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Introduction
As the agreement of RAN1#106e [1], the Packet 1 of UE behaviors triggered by self-scheduling DCI was agreed for PDCCH monitoring adaptation in a single cell, which contains at least PDCCH skipping behavior and legacy Search Space Set Group (SSSG) switching behavior.
In this contribution, the two schemes of PDCCH monitoring adaptation: the Search Space Set Group (SSSG) switching scheme and the PDCCH skipping scheme are evaluated under different traffic models and different DRX configurations. The procedures of these two schemes are introduced in the section 2.  The evaluation assumptions and results are showed in the section 3.
The PDCCH monitoring adaptation candidate scheme
In this section, the procedures of the Search Space Set Group Switching scheme and the PDCCH skipping scheme are outlined as follow:
1. The Search Space Set Group Switching scheme
According to the agreements in RAN1#105e [2], the scheduling DCI has been agreed to trigger the SSSG switching for the PDCCH monitoring adaptation. When the UE is configured with searchSpaceGroupIdList [3], the UE monitors PDCCH with SSSG#0, which is the default and configured with a normal PDCCH monitoring periodicity, e.g. 1 slot.  When UE finishes the packet transmission, UE can be indicated to switch to SSSG#1 from SSSG#0. While the search space in the SSSG#1 can be configured with a sparser monitoring periodicity, e.g. 2 slots interval. Once the new data arriving, the UE is indicated to switch back to the SSSG#0. Moreover, the SSSG switching would be performed after at least the delay of switching time   based on different UE’s capability and the delay for HACK–ACK feedback since the confirmation from HARQ-ACK of UE receiving the SSSG switching command is essential by the scheduling DCI with HARQ operation. 

2. The PDCCH skipping scheme
The PDCCH skipping is another PDCCH monitoring adaptation scheme. The PDCCH skipping can be indicated via adaption signaling. When UE finishes the packet transmission, the UE can be indicated to skip an interval of PDCCH MOs without any delay from processing and HARQ-ACK confirmation. Moreover, the skipping steps can be configured with different intervals and dynamic adjusted according to the different traffic arrival time. For example, when UE finishes the packet transmission for the XR traffic, UE is indicated to skip PDCCH monitoring for a larger duration and then to skip 3 MOs.  In the evaluation for the FTP and IM traffic, UE is indicated to skip PDCCH monitoring for the different durations in the skipping step set, e.g. {1,2,4,8}. 
[bookmark: _GoBack]The power saving gain of the Search Space Set Group switching and the PDCCH skipping
In this section, the power saving gain (PSG) of the SSSG switching scheme and the PDCCH skipping scheme are evaluated under the different evaluation assumptions, such as the different traffic models and the different DRX configurations. 
Evaluation Assumptions
Based on the agreements in RAN1#102e, the Rel-15/Rel-16 features such as RLM, RRM and DRX wake-up indication etc. are all considered in the power consumption. Furthermore, the reference DRX configurations associated with the traffic model including FTP3 and IM traffic are chosen from TR38.840. XR traffic model is also considered under different DRX configurations. The power consumption of no PDCCH monitoring adaptation is considered as the baseline. The detailed simulation assumptions are included in Table 1. 
[bookmark: _Ref78839432]Table 1: Simulation assumptions for the PDCCH monitoring adaptation 
	[bookmark: OLE_LINK11]Parameters
	Assumptions/Values 

	DRX configuration
	XR: Period = 160ms, Inactive timer = 100ms, on-duration = 40ms;
Period = 320ms, Inactive timer = 100ms, on-duration = 40ms;
FTP 3: Period = 160ms, Inactive timer = 100ms, on-duration = 8ms;
IM traffic: Period = 320ms, Inactive timer = 80ms, on-duration = 10ms;

	BWP
	100 MHz

	RLM 
	maximum {the shortest periodicity for RLM resources，the DRX period}
15*160ms = 2400ms

