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Introduction
This contribution is a summary of the contributions of RAN1 Ad hoc 1901 meeting held in Taipei.

Additional considerations of the RRM measurement
For the purpose of provide results based on the most common power components for evaluation, the following is discussed. 
The agreement after Tuesday’s online discussion is as follow,
	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




Statistics of power consumption for RRM measurement
Possible agreements
[bookmark: _Toc531103520]Capture the following tables and TPs in TR38.840 section 5.3 “Power consumption reduction in RRM measurements” and further update to simulation results
<Please check and filling the results in the following sheet>



The percentage of the power consumed by RRM is studied. Based on that, 
· For IDLE/INACTIVE state, the RRM measurements causes 48 ~ 77% of the total power consumption. The value varies subject to different measurement periodicity,
· For CONNECTED state, the RRM measurements causes 1 ~ 26 % of the total power consumption. The value varies subject to different measurement periodicity, DRX configuration.
Table 1 statistics of power consumption for RRM measurement
	
	Percentage of the power consumed by RRM 
	Measurement Periodicity [ms]
	Idle / connect?
	Assumptions
	Notes

	Source 1, vivo
R1-1900147
	77%
	320
	idle
	i-DRX cycle, RRM MP=320ms
10% group paging rate,
duration of SSB measurement occasion per paging cycle is 2 slots
	Paging is included, SIB is not included, sleep/active transition power is not included.

	Source 2, CATT
R1-1810564
	48%
	2560
	idle
	Long i-DRX cycle, 2560ms
	Pre-processing time for channel tracking and pre-synchronization is assumed as 5 ms for the wakeup
Transition time is 1ms for light sleep
3ms for deep sleep, 320-100-10, FTP Model 3, 0.5Mbyte
SIB is not included

	
	61%
	320
	Idle
	Short i-DRX cycle, 320ms
	

	
	26%
	320
	connected
	C-DRX, low traffic load
	

	
	20%
	320
	connected
	C-DRX, medium traffic load
	

	
	16%
	320
	connected
	C-DRX, high traffic load
	

	Source 3, ZTE
R1-1901282
	8%
	80
	connected
	C-DRX, 160-10-10, RRM MP = 80ms
	XXX-YY-ZZ = [DRX cycle, inactivity timer , on-duration]

	
	10%
	80
	connected
	C-DRX, 320-10-8, RRM MP = 80ms
	

	
	2%
	80
	connected
	C-DRX, 160-100-8, RRM MP = 80ms
	

	
	4%
	160
	connected
	C-DRX, 160-10-10, RRM MP = 160ms
	

	
	6%
	160
	connected
	C-DRX, 320-10-8, RRM MP = 160ms
	

	
	1%
	160
	connected
	C-DRX, 160-100-8, RRM MP = 160ms
	

	
	2%
	240
	connected
	C-DRX, 160-10-10, RRM MP = 240ms
	

	
	4%
	240
	connected
	C-DRX, 320-10-8, RRM MP = 240ms
	

	
	1%
	240
	connected
	C-DRX, 160-100-8, RRM MP = 240ms
	

	
	1%
	320
	connected
	C-DRX, 160-10-10, RRM MP = 320ms
	

	
	2%
	320
	connected
	C-DRX, 320-10-8, RRM MP = 320ms
	

	
	<1%
	320
	connected
	C-DRX, 160-100-8, RRM MP = 320ms
	

	
	
	
	
	
	




UE adpating/relaxing RRM measurement and power consumption characteristics
This section includes UE adpating/relaxing RRM measurement techniques from the following aspects,
· Relaxed RRM measurement in time-domain, including power saving gain and corresponding performance impact
· Reducing the number of intra-frequency measurements, including power saving gain and corresponding performance impact
· Power saving/measurement accuracy for additional resource
· other techniques, including inter-frequency aspects, L3 report aspects and etc.


Offline Proposal:
· 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 Reducing 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
· 

	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(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,

	

	Source xxx
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	




Adapting/Relaxing RRM measurement in time domain
	Agreements:
· For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact




Power saving reduction
Agreements:
Capture the following table in TR38.840 section 5.3 “Power consumption reduction in RRM measurements”, subject to further updates
Evaluation of relaxed RRM measurement in time-domain
	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(0) Power saving schemes description
(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1)Idle / connected?
(2)Measurement period [ms]
(3)number of Samples(e.g., SSB bursts) in each MP
(4)Additional assumption, e.g., PO and SSB offset,
(5) UE speed and channel model
(6) system impact, e.g., overhead
(7) [Performance impact, e.g., RSRP accuracy, channel power variation]
	

	Source xxx
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	



<Please check and filling the results in the following sheet>


Table 2 Evaluation of relaxed RRM measurement in time-domain
	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(0) Power saving schemes description
(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1)Idle / connected?
(2)Mesurement period [ms]
(3)number of Samples(e.g., SSB bursts) in each MP
(4)Additional assumption, e.g., PO and SSB offset,
(5) UE speed and channel model
(6) system impact, e.g., overhead
(7) [Performance impact, e.g., RSRP accuracy, channel power variation]
	

	Source 1, CATT
R1-1901327
	
	15.55 (baseline1)
	N/A
	
	connected
	80
	5
	10ms ON-duration in FR1 is chosen. SMTC period is 20ms and SMTC_window is 4ms are considered
	
	
	
	

	
	
	10.39
	33.2%
	
	connected
	160
	5
	
	
	
	
	

	
	
	9.51
	38.83%
	
	connected
	320
	5
	
	
	
	
	

	
	
	9.08
	41.64%
	
	connected
	640
	5
	
	
	
	
	

	Source 2, MTK
R1-1900194
	
	27.15(baseline1)
	N/A
	
	connected
	40
	1
	UE behaviour with fully aligned SMTC window and DRX on-duration
	
	
	
	DRX on duration=4ms,
SMTC window=4ms,
SMTC period=20ms,
Light sleep time for Case 2 =6ms,
DRX cycle length=40ms

	
	
	24.65
	9%
	
	connected
	80
	1
	
	
	
	
	

	
	
	23.40
	14%
	
	connected
	160
	1
	
	
	
	
	

	
	
	42.40(baseline2)
	N/A
	
	connected
	40
	1
	UE behaviour with time difference between the start of SMTC window and the start of DRX on duration PO offset = 6ms
	
	
	
	

	
	
	32.28
	24%
	
	connected
	80
	1
	
	
	
	
	

	
	
	27.21
	36%
	
	connected
	160
	1
	
	
	
	
	

	
	
	62.25(baseline3)
	N/A
	
	connected
	40
	1
	UE behaviour with time difference between the start of SMTC window and the start of DRX on duration PO offset?
	
