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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#102e, the following agreement on evaluation methodology is reached [2]. 
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 active time.
· 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 do 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.












































PDCCH skipping  


2 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.  

To evaluate the additional PDCCH skipping benefit on top of the R16 features, simulation is done based on the agreed evaluation methodology [2]. 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

	DRX configuration
	Set 1: DRX cycle 160ms, IAT: 100ms, 8ms ON duration. 

	
	Set 2: DRX cycle 160ms, IAT: 40ms, 8ms ON duration.

	
	Set 3: DRX cycle 160ms, IAT: 20ms, 8ms ON duration.

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


	PDCCH skipping 
	10 slots.   



Table II-IV list the results of power saving improvement with R16 baseline. The power saving breakdown is shown with different UE power saving features. 


Table II: Average power consumption and average delay for simulation set 1
	
	Average Power Consumption 
	Average delay 

	R15
	41.18
	44.81

	R16 Cross slot only
	30.67 (25.52%)
	45.3159

	R16 WUS only
	39.03 (5.22%)
	49.5870

	R16 WUS + Cross slot 
	29.31 (28.82%)
	50.0870

	WUS + Cross slot + skipping  
	22.98 (44.2%) 
(21.6% over R16 WUS + cross slot)
	51.7856


 

Table III: Average power consumption and average delay for simulation set 2
	
	Average Power Consumption 
	Average delay 

	R15
	23.10
	58.6562

	R16 Cross slot only
	18.11 (21.6%)
	59.1562

	R16 WUS only
	21.31 (7.75%)
	64.0101

	R16 WUS + Cross slot 
	17.03 (26.28%)
	64.5101

	WUS + Cross slot + skipping   
	14.19 (38.57%) 
(16.68% over R16 WUS + cross slot)
	66.0183


 
Table IV: Average power consumption and average delay for simulation set 3
	
	Average Power Consumption 
	Average delay 

	R15
	14.46
	83.0269

	R16 Cross slot only
	12 (17%)
	83.5269

	R16 WUS only
	13.1 (9.41%)
	87.5341

	R16 WUS + Cross slot 
	11.05 (23.58%)
	88.0341

	WUS + Cross slot + skipping   
	9.52 (34.16%) 
(13.85% over R16 WUS + cross slot)
	90.3639


 
It can be observed that shorter inactivity timer can reduce UE power consumption by reducing the number of PDCCH monitoring slots. However, too short inactivity timer can limit scheduling flexibility of the network for dynamic traffic. It can be observed that the average delay of 20ms IAT is about 85% higher than 100ms IAT, resulting much lower UE perceived throughout.  Overall, 13.85% to 21.6% of UE power saving gain is observed with PDCCH skipping on top of R16 WUS and cross-slot scheduling. 

A new intensive eMBB traffic model was discussed in RAN1 102e. The exact traffic model is not agreed. The new FTP 3 traffic model used in the power evaluation together with the corresponding DRX setting is shown in Table V.  The power results are shown in Table VI. 

Table V: simulation assumption with intensive eMBB traffic model

	Parameters 
	Value

	DRX setting 
	DRX cycle 20ms, IAT: 10ms, 5ms ON duration.

	Traffic: 
	FTP 3 traffic model: 15ms inter-arrival, 0.05Mbytes packet


	PDCCH skipping 
	5 slots.   



Table VI: Average power consumption and average delay for intensive eMBB traffic model 
	
	Average Power Consumption 
	Average delay 

	R15
	71.92
	3.9567

	R16 Cross slot only
	56.72 (21.13%)
	4.4567

	R16 WUS only
	65.94 (8.31%)
	6.2351

	R16 WUS + Cross slot 
	53.72 (25.31%)
	6.7351

	WUS + Cross slot + skipping 10 slots when no traffic 
	46.31 (35.6%)
(13.79% over R16 WUS + cross slot ) 
	7.6970


 

Observation: PDCCH skipping provide 13.8% to 21.6% power saving gain on top of R16 WUS and cross-slot scheduling in various DRX and traffic model setting 

Proposal 1:  Support of dynamic PDCCH monitoring skipping method in Rel-17 active mode UE power enhancement.
The PDCCH skipping value can be RRC configured, which can be related to the DRX setting. This skipping bit can be added to existing scheduling DCI and sent together with the last scheduling grant before skipping. The UE can start PDCCH skipping after ACK transmission. After a UE skip the configured skipping slot, the UE will resume PDCCH monitoring following normal DRX operation. If no traffic to schedule, either timer based, or non-scheduling DCI can be used to request the UE to skip PDCCH monitoring again.  

Proposal 2: Scheduling grant can be used to trigger PDCCH monitor skipping. In addition, timer based or non-scheduling DCI can be used to trigger PDCCH monitor skipping when there is no traffic to schedule.
In RAN1 102-e, enabling WUS for short DRX is proposed [3]. When WUS is used for short DRX cycle, it is beneficial to enable one WUS skipping multiple short DRX cycles to maximize UE power saving.     
Proposal 3: Consider enabling one PDCCH-WUS to skip more than one DRX cycles.

Conclusion
Observation: PDCCH skipping provide 13.8% to 21.6% power saving gain on top of R16 WUS and cross-slot scheduling in various DRX and traffic model setting 

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. In addition, timer based or non-scheduling DCI can be used to trigger PDCCH monitor skipping when there is no traffic to schedule.
Proposal 3: Consider enabling one PDCCH-WUS to skip more than one DRX cycles.
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