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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
1. 
2. 
2.1. 
2.1.1. 
2.1.1.1. RAN1 #AH 1901 Agreements

Agreements in Evaluation methodology
Agreements:
· For Table 3 of TR 38.840
· Remove the square brackets
· FR2 (for reference only)
· 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

Conclusion:
· Up to each company to report power consumption model for the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot. 

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)

Conclusion:
In addition to reporting the power saving gain as a percentage, companies are encouraged to report how the gain is calculated, at least including the absolute average power for the proposed scheme and the absolute average power for the baseline. This may facilitate adjustment of results for alignment across different companies. 

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.

Agreements in Power saving schemes
Update the text in TR 38.840 as follows:
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 mMinimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 

Agreements:
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, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· 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
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessilary long DRX cycle; detailed DRX cycle assumption can be found in each reference
· 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)

	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 CDRX, Traffic model FTP 3, x=1 
	

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



Agreements:
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
	





Agreements:
Update the text in the TR as follows (with change marks):
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}
	



Agreements:
Update the TR as follows (with change marks):
· Dynamic DRX configuration including at least the following– parameters could be dynamic adapted to the traffic arrival
· UE is configured with multiple DRX configurations
· Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility)  to adapt to the traffic arrival
· UE assistance information may be considered
· Adaptive parameters setting of one DRX configuration 
· UE assistance information may be considered
· DRX parameters are indicated by gNB
· Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)
· 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]
	DRX with dynamic inactivity timer
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]
	Static DRX configuration (short DRX embedded in long DRX as per 38.321 Section 5.7)
	[10%-65%]
	
	
	
	DRX configuration LongCycle: 320, 160, 20
drx-InactivityTimer 200, 25, 20, 10, 4
drx-onDurationTimer: 10, 8, 4, 2
drx-ShortCycle: 40, 25, 4
drx-shortCycleTimer: 16, 8, 4

Trafic model FTP3
	The case for the evaluations would change one parameters at a time



Agreements:
Update the TR as follows (with change marks):
The UE BWP adaptation to the traffic arrival is to dynamically switch the BWP by gNB based on e.g. 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 by gNB based on e.g. the traffic arrival to support efficient operation for fast SCell activation/deactivation 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  
· The assistance may also include CSI measurements (UE processes one BWP at a time)
· 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
· UE assistance information could be considered
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Including cross carrier scheduling
· 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
· UE assistance information could be considered

· 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



Agreements:
· Capture in the TR the following new table w.r..t. UE adaptation the number of antenna/panels or MIMO layers, 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) 
	

	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
	

	Apple [12][32]
	UE is configured with maximum layer of 2
	[30%]
	
	
	
	Continuous PDCCH monitoring
	




Agreements:
· Capture in the TR the new table w.r.t. UE adaptation of PDCCH monitoring, 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

	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 
	




Agreements:
· Capture in the TR the new table w.r.t. multi-slot scheduling, 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)

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

	Samsung[19]
	Multi-slot scheduling: one PDCCH schedules N TBs across N consecutive slots.
	[0%-45%]
	[N = 1-8]
	[0 (for N=0) -1.8ms (for N=8)]
	
	Baseline: N=1, PDCCH monitoring periodcity 1 slot,
Trafic moddel FTP3,
No C-DRX
	The results shown also reflect combination with reduced PDCCH monitoring



Agreements:
· Capture in the TR: New section 5.2.3 “Additional RS used for UE power saving”  in TR

Additional RS is the RS provided by gNB to assist UE in performing e.g.,fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.  The additional RS was proposed for study for power saving schemes for e.g, UE adaptation to the DRX operation,  BWP switching, fast SCell activation, reducing PDCCH monitoring, and/or  RRM measurements.   RS design is assumed to reuse Rel-15 waveform.  Power saving signal could be used to meet the purpose of additional RS.
Agreements:
· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings
· Detailed FFS, e.g., detailed mechanisms (including reusing existing signal/channel, or a new one), purpose(s) (wake-up and/or go-to-sleep, etc.), etc.

Discuss further offline for power saving signal/channel especially regarding:
· Processing at the UE side (e.g., single-stage, multi-stage, etc.)
· Use cases
· Multiplexing mechanisms
· Requirements (including evaluation assumptions)
· Overhead

Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values
· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.
· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. If the network is congested and power saving signal is not transmitted, UE behaves as if power saving signal is not configured. 
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable
· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.