	
	
	

	
	
	42.4
	32%
	
	connected
	80
	1
	
	
	
	
	

	
	
	32.28
	48%
	
	connected
	160
	
	
	
	
	
	

	Source 3, ZTE
R1-1901282


	
	9.91(baseline1)
	N/A
	
	connected
	80
	1
	 [DRX cycle, inactivity timer , on-duration]= [160,10,8]
	
	
	
	

	
	
	8.88
	10.4%
	
	connected
	160
	1
	
	
	
	
	

	
	
	8.75
	11.7%
	
	connected
	320
	1
	
	
	
	
	

	
	
	8.69
	12.3%
	
	connected
	640
	1
	
	
	
	
	

	
	
	7.48(baseline2)
	N/A
	
	connected
	80
	1
	 [DRX cycle, inactivity timer , on-duration]= [320,10,10]
	
	
	
	

	
	
	5.82
	22.1%
	
	connected
	160
	1
	
	
	
	
	

	
	
	5.36
	28.4%
	
	connected
	320
	1
	
	
	
	
	

	
	
	5.30
	29.1%
	
	connected
	640
	1
	
	
	
	
	

	
	
	39.33(baseline3)
	N/A
	
	connected
	80
	1
	 [DRX cycle, inactivity timer , on-duration]= [160,100,8]
	
	
	
	

	
	
	38.21
	2.8%
	
	connected
	160
	1
	
	
	
	
	

	
	
	38.08
	3.2%
	
	connected
	320
	1
	
	
	
	
	

	
	
	38.02
	3.3%
	
	connected
	640
	1
	
	
	
	
	

	
	
	30.68(baseline4)
	N/A
	
	connected
	20
	1
	[DRX cycle, inactivity timer , on-duration]= [40,10,4]
	
	
	
	

	
	
	21.31
	30.6%
	
	connected
	40
	1
	
	
	
	
	

	
	
	20.76
	31.9%
	
	connected
	80
	1
	
	
	
	
	

	Source 4, vivo
R1-1900147
	
	40.45 (baseline1)
	N/A
	
	connected
	200
	2
	Random PO offset, DRX InactivityTimer =40
	
	
	
	FTP Model 3, packet size =0.5MByte,
Long DRXCycle = 160ms, onDurationTimer = 8ms, data_rate=300Mbps

	
	
	35.80
	12%
	
	connected
	400
	2
	
	
	
	
	

	
	
	31.38
	23%
	
	connected
	800
	2
	
	
	
	
	

	
	
	73.65(baseline2)
	N/A
	
	connected
	200
	2
	Random PO offset, DRX InactivityTimer =100
	
	
	
	

	
	
	69.98
	5%
	
	connected
	400
	2
	
	
	
	
	

	
	
	69.15
	6%
	
	connected
	800
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	



1.1. 
1.2. 
Impact to sampled channel power variance
[image: ]
During the offline discussion, for adaption on in time domain, the additional performance impact to channel power variance can be characterized as follows, 
Possible Offline Proposal 
To evaluate the channel power variance, the following is proposed as follows,
· Alt1: The probabilities serving cell channel power reduction is larger than X dB for the target measurement period, X = [6]
· Alt2: The variance of the serving cell channel power samples separated by the target measurement period
· Alt3: The mean of the sum of the absolute difference of adjacent serving cell channel power samples separated by the target measurement period
Note:
· Channel power simulation is according to 38.901.
· UE movement model can refer to Clause 5.4.4 in TR 36.839, and whether it is modelled or not should be reported.

Impact to measurement accuracy
3 companies  provides results for RSRP accuracy when relaxing the measurement period. 
[Huawei, HiSilicon R1-1900042]The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
[vivo, R1-1900147] In this simulation, 0dB SNR is considered. In scenarios with high SNR, it can be expected that measurement accuracy can be easily satisfied based on one measurement sample per measurement period, regardless SSB based or CSI-RS based.
[CATT, R1-1901327] For some concern conditions, the number of RSRP measurement samples for a measurement period can be relaxed with negligible impact on accuracy
With all the results, it is shown with time domain reduction of the RRM measurement, the RSRP accuracy is not impacted a lot. This is aligned with the observation made in the last meeting. Therefore it is proposed to capture these results in the TR in order to provide sufficient information in which case the accuracy is not impacted. The information includes, e.g., measurement period, # of SSBs in slot, # of total SSBs per MP, channel Model, UE speed and etc.

	
Possible agreements
It is proposed to capture the RSRP accuracy results in the TR38.840 section 5.3 “Power consumption reduction in RRM measurements” in order to provide sufficient information in which case the accuracy is not impacted. The information includes, e.g., measurement period, # of SSBs in slot, # of total SSBs per MP, channel Model, UE speed and etc. Further update to simulation results may be possible.




<Please check and filling the results in the excel sheet>

Table 2 Evaluation of RSRP accuracy when relaxed RRM measurement in time-domain	Comment by shenxd: Please companies provide RSRP accuracy CDF values in the excel sheet



R1-1900042	Power consumption reduction in RRM measurements	Huawei, HiSilicon
R1-1900147	On UE power Consumption Reduction in RRM Measurements	vivo
R1-1901327	UE Power saving scheme for RRM measurements	CATT

Procedures/Triggering

	
offline proposals:

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 RSRP variation threshold within a predetermined period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a predetermined period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement periodicity and the threshold can be one of the followings,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers for certain period.
· A threshold which includes UE mobility status, channel condition, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources. 


Possible proposals:

For gNB controlled RRM measurement operation with/without UE assistant information, the gNB can indicate to the UE the following information in order to adapt/relax RRM measurement in time-domain,
· A relaxed measurement periods/samples in time domain which enables UE to perform RRM measurement less frequently, includes
· A measurement period for L1-RSRP measurement,
· RRM measurement periodicity can be relaxed to multiple paging DRX cycles
· Less sample for RRM measurement per paging DRX cycle
· Scaling factor, for example, a value out from a predefined list, i.e., {20%, 50%, 75%} can be used for triggering UE adaptation on RRM measurements
· Multiple measurement period values are configured to UE via RRC, and the measurement period value to be used by UE is dynamically indicated to UE via DCI or MAC-CE
· Multiple measurement configurations (e.g., measurement window/duration, measurement gap) are configured to UE via RRC, and the measurement configuration to be used by UE is dynamically indicated to UE via DCI or MAC-CE
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement

For the purpose of adapting/relaxing RRM measurement in time-domain, the followings are proposed information to be provided as UE assistance information reported to gNB for gNB controlled RRM measurement operation 
· UE's visited cells and cells not reselected due to the ping-pong effect,
· Change in serving RS/signal quality, e.g., RSRP/RSRQ for certain amount of time,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,






Agreements from RAN 1#95
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· Cat-1:gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· Cat-2:gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· Cat-3:gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

Adapting/Relaxing Reducing intra-frequency measurements
	Descriptions from TR38.840 

It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.



Power saving reduction 

<Please check and filling the results in the following sheet>
Table 4 Evaluation of Adapting/Relaxing reducing  intra-frequency measurements
	
	(0)
	(1)
	(2)
	
	Evaluation assumptions
	Note:


	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5) 
	(6) 
	

	
	(0) Power saving schemes description
(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1) Mesurement period [ms]
(2) number of Samples(e.g., SSB bursts) in each MP
(3) number of cells
(4) sync / async?
(5) duration of meas, e.g., smtc duration [ms]
(6) Additional assumption, e.g., PO and SSB offset, channel model, …
	

	Source 1*, vivo
R1-1900147
	
	45.96 (baseline1)
	N/A
	
	320
	2
	8
	sync
	2
	FR1
	Duration in SMTC is 2ms and 4ms for FR1 and FR2.Cell search is assumed to be performed in 1/3 of the SMTC measurement occasions,
random PO and SSB offset

	
	
	42.28
	8%
	
	320
	2
	4
	sync
	2
	FR1
	

	
	
	37.78
	17.8%
	
	320
	2
	1
	sync
	2
	FR1
	

	
	
	71.63 (baseline2)
	N/A
	
	320
	2
	8
	async
	4
	FR1
	

	
	
	44.74
	37.54%
	
	320
	2
	4
	async
	2
	FR1
	

	
	
	37.78
	47.26%
	
	320
	2
	1
	async
	2
	FR1
	

	
	
	138.11(baseline3)
	N/A
	
	320
	2
	8
	sync
	4
	FR2
	

	
	
	123.18
	10.8%
	
	320
	2
	4
	sync
	4
	FR2
	

	
	
