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1	Introduction
In this paper, additional simulation results for PDCCH monitoring adaptation are presented, specifically, the performance comparison of PDCCH-skipping and SS-switching for the case of both long-DRX only and long-DRX +  short-DRX is configured for the UE.
[bookmark: _Ref178064866][bookmark: _Toc5022906]2	Performance evaluations
In the previous meeting, it was agreed that the PDCCH monitoring adaptation agenda item AI in the UE power-saving (UEPS) work item (WI) will focus on at least one of PDCCH-skipping or SS-switching. In PDCCH-skipping, the UE is configured with a certain skipping duration. The NW then command the UE to skip PDCCH monitoring during that duration when the NW has no data in the buffer. In SS-switching, the UE is configured with two SS-set group. In the simulation, the UE is configured with dense monitoring (i.e., monitoring PDCCH in every slot) and sparse monitoring (monitoring a certain duration in every certain period). The UE switches to dense monitoring when there is no data in the NW buffer.
2. 1.	Simulation results for long-DRX only
When a UE is configured only with long-DRX, the UE enters the long-DRX cycle right after the IAT expires. In the typical setup (e.g. as in Rel. 16 UEPS WI evaluation), the UE configured with long-DRX only will be configured with a relatively long IAT (e.g. 100ms). The power consumption from PDCCH monitoring during this period, however, is quite large. 
Implementing PDCCH monitoring adaptation during this period, therefore, will be beneficial. In Figure 1, the timeline of a UE configured with PDCCH monitoring adaptation (PDCCH-skipping and SS-switching) during the IAT is shown. Note that in the figure, the blue part, light grey, and dark grey represent the PDCCH monitoring occasions, sleep time provided by PDCCH monitoring adaptation, and sleep provided by DRX, respectively.
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Figure 1. PDCCH monitoring adaptation inside the IAT (long-DRX only case)
(a) SS-switching; (b) PDCCH-skipping

The simulation used FTP3 traffic type is used with a packet size of 0.5 MB and a mean inter-arrival time of 200ms, i.e., according to TS 38.840. The parameter of each scheme can be seen in below table.

Table 1. Parameter set-up for each power-saving scenario
	No
	Methods
	Parameter / Remark

	1
	Long-DRX only
	[160ms; 100ms; 8ms]

	2
	Long-DRX + SS-switching
	Long-DRX [160ms; 8ms]; IAT [100ms];
Once the UE receive PDSCH, the UE monitors PDCCH in every slot.
If there is no PDSCH for 20ms, the UE monitors PDCCH with SS duration of 8ms within 20ms periodicity.

	3
	Long-DRX + PDCCH-skipping
	Long-DRX [160ms; 8ms]; IAT [100ms];
If there is no data in the buffer for 20ms, the NW sends PDCCH-skipping command to the UE.
The skipping duration varies between 16, 32, and 48ms



The simulation results can be seen in the following table:

Table 2. Power consumption and UPT performance for various power-saving scenarios
	Methods
	UPT (Mbps)
	UPT Loss
(%)
	Power  (Relative Units)
	Power saving
(%)

	Long-DRX only
	35.10
	
	41.32
	

	Long-DRX + SS-switching
	34.10
	2.9%
	33.14
	19.8%

	Long-DRX + PDCCH-skipping [16ms]
	33.55
	4.4%
	37.05
	10.3%

	Long-DRX + PDCCH-skipping [32ms]
	33.27
	8.1%
	33.29
	19.4%

	Long-DRX + PDCCH-skipping [48ms]
	30.86
	12.1%
	30.00
	27.4%



From the above simulation results, we can observe that by using SS-switching, 19.8% of power saving can be achieved at the cost of 2.9% of UPT loss. Using PDCCH-skipping, similar power-saving gain costs about 8.1% UPT loss. In other words, waking-up periodically (i.e., through SS-switching) is beneficial from the UPT-loss vs power-saving trade off perspective.

2. 1.	Simulation results for long-DRX + short-DRX
When a UE is configured with both long and short-DRX, the UE will go first to short-DRX after IAT expires. The number of short-DRX cycle run by the UE before entering the long-DRX cycle is shown by the short-DRX cycle timer parameter. Here, the short-DRX cycle can be used to replace part of the IAT to save power. The timeline of the UE implementing PDCCH monitoring adaptation using this configuration is shown in below figure:
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Figure 2. PDCCH monitoring adaptation inside the IAT (long-DRX + short-DRX case)
SS-switching; (b) PDCCH-skipping

The simulation used FTP3 traffic type is used with a packet size of 0.5 MB and a mean inter-arrival time of 200ms, i.e., according to TS 38.840. The parameter of each methods can be seen in below table.
Table 3. Parameter set-up for each power-saving scenario
	No
	Methods
	Parameter / Remark

	1
	Long-DRX + short-DRX
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]

	2
	Long-DRX + 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 is no PDSCH for 4ms, the UE monitors PDCCH with sparse SS, i.e., using a duration of 2ms within 8ms periodicity
The sparse SS is only used during the IAT.

	3
	Long-DRX + short-DRX + PDCCH-skipping
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]; If there is no data in the buffer for 4ms, the NW sends PDCCH-skipping command to the UE.
The skipping duration can be 8ms or 12ms.



The simulation results can be seen in the following table:
Table 4. Power consumption and UPT performance for various power-saving scenarios
	Methods
	UPT (Mbps)
	UPT Loss
(%)
	Power  (Relative Units)
	Power saving
(%)

	Long-DRX + short-DRX
	34.70
	
	32.88
	

	Long-DRX + short-DRX + SS-switching
	32.57
	6.1%
	31.66
	3.7%

	Long-DRX + short-DRX + PDCCH-skipping [8ms]
	32.38
	6.7%
	31.71
	3.6%

	Long-DRX + short-DRX + PDCCH-skipping [12ms]
	31.96
	7.9%
	31.40
	4.5%



From the above table, we can see that overall, both schemes do not provide significant incremental power savings gain over short-DRX. However, comparing the achievable small gains, a similar power-saving can be achieved between SS-switching and PDCCH-skipping with 8ms on-duration but from the UPT perspective, however, SS-switching performs slightly better. 
[bookmark: _Toc61890348]Search space set group switching provides better UPT-loss vs power-saving trade-off compared to PDCCH-skipping both when only long-DRX is configured for the UE and when long-DRX+ short-DRX are configured for the UE. 

3	Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Search space set group switching provides better UPT-loss vs power-saving trade-off compared to PDCCH-skipping both when only long-DRX is configured for the UE and when long-DRX+ short-DRX are configured for the UE.
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