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1		Introduction
In this paper, the performance of additional UE power-saving schemes are presented, specifically the following: 
· WUS is used only in the long-DRX 
· WUS is used is used both in long and short-DRX is given. 
· Cross-slot scheduling in conjunction with various power-saving schemes 
[bookmark: _Ref178064866]2	Performance evaluations 
2.1	WUS for long and short DRX
In current typical setting, only long-DRX (with a notable on-duration length) and a relatively large inactivity timer (IAT) are used in the CDRX configurations (see Fig. 1). Here, the power consumption can be reduced, for example, by replacing part of the IAT with short-DRX cycle and can be seen in Fig. 2.
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Fig. 1. UE with long-DRX
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Fig. 2. UE with long and short-DRX. Short-DRX is used as replacement for some part of IAT

To reduce the power consumption even further, WUS can be employed to reduce the power-consumption during the DRX on-duration. It should be noted, however, in Rel. 16, WUS is only supported for the long-DRX (see Fig. 3). On the other hand, if we see Fig. 2, there are several of short-DRX on-durations before the UE enters the long-DRX cycle. This, in certain, consumes notable power. Therefore, it will be interesting to observe the effect of implementing WUS to the short-DRX, both in terms of user-perceived throughput (UPT) and power consumption. The timeline of a UE implementing WUS both to the long and short-DRX can be seen in Fig. 4.
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Fig. 3. UE with long-DRX and short-DRX implementing WUS in the long-DRX
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 Fig. 4. UE with long-DRX and short-DRX implementing WUS in both long-DRX and short-DRX

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. Note that in this simulation, WUS power is assumed to be 50 relative power unit.
Table 1. Parameter set-up for each power-saving scenario
	No
	Methods
	Parameter / Remark

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

	2
	Long & Short-DRX
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]

	3
	Long & Short-DRX + WUS in long-DRX only
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]; 1 slot of WUS offset; WUS only for long-DRX

	4
	Long & Short-DRX + WUS in long & short-DRX
	Long-DRX [160ms; 8ms]; Short-DRX [20ms; 4 times; 8ms]; IAT [20ms]; 1 slot of WUS offset; WUS for both long and short-DRX



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 & Short-DRX
	34.70
	1%
	32.88
	20%

	Long & Short-DRX + WUS in long-DRX only
	32.87
	6%
	30.43
	26%

	Long & Short-DRX + WUS in long & short-DRX
	31.22
	11%
	23.65
	43%



As we can see from the above table, adding WUS (in the long-DRX) to the long & short-DRX cycle could give additional 6% of power saving at the cost of 5% increase on the UPT loss. Implementing WUS also to the short-DRX will decrease the UPT even further, i.e., 10% increase on the UPT loss. This UPT degradation, however, comes with 23% addition on the power-saving gain which is quite significant.
[bookmark: _Toc5022906][bookmark: _Toc54379473][bookmark: _Hlk54305196]Implementing WUS for short-DRX could give notable power-saving gain with an acceptable impact on throughput loss.
2. 2	Cross-slot scheduling
In the simulation for long-DRX and long & short-DRX above, same-slot scheduling is assumed. In Rel. 16, cross-slot scheduling enhancement is a feature that can bring complementary PS gains. UPT impact is small (<1%) when the minimum scheduling offset is set to a small value, e.g., 1 slot. From the power-consumption perspective, cross-slot scheduling could reduce the PDCCH monitoring power by 30%. To see, the power consumption performance of the above methods, therefore, can be approximated by reducing the total energy spent for PDCCH monitoring by factor of 30%.
For the above simulation results, the time distribution for each state can be seen in Table 3. In addition, the corresponding energy distribution for each state and the sleep transition can be seen in Table 4. Note that for this simulation, we also include an additional scenario where an on-duration of 2ms is used for the long and short-DRX.
Table 3. Time distribution for several DRX configurations
	Methods
	Deep
Sleep
	Light Sleep
	Micro Sleep
	PD
CCH
	PD
SCH
	PU
SCH
	Total

