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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution is an update of R1-1901573 (updated evaluation results in Sec.2.1, and added further information on the used simulation assumptions in Sec.2.1 and Sec.2.2).

In RAN1#95 and AdHoc# 1901 meetings, power saving about RRM measurement was discussed and the following contents were agreed [1][2]:
Agreements:
· [bookmark: _Hlk530059834]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:
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:
· 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

This contribution focuses on the study of UE power consumption reduction in RRM measurements based on the above agreements.
[bookmark: _Ref129681832]Discussion 
[bookmark: OLE_LINK1]RRM measurement is one of most power consuming function for UE, which is used for managing mobility. For RRM measurement, the power consumption is directly proportional to the measurements frequency and the number of measured quantities including SSBs, cells, frequencies and so on. The power consumption is also affected by the measurement configuration from the network. For each measurement result, which may be obtained through multiple measurement samples, a straight forward way to reduce power consumption for measurement is to reduce the measurement samples when the accuracy should also be guaranteed. New measurement methods may also be proposed to reduce power consumption in RRM measurements. In the following, we discuss the power consumption from three aspects.
RRM measurement period adjustment 
L3 measurement is used for mobility, such as cell reselection and handover. In Idle mode, cell reselection measurements of the serving cell and neighbor cells are performed in cycles. For serving cell measurement, RAN 4 defines the minimum requirement on the measurement period of serving cell according to the length of SMTC periodicity and DRX cycle in TS 38.133, i.e., the same measurement rate of the serving cell is required for the UE camping on the edge and the UE camping on center of the cell. 
	The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle; where:
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤  0.64 second,
otherwise M1=1.


When UE is at the edge of the serving cell, the defined measurement rate of serving cell should be satisfied for the mobility requirement. However, when the UE is moving or staying in good coverage, it may not need to perform serving cell measurements frequently and the measurement can be relaxed, since there is no such requirement on mobility. In RAN1 #AH1901, it is agreed that a RSRP threshold for UE adapting RRM measurement period can be considered for RRM measurement adaptation in time-domain. The UE measures the serving cell every 1 DRX cycle (if the periodicity of SMTC  20ms or the length of DRX cycle  0.64s) according to RAN4 requirement. If the RSRP of the serving cell is good enough, e.g. is larger than a threshold X, the RRM measurement may be relaxed to every 2 DRX cycles from every one DRX cycle. Because high RSRP usually means that the UE is at the center of the serving cell, the UE will not reselect to another cell in a short time. Thus the RRM measurement can be relaxed. If the RSRP of the serving cell becomes bad, e.g. less than a threshold X, the RRM measurement may be recovered to every 1 DRX cycle. Since low RSRP usually means that the UE has moved to cell edge. Similar relaxation method can also be applied to neighbor cell measurement.
The assumptions for the simulation are as follows, and also be captured in Table 1:
· IDLE mode and FR1;
· 1 sample in each MP, and each filtered RSRP is based on 2 samples, according to the RAN4 requirement defined in [3];
· The speeds are 3km/h and 30km/h, and the channel models are LOS and NLOS;
· The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed;
· 8 neighbor cells for intra-frequency measurement; 8 neighbor cells in each layer for inter-frequency measurement and totally 3 layers;
· Cell search is performed every three measurements;
· Group paging rate is 10%, and paging rate is 0%;
· 1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle).
· The threshold is X = -120dBm, which is a typical value based on assumptions in Table A-2 in Annex-2;
· The threshold for S-criterion is selected as -110dBm.
· Other simulation assumptions are given in Table A-1 in Annex.
Then the power saving gains for different cases are shown in Table 1, the RSRP accuracy are shown in Fig. 1, and the RSRP difference between two adjacent samples are shown in Fig. 2.
[bookmark: _Ref536869009]Table 1 Simulation results for the RSRP threshold based adaptation method
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	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(0) Power saving schemes description
(1) Average power consumption 
(2) Power reduction compared to baseline [%]
	
	(1) 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
(7)Additional assumption, e.g., PO and SSB offset,

	

	Huawei
	If the RSRP of the serving cell is less than X, the MPs of serving cell and neighbour cells are according to RAN4’s requirement; otherwise the MPs are N times of RAN4’s requirement.
	DRX cycle length = 0.32s
7.22(baseline)
5.21(N=4)
4.87(N=8)
	27.9%
(N=4)
32.5%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
NLOS
	-
	Little impact on RSRP accuracy, which can be seen in  Fig. 1.

RSRP difference increases, which can be seen in Fig. 2.
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	FR1
8 neighbor cells for intra-frequency measurement; 8 neighbor cells in each layer for inter-frequency measurement and totally 3 layers.
Cell search is performed every three measurements.
Group paging rate is 10%, and paging rate is 0%.
1 SSB burst set with 2 SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle).

