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1. [bookmark: _Ref525861895][bookmark: OLE_LINK13]Introduction
Part of the studies for UE power saving for RRM measurement are under further study in SI stage in RAN2. This contribution provides potential RRM works for UE power saving in WI for RAN1/2, including, relaxed measurement period in time-domain, intra-frequency measurement and additional resources.
2. Relaxed measurement period in time-domain
For RRC CONNECTED state, adapting/relaxing measurement period is well studied in the SI and provided with the following from TR [2],
· Sufficient power saving gains, e.g., 11.1% - 26.6% by relaxing measurement period 4 times.
· Almost no impact on the mobility performance, e.g., handover failure rate changes from 0% -> 0.26% for 3km/h
· Sufficient sources, total 7 sources provide results for RRC CONNECTED state.

With such widely common understanding on the power saving gains, mobility impact, it is recommended to specify adapting/relaxing measurement period for RRC CONNECTED state.
Proposal 1: specify adapting/relaxing measurement period for RRC CONNECTED state.
RAN4 will leading this work particular on the RSRP/RSRQ performance, and RAN2 are also necessary to be involved for mobility performance evaluations and possible adaptation schemes. RAN1 can also be involved for comparing different adaptation schemes from power saving perspective if needed. 
Furthermore, it is studied in the study item and captured in the TR that the following approaches can be considered to relax measurement period,
·  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

UE need to consume more power to obtain and report mobility state if UE adapt the measurement period based on mobility state, therefore we think instead of mobility state, a RSRP threshold would be more practical and simple solution. 
Furthermore, gNB controlled RRM measurement operation without UE assistance information reported to gNB can also be considered. For example, for particular cell type (e.g., small cell/macro cell), gNB can directly indicate a relaxed measurement period for UE without any UE reporting.
Proposal 2: Using RSRP as the threshold for UE autonomous adapting RRM measurement period in RRC CONNECTED state should be supported for UE power saving in RRM measurements.
3. Reduced number of measured cell
For reduced number of measured cell, it is investigated in the study item [2],
· For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, the followings are observed from simulation results, 
· By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  26.43% - 37.5% power saving gain is shown. 
· The corresponding performance impact was not reported and summarized
By limiting the processing for measurement within a constrained time period and/or with reduced complexity, it can be observed the power saving gain is huge (26.43% - 37.5%). The following provides detailed mechanism on how to support reduced number of measured cell for intra-frequency measurement
3.1. S-measure enhancement for reducing number of intra-frequency measurement
The current measurement rules for cell re-selection is as follows,
	TS38.304 section 5.2.4.2
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.



A threshold SIntraSearchP and SIntraSearchQ is set for UE to turn on/off the intra-frequency measurement. Considering the receiver sensitivity, not all UEs can observe 8 cells. One example when assuming minimum received power is -123dBm and SIntraSearchP is -90.5dB (typical value) is as follows. Almost 70% of UEs can detect more than 4 cells. This assumes dense urban single layer scenario with 4GHz frequency. The minimum received power refers to Table 10.1.2.1.1-1: SS-RSRP for intra frequency absolute accuracy in FR1 in TS38.101-1.
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Figure 1. The distribution of number of detectable cells for UEs in dense urban scenario
 (The number of detectable cells includes serving cell)
The CDF distribution of the 1st strongest cell and x-th strongest cell are as follows in Figure 9. Taking the gap between 1st strongest cell and 2nd strongest cell as baseline (median value is 5dB), the value of other gaps becomes extremely larger. For example, the median value of the gap between 1st and 5th strongest cell is more than 20dB, which seems to be not expected to re-select to such weaker cell compared to the current cell.
Therefore, to measure all the detectable cells is not necessary.
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Figure 2. The distribution of number of detectable cells for UEs in dense urban scenario
 (the number of cells including serving cell)

Therefore, for UEs performing intra-frequency measurement, in order to achieve the power saving benefit, the current S-measurement mechanism can be enhanced. For example, a second threshold  is introduced, such that UE can perform intra-frequency measurements according to Srxlev values as shown in Equation 1 and Figure 3 below,
 (1)
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(1) S- measures				 (2) S- measures for reduced intra-frequency measurement
Figure 3. Enhancement for S-measure

From system-level perspective, the power saving gain is calculated by averaging all the UEs power consumption. Compared to full intra-frequency measurement, Figure 4 shows the appropriate  is around -110 ~ -102dBm, when SIntraSearchP =-90.5dB. And by such configuration, the average power saving gain is more than 20%, and there are 70% UEs which can actually reduce the number of cells from more than 8 cells to 4 cells, in dense urban single layer.

