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Introduction
The RAN WG approved work item on Power Saving Enhancements [1]. The work item includes the following objective for power saving enhancements during active time.
	1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.



Moreover, the following was agreed for evaluation of DCI based power saving adaptations during active time:
	Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.


Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Update from 8/28 GTW:
Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· [bookmark: _Hlk53646215]C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving



· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· [bookmark: _Hlk54380427]Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.




In this contribution, we express our views on DCI based power saving adaptation and PDCCH monitoring reduction schemes during active time.
PDCCH monitoring reduction techniques during active time
PDCCH monitoring accounts for major power consumption during active time. In Rel-16, Scell dormancy was introduced which allows for sparse or no PDCCH monitoring activity in one or more activated Scells. However, in the scheduling or Pcell, no PDCCH monitoring reduction was considered. To this end, one of the objective of the Rel17 Power saving WI is to identify suitable techniques to achieve more power saving during active time. 

In RAN1 # 102-e, the following baselines were agreed for considerations into evaluation for checking performance of proposed solutions:
· C-DRX
· Wake up Signal, DCI format 2_6
· Cross-slot scheduling adaptation
· BWP switching adaptation, with one or more of 
· MIMO layer adaptation
· PDCCH monitoring period adaptation, i.e., periodicity is adapted when UE switches BWP
· BWP size adaptation
· SCell dormancy

In order to reduce PDCCH monitoring during active time, PDCCH skipping signal or go-to-sleep (GTS) signal can be considered. DCI may indicate the UE to not monitor PDCCH for a certain duration. UE may optionally monitor measurement signals, such as in a sparse manner, when the UE is not monitoring PDCCH. Alternatively, search space switching scheme, such as the procedure adopted in NR-U, can be considered to achieve similar effect. In our view, PDCCH skipping signal is more flexible and duration can be dynamically adapted.
Following options can be considered for DCI based indication of PDCCH skipping signal:
· Scheduling DCI formats can be enhanced to include indication of PDCCH skipping signal
· SCell dormancy indication field can be leveraged
· DCI format 2_6 can be used, i.e., if the DCI is received during active time, it is used for triggering PDCCH skipping signal

Next, we observe the relative gain of PDCCH skipping signal or GTS with respect to the Rel15 and Rel16 baseline schemes.

Performance comparison with respect to Rel-15/16 Schemes
We performed SLS evaluations assuming the following parameters in Table 1. Figures 1a, 1b show power consumption and throughput performances for baseline DRX configuration on top of NR Rel-16 power saving schemes. The results are presented for different types of UEs: 5% (cell edge), 50% and 95% (cell center) from SINR CDF statistics. IMT-2020 assumptions are listed in the Appendix in Table 3. As can be seem from Figure 1, go-to-sleep signal provides significant additional power saving gain compared to Rel-15/16 schemes.


Table 1: Simulation parameters
	Simulation parameters
	Value

	DRX parameters
	DRX cycle length = 160ms 
On Duration = 8ms
Inactivity timer = 20ms, 100ms

	Traffic model
	FTP model 3:
0.5 Mbyte packet size
200ms mean inter-arrival time

	K0 (Cross-slot scheduling offset)
	1

	BWP adaptation
	BWP for data – 100 MHz
BWP for PDCCH monitoring – 20MHz
Switching delay - 5 slot
Switching delay after the last PDSCH – 8ms

Optionally, PDCCH monitoring periodicity adapted from 1 to 2 slots, when BWP is 100MHz and 20MHz, respectively


	PDCCH reduction schemes
	GTS:
2ms/8ms sleep duration



                   


















Results for C-DRX with IAT 20ms
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Figure 1. Power consumption (a, b) and UPT (c, d) performance for IAT 20ms for GTS with different sleep duration
Observation 1: For C-DRX with IAT = 20ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  13 - 24% for cell edge UEs and 29 - 41% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-4% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 2: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  7 - 10% for cell edge UEs and 20 - 24% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-3% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.

