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1		Introduction
In this paper, we discuss aspects related to below objective in the Rel-17 UE power saving WI [1] on study of active time UE power savings techniques
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.
-	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.
[bookmark: _Ref178064866]2	Discussion
In RAN1#102-e evaluation assumptions for connected mode power saving enhancements study were agreed. The agreements included Rel-15 / 16 features recommended for baseline, including the DRX, WUS, cross-slot, BWP switching, dormancy, etc. RAN1 also sent an LS to RAN2 with this information (in R1-2007419). 
In this contribution, we show evaluation results for following power savings techniques 
· Long DRX
· Long DRX + Short DRX
· DRX (long and short) + SS Set Switching
2.1 	UE power saving techniques
When the UE is always active, the UE is always ready to receive the PDSCH. Thus, in this case, there will be no latency impact or throughput loss. Having the UE always active, however, causes a lot of unnecessary PDCCH monitoring. 
Rel-15 allows configuration of long DRX, long and short DRX with a wide-variety of tunable parameters including cycle length, inactivity timer and on durations. In addition to these, search-space switching was also introduced in Rel16. Using this SS-switching, the NW may configure the UE with sparse and dense SS and switch between them to save the power (Note: UE features discussion related this is ongoing).
In the evaluations, we also consider an ideal scheduling scenario as a reference where PDCCH monitoring for the UE is always turned off right after end of a data burst and turned on only at the beginning of a data burst. Such scenario is not realizable is practice at least for PCell scheduling i.e. the UE has no advance knowledge of data burst pattern, and so it cannot always start PDCCH monitoring just in time, and a regular scheduling pattern is needed as a fall back to maintain connection with the UE. 
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Long and short-DRX. Short-DRX is used as replacement for some part of IAT
Figure 1 – NR UE power savings techniques
2.2 	Possible candidates for Rel. 17
Power consumption due to unnecessary PDCCH monitoring can be reduced by two approaches. In the first approach, power consumption of each PDCCH monitoring itself can be reduced. This can be done, for example, by reducing the number of MIMO layers during the PDCCH monitoring. The UE can use a larger number of MIMO layers when the data burst comes. Power consumption can also be reduced by reducing the number of blind decoding during PDCCH detection. This, for example, can be done by decoupling the UL and DL search-spaces (SSs). Another possible alternative is by activate/deactivate the resource block (RB) sets. This feature, in Rel. 16, is available for NR-U.
For Rel. 17 UEPS, in particular, PDCCH monitoring during active time AI should focus on methods that could reduce the number of PDCCH monitoring itself. This is, especially, to make sure that the power-saving gain obtained from the newly introduced feature, or the extension of currently available feature still could provide notable power-saving gain.
Proposal 1 [bookmark: _Toc54385017]The Rel. 17 discussion should focus on methods that might reduce PDCCH energy consumption by reducing PDCCH monitoring in the time domain (e.g. SS-switching).
In NR-U, SS-set group switching (SSGS) feature was introduced in Rel. 16 by which UE can be configured to switch between sparse and frequent PDCCH monitoring. This feature can be used for power saving, for example, when the UE waits for a data burst to arrive, it can be in a sparse PDCCH monitoring state (and thus, reduce the PDCCH monitoring occasions and saving power); and it can switch to a denser PDCCH monitoring when the data burst arrives.
In SSGS there are two switching mechanisms that can be used. An explicit switching of two SS groups is done through detection of DCI format 2_0. First, the UE is configured with searchSpaceSwitchTrigger-r16 in the RRC parameter. The SS-set group switching field is one bit in size, where a bit value of zero indicates one group (group0) and a value of one indicates the second group (group1). Implicit switching happens when the UE is not configured with RRC parameter searchSpaceSwitchTrigger-r16, where a timer/DCI (not limited to 2-0) detection is used to switch states.
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Fig. 5. UE with long-DRX and implicit SS-switching
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Fig. 6. UE with long-DRX, short-DRX, and implicit SS-switching

Related to DRX configurations, the SS-switching can be used, for example to replace the short-DRX cycle. This approach can be seen in Fig. 5. Alternatively, the SS-switching may also be used on top of long and short-DRX cycle as can be seen in Fig. 6.
2.3 	Evaluation results
[image: ][image: ]
Figure 4 – Throughput vs. power savings trade-off for NR power savings techniques