	104.9
	24.04%
	
	320
	2
	1
	sync
	4
	FR2
	

	Source 2**, Qualcomm,
R1-1900910
	
	- (baseline1)
	N/A
	
	1280
	1
	Full, serving + neighboring
	sync
	2
	L=1, 0/3/30/120 km/h
	L denotes the number of SSBs in a SSB set
FR1

	
	
	-
	31%
	
	1280
	1
	1
	sync
	2
	L=1, 0 km/h
	

	
	
	-
	32%
	
	1280
	1
	1
	sync
	2
	L=1, 3 km/h
	

	
	
	-
	33%
	
	1280
	1
	1
	sync
	2
	L=1, 30 km/h
	

	
	
	-
	34%
	
	1280
	1
	1
	sync
	2
	L=1, 120km/h
	

	
	
	- (baseline2)
	N/A
	
	1280
	1
	Full, serving + neighboring
	sync
	2
	L=4, 0/3/30/120 km/h
	

	
	
	-
	33%
	
	1280
	1
	1
	sync
	2
	L=4, 0 km/h
	

	
	
	-
	35%
	
	1280
	1
	1
	sync
	2
	L=4, 3 km/h
	

	
	
	-
	35%
	
	1280
	1
	1
	sync
	2
	L=4, 30 km/h
	

	
	
	
	36%
	
	1280
	1
	1
	sync
	2
	L=4, 120km/h
	

	
	
	- (baseline3)
	N/A
	
	1280
	1
	Full, serving + neighboring
	sync
	2
	L=8, 0/3/30/120 km/h
	

	
	
	
	34%
	
	1280
	1
	1
	sync
	2
	L=8, 0 km/h
	

	
	
	
	36%
	
	1280
	1
	1
	sync
	2
	L=8, 3 km/h
	

	
	
	
	36%
	
	1280
	1
	1
	sync
	2
	L=8, 30 km/h
	

	
	
	
	37%
	
	1280
	1
	1
	sync
	2
	L=8, 120km/h
	

	
	
	- (baseline4)
	N/A
	
	320
	1
	Full, serving + neighboring
	sync
	2
	L=1, 0/3/30/120 km/h
	

	
	
	-
	44%
	
	320
	1
	1
	sync
	2
	L=1, 0 km/h
	

	
	
	-
	45%
	
	320
	1
	1
	sync
	2
	L=1, 3 km/h
	

	
	
	-
	46%
	
	320
	1
	1
	sync
	2
	L=1, 30 km/h
	

	
	
	-
	47%
	
	320
	1
	1
	sync
	2
	L=1, 120km/h
	

	
	
	- (baseline5)
	N/A
	
	320
	1
	Full, serving + neighboring
	sync
	2
	L=4, 0/3/30/120 km/h
	

	
	
	-
	46%
	
	320
	1
	1
	sync
	2
	L=4, 0 km/h
	

	
	
	-
	48%
	
	320
	1
	1
	sync
	2
	L=4, 3 km/h
	

	
	
	-
	48%
	
	320
	1
	1
	sync
	2
	L=4, 30 km/h
	

	
	
	
	49%
	
	320
	1
	1
	sync
	2
	L=4, 120km/h
	

	
	
	- (baseline6)
	N/A
	
	320
	1
	Full, serving + neighboring
	sync
	2
	L=8, 0/3/30/120 km/h
	

	
	
	
	48%
	
	320
	1
	1
	sync
	2
	L=8, 0 km/h
	

	
	
	
	50%
	
	320
	1
	1
	sync
	2
	L=8, 3 km/h
	

	
	
	
	50%
	
	320
	1
	1
	sync
	2
	L=8, 30 km/h
	

	
	
	
	51%
	
	320
	1
	1
	sync
	2
	L=8, 120km/h
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



Note:
(*) the value is re-formatted by dividing the total energy by the number of slots which is from R1-1900147
(**)More assumptions in R1-1900910, assuming ISD=200m, 100 cells per su-area, 10 sub-areas per are. 



R1-1900147	On UE power Consumption Reduction in RRM Measurements	vivo
R1-1901327	UE Power saving scheme for RRM measurements	CATT
 [CATT] If number of cells for intra-frequency measurement is reduced from 8 to 4, the power consumption from 150 to 120, 20% percent power is saved
R1-1900913	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated
R1-1900910	Evaluation Methodology and Results for UE Power Saving	Qualcomm Incorporated

Performance impact

	Collection of the views from companies’ contributions
[Sony]
Observation 1: If the UE is attached to the wrong cell, due to inaccurate RRM measurements, UE power consumption and network resource usage can increase in the order of 30%, due to lower MCS being applied in the wrong cell.
Observation 2: RRM measurements need to be sufficiently accurate to allow the UE to be attached to the best cell.




Procedures/Triggering

	Possible offline agreements:
For UE autonomous RRM measurement for reducing the intra-frequency measurement with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· Using RSRP/RSRQ threshold(s) for UE adapting RRM measurement including,
· Adaptation of number of non-serving cells,
· Adaptation of the measured cell lists
· Adaptation of which signals (e.g. SSBs/time locations/CSI-RS) to be measured
For gNB controlled RRM measurement operation with/without UE assistant information, the gNB can indicate to the UE the following information in order to reducing the intra-frequency measurement,
· Spatial information from SSB and CSI-RS,
· Constrain the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner,
· temporarily omit search for additional unknown cells if the NW can establish that all relevant candidate cells have been detected.
For the purpose of reducing the intra-frequency measurement, the followings are proposed information to be provided as UE assistance information reported to gNB for gNB controlled RRM measurement operation 
· UE's visited cells and cells not reselected due to the ping-pong effect,
· Change in serving RS/signal quality, e.g., RSRP/RSRQ for certain amount of time,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,




Agreements from RAN 1#95
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· Cat-1: gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· Cat-2:gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· Cat-3:gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

Reducing the number of measured beams by considering spatial information aspects

	Collection of the views from companies’ contributions
[HW]Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement. For example, one solution is that for RRC_Idle/Inactive state UE, the adjacent beams represented by SSBs can be provided to UE when UE selects one SSB to receive associated data information.
Reduction in number of neighbor cells and neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for power saving. 
[vivo]Proposal 5: Reducing the number of measured beams is beneficial for power saving and should be supported.
-	The concept of S criterion in cell re-selection can be used to reduce the number of measured beams of serving cell 
[Nokia]Define network mechanisms to enable UE to reduce RRM measurements by configuring UE with a subset of all potential signals for RRM measurements based on spatial condition.
UE location may be determined by network e.g. based on UE beam management/ L3 RRM measurements, e.g. based on current strongest SSB. Location can also be an estimate and depend on e.g. TCI state configuration. Network could configure UE with specific conditions when a configuration to adapt RRM measurements would be enabled. Condition may be e.g. based on estimated location, UE staying in specific geographical boundaries. Similar mechanisms could be also studied further for CSI-RS based RRM measurements.
Consider adapting RRM measurements by adapting the S-measure threshold based on UE specific conditions i.e. based signal measurements, UE mobility state, UE location in the cell for UE power saving. For example, In a case where UE is located closer to cell centre (area A) the S-measure could be considered to be a lower value than when UE would be located at cell edge (area C) i.e. it may not be useful for UE to start evaluating non-serving cells when the cell quality is below the S-measure threshold if the same threshold is used throughout the cell. Furthermore this may be considered together with UE mobility state and reducing/selecting the SSB locations to be measured .


…

	Possible agreement:

· Study further RRM measurement by reducing the number of measured beams, the following aspects can be considered
· both RRC IDLE/INACTIVE/CONNECTED states  can be considered,
· both SSB and CSI-RS can be considered
· both serving cell and neighboring cells
· mechanism on how to adapting the number of beams,
· gNB controlled threshold UE autonomous adaptation 
· the threshold can include the following, 
· e.g., signal strength measurements
· Adaptation of number of beams based on threshold
· Provided by gNB without/with UE assisted information
· Adjacent directional beams of each SSB
· Directional information from SSB and CSI-RS





	Company
	Comments

	
	

	Company A
	comments

	
	




Additional resources for RRM measurement 

	Descriptions from TR38.840 

While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.