Results for C-DRX with IAT 100ms
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Figure 2. Power consumption (a, b) and UPT (c, d) performance for IAT 100ms for GTS with different sleep duration

Observation 3: For C-DRX with IAT = 100ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  29 - 42% for cell edge UEs and 38 - 52% for cell center UEs with 6-10% UPT loss for cell edge UEs and 5-12% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 4: For C-DRX with IAT = 100ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  20 - 30% for cell edge UEs and 30 - 42% for cell center UEs with 5-8% UPT loss for cell edge UEs and 4-10% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.

Next, we consider comparison between PDCCH skipping signal and DRX with short DRX.
Performance comparison with respect to short DRX

For comparison with respect to short DRX, following parameters are used as shown in Table 2. 
Table 2: Simulation parameters
	Simulation parameters
	Value

	DRX cycle
	DRX cycle length = 160ms
On Duration = 8ms
Inactivity timer = 20ms

	Traffic model
	FTP model 3:
0.5 Mbyte packet size
200ms mean inter-arrival time

	K0 (Cross-slot scheduling offset)
	1

	BWP switching
	Default BWP – 100 MHz
Reduced BWP – 20MHz
Switching delay - 5 slot
Switching delay after the last PDSCH – 8ms


Optionally, PDCCH monitoring periodicity adapted from 1 to 2 slots, when BWP is 100MHz and 20MHz, respectively


	Short DRX cycle
	Short DRX cycle length = 20ms, Short DRX timer = 4

	Short DRX triggering
	off / on with MAC CE with 3ms delay

	PDCCH reduction schemes
	GTS with 2ms sleep duration, 8ms sleep duration
Reduced PDCCH monitoring periodicity = 2 slots



Figures 3a,b,c,d shows comparison of power consumption and throughput performances for configuration with IAT=20ms and IAT=40ms.
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Figure 3. Power consumptions and UPT comparison of GTS and Short DRX

Observation 5: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  9-11% for cell edge UEs and 22-25% for cell center UEs with 0-12% UPT loss for cell edge UEs and 0-23% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.
Observation 6: For C-DRX with IAT = 40ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  0-11% for cell edge UEs and 8-17% for cell center UEs with 0-15% UPT loss for both cell edge and cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.  
 
Hence, it can be observed that GTS in most occasions provides significant power saving gain and UPT loss can be small, depending on scenario and baselines.

Proposal 1: Support DCI-based PDCCH skipping signal in Rel17.
· Either Scheduling DCI format or DCI format 2_6 can be enhanced to include the indication.
Conclusions
In summary, we have following list of observations and proposals:
Observation 1: For C-DRX with IAT = 20ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  13 - 24% for cell edge UEs and 29 - 41% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-4% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 2: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  7 - 10% for cell edge UEs and 20 - 24% for cell center UEs with 0-3% UPT loss for cell edge UEs and 0-3% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 3: For C-DRX with IAT = 100ms, when BWP switching is OFF, GTS with 8ms duration provides additional power saving gain in the range of  29 - 42% for cell edge UEs and 38 - 52% for cell center UEs with 6-10% UPT loss for cell edge UEs and 5-12% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 4: For C-DRX with IAT = 100ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain  in the range of  20 - 30% for cell edge UEs and 30 - 42% for cell center UEs with 5-8% UPT loss for cell edge UEs and 4-10% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS.
Observation 5: For C-DRX with IAT = 20ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  9-11% for cell edge UEs and 22-25% for cell center UEs with 0-12% UPT loss for cell edge UEs and 0-23% UPT loss for cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.
Observation 6: For C-DRX with IAT = 40ms, when BWP switching is ON, GTS with 8ms duration provides additional power saving gain in the range of  0-11% for cell edge UEs and 8-17% for cell center UEs with 0-15% UPT loss for both cell edge and cell center UEs with respect to the baselines, which include DRX, DRX + Cross-slot scheduling, DRX + WUS, DRX + Short DRX.  
Proposal 1: Support DCI-based PDCCH skipping signal in Rel17.
· Either Scheduling DCI format or DCI format 2_6 can be enhanced to include the indication.
[bookmark: _GoBack]References
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	Appendix
Table 3: IMT-2020 Simulation assumptions
	Simulation Parameters
	Scenario

