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1 Introduction

In RAN1#102-e meeting, the evaluation methodology and potential techniques for DCI-based power saving adaptation during DRX active time were discussed. The evaluation methodologies were agreed. In addition to FTP and VoIP which are evaluated in [1], more traffic models (e.g., frequent data traffic and FTP100) are investigated in this contribution. And the simulation results of PDCCH skipping and PDCCH switching are provided in section 2.

Furthermore, in RAN #89-e meeting, the combination of secondary DRX group and WUS PDCCH were discussed. The corresponding impact on the operation of WUS PDCCH is analyzed.
2 Detailed evaluation of PDCCH monitoring reduction techniques
In RAN1#102-e meeting, the evaluation methodologies were agreed and some power saving techniques in DRX Active Time were discussed. The PDCCH skipping and PDCCH switching are two promising power saving techniques. The power saving gain provided by PDCCH skipping and PDCCH switching should be studied first according to the WID. In this contribution, the power saving gain of PDCCH skipping and PDCCH 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 [1]. 

Table 1 BWP setting

	BWP setting
	BWP#1
	BWP#2

	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 frequent data traffic model


· Traffic model

In this contribution, FTP, FTP100, VoIP, frequent data traffic models 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
	frequent data 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
	
	0.05Mbytes

	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)
	15ms
	15ms
	8ms
	8ms

	PDCCH monitoring period of PDCCH switch
	Per 2 slots


PDCCH skipping and PDCCH switching are simulated separately. In this simulation, scheduling DCI is used to indicate PDCCH skipping or PDCCH switching. UE starts to perform PDCCH skipping or PDCCH switching from the next slot after receiving an indication from DCI.
· Power saving gain
According to the above simulation assumptions, the power consumption distributions are shown in Figure 1.
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(a) Power consumption distributions for FTP
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(b) Power consumption distributions for FTP100
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(c) Power consumption distributions for VoIP
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(d) Power consumption distributions for frequent data traffic

Figure 1 Power consumption distributions
(Note: PDCCH-only1 is the ‘PDCCH-only’ state in BWP#1, PDCCH-only2 is the ‘PDCCH-only’ state in BWP#2.)
As shown in Figure 1, both PDCCH skipping and PDCCH switching can reduce power consumption in 'PDCCH-only' state. To have better understanding of the benefits from the power saving technique for each traffic model, power saving gain are shown in Figure 2.
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Figure 2 Power saving gain
In this simulation, PDCCH skipping provides larger power saving gain than PDCCH switching. The advantage of PDCCH skipping is that UE can enter into a light sleep or even a deep sleep if the skipping period is long enough, which saves more power than micro sleep.
Observation 1: Both PDCCH skipping and PDCCH switching can reduce power consumption in 'PDCCH-only' state.
Observation 2: PDCCH skipping provides larger power saving gain than PDCCH switching. 

· Power saving gain and latency for FTP100 and frequent data traffic
In addition to power saving gain, latency is also important and is strongly related to PDCCH skipping period. The relationship between latency and PDCCH skipping period should also be studied. FTP and VoIP traffic models are evaluated in [1]. In this section, FTP100 and frequent data traffic are evaluated, and the results are shown in Figure 3.
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Figure 3 Mean power and mean latency of for FTP100 and frequent data traffic
According to Figure 3, when PDCCH skipping period is less than DRX inactivity timer, the increasing of PDCCH skipping period leads to significant power saving gain and little impact on latency. However, when PDCCH skipping period is larger than DRX inactivity timer, the latency increases but almost no more power saving gain can be achieved. So the PDCCH skipping period setting should achieve a tradeoff between power saving gain and latency, which means the PDCCH skipping period should not be larger than the DRX inactivity timer if DRX is configured.

Observation 3: When PDCCH skipping period is larger than the DRX inactivity timer, the scheduling latency will increase drastically.
3 Impact of secondary DRX group
In Release 16, the secondary DRX group was introduced in RAN2 TEI which was aimed to reduce UE power consumption for FR2. Considering the potential impact on RAN1 [2], it was agreed that the secondary DRX group is not simultaneously configured with WUS PDCCH or SCell dormancy indication. In RAN 89-e meeting, it was proposed to consider the combination of secondary DRX group and WUS PDCCH in Release 17. However, no consensus was reached [3]. Herein the impacts of secondary DRX group on WUS PDCCH and SCell dormancy are discussed.
According to 38.321, when the secondary DRX group is supported, its DRX timers share with the primary DRX group except for the drx-onDurationTimer and the DRX Inactivity Timer. And the DRX timers of the two DRX groups are maintained separately. The Active Time durations of the two DRX groups may be misaligned due to the different traffic arrivals of the two DRX groups, wherein one of the DRX groups is in Active Time, while the other one is outside Active Time. The misalignment needs to be considered in the design of interactions between secondary DRX group and WUS PDCCH/SCell dormancy behavior.
The WUS PDCCH is configured per cell group and UE monitors WUS PDCCH at Pcell for CA and Spcell for DC. As the timers of the two DRX groups are managed separately, it needs to be discussed whether and how to enable the WUS PDCCH to indicate one of the two DRX groups to start the drx-onDurationTimers.
Furthermore, according to 38.213, WUS PDCCH is located before DRX onduration and UE does not monitor WUS PDCCH during DRX Active Time. However, in the case of misaligned Active Time at the WUS PDCCH monitoring occasion, UE’s behavior of whether to monitor WUS PDCCH needs to be discussed.

The SCell dormancy indication can be conveyed by WUS PDCCH or DCI format 0-1/DCI format 1-1. Similar with wake-up indication, whether and how to enable indication of the SCell dormancy to one of the two DRX groups should be discussed.
Observation 4: For the enhancement of secondary DRX group, the following factors need to be considered

· Whether and how to enable the WUS PDCCH to indicate one of the two DRX groups to start the drx-onDurationTimers

· Whether and how to enable indication of the SCell dormancy to one of the two DRX groups
4 Conclusion

In this contribution, we have the following observations.

Observation 1: Both PDCCH skipping and PDCCH switching can reduce power consumption in 'PDCCH-only' state.
Observation 2: PDCCH skipping provides larger power saving gain than PDCCH switching. 

Observation 3: When PDCCH skipping period is larger than the DRX inactivity timer, the scheduling latency will increase drastically.

Observation 4: For the enhancement of secondary DRX group, the following factors need to be considered

· Whether and how to enable the WUS PDCCH to indicate one of the two DRX groups to start the drx-onDurationTimers

· Whether and how to enable indication of the SCell dormancy to one of the two DRX groups
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