Agreements:
· Companies are encouraged to consider the following aspects for the purpose of the power saving signal/channel design,
· The multiplexing capability
· Include total number of UEs supported
· The resource overhead in achieving the power saving
· The behaviour when miss detection/false alarm happens
· Multiplexing with other signals/channels
· Number of information bits
· Complexity
· Power consumption

Agreements in UE power consumption reduction for RRM measurements
Agreements:
· For IDLE/INACTIVE state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· FFS: The power value for loop convergence /time-frequency tracking is as the same as SSB processing.
· Paging 
· SIB1 decoding (PDCCH+PDSCH)
· Neighbor cell search (within SMTC), if any
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Sleep
· For CONNECTED state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation,
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· Based on SSB and/or TRS(if configured)
· PDCCH-only monitoring during active time
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Neighbor cell search (within SMTC), if any
· Sleep


Agreements:
· Update the table format as follow for capturing the results in TR38.840 section 5.3 “Power consumption reduction in RRM measurements” for
· Adapting/Relaxing RRM measurement in time domain
· Adapting/Relaxing intra-frequency measurements
· Additional resources for RRM measurement
· Other categories of techniques is not precluded and can be further incorporated if available.
· Note: for RRC CONNECTED, the ‘measurement period’ in the table and agreements refers to the measurement period in TS38.133
· Companies are encouraged to report the following additional assumption if applicable for each scheme,
· DRX configuration
· Offset between paging occasion and SSB/CSI-RS
· For evaluation of adapting/relaxing RRM measurement in time domain, the following is recommended to be provided
· Impact to measurement accuracy, e.g., RSRP accuracy
· Impact to mobility performance, e.g., handover failure rate
· For evaluation of reducing intra-frequency measurement
· Number of cells for measurement
· For evaluation of additional resource
· Resource type, e.g., CSI-RS, SSB or others
· Others are not precluded
· Note: companies are encouraged to report assumptions for synchronous or asynchronous deployments/case
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	Evaluation assumptions
	(6)
	(7)
	Note
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	(0) Power saving schemes description
(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1) RRC Idle / connected? RRC Idle/RRC Inactive or  RRC Connected
(2)Measurement period [ms]
(3)number of samples(e.g., SSB bursts) in each MP 
(4) UE speed and channel model
(5) system impact, e.g., overhead
(6) Performance impact, e.g., RSRP accuracy, channel power variation
(7)Additional assumption, e.g., PO and SSB offset,
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Agreements:
For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers/reselections for certain period.
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.

Agreements:
· The followings can be considered as the usage of additional resource for RRM measurement,
· CSI-RS, including TRS
· SSS only
· SSB
· PSS, SSS and wake-up signaling/paging
· E.g., including transmitted in SFN (single frequency network) manner
· DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc.
· Companies report in which of the following RRC state(s) the additional resource can be used,
· RRC IDLE
· RRC INACTIVE
· RRC CONNECTED


1. 
2. 
2.1. 
2.1.1. 
2.1.1.1. 
2.1.1.2. Agreements in RAN1#95
R1-1902023	Update of TR38.840 UE Power Saving	CATT
It is endorsed

Agreements in Evaluation methodology
Agreements:
Update the AH1901 agreement as follows:
· 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
· Note: When BWP adaptation power scaling is applied, the resultant power should not be smaller than the above power level. Justification should be provided if a different assumption is made (for example, UE is assumed to be in a state that is not fully active).

Agreements:
Update Table 15 (in Section 8.1.3) of TR38.804 as follows:
	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.
FFS: transition energy for BWP switching
If the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified.

	BWP Bandwidth (UL)
	No scaling at 0dBm or 23dBm
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	



Companies are encouraged to check 3.2 & 3.3 of R1-1903432

Agreements:
· To capture the following calibration results in the TR:
	 
	Power States
	HW [R1-1903194]
	Vivo
	MTK
	ZTE
	Intel
	LGE
	CATT
	SS
	OPPO [R1-1900304]
	Sony [R1-1900379]
	E/// [R1-1901165]
	QCOM
	Nokia [R1-1901187]
	Apple [R1-1902770]

	FTP, w/o C-DRX
	PDCCH only
	99.79%
	99.75%
	99.75%
	99.73%
	99.75%
	99.75%
	99.71%
	99.75%
	99.74%
	99.75%
	99.80%
	99.75%
	99.75%
	99.75%