	1) 
	Dense Urban Macro FR1 DL

	Carrier Frequency
	4GHz

	Simulation BW
	100MHz (TDD)

	Sub-carrier Spacing
	30 kHz

	Channel Model
	IMT UMa A

	Inter-Site Distance
	200m

	BS Antenna Configuration


	(1,1,4,1,2;2,8)
32 TXRU

	2) 
	1) 

	
BS Antenna Spacing 
	(0.8, 0.5)

	UE Antenna Configuration


	(1,1,1,2,2; 1,2)
4 TXRU 
(1,1,1,1,2; 1,2)
2 TXRU

	
UE Antenna Spacing
	(0.5, 0.5)

	Beam set at BS
	Single beam at
102 electronic downtilt

	Beam Set at UE
	Single Beam Omni-Directional

	UE Deployment
	80% Indoor; 20% Outdoor

	Highest Modulation
	256 QAM

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with 12 layers at BS

	Scheduler
	MU-PF rank adaptation and beam sweeping at BS

	Feedback
	Type II Codebook based CSI




Power consumption for IAT 20ms (BWP switching OFF)

DRX	0.05	0.5	0.95	34.880000000000003	28.59	26.72	DRX + Cross-slot	0.05	0.5	0.95	30.64	24.16	22.1	DRX + WUS	0.05	0.5	0.95	34.1	27.78	25.85	DRX + GTS 2ms	0.05	0.5	0.95	29.35	21.72	18.68	DRX + GTS 8ms	0.05	0.5	0.95	26.52	18.77	15.78	



Power consumption for IAT 20ms (BWP switching ON)

DRX	0.05	0.5	0.95	27.7	21.01	18.190000000000001	DRX + Cross-slot	0.05	0.5	0.95	26.54	20.59	17.87	DRX + WUS	0.05	0.5	0.95	27.84	20.28	17.28	DRX + PDCCH period	0.05	0.5	0.95	28.07	20.52	17.510000000000002	DRX + GTS 2ms	0.05	0.5	0.95	26.3	18.25	15.36	DRX + GTS 8ms	0.05	0.5	0.95	24.67	16.579999999999998	13.79	



UPT, Mbyte/s for IAT 20ms (BWP switching OFF)

DRX	0.05	0.5	0.95	56.1	65.400000000000006	69.5	DRX + Cross-slot	0.05	0.5	0.95	56.1	65.400000000000006	69.5	DRX + WUS	0.05	0.5	0.95	54.8	62.9	66.5	DRX + GTS 2ms	0.05	0.5	0.95	55.8	64.7	68.5	DRX + GTS 8ms	0.05	0.5	0.95	54.5	62.7	66.5	



UPT, Mbyte/s for IAT 20ms (BWP switching ON)

DRX	0.05	0.5	0.95	56.4	64.2	67.8	DRX + Cross-slot	0.05	0.5	0.95	56.4	64.2	67.8	DRX + WUS	0.05	0.5	0.95	54.7	62.3	65.7	DRX + PDCCH period	0.05	0.5	0.95	55.4	63.8	67.900000000000006	DRX + GTS 2ms	0.05	0.5	0.95	55.6	63.7	67.900000000000006	DRX + GTS 8ms	0.05	0.5	0.95	54.7	62.5	66.099999999999994	



Power consumption for IAT 100ms (BWP switching OFF)

DRX	0.05	0.5	0.95	52.22	46.67	45.1	DRX + Cross-slot	0.05	0.5	0.95	43.12	37.06	35.18	DRX + WUS	0.05	0.5	0.95	49.77	44.1	42.49	DRX + PDCCH period	0.05	0.5	0.95	42.96	37.17	35.380000000000003	DRX + GTS 2ms	0.05	0.5	0.95	39.6	33.75	31.94	DRX + GTS 8ms	0.05	0.5	0.95	30.42	23.99	21.88	



