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Introduction
In the UE power saving study item, several potential power saving techniques have been identified and the following agreements were taken in the WG1 #AH1901 meeting regarding the evaluation results [1]:
Agreements:
· For Table 3 of TR 38.840
· Remove the square brackets
· FR2
· Remove the square brackets for the PDSCH-only slot for FR2 in Table 4 of TR 38.840.
· Remove the square brackets in Table 5, 7, 8 of TR 38.840

Agreements:
· For evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power units
· In case when BWP transition duration is <one slot (if defined), up to each company to report the power level assumed
· Companies to report the type of BWP transition time (type 1 and/or type 2) assumed in the evaluation
Agreements:
· It is clarified that the power scaling factors for BWP adaptation and number of antenna reduction are not intended to be applicable to the power states associated with RRM power modelling (as defined in Section 8.1.4 in TR 38.840).

Agreements:
Remove the square brackets in the below table in TR 38.840:
	
	FTP traffic
	Instant messaging
	VoIP

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

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms
	Period = 40 ms
Inactivity timer = 10 ms



Agreements:
Companies should state their assumptions for power modelling of power saving signal/channel reception in their evaluation results:
· The power level (slot-averaged) for power saving signal reception
· Also, whether it is incremental to sleep power or not
· In the case power saving signal indicates no further activity, any reduction in the reference energy overhead for transition (when applicable, e.g. from/to deep/light sleep)
· Also, any reduction in transition time (if assumed)
· In the case power saving signal indicates further activity, time gap from power saving signal to start of full functionality (e.g. DRX ON duration)
· The reference energy overhead for transition (when applicable) from deep/light sleep should be accounted for fully
· Any additional power for the time gap, e.g. microsleep power, or energy overhead
Agreements:
Evaluation results (including power saving gain, UPT/latency, overhead, etc.) may be categorized to facilitate alignment across companies according to the following configurations / assumptions:
· FR1, FR2
· DRX configuration 
· (if enabled) DRX cycle, ON duration, inactivity timer
· Any adjustments to recommended DRX configuration
· Traffic model
· Evaluation method: SLS, numerical simulation, numerical analysis
· In case of SLS, any other traffic load assumptions, e.g. number of UEs
· For simulation approach, any additional simulation assumptions
· UE SINR assumption
· Average, and/or 95/50/5 percentile
· High, medium, low SINR and/or physical layer throughput
· Whether and how UL is modelled
· Periodic activity modelling assumptions
· Including synchronization/channel tracking, beam management
· Power saving signal/channel power model assumption (if applicable)

Agreements:
· For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, [160 msec]) is the baseline for periodic activities, e.g. time/frequency, channel or beam tracking (if applicable)
· Other periodicity values are not precluded – companies to report if other values are assumed
· Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between DRX cycle and periodic activity, whether and how UL reporting is done, etc.

In this contribution, we present and discuss the evaluation results of several power saving schemes.
Evaluation Results
In this contribution, we present the evaluation results for the following four power saving schemes:
· Wake-up signal
· Reduced PDCCH monitoring
· Antenna adaptation
· Cross-slot scheduling

A summary of the results is provided in Table 1 and more details are provided in the following sections.
[bookmark: _Ref1123387]Table 1 Summary of evaluation results
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency
	Evaluation methodology/baseline assumption
	Note (include UE throughput)

	Wake-up signal
	[11.5% - 88.1%] 
	FTP: 11.5%, 24.2%, 27.9%
IM: 84.6%, 88.1%, 36.6%
	No impact on latency
	Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed from shorter DRX cycle. IM gain is higher.

	Reduced PDCCH monitoring
	[28.1% - 50.7%]
	FTP (A): 28.1%, 27.1%, 24.2%
IM (A): 50.1%, 50.7%, 33.8
IM (B): 49.6%, 33.5%, 32.0%
	IM (B) Latency increases by 116%, 50%, 56%
	Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed for IM traffic with shorter DRX cycle. Method B increases latency for IM traffic. Method A: inform UE of scheduling pattern in advance.
Method B: increase PDCCH monitoring periodicity.

