 
PDCCH monitoring without scheduling grant can be caused by the dynamic traffic pattern, or due to network load condition. The concept of PDCCH skipping provide an effective way to reduce PDCCH monitoring, improving UE power saving performance in various traffic pattern and network load condition. PDCCH search spacing switching is another method to adapt to traffic, where more frequent monitoring occasion is configured when higher traffic load is observed.  

PDCCH skipping and SS switching both explore time domain adaptation to traffic pattern to save UE power. For PDCCH skipping, since it is one time setting, a much larger skipping step can be set to maximize the power saving gain. For SS switching, once the search space configuration is switched, it will keep the same until next switch command. Therefore, a more conservative monitoring periodicity is typically used. This setting is observed in different results summarized in [3].   

Here we perform additional power saving evaluation. Baseline performance is R16 with WUS and cross slot scheduling enabled. The evaluation is FR1 only, with one 100MHz CC. We set the DRX setting to match with the FTP 3 traffic model, although in real network deployment this is not an easy task. The simulation assumption is summarized in table I. 

Table I: Simulation assumption

	Parameters 
	Value

	CC
	FR1, 1 CC, 100MHz BW

	DRX parameter
	DRX cycle 160ms, IAT: 40ms, 8ms ON duration.

	Traffic: 
	FTP 3 traffic model: 200ms inter-arrival, 0.5Mbytes packet




Table II lists the results of power saving improvement with R16 baseline. 

Table II: Power consumption evaluation

	
	Average Power Consumption 
	Average delay (ms)

	R16 baseline (with WUS + Cross slot) 
	17.75
	60.9185

	R16 baseline + skipping 8 slots when no traffic 
	15.31 (13.75%)
	62.0092

	R16 baseline + skipping 16 slots when no traffic 
	12.16 (31%)
	63.6997

	R16 + SS (1/2 slots) 
	16.31 (8.11%)
	61.2461

	R16 + SS(1/4 slots)
	15.66 (11.7%)
	61.2501




Observation: One-time PDCCH skipping allow large skipping value to be set, which maximize UE power saving gain.  

Proposal 1:  Support of dynamic PDCCH monitoring skipping method in Rel-17 active mode UE power enhancement.
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. When scheduling DCI is used, additional triggering bit can be added to DL or UL scheduling DCI. After PDCCH skipping command is received together with DL or UL scheduling, when to apply the skipping comment needs to be aligned between the gNB and the UE. PDSCH receiving or PUSCH transmitting takes majority of power consumption. Therefore, PDCCH monitoring skipping can be applied after ACK transmission with PDSCH receiving, or after PUSCH transmission. For non-scheduling DCI, the skipping can be applied after a fixed processing delay which can be further specified.   
For non-scheduling DCI, DCI format 2-0 and 2-6 are group DCI. Since the PDCCH monitoring adaptation is based on UE specific traffic, it is not clear how efficient it is to use group DCI to adapt PDCCH monitoring.  In addition, timer-based approach provides a low overhead method to enable PDCCH skipping when no scheduling DCI is received over certain period. 

Proposal 2: Scheduling grant can be used to trigger PDCCH monitor skipping. Additional trigger bits in scheduling DCI 0-1, 0-2, 1-1, 1-2. 
· When triggered by DL DCI: Skipping commend applies after ACK/NACK transmission. 
· When triggered by UL DCI: skipping commend applies after PUSCH transmission  
· Further discuss whether group based non-scheduling DCI should be used for monitoring adaptation.  
· Timer based method can be defined
PDCCH skipping and search space switching explore the same time domain adaptation. Skipping is one time operation which enable maximum UE power saving, together with higher signalling overhead when multiple skipping happens. Search space switching adapts to the ongoing traffic pattern by adjusting PDCCH monitoring periodicity. A UE will keep monitoring using the configured pattern until next DCI change it. Therefore, typically lower signalling overhead is expected with less UE power saving benefit. 
Due to the similarity of skipping and SS switching, a unified design can be made to balance the power saving gain and signalling overhead. For example, different skipping value and/or multiple SS configuration per BWP can be RRC configured and triggering in DCI can indicate desirable operation with similar triggering overhead.  
Proposal 3: Unified design to enable both skipping and switching can be studied 

Conclusion
Observation: One-time PDCCH skipping allow large skipping value to be set, which maximize UE power saving gain.  

Proposal 1:  Support of dynamic PDCCH monitoring skipping method in Rel-17 active mode UE power enhancement.
Proposal 2: Scheduling grant can be used to trigger PDCCH monitor skipping. Additional trigger bits in scheduling DCI 0-1, 0-2, 1-1, 1-2. 
· When triggered by DL DCI: Skipping commend applies after ACK/NACK transmission. 
· When triggered by UL DCI: skipping commend applies after PUSCH transmission  
· Further discuss whether group based non-scheduling DCI should be used for monitoring adaptation.  
· Timer based method can be defined.
Proposal 3: Unified design to enable both skipping and switching can be studied 
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