	
	
	DRX cycle length = 0.64s
4.11(baseline)
3.11(N=4)
2.94(N=8)
	24.75%
(N=4)
28.6
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
NLOS
	-
	
	
	

	
	
	DRX cycle length = 1.28s
2.56(baseline)
2.05(N=4)
1.97(N=8)
	19.7%
(N=4)
23.0%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
NLOS
	-
	
	
	

	
	
	DRX cycle length = 2.56s
1.78(baseline)
1.53(N=4)
1.48(N=8)

	14.2%
(N=4)
16.5%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
NLOS
	-
	
	
	

	
	
	DRX cycle length = 0.32s
3.35(baseline)
2.21(N=4)
2.02(N=8)
	34.0%
(N=4)
39.7
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
LOS
	-
	
	
	

	
	
	DRX cycle length = 0.64s
2.17(baseline)
1.60(N=4)
1.51(N=8)
	26.2%
(N=4)
30.6%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
LOS
	-
	
	
	

	
	
	DRX cycle length = 1.28s
1.59(baseline)
1.30(N=4)
1.25(N=8)
	17.9%
(N=4)
20.9%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
LOS
	-
	
	
	

	
	
	DRX cycle length = 2.56s
1.29(baseline)
1.15(N=4)
1.13(N=8)
	11.0%
(N=4)
12.8%
(N=8)
	
	IDLE
	-
	1
	3km/h and 30km/h
LOS
	-
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	(a) AWGN 3km/h RSRP accuracy
	(b) AWGN 30km/h RSRP accuracy
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	(c) CDL-C 3km/h RSRP accuracy
	(d) CDL-C 30km/h RSRP accuracy


[bookmark: _Ref536869010]Fig. 1 L3 filtered RSRP accuracy performance 
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	(a) AWGN 3km/h RSRP difference
	(b) AWGN 30km/h RSRP difference

	[image: D:\Outputs\2019\[power saving]\RAN1 #96 contribution\CDLC_3km_RSRS_difference.jpg]
	[image: D:\Outputs\2019\[power saving]\RAN1 #96 contribution\CDLC_30km_RSRS_difference.jpg]

	(c) CDL-C 3km/h RSRP difference
	(d) CDL-C 30km/h RSRP difference


[bookmark: _Ref536869012]Fig. 2 RSRP difference between two adjacent samples
[bookmark: _GoBack]According to the simulation results in Table 1 and Fig. 1, it can be seen that about 11.0%-39.7% power saving gain can be obtained by using larger measurement periodicity, while RSRP accuracy impact is negligible for low speed cases. From Fig. 2, it can be observed that when the UE speed is low, RSRP differences are almost the same, but when the UE speed is high, larger measurement periodicity leads to lager RSRP difference.
Proposal 1: Capture the simulation results of Table 1, Fig. 1 and Fig. 2 into TR 38.840.
Proposal 2: The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
Reduction in number of SSBs, cells and frequencies for RRM measurement 
Reduction in number of SSBs
In RAN1#95, it has been agreed to study reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window). In RRC_Idle/Inactive state, when the channel quality of the serving cell is above a threshold, such as criterion S, only serving cell measurement is performed and the neighbor cell measurement is not performed for UE. So power consumption reduction of serving cell measurement should be included in the study of power consumption reduction in RRM measurement and the power saving gain should be evaluated. 
The first evaluation is the number of UEs for which the neighbor cell measurement is not performed and only serving cell is performed in an area. According to the section 5.2.3.2 of Specification 38.304, when Qrxlevmeas is larger than the Qrxlevmin, UEs will not perform neighbor cell measurement. Qrxlevmin is set to be -128dBm in the simulation assumptions which is up to gNB implementation with a typical value of -130dBm~-120dBm based on assumptions in Table A-2 in Annex-2. The system simulation results in Fig. 3 show that almost 100% UEs in LOS scenario need not to perform neighbor cell measurement and almost 70% UEs in NLOS scenario need not to perform neighbor cell measurement based on assumptions in Table A-2 in Annex-2 and Table A-3 in Annex-3. These UEs only perform serving cell measurement which is important for power consumption reduction of serving cell measurement. 
Furthermore, to show the reasonable Qrxlevmin =-128dBm, Fig. 4 is given to show the accuracy with different measurement RSRP level. According to the simulation results in Fig. 4, the measurement accuracy of SSB-RSRP almost are seriously affected by the RSRP level. However, for most UEs, their measurement accuracies in the simulation results meet the requirements of speci 133 which is not smaller than 4.5dB.

