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Introduction

In RAN1#103-e meeting, two power saving schemes, i.e., dynamic search space set switching and dynamic PDCCH monitoring skipping, are observed to be beneficial to UE power consumption according to companies’ evaluations [1]. Therefore, in this contribution, more detail evaluations on the time distribution of different operations and power saving gain from the two beneficial schemes are presented. 

Detailed evaluation of PDCCH monitoring reduction techniques
The power saving gain and latency provided by PDCCH skipping and search space set group switching are evaluated as follows. As the DRX command MAC CE is similar to the PDCCH skipping techniques, the DRX command MAC CE is also simulated for the comparison with PDCCH skipping. In this section, only the power saving gain and latency of baseline, DRX command MAC CE, PDCCH skipping and search space set group switching in FR1 are evaluated.
In the baseline, several techniques such as DRX, BWP switching, maximum number of MIMO layer adaptation, cross-slot scheduling are considered. The BWP configuration are shown in Table 1. More detailed simulation assumptions can be found in [2]. 

Table 1 BWP setting

	BWP setting
	BWP for power saving
	BWP for data scheduling

	Frequency range
	FR1
	FR1

	Bandwidth(MHz)
	20
	100

	Maximum DL MIMO layer
	2
	4

	Same/Cross-Scheduling
	Cross-slot scheduling
	Same-slot scheduling

	PDCCH monitoring duration
	1 slot

	PDCCH monitoring periodicity
	2 slots
	1 slot

	BWP inactivity timer 
	30ms for FTP and FTP100, 20ms for VoIP and Data-intensive traffic model


Traffic model

In this contribution, traffic models including FTP, FTP100, VoIP, Data-intensive are used. The traffic model and corresponding DRX setting are shown in Table 2.

Table 2 Traffic model and DRX setting
	Traffic model
	FTP
	FTP100
	VOIP
	Data-intensive traffic

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.Assume max two packets bundled.
	FTP model 3

	Mean arrival time
	200ms
	100ms
	
	50ms

	Payload
	0.5Mbytes
	0.1Mbytes
	
	0.1Mbytes

	DRX long cycle(ms)
	160
	160
	40
	40

	DRX onduration(ms)
	8
	8
	8
	8

	Inactivity timer(ms)
	20
	20
	10
	10

	short DRX cycle
	20
	20
	/
	/

	short DRX timer
	4
	4
	/
	/

	PDCCH skipping period(ms)
	16ms
	16ms
	8ms
	8ms

	PDCCH monitoring period of PDCCH switch
	Per 5 slots

	DRX command MAC CE
	The data carrying DRX command MAC CE is scheduled after (1/2*DRX IAT) ms with no new data scheduling.


DRX command MAC CE, PDCCH skipping and search space set group switching are simulated separately. In this simulation, scheduling DCI is used to indicate PDCCH skipping or search space set group switching. UE starts to perform PDCCH skipping or search space set group switching from the next slot after receiving an indication from DCI.
According to the above simulation assumptions, the time distribution of different operations and mean power are shown in Figures 1 and 2 based on the simulation assumption without DCP configuration and with DCP configuration, respectively.
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Figure 1 Time distribution and mean power without DCP configuration
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Figure 2 Time distribution of different operations and mean power with DCP configuration
(Note: PDCCH-only1 is the ‘PDCCH-only’ state in BWP for power saving, PDCCH-only2 is the ‘PDCCH-only’ state in BWP for data scheduling.)
As shown in Figures 1 and 2, both PDCCH skipping and search space set group switching can reduce power consumption in 'PDCCH-only' state. And the proportion of sleep time for PDCCH skipping is larger than that for DRX command MAC CE and search space set group switching in the case that the total number of reduced PDCCH monitoring occasions for both PDCCH skipping and search space set group switching are same. 

Observation 1: The PDCCH skipping can provide more time for a light sleep or even a deep sleep than search space set group switching and DRX command MAC CE. 
According to the above analysis, the evaluation for the power saving gain from PDCCH skipping vs. the value of skipping duration is shown as Figures 3 and 4 for FTP, FTP-100, VoIP and Data-intensive traffic model based on the baseline without and with DCP configuration, respectively. It can be seen that the power saving gain of PDCCH skipping increases with the increase of the value of skipping period.  

Observation 2: The power saving gain of PDCCH skipping increases with the increase of the value of skipping period.

Observation 3: For different skipping periods, PDCCH skipping for VoIP and Data-intensive traffic can always obtain more power saving gain than that for FTP and FTP100 traffic. 
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Figure 3 Power saving gain from PDCCH skipping vs. skipping duration without DCP configuration
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	VoIP traffic model
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Figure 4 Power saving gain from PDCCH skipping vs. skipping duration with DCP configuration
Conclusion

In this contribution, we have the following observations.

Observation 1: The PDCCH skipping can provide more time for a light sleep or even a deep sleep than search space set group switching and DRX command MAC CE. 
Observation 2: The power saving gain of PDCCH skipping increases with the increase of the value of skipping period.

Observation 3: For different skipping periods, PDCCH skipping for VoIP and Data-intensive traffic can always obtain more power saving gain than that for FTP and FTP100 traffic. 
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