The simulation results are summarized in Figure 1 above. For the evaluations, FTP3 traffic is considered with packet size of 0.5MB and 200ms of mean packet inter-arrival time, i.e., according to TS 38.840. Simulations are conducted for different methods which the parameters are set below:

	
	Method
	Details

	1
	No DRX (always active)
	The UE always on to be ready to receive PDCCH and/or PDSCH

	2
	Long-DRX only
	[160ms; 100ms; 8ms]

	3
	Long-DRX + SS-switching
	Long-DRX [160ms; 8ms]; IAT [100ms];
Once the UE receive PDSCH, the UE monitors PDCCH in every slot.
If there are no PDSCH for 20ms, the UE monitors PDCCH with SS duration of 8ms within 20ms periodicity

	4
	Long & short-DRX [8ms on-duration]
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]

	5
	Long & short-DRX + SS-switching
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms];
Once the UE receive PDSCH, the UE monitors PDCCH in every slot.
If there are no PDSCH for 4ms, the UE monitors PDCCH with SS duration of 2ms within 8ms periodicity

	6
	Long & short-DRX [2ms on-duration]
	Long-DRX [160ms; 2ms]; Short-DRX [20ms; 4 times; 2ms]; IAT [20ms]

	7
	Ideal scheduling case
	PDCCH monitoring for the UE is always turned off right after end of a data burst and turned on only at the beginning of a data burst 
(simulated only for reference)



We make the following observations
· Largest fraction of achievable UE power savings gains in active time are obtained by long-DRX
· 55% of power is saved compared to always on
· 35% UPT loss compared to ‘always on’
· Long DRX + short DRX provide 
· 55% + 9% = 64% power reduction compared to ‘always on’
· ~ 35% UPT loss compared to ‘always on’
· Long DRX + SS set switching provide 
· 55% + 9% = 64% power reduction compared to ‘always on’
· ~ 35% UPT loss compared to ‘always on’
 
[bookmark: _Toc54385012]Largest fraction of achievable UE power savings gains in active time are obtained by long-DRX. 
[bookmark: _Toc54385013]UE PS gains/UPT loss due to SS-set switching are similar to those provided by short-DRX. 
Combining Long DRX + short DRX + SS-set switching yields 18% UEPS gains at 7%UPT loss. However, simply reducing on duration of Long-DRX + short DRX to 2ms also yields 17% UEPS gains at 5% UPT loss. 
[bookmark: _Toc54371999][bookmark: _Toc54385014]Shortening the on-duration can achieve similar UEPS gains/UPT loss compared to adding SS adaptation on top of long and short-DRX with longer on-duration.
This indicates that SS-set switching mechanism has some similarities to short DRX, particularly the transition from Off to on mechanism (which is effectively waking up periodically to detect if there is grant/assignment). The on to off mechanisms are slightly different based on timer setting, and the DCI 2-0 based indication mechanism for SS-set switching. 
Given these results, we think that the main benefit of SS-switching is that it is readily available tool from Rel-16 and it should be made available for licensed band usage. This can be done already via Rel-16 NR-U UE feature discussions. If extending applicability of Rel-16 SS-set switching mechanisms to licensed bands is not enabled in Rel-16, introduce corresponding capability in Rel-17 for licensed band operation.  
Proposal 2 [bookmark: _Toc54014855][bookmark: _Toc54115230][bookmark: _Toc54372072][bookmark: _Toc54372073][bookmark: _Toc54385018]Any new feature (if introduced) for DCI based power savings for active time should have minimum impact on the NW, acceptable standardization effort and show gains compared to techniques already agreed for Rel15/16.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Largest fraction of achievable UE power savings gains in active time are obtained by long-DRX.
Observation 2	UE PS gains/UPT loss due to SS-set switching are similar to those provided by short-DRX.
Observation 3	Shortening the on-duration can achieve similar UEPS gains/UPT loss compared to adding SS adaptation on top of long and short-DRX with longer on-duration.

Proposal 1	The Rel. 17 discussion should focus on methods that might reduce PDCCH energy consumption by reducing PDCCH monitoring in the time domain (e.g. SS-switching).
Proposal 2	Any new feature (if introduced) for DCI based power savings for active time should have minimum impact on the NW, acceptable standardization effort and show gains compared to techniques already agreed for Rel15/16.
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