	RRM
	150 for RRM power consumption
SMTC Period = 20ms
2 SSBs per slot, only intra-frequency measurements considered, synchronies FR1 scenario
RRM period = 15* 160ms

	Channel tracking and CSI measurement
	Based on 5ms CSI-RS period
Based on SSB with 20ms periodicity

	SCS
	30kHz

	XR Traffic model
	transmission rate:30Mbps at 60FPS
16.67ms (60FPS)+ J ms inter-arrival time，
J is the jitter and drawn from a truncated Gaussian distribution(Mean:[0]; STD:[2ms]; range:[-8,8]ms)
 FDD

	FTP3 Traffic model
	0.5Mbytes packet, 200ms inter-arrival time;
TDD:DSUUD

	IM Traffic model
	0.1M bytes packet,2sec inter-arrival time
TDD:DSUUD



Furthermore, the PDCCH monitoring adaptation schemes are described in Table 2.

Table 2: PDCCH monitoring adaptation schemes
	Cases
	Indication
	Procedure

	 PDCCH skipping (scheme 1) 
	Indicate UE to go-to-sleep until the next packet arrival when data transmission finished. 
	It is a application-awareness case with knowledge of periodic traffic arrival .
When UE finishes the packet transmission, it would be indicated to go to sleep until next packet arrival.

	PDCCH skipping (scheme 2)
	Dynamic PDCCH skipping with the different skipping steps.
	When UE finishes the packet transmission, it would skip a larger duration and then skipping the fewer MOs, e.g. 3MOs.

	PDCCH skipping (scheme 3)
	PDCCH skipping with the different skipping steps.
	When UE finishes the packet transmission, it would skip PDCCH MOs according to skipping step set, e.g. {1,2,4,8}.

	Search Space Set Group Switching scheme
	PDCCH monitoring in  SSSG#0 or SSSG#1
The Search space in SSSG#0 with the 1 slot monitoring periodicity.
The Search space in SSSG#1 with the 2 slots monitoring periodicity.
	When UE finishes the packet transmission, it would be indicated to monitor PDCCH with the indicated SSSG. The 2 slots switching delay is considered.


Evaluation Results
In this section, the UE power saving performance of the PDCCH monitoring adaptation schemes for three types of traffic: XR, FTP and IM are evaluated. Considering different data arrival of the XR, FTP and IM traffic, the PDCCH skipping (scheme 2) is applied to the XR traffic and the PDCCH skipping (scheme 3) is applied to the FTP and IM traffic. In detail, when UE finishes the packet transmission in the XR traffic, UE is indicated to skip PDCCH monitoring for a larger duration and then to skip 3 MOs. In the FTP and IM traffic, UE is indicated to skip PDCCH monitoring for the different durations in the skipping step set, e.g. {1,2,4,8}.  
[bookmark: _Ref78840145]The evaluation results of the PDCCH monitoring adaptation schemes for the XR traffic under two DRX configurations: (160,40,100) and (320,40,100) are shown in Table 3. The power saving gain of the PDCCH skipping (scheme 1) under the DRX configurations: (160,40,100) and (320,40,100) are 59% and 60%, respectively comparing to the baseline configuration without PDCCH monitoring adaptation. The power saving gain of the PDCCH skipping (scheme 2) under the DRX configurations: (160,40,100) and (320,40,100) are both 47%. However, 25% and 22% power saving gain can be obtained for the Search Space Set Group Switching scheme under the DRX configurations: (160,40,100) and (320,40,100), respectively. In our evaluations, since the large DRX cycles are used for the XR traffic, there is nearly negligible power saving gain performance. That is because the interval arrival time between the neighboring packets is too close to be inactive, i.e. the UE stays in the always-on state.