[image: ] 
[bookmark: _Ref536869013]Fig. 3 RSRP vs. number of UEs CDF in a cell
[image: ]
[bookmark: _Ref536869014]Fig. 4 RSRP accuracy performance evaluation for different RSRP levels of UE
Observation 1: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases.
For serving cell measurement, UE may perform RRM measurement on all SSBs of the serving cell in a half radio frame to derive cell measurement quality. Power consumption will be reduced if the number of SSBs to be measured is reduced with gNB assistant information, especially for UE in mobility state. 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. The SSB represents the UE location beam, as shown in Fig. 5. When UE performs the RRM measurement located the area where beam #0 represented by SSB #0 covers, only the RSRPs of SSB #0, SSB #1, SSB #6, SSB#7 can be measured by UE. The other SSBs is not needed to be measured for the UEs covered by SSB#0. For the UE in SSB#0~15, the corresponding measured adjacent SSB numbers are 4, 6, 6, 4, 6, 9, 9, 6, 6, 9, 9, 6, 4, 6, 6, 4. So the averaged adjacent SSB number to be measured is 7 in the cell.  The averaged adjacent SSB number is used in the power saving gain simulation results of Table 2. The adjacent beam information can also benefit  UE presync and AGC-tuning after waking up in DRX cycle. 
               
[bookmark: _Ref536869015]Fig. 5 UE location beam and adjacent beam
To show the power saving gain, we have the following simulation parameters. Part of the assumption parameters are shown follows and the other assumption are shown in Table 2.
· IDLE mode;
· 1 sample in each DRX;
· The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed;
· PDCCH only rate is 10%, and paging rate is 0%;
· SSB number in a SSB burst set is 64 and 32 for loop convergence, with periodicity of max (160ms, DRX cycle)
· The UE only performs the serving cell measurement and doesn’t do the neighbor cell measurement
· The total simulation time is 499.2s
Then the power saving gains for different cases are shown in Table 2.
[bookmark: _Ref536869016]Table 2 Simulation results of power saving gain for the SSB reduction method
	
	(0)
	 (1)
	(2)
	
	
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
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	(0) Power saving schemes description
(1) Average power consumption 
(2) Power reduction compared to baseline [%]
	
	(1) 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
(7)Additional assumption, e.g., PO and SSB offset,

	

	Huawei
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
6.09
B:3

	50.7%
	
	IDLE
	DRX cycle length = 0.32s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	 1 SSB burst set with 64 SSBs is used for loop convergence in baseline and with averaged adjacent SSBs for loop convergence in optimal schemes, with periodicity of max (160ms, DRX cycle).


	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):4.64
B:2

	56.9%
	
	IDLE
	DRX cycle length = 0.64s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	

	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
3.91
B:1.5


	61.7%
	
	IDLE
	DRX cycle length = 1.28 s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	

	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
3.55
B:1.25

	64.7%
	
	IDLE
	DRX cycle length = 2.56 s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	

	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
3.9
B:2.47

	36.6%
	
	IDLE
	DRX cycle length = 0.32s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	1 SSB burst set with 32 SSBs is used for loop convergence in baseline and with averaged adjacent SSBs for loop convergence in optimal schemes, with periodicity of max (160ms, DRX cycle).


	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):3
B:1.73

	42.1%
	
	IDLE
	DRX cycle length = 0.64s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	

	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
2.54
B:1.37


	46.25%
	
	IDLE
	DRX cycle length = 1.28 s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	

	
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
	A(baseline):
2.32
B:1.18

	48.9%
	
	IDLE
	DRX cycle length = 2.56 s

	1
	-
	Determined by signalling periodicity
	Ref to the Fig. 4
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	



From Table 2, it can be seen that for intra-frequency measurement, about 36.6%~64.7% power saving gain is achieved by reducing the number of SSB for RRM measurement (only serving cell measurement, no neighbor cell measurement) for above 32 SSBs in SSB burst set. Reducing SSB number of serving cell measurement can be further considered for power saving.
Proposal 3: Information on adjacent directional beams of each SSB is provided by gNB to UE in order to reduce the number of SSBs for UE RRM measurements.
Reduction in number of cells and frequencies
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]In this section, we first show the power saving gain from reduction in measured number of neighbor cells and frequencies. Since the L3 measurement is applied for mobility, reducing the number of neighbor cells and frequencies for measurement may affect mobility. We show that it may be possible to reduce the measured or detected number of neighbor cells and frequencies without degrading mobility. 
Evaluation results of reducing measured number of cells and frequencies 
According to the power model in TR 38.840, the power saving gain of reducing number of intra-frequency neighbor cells and inter-frequency neighbor cells are evaluated. As shown in Fig. 6, for intra-frequency measurement, the power consumption for idle UE includes idle power (i.e. sleep power, where deep sleep is assumed for IDLE state), power consumption for pre-sync and paging during every DRX cycle (here we assume that the group paging rate is 10%, and paging rate is 0%. Then the power for receiving paging is the power for PDCCH-only), cell search and measurement. For inter-frequency measurement, besides the serving cell measurement, idle power, pre-sync and paging power, cell search and measurement is performed on each indicated frequencies, and switching power is needed. If UE detects no neighbor cells in one frequency provided by Network (i.e., frequency f2 has no neighbor cells), in the measurement round, UE does not do measurements in that frequency.