	Cross-slot scheduling
	[13.1% - 22.4%]
	FTP: 20.1%, 16.2%, 13.1%
IM: 18.5%, 18.0%, 22.4%
	
	Case 1(160, 100, 8), Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)
	Higher gain observed for longer DRX cycle.

	Antenna adaptation
	[10.2% - 19.9%]
	FTP: 10.2%
IM: 19.9%
	No impact on latency
	Case 1(160, 100, 8), 
Case 4(320, 80, 10)

FTP (Case 1)
IM (Case 4)
	[bookmark: _GoBack]Higher gain observed for IM traffic.


Evaluation methodology
The evaluation of the power saving techniques has been performed with system level simulations using FR1 and dense urban deployment using the parameters in Table A.2.1-1 of [2]. A list of the selected simulation parameters is given in the Appendix. The power usage of each technique is computed using the agreed unit power model in [3] and the power is averaged over all users and slots. The traffic types and DRX configurations are provided in Table 2 and Table 3, respectively.
[bookmark: _Ref1038175]Table 2 Traffic types
	

	FTP traffic
	Instant messaging (IM)

	Model
	FTP model 3
	FTP model 3

	Packet size
	0.5 Mbytes
	0.1 Mbytes

	Mean inter-arrival time
	200 ms
	2 sec

	DRX setting*
	DRX Config-1, Config-2, Config-3
	DRX Config-2, Config-3, Config-4



		  * DRX configurations are provided in Table 3.
[bookmark: _Ref1038176]Table 3 DRX Configurations {DRX period, inactivity timer, ON duration} ms
	Config-1
	Config-2
	Config-3
	Config-4

	{160, 100, 8}
	{40, 25, 4}
	{40, 10, 4}
	{320, 80, 10}



The baseline used to compare the gain of each scheme contains DRX but not any power saving method. The gain of each scheme is provided in (%) over the baseline.

Results for adaptation to the DRX operation 
In the evaluation of the WUS, it is assumed that the WUS is transmitted before the ON duration and there is a gap between when the WUS is transmitted and when the ON duration starts to allow for ramp-up. If the WUS is not detected, the UE continues to stay in sleep state. The exact state of the sleep between two ON durations depends on the time interval from the end of a ramp down to the start of a ramp up. If this interval is more than 20 ms, we assume deep sleep; if this interval is between 6 and 20 ms, we assume light sleep; and if this interval is less than 6 ms, we assume micro sleep. In the results provided, the cost of monitoring the WUS is not included because it is found to be insignificant compared to the savings.
Figure 2‑1 illustrates the gains due to the WUS. We can see that the gain of WUS gets higher as the DRX period reduces for both types of traffic because shorter DRX period results in more power usage without WUS. Even with a relatively long DRX period and inactivity timer, the gains are still significant. The gain for IM traffic is higher than FTP traffic, exceeding 80% for configurations 2 and 3, and exceeding 30% for configuration 4. The gain for FTP traffic is about 25% for short DRX cycles and is more than 10% for long DRX cycles.

   
[bookmark: _Ref1038719]Figure 2‑1 Evaluation results for wake-up signal


Results for adaptation to achieve reduced PDCCH monitoring
Figure 2‑2 illustrates the gains when reducing PDCCH monitoring is used to reduce UE active time during an ON duration. In this evaluation, it is assumed that the gNB informs the UE in PDCCH of its scheduling status for the next few slots in advance, as shown in Figure 2.3c of [4] (Method A). The cost of detecting the PDCCH with the scheduling information is also included in the evaluations.
We can see from the results that, the gains for FTP traffic range from about 23% to 30% while the gains for IM traffic range from about 30% to 50 %, and the gain increases with reduced DRX period. Finally, the gains for the IM traffic is higher than for the FTP traffic.

