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7.2.9.2.1 UE adaptation to the traffic and UE power consumption characteristics  
· For power saving scheme with UE adaptation in time domain for further study

Offline Proposals (Captured in TR38.840)

The UE power saving schemes with UE adaptation to the traffic arrival in the time domain includes cross slot scheduling, single slot scheduling with a gap between PDCCH and PDSCH reception, and multi-slot scheduling.  For both cross-slot scheduling and single slot scheduling, the UE may achieve power consumption by switching to micro sleep after PDCCH reception.  For multi-slot scheduling, the UE may achieve power consumption by skipping the PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.
Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 

Offline Proposals
The general procedure for the study of the power saving scheme when cross-slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE. 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0 ( taking account potential effects of BWP switching) 
· All aperiodic CSI-RS triggering offsets are not smaller than the value  x
· UE decodes PDCCH and  retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values
 
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	HW[1]
	Cross-slot scheduling with DRX, inactivity timer configuration, and On Duration.
	17.3%-26.6%
	
	
	
	(DRX cycle, inactivityTimer, onDurationTimer)
Case 1(160,100,8), Case 2(160,40,8), Case 3(40,25,4), Case 4 (40,10,4)
	Higher power saving gain observed from longer DRX cycle

	ZTE [4][26]
	Cross-slot scheduling with K0 > 0 indicated to the UE in advance
	24%-25%
	
	
	
	DRX configuration ( 160-100-8)
	

	CATT[6]
	Cross-slot scheduling with K0 > 0 indicated to the UE in advance
	0.39%-16.63%
	
	
	
	DRX cycle (160, 320) ms, 
FTP3 traffic model with traffic  load (0.1, 3.2, 5, 10)
	Higher power saving gain observed from higher traffic load

	Apple [12][32]
	Cross slot scheduling K0>0
The control of TDRA
	0%-30%

	
	
	
	New power model for same slot scheduling
	

	QC[15][33]
	Configuration of minimum DL scheduling offset that applies to K0 and A-CSI triggering offset
	6%-26%(FR1)
9%-27%(FR2)
	
	
	
	Method: SLS
No C-DRX 
Traffic model: FTP3
	

	Samsung [19]
	Cross-slot scheduling

	30%
	
	
	
	No C-DRX 
Traffic model: FTP3
x = 1
	

	Nokia, NSB [36][22]
	Cross-slot scheduling K >0
	25%
	
	
	
	DRX configuration (160, 40, 8)
Trafic model FTP3
	



Update the text in 38.840 as follows:
Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table (e.g. K0 > 0) [38.214]

Agreements:
The general procedure for the study of the power saving scheme when same slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any). 
· All schedulable TDRA values with K0=0 include at least Y symbols between the last PDCCH symbol and the first PDSCH symbol 
· Y is FFS 
· Note: the value of Y is necessary for power modelling in evaluation, although the specification (if specified) of Y value may also be done in the WI phase
· Note: in case there is a TDRA entry with K0>0, it is assumed that the gap between the last PDCCH symbol in a first slot and the first PDSCH symbol in a second slot is no less than Y
· All aperiodic CSI-RS triggering offsets are greater than Y symbols 
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values
· The following table is subject to further update, particularly regarding evaluation results/assumptions


	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Apple [12][32]
	Same slot scheduling 
The control of TDRA
	15% ~ 30%
	
	
	
	New power model for same slot scheduling
	



Offline Proposals (Captured in TR38.840)
Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     


	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	ZTE [4][26]
	Multi-slot scheduling
	0.65%-1.9%
	
	
	
	DRX configuration ( 160-100-8)
	

	Samsung[19]
	Multi-slot scheduling:1 DCI format schedule N TBs across N consecutive slots.
	0%-45%
	N = 1-8
	
	0-1.8ms
	Baseline: N=1, PDCCH monitoring periodcity 1 slot,
Trafic moddel FTP3,
No C-DRX
	



· For power saving scheme with UE adaptation to the DRX operation 

The power saving scheme of power saving signal triggering UE adaptation to DRX operation is to configure the power saving signal before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival.   UE is not required to wake up at the DRX ON at least for PDCCH monitoring.  if the power saving signal is not detected.   The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.   