	Long-DRX only
	59.8%
	0.3%
	15.2%
	21.4%
	2.6%
	0.8%
	100%

	Long-DRX + short-DRX; [8ms]
	60.4%
	13.6%
	9.8%
	13.3%
	2.3%
	0.7%
	100%

	Long-DRX + short-DRX; [2ms]
	64.4%
	18.9%
	6.1%
	8.0%
	2.0%
	0.6%
	100%



Table 4. Energy distribution for several DRX configurations
	Methods
	Deep
Sleep
	Light Sleep
	Micro Sleep
	PD
CCH
	PD
SCH
	PU
SCH
	Deep Sleep Trans.
	Light Sleep Trans.
	Total

	Long-DRX only
	0.60
	0.06
	6.84
	21.43
	7.71
	3.54
	1.14
	0.01
	41.32

	Long-DRX + short-DRX; [8ms]
	0.60
	2.71
	4.40
	13.26
	6.89
	3.31
	1.14
	0.56
	32.88

	Long-DRX + short-DRX; [2ms]
	0.64
	3.77
	2.74
	8.03
	6.03
	3.03
	1.16
	0.57
	25.97



As we can see from Table 3, implementing short-DRX to replace part of IAT already reduces the PDCCH time percentage from 21.4% to 13.3%. Furthermore, if we shorten the on-duration from 8ms to 2ms, we could reduce this even more to 8.0%. Looking to table 4, this 8.0% correspond to 8.03 relative power-unit. Using cross-slot scheduling reduces this power consumption by 30%. The energy distribution of the above configurations can be then shown as in Table 5. 
By observing the below tables 5 and 6, we can see that for the case of cross-slot scheduling is implemented with long-DRX and short-DRX and 2ms on-duration, PDCCH monitoring no longer becomes the most power consuming activity during the connected mode. In addition, the possible power-saving gain of reducing PDCCH monitoring when cross-slot scheduling is implemented is smaller (9%). Compared to long-DRX only, the power-saving gain of the long and short-DRX with 2ms on-duration for the case of same-slot scheduling and cross-slot scheduling are 37.1% and 32.5%, respectively. 
Table 5. Energy distribution for several DRX configurations; Cross-slot scheduling is assumed
	Methods
	Deep
Sleep
	Light Sleep
	Micro Sleep
	PD
CCH
	PD
SCH
	PU
SCH
	Deep Sleep Trans.
	Light Sleep Trans.
	Total

	Long-DRX only
	0.60
	0.06
	6.84
	15.00
	7.71
	3.54
	1.14
	0.01
	34.89

	Long-DRX + short-DRX; [8ms]
	0.60
	2.71
	4.40
	9.28
	6.89
	3.31
	1.14
	0.56
	28.90

	Long-DRX + short-DRX; [2ms]
	0.64
	3.77
	2.74
	5.62
	6.03
	3.03
	1.16
	0.57
	23.56



Table 6. Energy consumption comparison between same-slot vs cross-slot.
	Methods
	Same slot
	Cross-slot 
	Cross-slot gains over same-slot

	Long-DRX only
	41.32
	34.89
	16%

	Long-DRX + short-DRX; [8ms]
	32.88
	28.90
	12%

	Long-DRX + short-DRX; [2ms]
	25.97
	23.56
	9%



[bookmark: _Toc54379474]Potential power-saving due to PDCCH monitoring reduction is smaller for cases with shorter on-durations and cross-slot scheduling.
In line with our other paper, therefore, the enhancement for Rel. 17 should, at least, not give notable impact to the NW.  Regarding WUS for short DRX, as discussed in Rel-16, this can be simply enabled by introducing new RRC parameter and UE capability given the entire structure defined for connected mode WUS specified in Rel-16 can be reused. 
[bookmark: _Toc54379623]WUS for short-DRX can be considered as a potential power saving technique for Rel-17 active time power saving.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Implementing WUS for short-DRX could give notable power-saving gain with an acceptable impact on throughput loss.
Observation 2	Potential power-saving due to PDCCH monitoring reduction is smaller for cases with shorter on-durations and cross-slot scheduling.

Proposal 1	WUS for short-DRX can be considered as a potential power saving technique for Rel-17 active time power saving.
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