	Collection of the views from companies’ contributions
[MTK]Proposal 1: Assistant resource before the measurement occasion can assist AGC tuning and save UE power. 

Proposal 2: There should be additional resource for each beam in the control region before each SSB. The additional resource should lie in the same beam as the corresponding SSB. 

[OPPO]option 1(CSI-RS/TRS) and option 2 (PBCH) as listed above can be considered as the additional RRM measurement reference signals. 

[Spectrum]The additional resource could have functionalities of RRM measurement.
Additional resource as WUS to trigger UE to wake up from sleep state.
WUS can be used to compensate AGC inaccuracy and T/F offset resulting 

[ASUS]Observation 1: To achieve power saving, addition resource is better to be in proximity to other event (e.g. PDCCH monitoring) UE needs to wake up such as PDCCH monitoring.
Observation 2: There is tradeoff between time domain resource and frequency domain of additional resource in view of power saving.
Proposal 1: RAN1 should further investigate ways to adapt time domain and frequency domain of additional resource.
Proposal 2: CSI-RS is used to perform RRM measurement in additional resource. 
Proposal 3: Adapting CSI-RS to fit the needs of power saving could be considered, e.g. transmission bandwidth adaptation of CSI-RS. 

[Qualcomm]Observation 2: RRM enhancement based on SFN reference signals together with SFN paging or SFN wake-up signal (e.g., PDCCH based signalling) could provide a substantial UE power savings gain. Furthermore, additional UE power savings could come from no cell reselection when UE moves across cells within an area.
Proposal 1: For additional resource for RRM measurements, RAN1 studies SFN reference signals and SFN paging.
Proposal 2: For additional resource for RRM measurements, RAN1 studies SFN reference signals and SFN wake-up signal such as PDCCH-based signalling. [Qualcomm]
RAN1 considers repetition of CSI-RS resources for mobility within a resource set. When the repetition is enabled, the UE can assume the same spatial domain transmission filter is used for multiple CSI-RS resources. Therefore the UE may sweep its Rx beam within a measurement occasion and the periodicity of measurement can be increased for power saving. 

[Samsung]Support multiple SSB based RRM measurement. If the transmitted SSBs are aligned in time, these SSBs can be used for RRM measurement together. This may help to reduce the number of measurements in time by increasing the number of measurement in frequency.

Support RRM measurement triggered by CSI-RS/WUS outside C-DRX on duration. 

[Ericsson] Consider additional signals in conjunction with SSB transmissions for assisting RRM measurements in selected scenarios, accounting for the associated NW impact, as well as improved mechanisms for alignment of relevant signals and measurement configurations.

Consider additional signals in conjunction with SSB transmissions for assisting RRM measurements in selected scenarios, accounting for the associated NW impact, as well as improved mechanisms for alignment of relevant signals and measurement configurations.

[vivo] Use of CSI-RS for idle state RRM measurement does not cause issues from network overhead or UE complexity perspective. CSI-RS is introduced as measurement RS for UE in idle/inactive state.






6 companies provide results for additional resources for RRM. 
Qualcomm[R1-1900913] provides results based on SFN reference signals which as additional resources for measurement and shows benefit reducing UE power saving due to reducing the neighboring cell measurement. 
Vivo[R1-1900147] propose to have CSI-RS is introduced as measurement RS for UE in idle/inactive state and provide results shows about 35% power saving gain can be achieved if CSI-RS can be introduced as an additional measurement RS, based on which the measurement samples can be reduced and the measurement accuracy can still be guaranteed. 
ZTE [R1-1900225] studied using WUS for the purpose of RRM measurement. It is shown that using WUS for RRM measurement has no obvious benefit for the UE’s power saving.
CATT[R1-1901327] propose on-demand RS based RRM measurement can be beneficial for UE power saving, in which UE would finish measurement during DRX-ON period and go to sleep after all. The main idea of on-demand RS for RRM measurement is that UE could perform multiple RRM measurements (e.g. 5 measurements in a consecutive period) when UE is triggered to wake up at a given DRX-ON period. Then UE can do L1 filtering for multiple RRM measurements at one DRX-ON period. As a result, UE would finish RRM measurement in an active period with data arrival and continue sleeping after all.
MediaTek[R1-1900194] has simulated that with Rel-15 SSB structure, in some channel conditions, say 30km/h in-car dense urban, UE will require more time for cell/beam detection in case of bad AGC setting due to large measurement period and inter-frequency measurement, which increases RRM power consumption. Therefore, it is recommended to allocate extra resource for AGC tuning before PSS. The extra resource should lie in the same beam and locate before PSS. For this purpose, there can be assistant resource before the measurement occasion to assist AGC tuning. For example, NW can intentionally transmit resource in the control region of the same beam as the corresponding SSB to assist AGC tuning. 
Ericsson[R1-1901168] provides results for power saving gain, including 5) An additional on-demand RS for AGC purposes is provided 5 ms before the start of ON-duration, 2) one additional SSB sweep for AGC is provided 5 ms ahead of the measured SSB sweep, L1 measurement sample acquisition every DRX cycle and 3) one additional SSS is provided after each SSB in the sweep for improving measurement sample quality, L1 measurement sample acquisition every second DRX cycle. 
Based on the inputs, it is observed that,
Observation 1: With the results from 5 contributions, 4 companies show that using additional resource for the purpose of RRM is useful, while 1 company show that using WUS as additional resource has no obvious benefit.
Observation 2: with the results from 4 supporting companies, the proposals for additional resources are from different angles. It is listed as follows,
· Qualcomm’s proposal is for reducing neighboring cell measurement
· MediaTek’s proposal is for AGC tuning.
· Vivo and CATT’s proposal is trying to reduce the active time for measurement but from different angles. Vivo’s proposal is for reducing measurement samples while the measurement accuracy can still be guaranteed. CATT’s proposal is to allow UE perform multiple RRM measurements (e.g. 5 measurements in a consecutive period) when UE is triggered to wake up at a given DRX-ON period
Based on that, it is proposed that,
Discuss potential inclusion of tables/sheets/paragraphs in TR38.840 section 5.3 “Power consumption reduction in RRM measurements”
And the follow possible agreement is proposed,

	Possible agreement:

The followings for additional resource for RRM measurement in order to save UE power is proposed,
· The followings can be used considered as additional resource for RRM measurement,
· CSI-RS, including TRS
· Modified PSS
· Standalone SSS
· SSB
· PSS, SSS and wake-up signaling, which are all transmitted in SFN (single frequency network) manner
· PSS, SSS and paging, which are all transmitted in SFN manner
· 
· Note: companies report which of the following RRC state(s) can tThe additional RS can be used,
·  for both RRC IDLE
· RRC /INACTIVE
·  and RRC CONNECTED state




	Company
	Comments

	
	

	Company A
	Comments

	
	



R1-1900913	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated
R1-1900147	On UE power Consumption Reduction in RRM Measurements	vivo
R1-1900225	 Evaluation results of UE power saving	ZTE
R1-1901327	RRM measurement on power saving 	CATT
R1-1900194	NR RRM UE power saving	MediaTek Inc.
R1-1901168	RRM aspects of NR UE power saving	Ericsson

Reducing L3 measurements/reports aspects
	Collection of the views from companies’ contributions
[OPPO] Proposal 3: Study the adaptation of the measurement and RRM measurement report based on UE’s actual states.