Offline Proposals

The general procedure for the study of UE adaptation to the DRX operation  is as follows,
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 
· When is configured with power saving signal/channel, Ppower saving signal/channel as the signal for the indication whether to wake up or not before or at the beginning of DRX ON duration

· At least for the indication of PDCCH monitoring

· Preparation period is used for in advance of DRX ON,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used Iin preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state, e.g.,
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON

· The following table is subject to further update, particularly regarding evaluation results/assumptions


	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	ZTE [4][26]
	One stage and two stage power saving signal triggering UE wake up
Power saving signal triggering UE go to sleep
	6%-27%

28%-50%
	
	
	
	DRX configuration (160-10-8,160-40-8,160-100-8)

DRX configuration (40-10-4, 40-25-4, 160-40-8, 160-100-8, 320-80-10, 320-200-10)
	

	Oppo [5][27]
	WUS triggering DRX
	4%-71%
	
	
	
	Traffic model: FTP3, IM
	

	CATT[6]
	Power saving signal triggering UE wakeup before DRX ON with on-demand PS-RS at pre-processing window
	36%-79%
	
	
	
	DRX cycle (40,160, 320) ms, 
FTP3 traffic model with traffic  load (0.1, 0.8,3.2)
	

	Intel [30]
	Power saving signal triggering UE wakeup and go-to-sleep signal triggering UE back to sleep
	9%-73% for WUS
52%-82% for GTS 
	
	
	
	DRX configuration (40,10,4),(160, 100, 8), (320,80, 10)
Traffic model: FTP3, IM, VoIP, web browsing, video streaming
	

	LG[31]
	WUS signal triggered DRX with inactivity timer running 
	1%-75%
	
	
	
	Traffic model: FTP3 with file size 0.5 Mbyte
	UPT loss

	QC[15][33]
	PDCCH-based WUS signal triggering UE wakeup 
	2%-70%
	
	
	
	Method: Numerical simulation
DRX configuration (40,10) (40,25) (160,100)
Traffic model: FTP3, IM, Web browsing
	CSI  measurements in pre-processing before the 1st PDSCH reception

	Samsung [19]
	1-bit Power Saving signal triggering UE wakeup at DRX ON

	0%-90%
	
	
	
	DRX configurations
DRX cycle:80/160/320ms
Inactivity Timer: 10-100ms
OnDuration:2-8ms)
Baseline : DRX cycle:160ms, Inactivity timer:100ms, on Duration:8ms
	

	Huawei [37,38,39]
	Power saving signal triggering UE wake-up or power saving signal triggering go-to-sleep signal 
	WUS: up to 40%

GTS: (40% - 85% for packet size 0.1Mbytes, 35% - 75% for 0.5Mbytes)
	
	
	
	DRX cycle (320/160/40),
Inactivity timer(200/100/80/40/25/10)
On duration timer (10/8/4) 
Packet sizes 0.1/0.5Mbytes

	

	MediaTek [25]
	Power saving signal triggers DRX OnDuration, where power saving signal is allocated in the preparation windown allowing periodic BM/CSI report and/or SRS transmission around a SS burst
	9%-30%
	
	
	
	Traffic model: FTP3, IM, VoIP
	

	Apple[40]
	PDCCH based Go-to-sleep signal
	GTS 
37%~71%
	
	
	
	FTP3 traffic (inter-arrival time = 2.5ms, 100ms)
	With no DRX

	Sony [41]
	WUS triggering wakeup for DRX 
	7-11% for PDCCH-based WUS
11-20% for low power WUS
	
	
	
	FTP3 traffic. DRX = {160,100,8} and {160,40,8}
	




· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 

The detailed procedure of the power saving scheme with dynamic DRX configuration is as follows,
· For RRC_CONNECTED UE, UE is configured with multiple DRX configurations and power saving mode
· DRX configuration include the DRX cycle, OnDuration, and Inactivity timer
· UE enters DRX operation mode with inactivity timer ON
· UE will determine the next DRX parameters based on one of the following control information
· Average buffer size at the gNB to trigger the restart of the inactivity timer by DCI.
· The following table is subject to further update, particularly regarding evaluation results/assumptions

	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	HW[1]
	DCI indicated Inactivity timer
	7.6%-42.6%
	
	
	
	DCI to trigger the restart of the Inactivity timer

	

	MediaTek
[3] [25]
	Adaptative DRX configuration based on traffic type 
	42%-70%
	
	
	
	DRX configuration based on the traffic type
	

	Oppo [5][27]
	Adaptation of Inactivity timer
	38%-46%
	
	
	
	Traffic model: FTP3, IM
	

	Sony[7][41]
	(1) DRX with dynamic inactivity timer
(2) Dynamic DRX indication
	20%-55%
7%-11%
	
	
	