	
	PDCCH+PDSCH
	 0.21%
	0.25%
	0.25%
	0.27%
	0.25%
	0.25%
	0.29%
	0.25%
	0.26%
	0.25%
	0.20%
	0.25%
	0.25%
	0.25%

	
	Micro sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	FTP, w/ C-DRX
	PDCCH only
	34.96%
	34.68%
	34.62%
	35%
	34.96%
	35.27%
	37.92%
	32.85%
	35.65%
	34.50%
	35.11%
	35.01%
	34.95%
	35.44%

	
	PDCCH+PDSCH
	0.21%
	0.25%
	0.20%
	0.27%
	0.25%
	0.26%
	0.29%
	0.20%
	0.293%
	0.25%
	0.21%
	0.25%
	0.25%
	0.21%

	
	Micro sleep
	0.02%
	0.01%
	0.02%
	0.03%
	0.02%
	0.02%
	0.00%
	0.01%
	0.0248%
	0.02%
	0.01%
	0.01%
	0.02%
	0.04%

	
	Light sleep
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0.124%
	0.15%
	0.12%
	0.15%
	0.14%
	0.07%

	
	Deep sleep
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	63.9%
	65.09%
	64.55%
	64.58%
	64.64%
	64.57%

	VoIP, w/o C-DRX
	PDCCH only
	 98.92%
	98.59%
	98.56%
	98.43%
	98.75%
	 
	98.70%
	98.46%
	
	98.73%
	98.50%
	98.60%
	
	98.7%

	
	PDCCH+PDSCH
	 1.08%
	1.41%
	1.44%
	1.57%
	1.25%
	 
	1.31%
	1.54%
	
	1.27%
	1.50%
	1.40%
	
	1.3%

	
	Micro sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	
	Light sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	
	Deep sleep
	 0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	
	0.00%

	VoIP, w/ C-DRX
	PDCCH only
	22.09%
	22.40%
	21.46%
	19.31%
	18.72%
	 
	14.43%
	20.16%
	
	20.20%
	22.50%
	22.31%
	
	20.36%

	
	PDCCH+PDSCH
	1.08%
	1.09%
	1.09%
	0.78%
	1.25%
	 
	0.40%
	1.96%
	
	0.96%
	1.11%
	1.08%
	
	0.84%

	
	Micro sleep
	0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	
	0.00%
	0.0%
	0.00%
	
	0.00%

	
	Light sleep
	1.37%
	0.61%
	0.41%
	 0.00%
	0.00%
	 
	0.00%
	0.34%
	
	0.83%
	0.54%
	0.54%
	
	0.00%

	
	Deep sleep
	75.45%
	75.90%
	77.04%
	79.92%
	80.03%
	 
	85.16%
	77.54%
	
	78.02%
	75.85%
	76.07%
	
	78.78%



Agreements:
· Remove brackets [] from the following in the TR:

In Section 8.1.3:
· 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.

· For “PDCCH-only” and “SSB or CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· For “SSB processing” and “CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· 2-SSB within a slot is assumed

In Section 8.1.4:
· For inter-band
· Up to [2] frequency layers and 
· Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)

In Section 8.1.4.2:
· Pt is the switching power consumption 
· [Assume micro sleep power for Pt]
· Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)

In Section 8.2:
· I-DRX cycle 1.28 sec
· Group paging rate (for a PO): [10%]
· P-RNTI is detected but PDSCH decoding results in no match
· Note: Statistics for the matching case may be further considered based on use case

Agreements:
Update the following text in Section 8.1.1 in TR 38.804:
· The following additional transition energy and total transition time for the three sleep types are adopted as working assumption for power saving SI:
· Both ramp down and ramp up transitions are included.
· Additional processing time for acquiring synchronization is not included in total transition time.
· There is always a non-sleep power state between adjacent sleeps.
· FFS: Specify the times and relative power values for the ramp down and ramp up transitions separately.