[bookmark: _Ref536869017]Fig. 6 Actions for intra-frequency measurement and inter-frequency measurement
According to the power model for RRM measurement, we have the following simulation parameters in Table 3.
[bookmark: _Ref536869018]Table 3 Simulation parameters
	Total time
	499200 ms (390 DRX cycles)

	DRX cycle
	1280 ms

	SMTC
	5ms

	Pre-sync duration
	30kHz 0.5ms; 60kHz 0.25ms; 120kHz 0.125ms

	Paging duration
	30kHz 0.5ms; 60kHz 0.25ms; 120kHz 0.125ms

	Switching time
	FR1 0.5ms; FR2 0.25ms

	Idle power 
	1

	Pre-sync power
	100

	Paging power (PDCCH-only *0.9+PDCCH-PDSCH*0.1)
	FR1 120; FR2 192.5  

	FR1 cell search 
	150

	FR1 cell search + measure 
	8 neighbor cell: 200 (sync), 220 (Async) ,+/- 7.5 per cell

	FR1 measure
	8 neighbor cell: 150 (sync), 170 (Async) ,+/- 7.5 per cell

	FR2 cell search 
	270

	FR2 cell search + measure 
	8 neighbor cell: 320 (sync), 380 (Async) ,+/- 7.5 per cell

	FR2 measure
	8 neighbor cell: 255 (sync), 285 (Async) ,+/- 7.5 per cell

	Switching power
	45


The evaluation results is shown in Table 4.
[bookmark: _Ref536869019]Table 4 Evaluation of power gain from reducing number of neighbor cells and frequencies
	
	(0)
	 (1)
	(2)
	
	
	(6)
	(7)
	Note

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

	
	(0) Power saving schemes description
(1) Average power consumption 
(2) Power reduction compared to baseline [%]
	
	(1) 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
(7)Additional assumption, e.g., PO and SSB offset,

	

	Huawei
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Intra-cell measurement: With full cell search, the measured cell number can be reduced from 8 to 4. The power can be reduced from M to N. M is taken as baseline. The power in the bracket is power unit per millisecond. 
	M=821860(1.64635)
N(a)=763360(1.52917)
N(b)= 604630(1.2112)

	(a)7.12%
(b)26.43%
	
	IDLE
	1280
	1
	-

	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Sync

	DRX cycle length = 1.28s; Total considered time is 390 DRX cycle, i.e., 499.2s;
the gap length between PO and SSB is assumed as 0;
Cell search is performed every three measurements.
Group paging rate is 10%, and paging rate is 0%.
1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle).
(a) measurement duration = SMTC duration(5ms)
(b) measurement duration = 2ms randomly located in SMTC window

	
	
	M= 860860(1.72448)
N(a)= 802360(1.60729)
N(b)= 620230(1.24245)

	(a)6.80%
(b)27.95%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Async
	

	
	
	M=822055(1.64674)
N(a)= 763555(1.52956)
N(b)= 604825(1.21159)
	(a)7.12%
(b)26.43%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Sync

	

	
	
	M= 861055(1.72487)
N(a)= 802555(1.60768)
N(b)= 620425(1.24284)

	(a)6.79%
(b)27.95%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Async
	

	
	
	M=997555(1.99831)
N(a)= 939055(1.88112)
N(b)= 675025(1.35221)

	(a)5.86%
(b)32.33%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Sync

	

	
	
	M= 1114555(2.23268)
N(a)= 1056055(2.11569)
N(b)= 721825(1.44596)

	(a)5.25%
(b)35.24%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Async
	

	
	
	M=997652.5(1.9985)
N(a)= 939152.5(1.88132)
N(b)= 675122.5(1.35241)

	(a)5.86%
(b)32.33%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Sync

	

	
	
	M= 1114653(2.23288)
N(a)= 1056153(2.11569)
N(b)= 721922.5(1.44616)

	(a)5.25%
(b)35.23%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Async
	

	Huawei
	Intra-cell measurement: With full cell search, the measured cell number can be reduced from 16 to 4. The power can be reduced from M to N. M is taken as baseline.  The power in the bracket is power unit per millisecond.
	M=938860(1.88073)
N=763360(1.52917)

	18.69%

	
	IDLE
	1280
	1
	-

	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Sync

	DRX cycle length = 1.28s; Total considered time is 390 DRX cycle, i.e., 499.2s; measurement duration = SMTC duration(5ms)
the gap length between PO and SSB is assumed as 0;
Cell search is performed every three measurements.
Group paging rate is 10%, and paging rate is 0%.
1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle).