Inter-frequency measurement aspects
	Collection of the views from companies’ contributions
Reduction in number of neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for further study. [HW]
The number of measured frequencies could be reduced in intra-band RRM measurements to reduce UE power consumption [CMCC]
The measured frequencies or frequency groups and the association relationships between measured frequencies or measured frequency groups can be indicated to UE in measurement configuration information. UE measures one frequency or frequency group among the associated frequencies or frequency groups to be measured, and the measurement results are applied to all the associated frequencies or frequency groups.[CMCC]

RAN1 should study ways for optimizing RRM measurements using improved measurement gap, SMTC, and serving and neighbor-cell SSB placement in time. [Ericsson]
RAN1 should study the benefits of providing UE with additional cell T/F alignment information. [Ericsson]



	Possible agreements
In order to reduce the inter-frequency measurement, the following directions are for further studies,
· The number of measured frequencies could be reduced in intra-band RRM measurements to reduce UE power consumption.
· The candidate frequencies in a group (i.e., grouping different frequencies within a band, since they have similar measurement results.) can be configured to UE, e.g. in SIB-x for measurement in idle mode. UE may measure only one frequency among the associated frequencies instead of measuring all the candidate frequencies. 
· The measurement probability for each measured frequencies can be configured by gNB. UE generates a random number and selects the cell to camp on or handover according to the measurement probability.
· Providing time-frequency alignment information for improving inter-frequency measurement
· Reducing inter-frequency measurement in case different serving beams have different neighbor frequency information.
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Cell search aspects
OPPO[R1-1900306] proposed a new power model for reducing cell search and studies the potential benefit for reducing the cell search. It is shown that about 10% power consumption can be saved for RRC connected mode RRM measurement based on partial cell search.

Based on that, it is proposed that,
Further discuss the proposal and targeting for agreeing on the power model first.


Others
Signaling aspects
	Collection of the views from companies’ contributions
RAN1 considers adaptive RRM measurement configuration in RRC-CONNECTED to minimize scheduling restriction and unnecessary UE power consumption.  [QC]
· Multiple RRM measurement configurations (e.g., measurement duration, periodicity and measurement gap) can be configured via RRC
· A suitable measurement configuration can be dynamically indicated to UE via DCI or MAC-CE.  

On Demand Measurement can be considered for UE’s power saving for RRM measurement. [ZTE]
A WUS can be used to indicate the presence of RS for RRM measurement [ZTE]

RAN1 should study RRM measurement operation with multiple measurement profiles, switched via L1-2 mechanisms [Ericsson]
RAN1 should consider developing a common framework for lightweight, dynamic switching between multiple configurations previously provided to the UE via RRC signaling. [Ericsson]

Different measurement behaviors/configurations can be considered where one measurement configuration can include the relaxed RRM requirements and sparser measurement periodicities. Triggering of different measurement mode/behaviour can be associated with BWP switching (e.g., relaxed RRM is performed when a UE goes back to default BWP in PCell or PSCell) or power state change (if introduced) or based on timer/threshold configurations. [LGE]
The RRM measurement requirements could be optimized for UE power saving. [ZTE]
The relevant adaptive parameters from RRM measurement can include the periodicity of SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources, and etc. [Samsung]
Support cell-group based measurement based on NW assistance information. [Samsung]



For adaptive RRM measurement, the following approaches are the possible alternatives for adapting RRM measurement:
· Dynamically activated/indicated by gNB via
· L1 signalling, DCI or WUS
· MAC CE
· UE requesting by RRC signalling

Propose to continue discussion on this aspects in the study item or finalize the details in the work item phase.

	Company
	Comments
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	Comments

	
	




Summary of further discussion
This is a summary of the proposals for further discussion

Offline Proposal:
· 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 Reducing 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
· Each company is encourdaged to further check and update the simulation assumptions and results summarized in R1-1901454.
· 

	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
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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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For adapting/relaxing RRM measurement in time-domain

offline proposals:

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 RSRP variation threshold within a predetermined period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a predetermined period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement periodicity and the threshold can be one of the followings,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers for certain period.
· A threshold which includes UE mobility status, channel condition, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources. 


Possible offline agreeemnts:
For gNB controlled RRM measurement operation with/without UE assistant information, the gNB can indicate to the UE the following information in order to adapt/relax RRM measurement in time-domain,
· [bookmark: _GoBack]A relaxed measurement periods/samples in time domain which enables UE to perform RRM measurement less frequently, includes
· A measurement period for L1-RSRP measurement,
· RRM measurement periodicity can be relaxed to multiple paging DRX cycles
· Less sample for RRM measurement per paging DRX cycle
· Scaling factor, for example, a value out from a predefined list, i.e., {20%, 50%, 75%} can be used for triggering UE adaptation on RRM measurements
· Multiple measurement period values are configured to UE via RRC, and the measurement period value to be used by UE is dynamically indicated to UE via DCI or MAC-CE
· Multiple measurement configurations (e.g., measurement window/duration, measurement gap) are configured to UE via RRC, and the measurement configuration to be used by UE is dynamically indicated to UE via DCI or MAC-CE
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement

For the purpose of adapting/relaxing RRM measurement in time-domain, the followings are proposed information to be provided as UE assistance information reported to gNB for gNB controlled RRM measurement operation 
· UE's visited cells and cells not reselected due to the ping-pong effect,
· Change in serving RS/signal quality, e.g., RSRP/RSRQ for certain amount of time,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,


For adapting/relaxing RRM measurement for intra-frequence measurement

Possible offline agreements:
For UE autonomous RRM measurement for reducing the intra-frequency measurement with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· Using RSRP/RSRQ threshold(s) for UE adapting RRM measurement including,
· Adaptation of number of non-serving cells,
· Adaptation of the measured cell lists
· Adaptation of which signals (e.g. SSBs/time locations/CSI-RS) to be measured
For gNB controlled RRM measurement operation with/without UE assistant information, the gNB can indicate to the UE the following information in order to reducing the intra-frequency measurement,
· Spatial information from SSB and CSI-RS,
· Constrain the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner,
· temporarily omit search for additional unknown cells if the NW can establish that all relevant candidate cells have been detected.
For the purpose of reducing the intra-frequency measurement, the followings are proposed information to be provided as UE assistance information reported to gNB for gNB controlled RRM measurement operation 
· UE's visited cells and cells not reselected due to the ping-pong effect,
· Change in serving RS/signal quality, e.g., RSRP/RSRQ for certain amount of time,
· UE is under coverage of a specific cell or beam (for RRM measurement) for certain amount of time,

For additional resource for RRM measurement
Possible offline agreements:
The followings for additional resource for RRM measurement in order to save UE power is proposed,
· The followings can be used considered as additional resource for RRM measurement,
· CSI-RS, including TRS
· Modified PSS
· Standalone SSS
· SSB
· PSS, SSS and wake-up signaling, which are all transmitted in SFN (single frequency network) manner
· PSS, SSS and paging, which are all transmitted in SFN manner
· 
· Note: companies report which of the following RRC state(s) can tThe additional RS can be used,
· for both RRC IDLE
· RRC /INACTIVE
·  and RRC CONNECTED state

For adapting/relaxing RRM measurement for inter-frequence measurement
Possible offline agreements:
In order to reduce the inter-frequency measurement, the following directions are for further studies,
· The number of measured frequencies could be reduced in intra-band RRM measurements to reduce UE power consumption.
· The candidate frequencies in a group (i.e., grouping different frequencies within a band, since they have similar measurement results.) can be configured to UE, e.g. in SIB-x for measurement in idle mode. UE may measure only one frequency among the associated frequencies instead of measuring all the candidate frequencies. 
· The measurement probability for each measured frequencies can be configured by gNB. UE generates a random number and selects the cell to camp on or handover according to the measurement probability.
· Providing time-frequency alignment information for improving inter-frequency measurement
· Reducing inter-frequency measurement in case different serving beams have different neighbor frequency information.