Remove the FFS in the following table/Section in TR 38.804:
In the following row in the table in Section 8.1.2 because the power state is already defined:
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300
	350



In the following row in the table in Section 8.1.3 because the scaling is already defined, at least for the cross-slot scheduling case.
	PDCCH-only
	Power of cross-slot scheduling is 0.7x same-slot scheduling
FFS for the scaling w.r.t. # of blinding decoding
	Applicable for FR1 and FR2



In the following row in the table in Section 8.1.3 because the scaling is already defined for RRM power modeling.
	CSI-RS
	FFS for scaling w.r.t. # of symbols for CSI-RS
FFS for neighbor cell measurement
FFS for #measured cells
	



Agreements:
· To include section 3.2 (some tables are updating the existing tables) of R1-1903806 in the TR

Agreements in Power Saving Schemes and Power saving signal/channel
Conclusion:
· Mechanism, if introduced, for switching to/from power saving scheme(s) is to be discussed in the WI phase. 

Agreements:
Update previous agreements as follows:
The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic 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 by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  

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

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· The assistance may also include CSI measurements (UE supports and processes one BWP at a time)
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX
· UE assistance information could be considered
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Including cross carrier scheduling
· Power aAdaptation based on the operation in a group of cells in power efficient way
· Including group of cells in bundle operation
· CSI/RRM measurements and beam management at non-active SCell
· UE assistance information could be considered
· Including the combined operation with the BWP switching

Agreements: 
Update previous agreements as follows:
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 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 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered

· 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, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA value
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA value
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessilary long DRX cycle; detailed DRX cycle assumption can be found in each reference
· 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 [5].
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· Power model for TDRA power saving scheme is the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot reported by the proposed scheme.
· UE assistance information can be considered

· 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 value
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA value
· 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.     

Agreements:
Update previous agreement as follows:
The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or maximal number of MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. This may be done with potential UE assistance information. The dynamic approach may also be associated with a transition time, a timer, etc.

Observation:
· The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to [20-30%] power saving gain for the dynamic antenna adaptation and up to [20%] for the semi-static antenna adaptation with some impact to the system performance, such as [4%] latency increase for dynamic antanna adaptation,  when reduced antenna operation is used mainly during periods of low scheduling activity and additional network resources are used for the compensation of the loss of multi-antenna processing gain.  It was shown by one source that there is a corresponding [10%-58%] UPT degradation for the RRC configured antenna reduction without adaptation for FTP traffic. It is noted that with a set of simulation assumptions (such as traffic model and SCS) not aligned with the agreed ones for evaluation, it was observed by one source that the negative power saving gain and latency up to [760 %] over Rel-15 4Rx antenna for the RRC configured antenna reduction without adaptation for FTP traffic was observed. It was observed by one source that the resulting additional overhead in terms of DL resource usage for the dynamic antenna adaptation is up to [2%]. 


Observation:
· The power saving schemes for reducing PDCCH monitoring shows [0.5%-85%] power saving gains with different detailed schemes comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring for the purpose of evaluation, although each of the different detailed schemes offers various power saving gains. Lower power saving gains [0.5-15%] were observed for the continuous traffic.   High power saving gains [50-85%] were observed for sporadic traffic arrival.  This comes at the expense of reduced UPT throughput in the range of [xx-yy%], and increased latency in the range of [??-??%] (which does not necessarily result in exceeding the corresponding delay budget). This also comes at the expense of additional overhead in the range of [??-??%] in terms of DL resource usage.

R1-1903622
Observation:
· The power saving schemes for Scell operation show [12.36% - 67.33%] power saving gain if the baseline settings exhibit a large amount of PDCCH monitoring without data scheduling due to sporadic traffic or long data inactivity in SCell(s). Smaller power saving gain in the range of [1.82% - 13.82%] is observed for the case of less PDCCH monitoring without data scheduling in SCell(s). The average latency increase is in the range of [0.09% - 3.2%]. One source reports that the corresponding additional overhead in terms of DL resource usage is negligible.

Observation:
· Rel-15 DCI and timer based BWP adaptation between full bandwidth and a narrow bandwidth can achieve power saving gain in the range [8.5% - 31%]. The power saving schemes with UE adaptation to BWP bandwidth show [16% - 45%] power saving gain if suitable BWP bandwidth is applied.  The power saving schemes with UE adaptation to BWP switching show the power saving gains ranged from [23% - 45%]  from the Rel-15 BWP opration without adaptation.   The higher power saving gain of [45%] comes from suitable BWP adaptation, e.g., selection of BWP based on UE assistance informaiton.  Smaller power saving of [8.5%] is provided from one source, assuming 15-ms CSI acquisition delay for the DCI triggering BWP adaptation.   The average latency increase of the power saving schemes is up to [4%].  One source showed that the power saving signal triggering BWP switching with additional RS for CSI measurements shows [25%-55%] power saving gains in relation to Rel-15 BWP adaptation with UPT improvement of [17%] and  [7-21%] overhead.  