	
	
	M= 977860(1.95885)
N= 802360(1.60729)

	17.95%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Async
	

	
	
	M=939055(1.88112)
N= 763555(1.52956)
	18.69%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Sync

	

	
	
	M= 978055(1.95924)
N= 802555(1.60768)

	17.94%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Async
	

	
	
	M=1114555(2.23568)
N= 939055(1.88112)



	15.75%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Sync

	

	
	
	M= 1231555(2.46706)
N= 1056055(2.11569)


	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]14.25%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Async
	

	
	
	M=1114652.5(2.23288)
N= 939152.5 (1.88132)



	15.75%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Sync

	

	
	
	M= 1231652.5(2.46725)
N= 1056153(2.11569)


	14.25%

	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Async
	

	Huawei
	Inter-frequency measurement: With full cell search in each layer, the measured frequency number can be reduced from 6 to 3. The power can be reduced from M to N. M is taken as baseline. The power in the bracket is power unit per millisecond.
	M(a)= 2820220(5.64948)
M(b)= 2124460(4.25573)
N= 1825330(3.65651)

	(a)35.28%
(b)14.08%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Sync

	DRX cycle length = 1.28s; Total considered time is 390 DRX cycle, i.e., 499.2s;
measured duration in each layer equals to SMTC duration = 5ms; switching time for FR1 equals 0.5ms, for FR2 equals 0.25ms; the gap length between PO and SSB is assumed as 0;
8 neighbor cells for intra-frequency measurement; 8 neighbor cells in each layer for inter-frequency measurement.
Cell search is performed every three measurements.
Group paging rate is 10%, and paging rate is 0%.
1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle);
(a) totally indicated layer number= 6 and every layer has 8 neighbor cells.
(b) totally indicated layer number= 6 and only 3 layers have neighbour cells with 8 for each.

	
	
	M(a)= 3093220(6.19635)
M(b)= 2280460(4.56823)
N= 1981330(3.96901)

	(a)35.95%
(b)13.12%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 30kHz
Async
	

	
	
	M(a)= 2820415(5.64987)
M(b)= 2124655(4.25612)
N= 1825525(3.6569)

	(a)35.28%
(b)14.08%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Sync

	

	
	
	M(a)= 3093415(6.19635)
M(b)= 2280655(4.56862)
N= 1981525(3.9694)

	(a)35.94%
(b)13.12%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR1 60kHz
Async
	

	
	
	M(a)= 4018885(8.05065)
M(b)= 3039205(6.08815)
N= 2510365(5.02878)


	(a)37.54%
(b)17.40%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Sync

	

	
	
	M(a)= 4837885(9.69128)
M(b)= 3507205(7.02565)
N= 2978365(5.96628)

	(a)38.44%
(b)15.08%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 60kHz
Async
	

	
	
	M(a)= 4018982.5(8.05085)
M(b)= 3039302.5(6.08835)
N= 2510462.5(5.02897)

	(a)37.54%
(b)17.4%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Sync

	

	
	
	M(a)= 4837982.5(9.69147)
M(b)= 3507302.5(7.02585)
N= 2978462.5(5.96647)

	(a)38.44%
(b)15.08%
	
	IDLE
	1280
	1
	-
	Additional signalling overhead from network
	possible mobility impact
	FR2 120kHz
Async
	