Proposals from companies’ contributions
	R1-1900042	Power consumption reduction in RRM measurements	Huawei, HiSilicon

	Observation: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases. 
Proposal 1: The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
Proposal 2: Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement.
Proposal 3: Reduction in number of neighbor cells and neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for power saving.
Proposal 4: Optimization on the configuration of CSI-RS transmission for RRM measurements should be discussed in Rel-16, e.g., applying constraints on the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner.


	R1-1900147	On UE power Consumption Reduction in RRM Measurements	vivo

	Observation 1: In idle/inactive state, the power consumption caused by RRM measurements takes a great proportion of the overall UE power consumption.
Observation 2: Reducing measurement activities should be targeted for UE power saving in RRM. 
Observation 3: For UE in idle state, about 35% power saving gain can be achieved if CSI-RS can be introduced as an additional measurement RS, based on which the measurement samples can be reduced and the measurement accuracy can still be guaranteed.
Observation 4: Use of CSI-RS for idle state RRM measurement does not cause issues from network overhead or UE complexity perspective. 
Observation 5:  Reducing number of measured intra-frequency cells provide power saving benefit, especially when SSBs from neighbor cells are located at different slots within the SMTC.  
Proposal 1: CSI-RS is introduced as measurement RS for UE in idle/inactive state.
Proposal 2: UE is allowed to take one sample for RRM measurement per paging DRX cycle.
Proposal 3: The L3 RRM measurement periodicity can be relaxed to multiple paging DRX cycles.
Proposal 4: Extending RRM measurement periodicity is beneficial for power saving when C-DRX is configured.
Proposal 5: Reducing the number of measured beams is beneficial for power saving and should be supported.
· The concept of S criterion in cell re-selection can be used to reduce the number of measured beams of serving cell
Proposal 6: Reducing number of measured intra-frequency cells should be supported for NR UE power saving.
· Additional threshold can be considered to reduce the number of intra-frequency measurements based on S-measures enhancement. 

	R1-1900194	NR RRM UE power saving	MediaTek Inc.

	Observation 1: The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption.

Observation 2: For RRM power saving, increasing the measurement period can bring 14% to 48% power saving gain.

Observation 3: With Rel-15 SSB structure, in some channel conditions, say 30km/h in-car dense urban, UE will require more time for cell/beam detection in case of bad AGC setting due to large measurement period and inter-frequency measurement, which increases RRM power consumption.

Proposal 1: Assistant resource before the measurement occasion can assist AGC tuning and save UE power. (say cell specific sync resource (TRS) whose information is carried in RMSI)

Proposal 2: There should be additional resource for each beam in the control region before each SSB. The additional resource should lie in the same beam as the corresponding SSB.

Observation 4: The RSRP variation can be very different depending on the channel environment, even with the same UE speed. Low speed UE can still have large RSRP variation for example in indoor scenario.

Observation 5: The RSRP variation of 3km/h pedestrian case is quite small and thus provides opportunity for RRM measurement period extension. There is about 90% chance that the RSRP variation is smaller than 3dB for 160ms/1280ms measurement interval.

Proposal 3: UE can enlarge the measurement or report period if the measurement RSRP is good and the difference of RSRP between measurements is smaller than a threshold for a predetermined period of time. The detailed rule of measurement or report period extension can be for further study.


	R1-1900228	On UE Power Saving for RRM Measurement	ZTE Corporation

	Proposal 1: The UE power saving techniques in RRM measurement should not affect the network performances and additional power consumed by gNB should keep low.
Proposal 2: The RRM measurement requirements could be optimized for UE power saving.
Proposal 3: Different configurations can be applied for different states for RRM measurement and UE movement speed.


	R1-1900306	UE power Consumption Reduction in RRM Measurements	OPPO

	Observation 1: About 10% power consumption can be saved for RRC connected mode RRM measurement based on partial cell search.
Proposal 1: Study network assisted RRM measurements.
· Potential assistance information includes the physical cell IDs of the target measurement cells.
Proposal 2: option 1(CSI-RS/TRS) and option 2(PBCH) as listed above can be considered as the additional RRM measurement reference signals.
Proposal 3: Study the adaptation of the measurement and RRM measurement report based on UE’s actual states.
Proposal 4: Study the methods on how to get the UE’s moving state, including gNB sensing/UE measurement and reporting. 
Proposal 5: study new metric to reflect the UE’s moving states. 
Proposal 6: The following can be studied for Autonomous adaptation of the RRM measurements and reporting. 
· The configured threshold may be the UE’s velocity or measured RSRP
· Adaptation of RRM measurement and reporting periodicity, measured cell lists, measured SSB positions, measurement slots etc. based on the thresholds.

	R1-1900346	UE Power saving scheme for RRM measurements	CATT

	Proposal 1: For some concern conditions, the number of RSRP measurement samples for a measurement period can be relaxed with negligible impact on accuracy.
Proposal 2: For some concern conditions, increasing measurement period can be efficient for UE power saving.
Proposal 3: For some concern conditions, reducing the number of cells for intra-frequency measurement can cause significant for UE power saving.
Proposal 4: On-demand RS based RRM measurement can be beneficial for UE power saving, in which UE would finish measurement during DRX-ON period and go to sleep after all.
Proposal 5: The on-demand RS assistant RRM measurement during data transmission can obtain partial power saving gain.


	R1-1900382	Reduction in RRM measurements for UE power saving	sony

	Observation 1: If the UE is attached to the wrong cell, due to inaccurate RRM measurements, UE power consumption and network resource usage can increase in the order of 30%, due to lower MCS being applied in the wrong cell.
Observation 2: RRM measurements need to be sufficiently accurate to allow the UE to be attached to the best cell. 
Observation 3: The UE should not be required to make extra measurements in order to determine whether it is in a suitable condition to relax RRM measurements.
Observation 4: A UE switching from RRC CONNECTED state to RRC IDLE/INACTIVE state will have knowledge of a suitable receive beam configuration. 
Proposal 1. The gNB should be able to set thresholds to allow the UE to relax its RRM measurements or not.
Proposal 2. The UE should be able to transmit its mobility state information to the gNB, if requested by the gNB.
Proposal 3: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
Proposal 4: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading. 


	R1-1900422	Discussion on power saving in intra-band RRM measurements	CMCC

	Proposal 1. The number of measured frequencies could be reduced in intra-band RRM measurements to reduce UE power consumption.
Proposal 2. The measured frequencies or frequency groups and the association relationships between measured frequencies or measured frequency groups can be indicated to UE in measurement configuration information. UE measures one frequency or frequency group among the associated frequencies or frequency groups to be measured, and the measurement results are applied to all the associated frequencies or frequency groups.
Proposal 3. The measurement probability for each measured frequencies can be configured by gNB. UE generates a random number and selects the cell to camp on or handover according to the measurement probability.

	R1-1900510	On RRM aspects of NR UE power saving	Intel Corporation

	Proposal 1: 
· To define a new "stationary-mobility state" for NR UEs (i.e. UEs with no mobility or very low mobility).
· UE reports its mobility speed status or request approximate measurement configurations based on the evaluated mobility status. 
Proposal 2: 
· To support the activated or deactivated of a configured measurement objects (MO) based on UE’s mobility state.
Proposal 3:
· Study mechanism to enable efficient UE's transmission from RRC_CONNECTED into RRC_INACTIVE, and potentially even into RRC_IDLE.