Power consumption for IAT 100ms (BWP switching ON)

DRX	0.05	0.5	0.95	34.880000000000003	28.59	26.72	DRX + Cross-slot	0.05	0.5	0.95	30.64	24.16	22.1	DRX + WUS	0.05	0.5	0.95	34.1	27.78	25.85	DRX + PDCCH period	0.05	0.5	0.95	31.69	25.25	23.26	DRX + GTS 2ms	0.05	0.5	0.95	28.58	22.03	19.920000000000002	DRX + GTS 8ms	0.05	0.5	0.95	24.4	17.690000000000001	15.51	



UPT, Mbyte/s for IAT 100ms  (BWP switching OFF)

DRX	0.05	0.5	0.95	77	90.3	97.6	DRX + Cross-slot	0.05	0.5	0.95	76.599999999999994	90.6	97.2	DRX + WUS	0.05	0.5	0.95	73.7	85.2	90.7	DRX + PDCCH period	0.05	0.5	0.95	75.099999999999994	88.7	95.4	DRX + GTS 2ms	0.05	0.5	0.95	73.400000000000006	86.6	93.4	DRX + GTS 8ms	0.05	0.5	0.95	69.5	80.2	85.7	



UPT, Mbyte/s for IAT 100ms (BWP switching ON)

DRX	0.05	0.5	0.95	75.099999999999994	87.6	94.6	DRX + Cross-slot	0.05	0.5	0.95	74.3	87.1	93.3	DRX + WUS	0.05	0.5	0.95	73	83.9	89.2	DRX + PDCCH period	0.05	0.5	0.95	73.599999999999994	85.9	92.5	DRX + GTS 2ms	0.05	0.5	0.95	72.8	85	91.5	DRX + GTS 8ms	0.05	0.5	0.95	69.3	79.599999999999994	85.3	



Power consumption for IAT 20ms (BWP switching ON)

DRX	0.05	0.5	0.95	27.7	21.01	18.190000000000001	DRX + WUS	0.05	0.5	0.95	27.84	20.28	17.28	DRX + PDCCH periodicity	0.05	0.5	0.95	28.07	20.52	17.510000000000002	DRX + GTS 8ms	0.05	0.5	0.95	24.67	16.579999999999998	13.79	DRX + Short DRX	0.05	0.5	0.95	26.92	20.68	18.5	



UPT, Mbyte/s for IAT 20ms (BWP switching ON)

DRX	0.05	0.5	0.95	56.4	64.2	67.8	DRX + WUS	0.05	0.5	0.95	54.7	62.3	65.7	DRX + PDCCH periodicity	0.05	0.5	0.95	55.4	63.8	67.900000000000006	DRX + GTS 8ms	0.05	0.5	0.95	54.7	62.5	66.099999999999994	DRX + Short DRX	0.05	0.5	0.95	70	80.599999999999994	85.9	



Power consumption for IAT 40ms (BWP switching ON)

DRX	0.05	0.5	0.95	30.36	23.11	20.46	DRX + WUS	0.05	0.5	0.95	29.57	22.28	19.62	DRX + PDCCH periodicity	0.05	0.5	0.95	29.17	21.9	19.22	DRX + GTS 8ms	0.05	0.5	0.95	27.01	19.71	16.96	DRX + Short DRX	0.05	0.5	0.95	26.92	20.68	18.5	



UPT, Mbyte/s for IAT 40ms (BWP switching ON)

DRX	0.05	0.5	0.95	60.2	71.099999999999994	75.2	DRX + WUS	0.05	0.5	0.95	58.9	68.7	72.5	DRX + PDCCH periodicity	0.05	0.5	0.95	60.3	71.2	75.3	DRX + GTS 8ms	0.05	0.5	0.95	59	68.8	72.8	DRX + Short DRX	0.05	0.5	0.95	69.900000000000006	80.7	86.2	
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