From Table 4, it can be seen that for intra-frequency measurement, when reducing the number of neighbor cells without reducing the measurement period, the power saving gain increases significantly. About 5%~7% power saving gain is achieved by reducing the number of neighbor cells from 8 to 4, and about 14%~19% power saving gain by reducing from 16 to 4. . About 26%~35% power saving gain is achieved by reducing the number of neighbor cells and  the measurement period from the whole SMTC duration to part of SMTC duration. 
For inter-frequency measurement, about 35%~38% power saving gain is achieved if the number of frequencies is reduced from 6 to 3, where the number of frequencies provided by the network is 6 and neighbor cells exist in 6 frequencies, i.e., both the detection and measurement power are saved in three frequencies.  About 13%~17% power saving gain is achieved if the number of frequencies is reduced from 6 to 3, where the number of frequencies provided by the network is 6 and neighbor cells only exist in 3 frequencies, i.e., only part of measurement power is saved. Therefore, both reducing number of intra-frequency neighbor cell measurement and inter-frequency neighbor cell measurement should be further considered for power saving. 
Proposal 4: Both reduction in number of neighbor cells and neighbor frequencies for RRM measurements are considered for power saving.
Evaluation on mobility impact 
Since the L3 measurements are for mobility, such as for cell reselection and handover, reducing the measured cells/frequencies may result in some mobility impact. Take cell reselection as an example. If some frequencies or cells are not measured, for example cell 1, UE will not reselect to the cell 1. If cell 1 is the best cell for UE to camp on. This means UE’s mobility performance is affected in this case. Reducing the measured or detected number of neighbor cells and frequencies should be carefully considered, since directly reducing the measured number may result in mobility impact.
To show that there exists the possibility to reduce he measurements without degrading the mobility performance, we take the UE in idle mode for example. The measurement results for idle UE is used for cell reselection, where UE obtain the recommended neighbor frequencies and neighbor cells from the serving cell’s SI. As shown in the following Fig. 7, there are 7 cellular cells with 200 m BS distance and operating in FR2. Every cell has 3 sectors, with 32 TX beams.  100 UEs are randomly distributed in the center cell, equipped with 32 RX beams forming from 8 receive antennas. To simulate a real shadowing scenario with building, we locate a square building with side length of 75 meters. The cell 1~6 are regarded as neighbor cells provided to the UE in the center cell. 
[image: ]2[image: ]
3[image: ]
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[bookmark: _Ref536869020]Fig. 7 Simulation scenario
Consider that the concrete losses parameter (L = 5+4f) is obtained from Table 7.4.3-1 in TS 38.901. When RSRP of best beam is lower than -140dB, the cell is considered as undetectable. Then the distribution of number of detectable neighbor frequencies/cells is shown as in Fig. 8.
[image: ]
[bookmark: _Ref536869021]Fig. 8 Distribution of number of detectable neighbor frequencies/cells
In Fig. 8, the statistic results of number of neighbor frequencies/cells that can be detected are provided, where the UE is located in the center cells. From Fig. 8 it can be observed that about 2% UEs in center cell can only detect 3 neighbor cells, about 16% UEs can detect 4 neighbor cells, about 43% UEs can detect 5 neighbor cells, and about 39% UEs can detect all 6 neighbor cells. In other words, in the scenario with one building as obstacle, only 39% UEs in the cell need to detect all 6 neighbor frequencies/cells. For the serving cell, all the neighbor frequencies need to be provided to the UE in the cell, even some of them cannot be detected. From the UE perspective, for UEs who detect only 3 neighbor cells, only the three have impact on the mobility performance. When reducing detection and measurement of these neighbor cells, there is no impact on the mobility performance for these UEs. Therefore, there exists the possibility to reduce he measurements without degrading the mobility performance.
Observation 2: There exists the possibility to reduce the measurements without degrading the mobility performance.
Further considerations on mobility performance
To reduce number of measured neighbor cells/frequencies without degrading the mobility performance, the relative position of UE in the serving cell is useful.  For example, when UE is in the north of the serving cell, the neighbor cells on the south of the serving cell have low probability to be reselected or these cells even cannot be detected by the UE.  The SSB index where UE reads SI, provides some directional information and may help indicate the relative position in the serving cell.  For better understanding, we show the usage of directional information from reference signals in Fig. 9. If UE is under the coverage of beam 7, the relative position of UE is in the south of the serving cell.  The most probably reselect neighbor cell will be cell 3 in frequency f3. Therefore, there may be no need to measure cell 2 in frequency f2 and cell 4 in frequency f4, because UE may not detect these cells or there is no possibility for UE to reselect to these cells far away. This kind of directional information of reference signal can be exploited to reduce the number of neighbor cells/frequencies without degrading the mobility performance.
[image: 1]
Fig. 9 Directional information from reference signals
Proposal 5: Additional information (e.g., directional information of reference signals) can be considered to reduce the number of neighbor cells and neighbor frequencies for RRM measurements without degrading the mobility performance.
CSI-RS based RRM measurement for power saving
In RRC_Connected state, RRM measurements for serving cells and neighbor cells are essential to support mobility procedures such as handover, and are performed based on SSB or CSI-RS. 
The SSB based RRM measurement is only performed within SMTC. To be more specific, network ensures that UE can find SSBs sent by each cell on a frequency in SSB based SMTC. So UE is not expected to detect SSBs outside the SMTC window, i.e., SSBs are broadcasted in a concentrated manner by network. With a concentrated configuration manner, measurement gap (MG) can be applied more efficiently.
Similar to the impact of SSB SMTC, CSI-RS transmission also benefits from a measurement window configuration to avoid UE performing measurement outside the window. By increasing the efficiency of measurement gap, power consumption is also reduced. Consider the case of CSI-RS based inter-frequency measurement. UE needs the help of MG to perform inter-frequency measurement. If there is no CSI-RS measurement window,  then in the worst case which is depicted in Fig. 10(a), CSI-RSs may be uniformly distributed in the time domain. Each CSI-RS to be measured will need one independent MG. Then UE has to frequently retune its RF chain to the inter-frequency carrier which is power-consuming. On the other hand, if CSI-RS measurement window is introduced as depicted in Fig. 10(b) then only one MG is needed and total number of RF retuning is significantly reduced.
To be more specific, RF retuning not only includes adjustments on hardware such as turning on RF parts but also calculations for related parameters on software. As a result the power consumption of the entire RF retuning procedure is roughly equivalent to the power consumption of measuring a single SSB/CSI-RS resource. Still considering the example that each CSI-RS has a periodicity of 80 ms, it needs 4 gaps per 160 ms for UE to cover all of CSI-RS resource if they are uniformly distributed in time domain. On the other hand, if CSI-RS measurement window is introduced as Figure 7b, UE can cover all CSI-RSs by only 2 gaps per 160 ms. Therefore 4 RF retuning procedures are avoided. This will result in an approximately 33% power saving gain. In fact, the power saving gain will be even higher when the number of configured CSI-RSs increases and the periodicity of CSI-RS is shortened.
[image: ]
(a) Uniformly distributed CSI-RS, no CSI-RS measurement window is introduced
[image: ]
(b) Concentrated CSI-RS, CSI-RS measurement window is introduced
Fig. 10 Uniformly distributed and concentrated CSI-RS
Simulation are performed to evaluate the power saving gain of introducing CSI-RS measurement window comparing with no CSI-RS measurement window. The assumptions for the simulation are as follows:
· RRC_CONNECTED mode;
· Periodicity of CSI-RS for L3 mobility: 40ms;
· Frequency range: FR1. So the retuning time at beginning and end of MG are both 0.5ms.
· Number of configured CSI-RS resources: up to 96 (allowed maximum number of CSI-RS resource for mobility). All CSI-RS resources are configured in the same inter-frequency carrier.
· Introducing CSI-RS measurement window: 
· Assume all CSI-RS resources are configured in this window and this window is covered by one measurement gap.
· no CSI-RS measurement window (baseline):
· All CSI-RS resource are randomly placed in the time domain (uniform distribution). 
· UE is assumed to retune its RF to target frequency to perform CSI-RS based inter-frequency measurement once there is a CSI-RS resource to measure, and it will immediately switch RF back to its serving frequency to continue Tx/Rx unless there is no  enough time (i.e. time interval between two CSI-RS resources is shorter than 1ms).
Then the power saving gains for different cases are shown in Table 5.
Table 5 Simulation results for the concentrated CSI-RS configuration 
	