Table 3: The power saving gain of the PDCCH monitoring adaptation schemes for XR traffic
	[bookmark: OLE_LINK5]Power consumption / 
Power saving gain
	DRX config.
(160,40,100)
	DRX config.
(320,40,100)

	Power consumption of baseline
	149.83
	147.96

	PDCCH skipping scheme 1
	60.77
	59.43

	PDCCH skipping scheme 2
	80
	78.99

	Search Space Set Group Switching scheme
	112.79
	114.75

	PDCCH skipping scheme 1 (PSG)
	59%
	60%

	PDCCH skipping scheme 2 (PSG)
	47%
	47%

	Search Space Set Group Switching scheme (PSG)
	25%
	22%



The evaluation results of the different PDCCH monitoring adaptation schemes for the FTP and IM traffic are shown in Table 4. We can see the difference from the XR traffic that packet interval arrival in the FTP and IM traffic are sparser. It is shown that the PDCCH skipping (scheme 1) and the PDCCH skipping (scheme 3) can obtain 71.77% and 33.96% PSG for the FTP, respectively. The 41.2% and 19.78% PSG can be observed for the PDCCH skipping (scheme 1) and the PDCCH skipping (scheme 3) for the IM traffic, respectively. However, the Search Space Set Group Switching scheme can only obtain 24.64% and 14.15% PSG for the FTP traffic and the IM traffic, respectively. 

Table 4:  The power saving gain of the PDCCH monitoring adaptation schemes for FTP and IM traffic
	Power consumption / 
Power saving gain
	FTP traffic
	IM traffic

	 Power consumption of  baseline
	28.67
	4.62

	PDCCH skipping scheme 1
	8.09
	2.72

	PDCCH skipping scheme 3
	18.93
	3.76

	Search Space Set Group Switching scheme  
	21.49
	3.99

	PDCCH skipping scheme 1 (PSG)
	71.77%
	41.2%

	PDCCH skipping scheme 3 (PSG) 
	33.96%
	19.78%

	Search Space Set Group Switching scheme (PSG) 
	24.64%
	14.15%



In conclusion, the PDCCH skipping (scheme 1) can achieve the best PSG performance due to reducing all unnecessary PDCCH monitoring with up to 71.77% PSG for the FTP traffic with potential the increase of latency. The PDCCH skipping scheme can obtain at least 33.96%, 19.78% and 47% PSG for the FTP, IM and XR traffic, respectively. The Search Space Set Group Switching scheme can obtain 24.64% and 14.15% PSG for the FTP and IM traffic respectively and at most 25% PSG for the XR traffic. 
The PDCCH skipping can achieve higher PDCCH monitoring reduction via dynamic skipping indication with no delay comparing to that of SSSG switching. However, there is additional delay for the SSSG switching including the switching delay and the delay for HACK–ACK feedback. Moreover, the steps of the skipping can be configured with multiple skipping interval and dynamic adapted to different traffic. Thus, the PDCCH skipping scheme can achieve better PSG performance than the Search Space Set Group Switching scheme for different traffic without any delay.
Observation 1: The PDCCH skipping scheme can obtain the PSG up to 71.77% in the Genie case for the FTP traffic.
Observation 2: The PDCCH skipping scheme can obtain at least 33.96%, 19.78% and 47% PSG for the FTP, IM and XR traffic, respectively.
Observation 3: The Search Space Set Group Switching scheme can obtain 24.64% and 14.15% PSG for the FTP and IM traffic respectively and at most 25% PSG for the XR traffic. 
Observation 4: The PDCCH skipping scheme can achieve better PSG performance than that of the Search Space Set Group Switching scheme for different traffic without any delay.
Conclusion
We have the following observations and proposals:
Observation 1: The PDCCH skipping scheme can obtain the PSG up to 71.77% in the Genie case for the FTP traffic.
Observation 2: The PDCCH skipping scheme can obtain at least 33.96%, 19.78% and 47% PSG for the FTP, IM and XR traffic, respectively.
Observation 3: The Search Space Set Group Switching scheme can obtain 24.64% and 14.15% PSG for the FTP and IM traffic respectively and at most 25% PSG for the XR traffic. 
Observation 4: The PDCCH skipping scheme can achieve better PSG performance than that of the Search Space Set Group Switching scheme for different traffic without any delay.
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