Observation:
· The power saving schemes with cross slot scheduling show [X% - 25.4 %] power saving gain and UPT degradation [ %,  % ] for minimum K0= 1, [% - %] power saving gain and UPT degradation [ %,  % ] for 1< minimum K0 < 4  and [5% - 6%] power saving gain for minimum K0 >= 4 and UPT degradation up to [%].  When [minimum K0>1], the power saving gain decreases and UPT degrades as the K0 increases.   Smaller power saving gain in the range [0% - 1.1%] is observed when the amount of PDCCH monitoring without data scheduling is limited because of high scheduling activity or going to DRX OFF by MAC-CE.  The average latency increase is up to [4%] if minimum K0 value is less than 4 and C-DRX is assumed. Larger latency increases up to [30%] is observed for larger minimum K0 values or C-DRX is not applied. 
· The power saving schemes with same slot scheduling show by one source [15%-17%] power saving gain for small data using evaluations, and by another source [16%-30%] power saving gain for small data using numerical analysis, such as the instant message or VoIP traffic.   [93%] overhead increase is observed for the instant message.   For large data, such as FTP traffic, one source shows power saving gain of [-5.9%] and [55%] latency incease and [100%] overhead increase  due to the longer PDSCH transmission and reception time that is used to compensate the reduced PDSCH symbol number in a slot.  It is noted that there is no consensus on the power model of same slot scheduling.    
· For the power saving schemes with multi-slot scheduling, [21.6% - 38.1%]  power saving gain and [30-70%] UPT degradation are shown in combination of PDCCH monitoring reduction.  The other source shows [0.65% - 1.9%] power saving gain. 

Observation: 
· The power saving schemes with UE adaptation to the DRX operation include UE adaptation of its behavior to the DRX operation, and dynamic DRX configuration. Based on the evaluation, the schemes of power saving signal/channel triggering wake-up for CDRX show power saving gain in a range of [??% - ??%] comparing to the baseline with the agreed C-DRX reference configuration. The latency increase/UPT degradation is in the range of [0% - ??%]/[%, %]. It is shown the power saving gain tends to be higher when the C-DRX cycle is shorter, but it is smaller when C-DRX ON duration is shortened, For longer C-DRX cycle and/or high traffic load, smaller gain in the range of [??% - ??%] is observed. The power saving gain shown by the power saving signal/channel triggering UE adapation to the DRX operation has very little dependency on the assumed power consumption level of the power saving signal/channel.
· Additional gain [%  %] of the power saving scheme with UE adaptation to the DRX operation with the help of the preparation period is observed on top of the power saving gain from UE wake-up by power saving signal/channel. The corresponding additional overhead was not reported and summarized. The corresponding system impact (if any) was not analysed and summarized. 
· Dynamic DRX configuration schemes show power saving gain in the range of [??% - ??%] with latency increase [  ]. When the DRX configuration and/or parameters are closely adapted to the traffic type, high power saving gain is observed. One source shows the power saving gain [% , %] over the agreed baseline with Rel-15 DRX configuration selection adapt to the traffic with suitable short DRX. 

Agreements:
Observations:
· PDCCH monitoring periodicity configurations can be dynamically adapted based on explicit/implicit signaling, and works with or without C-DRX.  The power saving gain over the agreed baseline in the range of [5% ~ 68%] is observed, with latency increase in the range of [0.5% ~ 20%] and overhead [% - %].   One source shows [85%] gain with latency [118%].  The high latency is due to the not-fully-flexible PDCCH monitoring.  If non-adaptive PDCCH periodicity is applied, one source shows [32% - 50%] power saving gain subject to [56% - 116%] latency increase. Generally, the larger the PDCCH monitoring periodicity, the larger the power saving gain but the associated latency increase would be higher. 

· Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH.  A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or “go-to-sleep” signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered.   Power saving gain in the range of [9%~83%] is observed, with latency increase in the range of [0.4%~20%] with one source showing [124%] and overhead [% - %]. Generally, the gain is higher for for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain. 

· PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain of [2.2%-15%] is shown when the number of blind decoding candidates is reduced by half, with system level impact in terms of higher DL control blocking probability (e.g. assuming that 1/4 of the UEs are to be scheduled in a CORESET with such reduced blind decoding limit, the average blocking probability would increase by 50%).  One source shows power saving gain of [29%] with single blind decoding candidate without showing the results of latency and expected high blocking probability.  

· In relation to above power saving schemes aforementioned, some Rel-15 C-DRX schemes are also evaluated compared to the agreed baseline. In one source, Rel-15 MAC-CE based DRX command is evaluated, and the gain is observed to be [42%~56%] with latency increase of [59%~77%] across three traffic types. In another source, short DRX supported in Rel-15 is evaluated and power saving of [30%~280%] is observed with latency increase of [31%~97%]. 

Agreements:
Observation:
· Some UE assistance information has been used by the power saving schemes to adapt to the traffic resulting in power saving gain.  Power saving schemes including UE assistance information in the evaluation show power saving gain of [9%-45%] for UE adaptation to BWP switching, [4%-80%] for UE adaptation to DRX operation, and [5%-43%] for SCell operation.   

Agreements:
Observations:
· Power saving signal/channel used as the UE wakeup in triggering UE adaptation to the DRX operation shows the power saving gains [4%-97 %  ]  with some overheads [0% -3.5% ].  
· Power saving signal/channel triggering to assist the BWP switching shows the power saving gain [25% - 55%] with the overhead of [7%-21%] from the additional RS.  
· Power saving signal/channel triggering/enabling PDCCH monitoring reduction achieves the power saving gain [50%-66%] with [1.7%] overhead.      
· The 0.1% miss detection performance of different power saving signal/channel, such as   PDCCH-based, TRS, CSI-RS, DMRS, SSS-like, new sequence type, such as OOK, Gold sequence, had been shown with the reqired SINR range [-6 to 5.7] dB with false alarm probability at 1%.   Fewer resource used by power saving signal/channel or beam degradation would require higher SINR operating point. The power saving signal/channel also has the multiplexing capability ranged 1-16 UEs in the evaluation depending on the power saving signal/channel type.  The power saving signal/channel may carry additional information bits in addition to the triggering for UE adaptation.   The power saving signal/channel detection performance shows that it is adequate for triggering the UE adaption to the power consumption.   

Agreements:
· To include in the conclusion section of the TR:
The UE power saving study completes the UE power consumption model for evaluation based on the inputs from many sources.  Evaluation results have been shown based on the UE power consumption model through calibration and subsequent evaulations.   The UE power model could be used as the reference model in evaluating the UE power consumption for any other features if applicable.      
RAN1’s study shows the following power saving gains over the agreed baseline in UE power saving schemes with UE adaptation in frequency domain, time domain, antenna domain, DRX operations, and reducing PDCCH monitoring with different traffic types, such as FTP, IM, web browsing, video streaming, gaming and VoIP,  and network configurations,
The power saving schemes with UE adaptation to BWP switching show the power saving gains ranged from [16% - 45%] over the agreed baseline configuration.  The power saving schemes with UE adaptation to SCell operation show[12.36% - 67.33%] power saving gain with average latency increase [0.09% - 3.2%]
The power saving schemes with cross-slot scheduling shows up to [5-25%]  power saving gains with UPT degradation [2.9%-18.4%].  The power saing gain decreases and the UPT degradation increases as the K0 increase.   The power saving gain [15%-17%] and [0% -93%] overhead increase is observed for same-slot scheduling only with small packet.  The power saving gain less than 2% is observed for multi-slot scheduling.
The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to [20%-30%] power saving gain and [4%] latency increase  for dynamic antenna adaptation.   The power saving gain [20%] is observed for semi-static antenna adaptation with expected latency and UPT degradation.  Additional network resource is used for compensation of the loss of multi-antenna processing gain.  
The power saving schemes with UE adaptation to the DRX operation shows [9%~83%] power saving gains with latency increase in the range of [0.4%~20%] .  The  power saving gain for dynamic DRX configuration/adaptation is [8%-50%] with latency increase [2% - 95%]. Rel-15 enabled DRX operation shows up to [47 %] power saving gain over the agreed baseline.    
The power saving schemes for dynamic adaption of UE PDCCH monitoring shows [8% - 50%] power saving gains with the latency increase/UPT degradation in the range of [0% - ??%].  