	(1) DRX configuration (320,200, 10) 
traffic model: FTP3, IM
(2): DRX configuration (160,100,10) and (160,40,10). Traffic model: FTP3
	

	Nokia, NSB [36][22]
	Cross-slot scheduling K >0
	25%
	
	
	
	DRX configuration (160, 40, 8)
Trafic model FTP3
	

	Nokia, NSB [36][22]
	Static DRX configuration (short DRX embedded in long DRX)
	10%-65%
	
	
	
	DRX configuration(320, 200, 10)(160, 100, 8) (40, 25, 4)
Trafic model FTP3
	The case for the evaluations would change one parameters at a time




· For power saving scheme with UE adaptation in frequency domain for further study


T The UE BWP adaptation to the traffic arrival is to dynamically switch the BWP based on the traffic arrival to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell based on the traffic arrival to support efficient operation for fast SCell activation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell

Other power saving schemes with UE adaptation in frequency domain are not precluded.

· The following table is subject to further update, particularly regarding evaluation results/assumptions

	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	MediaTek [3][25]
	BWP adaptation in combination of SCell activation
	30%-65%
	
	
	
	Traffic model: FTP/Video, IM , VoIP
	

	CATT[6]
	Power saving signal triggering BWP adaptation with on-demand power saving RS (PS-RS)
	5%-44%
	
	
	
	DRX cycle (40,160, 320) ms, 
FTP3 traffic model with traffic  load (0.1, 0.8,3.2)
	

	Apple [12][32]
	UE feedbacks the preferred BWP




UE-initiated Fast SCell activation
	Without GTS: 33~65%
With GTS: 45%~80% 
3%-43%
	
	
	
	FTP3 with size (0.1, 0.5, 2 and 4 Mbyte)
	Power saving gain number is against fixed bandwidth part operation.

	Samsung [19]
	Cross-carrier scheduling among carriers in FR1 and FR2

	40%-57%
	
	
	
	
	

	Qualcomm [41]
	SCell dormancy. Applicable to the following schemes:
1. Dormant BWP
2. SP search space config
	33%
	
	
	
	Method: SLS
Traffic model: FTP3. 4CC
	Traffic scales with number of carriers




· Power saving scheme with UE adaptation in antenna domain for further study  

The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. 

· The following table is subject to further update, particularly regarding evaluation results/assumptions


	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	HW[1]
	 2Rx for PDCCH-only slot.  Between the two slots with PDSCH, within the timer, 4Rx is used for the PDCCH-only slot;
For the PDSCH + PDCCH slot and PDSCH-only slot, 4Rx is used
	12%-25%
	
	
	
	FTP 3 with 0.1Mbytes and 0.5Mbytes 
 C-DRX configurations are set to Case1(160, 10, 8), Case2(160, 40, 8) and Case 3(160, 100, 8) 
	No system performance impact

	ZTE[4]
	Adaptive configuration with 2 or 4 antennas 
	12%-14%
	
	
	
	FTP 3 with 0.1Mbytes
CDRX configuration:
160-100-8
	

	MediaTek [3][25]
	BWP-based adaptation to reduce RX number for PDCCH monitoring
	15%-20%
	
	
	
	Traffic model: FTP/Video, IM , VoIP
	No system  performance impact 

	Apple [12][32]
	UE is configured with maximum layer of 2
	30%
	
	
	
	Continuous PDCCH monitoring
	No system performance impact





· UE power saving scheme in achieving reducing PDCCH Monitoring 


The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monitoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Multiple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORESET/search space ON/OFF
· Adaptation between DRX ONduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding 
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 

The UE power consumption is reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  The power saving schemes to achieve reduction of PDCCH monitoring and the reduction of PDCCH blind decoding includes triggering of PDCCH monitoring, PDCCH skipping, and multiple CORESET/search space.  For triggering of PDCCH monitoring,  UE is dynamically triggered through L1 signal/signaling, which power saving signal triggering PDCCH monintoring and go-to-sleep signaling to skip PDCCH monitoring.  The PDCCH skipping is to use the L1 control information, such as DCI or  L1 signal/signaling, to indicate UE skip the PDCCH monitoring.   The power saving scheme with Mulitple CORESET/search space configurations is for UE to adapt among different PDCCH configurations to achieve the power saving game.  