	R1-1900601	Discussion on UE power consumption reduction in RRM measurements	LG Electronics

	Proposal 1: Threshold based measurement relaxation (e.g., enhancement of s-Measure mechanism) can be further investigated to reduce UE power consumption in RRM measurements.
Proposal 2: Different measurement behaviours/configurations can be considered where one measurement configuration can include the relaxed RRM requirements and sparser measurement periodicities.
Proposal 3: It is necessary to investigate the negative impact of RRM measurement relaxation (e.g. reduction of measured frequency layers and/or measured cell and/or SSB slots) together with UE power consumption reduction. 


	R1-1900723	Consideration on NR RRM for UE power saving	Spreadtrum Communications

	Proposal 1: The additional resource could have functionalities of RRM measurement.
Proposal 2: Using additional resource as WUS to trigger UE to wake up from sleep state could be studied.  


	R1-1900817	Additional resource for RRM measurement in power saving aspect	ASUSTEK COMPUTER (SHANGHAI)

	Observation 1: To achieve power saving, addition resource is better to be in proximity to other event UE needs to wake up such as PDCCH monitoring.
Observation 2: There is tradeoff between time domain resource and frequency domain of additional resource in view of power saving. 
Proposal 1: RAN1 should further investigate ways to adapt time domain and frequency domain of additional resource.
Proposal 2: CSI-RS is used to perform RRM measurement in additional resource. 
Proposal 3: Adapting CSI-RS to fit the needs of power saving could be considered, e.g. transmission bandwidth adaptation of CSI-RS.


	R1-1900913	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated

	For RRC-IDLE and RRC-INACTIVE, we have made the following observations and proposals: 
Observation 1: It is likely that typical idle UEs will camp on FR1 for coverage and power savings.
Observation 2: RRM enhancement based on SFN reference signals together with SFN paging or SFN wake-up signal (e.g., PDCCH based signalling) could provide a substantial UE power savings gain. Furthermore, additional UE power savings could come from no cell reselection when UE moves across cells within an area.

Proposal 1: For additional resource for RRM measurements, RAN1 studies SFN reference signals and SFN paging.
Proposal 2: For additional resource for RRM measurements, RAN1 studies SFN reference signals and SFN wake-up signal such as PDCCH-based signalling.

For RRC-CONNECTED, we have made the following observations and proposals: 
Observation 3: Rel-15 RRM might require some scheduling restrictions due to the use of different Rx beamforming and/or different sub-carrier spacings of RRM reference signals and/or measurement gap for intra/inter frequency measurements.

Proposal 3: RAN1 considers adaptive RRM measurement configuration in RRC-CONNECTED i.e.,
· Multiple RRM measurement configurations (e.g., measurement duration, periodicity and measurement gap) can be configured via RRC
· A suitable measurement configuration can be dynamically indicated to UE via DCI or MAC-CE. 

Proposal 4: RAN1 considers repetition of CSI-RS resources for mobility within a resource set.
Proposal 5: At least for FR2, RAN1 studies multi-panel RRM measurement options for UE power savings:
· The link to the serving cell may not be interrupted during the RRM measurement.


	R1-1900982	Discussion on UE power Consumption Reduction in RRM Measurements	NTT DOCOMO, INC.

	Observation 1: Relaxing non-essential RRM measurement in appropriate conditions would not affect to the mobility management and system performance.
Proposal 1: Appropriate condition for Relaxing non-essential RRM measurement should be focused on so that a degradation of the mobility and system performances can be avoided.
Proposal 2: Relaxing RRM measurement should be fully controllable by NW.
Proposal 3: Relaxing the number of RRM measurement attempts in time domain based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM.
· NW can fully control whether/how the above conditions can be applied for relaxing the number of RRM measurement attempts in time domain.
· FFS: which kind of measurement results, e.g., RSRP, RSRQ, SINR, is used as the condition
Proposal 4: Relaxing the number of measured cells/frequencies for neighbour cells based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM. 
· NW can fully control whether/how the above conditions can be applied for relaxing the number of measured cells/frequencies for neighbour cells.
· FFS: which kind of measurement results, e.g., RSRP, RSRQ, SINR, is used as the condition


	R1-1901089	UE power consumption reduction in RRM measurement	Samsung

	Proposal 1: For UE power saving in RRM measurement, take into account following aspects:
· Defining a new requirement on RRM measurement
· Introducing a new adaptation schemes
· Extending existing RRC parameters
Proposal 2: Support multiple SSB based RRM measurement.
Proposal 3: Support RRM measurement triggered by CSI-WUS outside C-DRX on duration.
Proposal 4: Support dynamic adaptation on RRM measurement.
Proposal 5: Support cell-group based measurement based on NW assistance information.


	R1-1901168	RRM aspects of NR UE power saving	Ericsson

	Observation 1	It is expected that, in some scenarios, stationary and low-speed UEs can reduce their energy consumption by sparser RRM measurement activity, with controlled impact to NW performance.

Proposal 1	Identify scenarios where reducing the number of measurement samples, increasing the measurement period, and concentrating the measurement instances has PS benefits when the DRX cycle of PDCCH monitoring is included.
Proposal 2	Changes in measurement configurations must not lead to degradation of measurement quality and fading robustness; RAN4 should be invited to provide input.
Proposal 3	Study mobility state information estimation and signaling by the UE, using clearly specified estimation methods and robust signaling approaches. RAN4 should be invited to provide input to ensure sufficient estimation fidelity.
Proposal 4	Study UE-autonomous configuration adaptation methods based on its estimated mobility state and NW-controlled thresholds, ensuring robust estimation at the UE of the relevant metrics to which the thresholds will be applied.
Proposal 5	NW may provide assistance info regarding maximal inter-cell T/F misalignment the UE should assume in the current deployment.
Proposal 6	Reducing the number of cells to measure should be NW-controlled, to avoid limiting the information available to the NW from UE reports and degrading mobility KPIs.
Proposal 7	NW may indicate to the UE to temporarily omit search for additional unknown cells if the NW can establish that all relevant candidate cells have been detected.
Proposal 8	Consider additional signals in conjunction with SSB transmissions for assisting RRM measurements in selected scenarios, accounting for the associated NW impact, as well as improved mechanisms for alignment of relevant signals and measurement configurations. RAN4 should be invited to provide input on required AGC and T/F sync quality for measurement and PDCCH monitoring.


	R1-1901190	UE Power Consumption Reduction in RRM Measurements	Nokia, Nokia Shanghai Bell

	Proposal 1: Define network mechanisms to enable UE to reduce RRM measurements by configuring UE with a subset of all potential signals for RRM measurements based on spatial condition.
Proposal 2: Consider adapting RRM measurements by adapting the S-measure threshold based on UE specific conditions i.e. based signal measurements, UE mobility state, UE location in the cell for UE power saving.
Proposal 3: Consider UE panel specific aspects for adapting RRM measurements for power saving.
Proposal 4: Study further the power saving potential of reducing conditionally Mobility CSI-RS measurements with and without association to SS/PBCH blocks.
Observation 1: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity.
Observation 2: If UE is under coverage of a specific cell or beam for certain amount of time or certain observed conditions do not change for a predefined time, the UE could be condidered to be in stationary/low mobility state.
Proposal 5: Consider time associated with a given condition when determining UE mobility state. 
Observation 3: Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on ‘mobility’ state.
Proposal 6: If mobility state based UE measurement activity adaptation is supported, there should be robust mechanism enabling returning to normal measurement activity in order to avoid negative system impacts. 
Observation 4: There is no requirement for the number of samples to be used per RSRP measurement, only the measurement accuracy requirement is defined.




[bookmark: _Toc529948046]Summary of the previous agreements
RAN WG1#94bis, Chengdu
	Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.

Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.

Agreements:
· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration



RAN WG1#95, Spokane
	Agreements:
· [bookmark: _Hlk529974035]Observation: for certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.
Agreements:
· Observation: 
· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.


Agreements:
· For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact
Agreements:
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

Agreements:
Observation:
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving due to at least the followings, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.

Agreements:
Observation: Under certain conditions and certain deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.





[bookmark: _Toc529948047]Study Item Description
FS_NR-PowerSaving; SID in RP-181463. The objectives are as follows

	The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following,
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode
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The following contributions are submitted in RAN1#Adhoc 1901,
R1-1900042	Power consumption reduction in RRM measurements	Huawei, HiSilicon
R1-1900147	On UE power Consumption Reduction in RRM Measurements	vivo
R1-1900194	NR RRM UE power saving	MediaTek Inc.
R1-1900228	On UE Power Saving for RRM Measurement	ZTE Corporation
R1-1900306	UE power Consumption Reduction in RRM Measurements	OPPO
R1-1901327	UE Power saving scheme for RRM measurements	CATT (revised from R1-1900346)
R1-1900382	Reduction in RRM measurements for UE power saving	sony
R1-1900422	Discussion on power saving in intra-band RRM measurements	CMCC
R1-1900510	On RRM aspects of NR UE power saving	Intel Corporation
R1-1900601	Discussion on UE power consumption reduction in RRM measurements	LG Electronics
R1-1900723	Consideration on NR RRM for UE power saving	Spreadtrum Communications
R1-1900817	Additional resource for RRM measurement in power saving aspect	ASUSTEK COMPUTER (SHANGHAI)
R1-1900913	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated
R1-1900982	Discussion on UE power Consumption Reduction in RRM Measurements	NTT DOCOMO, INC.
R1-1901089	UE power consumption reduction in RRM measurement	Samsung
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														RSRP accuracy

				%				source 1 
(R1-18XXXXX)		source 2		source 3		…

				Assumptions

				1		Mesurement period [ms]		320

				2		# of SSBs in slot		2

				3		# of total SSBs per MP		2

				4		Channel Model		TDL-C Low, DS=100ns 3km/h

				5		speed		3km/h

				6		L1 or L3 RSRP

				7		others descriptions

				C.D.F. [%]																						mean		std

						0		-10.17		-9.16																-9.67		0.50875

						1		-8.56		-7.71																-8.14		0.42825

						2		-8.08		-7.28																-7.68		0.40425

						3		-7.60		-6.84																-7.22		0.38025

						4		-7.23		-6.51																-6.87		0.36175

						5		-7.00		-6.30																-6.65		0.35025

						6		-6.72		-6.05																-6.39		0.33625

						7		-6.44		-5.80																-6.12		0.32225

						8		-6.28		-5.66																-5.97		0.31425

						9		-6.07		-5.47																-5.77		0.30375

						10		-5.89		-5.30																-5.60		0.29475

						11		-5.68		-5.12																-5.40		0.28425

						12		-5.51		-4.96																-5.24		0.27575

						13		-5.36		-4.83																-5.10		0.26825

						14		-5.19		-4.67																-4.93		0.25975

						15		-5.00		-4.50																-4.75		0.25025

						16		-4.85		-4.37																-4.61		0.24275

						17		-4.75		-4.28																-4.52		0.23775

						18		-4.63		-4.17																-4.40		0.23175

						19		-4.51		-4.06																-4.29		0.22575

						20		-4.37		-3.94																-4.16		0.21875

						21		-4.21		-3.79																-4.00		0.21075

						22		-4.13		-3.72																-3.93		0.20675

						23		-4.09		-3.68																-3.89		0.20475

						24		-3.98		-3.59																-3.79		0.19925

						25		-3.88		-3.50																-3.69		0.19425

						26		-3.81		-3.43																-3.62		0.19075

						27		-3.75		-3.38																-3.57		0.18775

						28		-3.64		-3.28																-3.46		0.18225

						29		-3.55		-3.20																-3.38		0.17775

						30		-3.42		-3.08																-3.25		0.17125

						31		-3.33		-3.00																-3.17		0.16675

						32		-3.28		-2.96																-3.12		0.16425

						33		-3.19		-2.87																-3.03		0.15975

						34		-3.11		-2.80																-2.96		0.15575

						35		-2.96		-2.67																-2.82		0.14825

						36		-2.89		-2.60																-2.75		0.14475

						37		-2.82		-2.54																-2.68		0.14125

						38		-2.72		-2.45																-2.59		0.13625

						39		-2.59		-2.33																-2.46		0.12975

						40		-2.47		-2.23																-2.35		0.12375

						41		-2.39		-2.15																-2.27		0.11975

						42		-2.26		-2.04																-2.15		0.11325

						43		-2.16		-1.95																-2.06		0.10825

						44		-2.04		-1.84																-1.94		0.10225

						45		-1.89		-1.70																-1.80		0.09475

						46		-1.80		-1.62																-1.71		0.09025

						47		-1.69		-1.52																-1.61		0.08475

						48		-1.53		-1.38																-1.46		0.07675

						49		-1.45		-1.31																-1.38		0.07275

						50		-1.34		-1.21																-1.28		0.06725

						51		-1.21		-1.09																-1.15		0.06075

						52		-1.02		-0.92																-0.97		0.05125

						53		-0.90		-0.81																-0.86		0.04525

						54		-0.76		-0.69																-0.73		0.03825

						55		-0.67		-0.61																-0.64		0.03375

						56		-0.54		-0.49																-0.52		0.02725

						57		-0.39		-0.35																-0.37		0.01975

						58		-0.27		-0.25																-0.26		0.01375

						59		-0.09		-0.08																-0.09		0.00475

						60		0.02		0.01																0.01		0.00075

						61		0.16		0.14																0.15		0.00775

						62		0.32		0.28																0.30		0.01575

						63		0.46		0.41																0.43		0.02275

						64		0.61		0.55																0.58		0.03025

						65		0.75		0.67																0.71		0.03725

						66		0.98		0.88																0.93		0.04875

						67		1.12		1.00																1.06		0.05575

						68		1.31		1.18																1.24		0.06525

						69		1.48		1.33																1.40		0.07375

						70		1.63		1.46																1.54		0.08125

						71		1.84		1.65																1.74		0.09175

						72		1.99		1.79																1.89		0.09925

						73		2.15		1.93																2.04		0.10725

						74		2.44		2.19																2.31		0.12175

						75		2.73		2.45																2.59		0.13625

						76		2.89		2.60																2.74		0.14425

						77		3.05		2.74																2.89		0.15225

						78		3.35		3.01																3.18		0.16725
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						80		3.78		3.40																3.59		0.18875

						81		3.97		3.57																3.77		0.19825

						82		4.15		3.73																3.94		0.20725

						83		4.55		4.09																4.32		0.22725

						84		5.01		4.51																4.76		0.25025

						85		5.32		4.78																5.05		0.26575

						86		5.79		5.21																5.50		0.28925

						87		6.27		5.64																5.95		0.31325

						88		6.75		6.07																6.41		0.33725

						89		7.20		6.48																6.84		0.35975

						90		7.65		6.88																7.26		0.38225

						91		8.11		7.30																7.70		0.40525

						92		8.61		7.75																8.18		0.43025

						93		9.38		8.44																8.91		0.46875

						94		9.95		8.95																9.45		0.49725

						95		10.62		9.55																10.08		0.53075

						96		11.67		10.50																11.08		0.58325

						97		13.28		11.95																12.61		0.66375

						98		15.20		13.68																14.44		0.75975

						99		17.84		16.05																16.94		0.89175

						100		24.53		22.07																23.30		1.22625
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