It is noted that the combined power saving techniques (as listed above) may not necessarily provide linear addition of individual power saving gains. It is noted that the power saving gains shown in the specific context as cited above are relative numbers, while it is understood that the absolute percentage of power consumption for a specific context may vary depending on the actual usage. 

The UE assistance information provides the gNB additional information in faciliating UE adaptation to the traffic and reducing the power consumption of some respective power saving schemes shown aforementioned.  UE preferred configurations are fed back to the gNB to help the network optimizing the resource utilization and assisting UE in achieving power consumption reduction.
The power saving schemes with the power saving signal/channel triggering UE adaptation shows the power saving  with adaptation in different domains, such as DRX operation, BWP switching, and reducing PDCCH monitoring aforementioned.    

Conclusion:
· To include Table 9 in R1-1903737 as part of email approval of TR update

Agreements in UE power consumption reduction for RRM measurements
Agreements:
· Capture Table 1 in R1-1903481 to TR38.840 section 5.3.1
· With the following additional information provided and updated 
· Assumptions for measurement activities (e.g., loop convegernce, synchronization and etc) for baseline and enhancement.
· To further capture the results for performance impact aspects – revisit later (see next agreements)
· Capture Table 2 in R1-1903481 to TR38.840 section 5.3.2
· With the following additional information provided and updated
· Assumptions for measurement activities (e.g., loop convegernce, synchronization and etc) for baseline and enhancement.
· Capture Table 3 in R1-1903481 to TR38.840 section 5.3.3
· With the following additional information provided and updated
· Assumptions for measurement activities (e.g., loop convegernce, synchronization and etc) for baseline and enhancement.


Agreements:
· Update Table 1 in R1-1903559 to TR38.840 section 5.3.1
· For RSRP accuracy, capture Figure 1 in R1-1903430, Figure 2 in R1-1901711 and Figure 1 in R1-1902026 I TR38.840 section 5.3.1
· Note: the handover failure rate is already embedded in the table.
· Update Table 2 in R1-1903559 to TR38.840 section 5.3.2
· Update Table 3 in R1-1903559 to TR38.840 section 5.3.3

Agreements:
For adapting/relaxing RRM measurement in time domain, the followings are observed from simulation results, 
· For RRC CONNECTED state, 
· Among the results, [11.1% - 26.6%] power saving gain is shown for extending measurement period  4 times, and [7.4% - 17.8%] power saving gain is shown for extending measurement period  2 times, comparing with the baseline assumption.
· For RRC IDLE/INACTIVE state, 
· By increasing measurement period, the UE power saving gain at least depends on the number of I-DRX/paging cycles to be skipped for measurement and the number of SSB burst sets to be used for measurement and periodic activities. When measurement is performed once every 4 paging cycles, the gain is [17.9%-19.7%]  (one SSB burst set for measurement and periodic activities), [0.89%-5.36%] (two or three SSB burst sets for measurement and periodic activities). 
· While at the same time, for stationary or low mobility case, the mobility performance impact of increasing measuremenrt period (e.g., handover failure rate, RSRP difference between two adjacent samples) is shown as follow, 
· Observations for handover failure to be further summarized - revisit later, see below
· the  (5%-tile, 95%-tile) of the RSRP measurement error is within the range of ([-4dB, 4dB]) .
· It is shown that relaxing the number of samples within measurement period provides [2.57% - 36%] power saging gain for RRC CONNECTED. For stationary or low mobility case, 1 source results show the  (5%-tile, 95%-tile) of the RSRP measurement error is within the range of ([-2dB], [3dB]) for both 3km/h and 30km/h .

Observations:
· For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, the followings are observed from simulation results, 
· By assuming number of neighbouring cells to be measured is reduced, it is shown that about [4.7% - 7.1%] power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about [1.8% - 21.3%] power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  [26.43% - 37.5%] power saving gain is shown. 
· The corresponding performance impact was not reported and summarized

Agreements:
Obversations:
Update the handover failure rate part as follows,
The handover failure rate for RRC CONNECTED state is 
· with 4 times relaxing the measurement period, changed as follows:
· [0% -> 0.26%] for 3km/h, [0% ->0.41%] and [2.08% ->2.81%] for 30km/h, [0% ->1%] for 60km/h, [0.17% ->3.14%] and [9.03% -> 10.07%] for 120km/h
· with 16 times relaxing the measurement period, changed as follows:
·  [0% -> 0.5%] for 3km/h, [0% -> 11.33%] for 30km/h，[0% -> 25.89%] for 60km/h, [0.17% -> 56.74%] for 120km/h