The detailed procedure of the power saving signal triggering PDCCH monitoring reduction is as follows,
· UE reports its UE capability in support of low power consumption power saving signals
· UE is configured with DRX operation
· UE is configured with the power saving signal triggered PDCCH monitoring
· UE-specific power saving signal is configured to the UE with a configured of OFDM symbols before the PDCCH
· Additional on-demand power saving RS (PS-RS) could be configured between the power saving signal and the CORESET.  
· Timer for no PDCCH decoding is turned ON.  The threshold of the time not performing PDCCH decoding is configured to the UE.   
· If the timer is longer the configured threshold, the on-demand PS-RS will be present in assisting UE in performing channel tracking
· Otherwise, the PS-RS is not present 
· UE monitors and decodes the power saving signals at DRX ON
· If the power saving signal is detected, UE will perform PDCCH decoding and subsequent PDSCH decoding.  
· UE will turn ON the inactivity timer
· If the MAC-CE indicate the stop of inactivity timer or UE detects the go-to-sleep signal/signaling indicating PDCCH skipping, UE stop monitoring PDCCH.
· , UE will stop PDCCH monitoring
· UE will not perform PDCCH decoding  if the power saving signal is not detected. 



	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	Vivo [24]
	(1)Dynamic switching of PDCCH monitoring periodicities by DCI

(2)DCI explicit indication of PDCCH monitoring occasions within a periodicity

(3)UE monitoring of PDCCH search space for retransmission is triggered by decoding failure of SPS PDSCH
	2%-93%

	(1) 27%-91% (for gaming), 2%-93% (for FTP3);
(2) 57%-85% (for gaming), 2%-93% (for FTP3);
(3) 20%
	
	
	numerical simulation 
Traffic model: Gaming and FTP3 for case (1)(2), VoIP for case (3)
	The Rel-15 baseline schemes are:
PDCCH monitoring with and without  C-DRX for case (1)(2)

UE monitoring of PDCCH search space for retransmission is configured by RRC for case (3)

	MediaTek [3][25]
	Before data arrival
· Switching on/off PDCCH monitoring for next DRX on duration
· Adapt PDCCH monitoring period to the data traffic
· Adapt scheduling delays, including K0 and K2, to the data traffic
· Additional adaptation to DRX

After data arrival
· Adapt PDCCH monitoring period during data inactivity
· Adapt scheduling delays, including K0 and K2, during data inactivity

· Combined processing time adaptation
	5%-44%
	
	
	
	Traffic model: FTP/Video, IM , VoIP
	Background activity window to optimize the sleep time and power consumption by aggregating periodic CSI and power saving signal monitoring around SS burst can improve power saving gain.

	ZTE [4][26]
	Search space skipping
	15%-89%
	
	
	
	DRX configuration (40-10-4, 40-25-4, 160-40-8, 160-100-8, 320-80-10, 320-200-10)
	

	CATT[6]
	Power saving signal triggering PDCCH monitoring with on-demand PS-RS
	3%-35%
	
	
	
	DRX cycle (40,160, 320) ms, 
FTP3 traffic model with traffic  load (0.1,0.8, 3.2)
	

	Sony[7]
	Reduced PDCCH monitoring while the inactivity timer is running
	21%-37%
	
	
	
	DRX configuration (160,100, 8) with FTP3 traffic model, file size 0.1Mbyte
	

	LG[31]
	Different PDCCH periodicity during DRX ON with inactivity timer 
	22%-36%
	
	
	
	Traffic model: FTP3 with file size 0.5 Mbyte
	

	QC[15][33]
	PDCCH skipping
	9%-43%(FR1)
19%-60% (FR2)
	
	
	
	Method: SLS
No C-DRX 
Traffic model: FTP3
	

	Samsung [19]
	1-bit Power Saving signal triggering PDCCH monitoring  
adaptation on search space configuration
Reduction on PDCCH candidate in achieving PDCCH blind decoding reduction
Power saving signal triggering SPS PDSCH reception
	41%
0% - 80%
Up to 30%

29%-31%
	
	
	
	Traffic model: FTP3 with file size 0.1 Mbyte
baseline: T_PDCCH = 0.5ms, D = 0.5 ms
	

	Nokia, NSB [36][22]
	Reduce PDCCH blind decoding
	3-24%
	
	
	
	DRX configuration (160, 40, 8)
Trafic model FTP3
	

	OPPO[5][27]
	PDCCH skipping
	49.3% and 75.52%
	
	
	
	System level simulation.
The referrence Power configuration is DRX as agreed in previous meetings. 
Traffic model: FTP3 and IM 
	





· Assistance information for UE adaptation for further study 

The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding

Other UE assistance information for the power saving schemes is not precluded.
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