	(0)
	 (1)
	(2)
	
	
	(6)
	(7)
	Note

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

	
	(0) Power saving schemes description
(1) Average power consumption 
(2) Power reduction compared to baseline [%]
	
	(1) 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
(7)Additional assumption, e.g., PO and SSB offset,

	

	Huawei
	CSI-RS resource in the same frequency layer are configured in a measurement window.
	Number of configured CSI-RS resources = 4
5.03(baseline)
4.27(concentrated CSI-RS configuration)
	15.10%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	For baseline, all CSI-RS resource are randomly placed in the time domain (uniform distribution)
	UE is assumed to retune its RF to target frequency to perform CSI-RS based inter-frequency measurement once there is a CSI-RS resource to measure, and it will immediately switch RF back to its serving frequency to continue Tx/Rx unless there is no  enough time (i.e. time interval between two CSI-RS resources is shorter than 1ms).

	
	
	Number of configured CSI-RS resources = 16
7.32(baseline)
4.54(concentrated CSI-RS configuration)
	37.97%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	

	
	
	Number of configured CSI-RS resources = 32
8.69(baseline)
4.90(concentrated CSI-RS configuration)
	43.61%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	

	
	
	Number of configured CSI-RS resources = 48
9.04(baseline)
5.25(concentrated CSI-RS configuration)
	41.92%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	

	
	
	Number of configured CSI-RS resources = 64
8.97(baseline)
5.61(concentrated CSI-RS configuration)
	37.46%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	

	
	
	Number of configured CSI-RS resources = 80
8.75(baseline)
5.97(concentrated CSI-RS configuration)
	31.77%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	

	
	