   
[bookmark: _Ref1039175]Figure 2‑2 Evaluation results for reduced PDCCH monitoring with Method (A)
Figure 2‑3 illustrates the gains for the method shown in Figure 2.3.a of [4]. Specifically, the PDCCH monitoring periodicity is set to 8 slots for DRX Config-2 and DRX Config-4; and 4 slots for DRX Config-3. We can see that the gains are very similar to those of Method (A). Latency increases by about 50% to 120% due to the increasing PDCCH monitoring periodicity; however, this increase may not be a critical issue since IM traffic is more delay tolerant.

[bookmark: _Ref1123690]Figure 2‑3 Evaluation results for reduced PDCCH monitoring with Method (B)
Results for adaptation to number of antennas
Figure 2‑4 illustrates the gains when adaptation between 2 and 4 RF chains is performed using the method illustrated in Figure 2.3 of [4]. In this evaluation, the value of the timer that triggers the antenna adaptation from 4 to 2 RF chains is set to 1/8 of the inactivity timer. When the value of the triggering timer is relatively small, antenna adaptation may not be practical considering the time needed to turn on and off the RF chains. Therefore, DRX configurations with long periods are included in the evaluations. We can see from the figure that the gain for FTP traffic is about 10% while the gain for IM traffic increases to about 20% due to more opportunities to transition to a low power mode with 2 RF chains.

Figure 2‑4 Evaluation results for antenna adaptation
[bookmark: _Toc531103511]Results for adaptation to the variation in time 
Figure 2‑5 illustrates the gains due to cross-slot scheduling. The gains for FTP traffic range from about 12% to 20% while the gains for IM traffic range from about 18% to 22% with slightly more gains for DRX configurations with longer DRX periods. We can see that cross-slot scheduling provides noticeable gains at the expense of a small increase in latency.

   
[bookmark: _Ref1044205]Figure 2‑5 Evaluation results for cross-slot scheduling
Summary
In this contribution, we presented the evaluation results of several power saving techniques using system level simulations. These schemes were:
· Wake-up signal
· Reduced PDCCH monitoring
· Antenna adaptation
· Cross-slot scheduling

The results show that all four schemes provide considerable gains for both FTP and IM traffic. We make the following proposal:
Proposal 1: The following four schemes should be considered for UE power saving:
· Wake-up signal
· Reduced PDCCH monitoring
· Antenna adaptation
· Cross-slot scheduling
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Appendix
Table 4 System level simulation assumptions
	Parameters
	Value

	Layout
	Single layer (macro)

	Inter-BS distance
	200 m

	Carrier frequency
	4 GHz

	System bandwidth =
	100 MHz

	Channel model
	3D Uma

	Bs Tx power
	44 dBm

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	80% indoor, 20% outdoor
10 UEs per cell

	Scheduler
	Time-domain PF



FTP

Config-1	0.114693	Config-2	0.241614	Config-3	0.27907399999999999	DRX Config

Power gain (%)




IM

Config-2	0.84599800000000003	Config-3	0.88122900000000004	Config-4	0.36636099999999999	DRX Config

Power gain (%)




FTP

Config-1	0.28142899999999998	Config-2	0.271397	Config-3	0.24293899999999999	DRX Config

Power gain (%)




IM

Config-2	0.501336	Config-3	0.507135	Config-4	0.338061	DRX Config

Power gain (%)




IM
Config-2	49.63	Config-3	33.49	Config-4	31.96	DRX Config
Power gain (%)



FTP
Config-1	0.102039	DRX Config
Power gain (%)



IM
Config-4	Config-4	0.19900000000000001	DRX Config
Power gain (%)



FTP
Config-1	0.20156099999999999	Config-2	0.16183400000000001	Config-3	0.13055900000000001	DRX Config
Power gain (%)



IM
Config-2	0.184646	Config-3	0.179863	Config-4	0.223882	DRX Config
Power gain (%)