Agreements:
The followings are proposed to be captured as observations in TR38.840 section 5.3.3
· For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving is [19%~38%]. Analysis on network impact, higher-layer/PHY-layer signaling overhead and network energy consumption is not provided. Two sources report [1.6%] of SSB overhead for 160ms additional reference signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS for connected mode UEs) can be reused as additional resource for RRM for RRC IDLE/INACTIVE, reference signal overhead may not increase. 

· For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM in FR2, the UE power saving is [11.8%~20.7%] assuming that CSI-RS overhead of baseline is identical to CSI-RS overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead. 

Conclusion:
· To include Table 3 in section 2.3.1 in R1-1903805 as part of TR update for email approval
· To include Table 4 in R1-1903805 as part of TR update for email approval

Agreements:
· Add new section in TR38.840 “5.3.4 Adapting/relaxing RRM measurement for inter-frequency measurement” 
The followings are proposed to be captured as observations in TR38.840 section 5.3.4
2 sources show that reducing the number of measured inter-frequency layers can provide [21~38%] power saving gain for RRC CONNECTED states, and 1 source shows [xx~xx%] power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.

Agreements:
· Capture the Table 5 in R1-1903805 in a separate table in TR38.840 section 5.3.4


Agreements:
Capture the followings in TR38.840 section 7:
For adapting/relaxing RRM measurement in time domain
· [11.1% - 26.6%] and [7.4% - 17.8%] power saving gain is shown for increasing measurement period 4 times and 2 times respectively for For RRC CONNECTED state, [17.9%-19.7%] and [0.89%-5.36%] power saving gain is shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively. 
· For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from [0%] to [0.26%] for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from [XX%] to [YY%] for 60km/h by extending 4 times measurement period).
For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, 
· By assuming number of neighbouring cells to be measured is reduced, it is shown that about [4.7% - 7.1%] power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about [1.8% - 21.3%] power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  [26.43% - 37.5%] power saving gain is shown. 
· The corresponding performance impact was not reported and summarized
For additional resource for RRM measurement 
· For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving gain is [19%~38%]. Analysis on network architecture impact, higher-layer/PHY-layer signaling overhead and network energy consumption is not provided. Two sources report [1.6%] of SSB overhead for 160ms additional reference signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS) for connected mode UEs can be reused as additional resource for RRM, reference signal overhead may not increase. 
· For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM, the UE power saving gain is [11.8%~20.7%] by assuming that CSI-RS overhead of baseline is identical to CSI-RS overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.  
For reducing the number of measured inter-frequency layers
· 2 sources show that reducing the number of measured inter-frequency layers can provide [21~38%] power saving gain for RRC CONNECTED states, and 1 source shows [xx~xx%] power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.
It is noted that for RRM evaluation, PDCCH-only monitoring without data is assumed for RRC CONNECTED state.

2.2	RAN2
2.2.1	Agreements
Agreements on Power saving enhancements of paging procedure
=>	RAN2 will consider extending the DRX cycle length to 10.24 in idle and inactive mode. 
=>	RAN2 will not study increasing it above 10.24s in this SID
Agreements

=>  The WUS related paging will be down-prioritized in RAN2 for now.  RAN2 can discuss if further evaluations are required after RAN1 progresses on their discussions.  


Agreements on Power saving in RRC_CONNECTED
-	RAN1 can focus on the design on the signal/channel.   From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX.   RAN2 should study the impact to c-DRX. 
-	RAN2 assumes that RAN1 will downscope the solutions as soon as possible

R2-1902563	LS to RAN1 on RAN2 agreements – Vivo


Agreements on Power saving schemes for RRM measurements

RAN2 to evaluate the feasibility to relax the serving and neighbour cell measurements for NR UE.   RAN2 should consider the mobility related aspects when studying the feasibility of relaxing measurements

-	
2.2.2	Remaining Open issues 
· Detail in higher layer procedures of UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment 
· Higher layer procedures for UE power saving schemes 
· Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
· Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
2.4.2	Remaining Open issues
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTx
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention.
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