	Number of configured CSI-RS resources = 96
8.52(baseline)
6.32(concentrated CSI-RS configuration)
	25.82%
	
	CONNECTED
	200
	5
	3km/h
NLOS
	-
	Ref to the figures
	
	



In summary, in order to reduce power consumption, it is beneficial to introduce a CSI-RS measurement window. So we propose:
Proposal 6：Introducing of CSI-RS measurement window should be discussed in Rel-16.
Conclusions
The following observations and proposals are made:
Proposal 1: Capture the simulation results of Table 1, Fig. 1 and Fig. 2 into TR 38.840.
Proposal 2: The threshold based mechanism for RRM relaxation in time domain can reduce power consumption while having little impact on the measurement accuracy.
Observation 1: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases.
Proposal 3: Information on adjacent directional beams of each SSB is provided by gNB to UE in order to reduce the number of SSBs for UE RRM measurements.
Proposal 4: Both reduction in number of neighbor cells and neighbor frequencies for RRM measurements are considered for power saving.
Observation 2: There exists the possibility to reduce the measurements without degrading the mobility performance.
Proposal 5: Additional information (e.g., directional information of reference signals) can be considered to reduce the number of neighbor cells and neighbor frequencies for RRM measurements without degrading the mobility performance.
Proposal 6：Introducing of CSI-RS measurement window should be discussed in Rel-16.
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Annex-1 : Simulation assumptions for RSRP accuracy
Table A-1: Simulation assumptions for RSRP accuracy
	Simulation parameters
	values

	Reference Signal
	SSS

	Scenarios
	UMa

	Channel model
	TDL-C Low 100ns 10Hz
1X2

	Subcarrier spacing/carrier frequency
	30 KHz/4GHz

	Number of measurement samples per measurement period (MP)
	1

	Inter-BS distance(ISD)
	500m

	Number of SS blocks per SS burst set/ SS burst periodicity
	6

	BS transimter power
	46 dBm

	BS antenna element gain + connector loss
	6.5dBi

	L3 filter
	Defined in section 5.5.3.2 in 38.331

Where a = 1/2(k/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP



Annex-2 : Parameter assumptions for criterion S
Table A-2: Simulation assumptions for criterion S
	Qrxlevmin
	-128 (dBm)

	Qqualmin
	infinite

	Qrxlevminoffset
	0

	Qqualminoffset
	0

	Pcompensation
	0 (UE not support)

	Qoffsettemp
	0


Annex-3 : Simulation assumptions for RSRP accuracy
Table A-3: Simulation assumptions for RSRP accuracy
	Simulation parameters
	values

	Reference Signal
	SSS

	Scenarios
	Umi-LOS/ Umi-NLOS

	Subcarrier spacing
	120 KHz/30GHz

	Measurement period
	200ms

	Number of measurement samples per measurement period (MP)
	5

	Inter-BS distance
	200m

	Number of SS blocks per SS burst set/ SS burst periodicity
	32

	L3 filter
	Defined in section 5.5.3.2 in 38.331

Where a = 1/2(k/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP
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of samples (e.g., OFDM symbols / slots) within a measurement period 
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3GPP TSG RAN WG1  Meeting  #96                                                                                     R1 - 19 0 3430   Athens ,   Greece ,  February  25 th   –   March   1 st , 2019     Agenda Item:   7.2.9.3   Source:   Huawei , HiSilicon   Title:   P ower consumption reduction in RRM measurements   Document for:   Discussion and D ecision         1   Introduction   This contribution is an   update of  R1 - 1901573   ( updated evaluation results in Sec.2.1, and  added further  information on the used simulation assumptions   in Sec.2. 1 and Sec.2.2 ).     In RAN1# 95   and  AdHoc# 1901 meetings , power saving about RRM measurement was discussed and the  following   contents   were agreed [1] [2] :   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   o   Increasing measurement period   o   Reducing number  of samples (e.g., OFDM symbols / slots) within a measurement period  (e.g., SMTC window)   o   Confining RRM measurements within a measurement window and increasing the  periodicity of the measurement window for intra frequency and/or inter frequency  measurement   o   Other approaches are not precluded   o   Note: this does not necessarily mean that the techniques studied will have spec impact   Agreements :   For UE autonomous  RRM measurement adaptation in time - domain with  gNB controlled threshold, the  following thresholds and co rresponding 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 thre shold can be at least one of  the followings,   o   The amount of time during which the UE stays with a specific cell or beam (for RRM  measurement)    o   UE’s active TCI state for PDCCH does not change for specific time period.   o   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 :      Companies are encouraged to   report the following additional assumption if applicable for each  scheme,   o   DRX configuration   o   Offset between paging occasion and SSB/CSI - RS  