[image: ]
Figure 4. Power saving gain when reducing 8-cells to 4-cells by additional RSRP threshold

Proposal 3: Reducing number of measured intra-frequency cells should be supported for NR UE power saving. 
· Additional threshold(e.g., RSRP) can be considered to reduce the number of intra-frequency measurements based on S-measures enhancement. 

4. Additional resources for RRM
In order to maintain the same measurement accuracy with less measurement samples or larger measurement period, additional measurement RS, e.g. CSI-RS, can be introduced for UE in idle state. To evaluate the accuracy of measurement based on SSB and CSI-RS, simulation has been taken. Both layer 1 RSRP and layer 3 filtered RSRP are evaluated under 3km/h and 30km/h mobility speed. 
According to the simulation results in Figure 2 and Figure 3 from[4], the measurement accuracy of CSI-RS-RSRP with 1 sample outperforms SSB-RSRP with 2 samples per measurement period, which means UE power consumption can be reduced by performing CSI-RS based measurement with only one measurement sample per DRX cycle without sacrificing measurement accuracy, compared with 2 SSB based measurement samples per DRX cycle. 
Moreover, the reduced number of measurement samples can also be regarded as extended measurement periodicity. The measurement periodicity can also be extended without significant measurement accuracy loss after layer 3 filter if CSI-RS is introduced according to Figure 3(2) in[4].
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. This means UE can select and use either SSB or CSI-RS which is closer to paging occasion, as the measurement RS to reduce the wake-up duration. As illustrated in Figure 5, UE can choose the CSI-RS resource before paging occasion for RRM. 


Figure 5: SSB or CSI-RS closer to paging occasion is used for RRM
A quantitative power saving gain is also captured in the TR for CSI-RS based RRM for IDLE/INACTIVE as additional resource. For CSI-RS as additional resource for RRM, it is observed in [4] that,
· For UE in idle state, about 30% power saving gain can be achieved if the number of measurement samples is reduced to 1 per paging cycle, or the measurement periodicity is extended to multiple paging cycle.
· For UE in idle state, more than 30% 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.
Note that, for UE in RRC connected state, CSI-RS is used for different purposes, e.g. CSI acquisition, radio link monitoring, time and frequency tracking, beam failure detection, etc. The CSI-RS resources are usually shared with multiple UEs for same or different purposes. According to the assumptions in IMT-2020 Self-Evaluation[3], the CSI-RS are configured with 5 slots periodicity for CSI measurement. Therefore, it will not cause additional network overhead if the CSI-RS configured for RRC connected state UEs is reused as measurement RS for UEs in idle state.
Proposal 4: CSI-RS is introduced as additional resource for UE RRM in IDLE/INACTIVE state.
Conclusion
In this contribution, we focus on the follow up works on power consumption reduction in RRM, and have the following proposals and observations:
Proposal 1: specify adapting/relaxing measurement period for RRC CONNECTED state.
Proposal 2: using RSRP as the threshold for UE autonomous adapting RRM measurement period in RRC CONNECTED state.
Proposal 3: Reducing number of measured intra-frequency cells should be supported for NR UE power saving. 
· Additional threshold(e.g., RSRP) can be considered to reduce the number of intra-frequency measurements based on S-measures enhancement. 
Proposal 4: CSI-RS is introduced as additional resource for UE RRM in IDLE/INACTIVE state.
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Annex 1 : simulation assumptions for dense urban (Single layer and 4GHz frequency)
Table A3: System level evaluation assumptions for Dense urban
	Parameters
	Dense urban

	Layout
	Single layer:
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m

	Carrier frequency 
	Macro layer: 4GHz


	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 


	Channel model
	Below 6GHz: 3D UMa (Macro layer) Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used

	BS Tx power 
	Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm


	BS antenna height 
	25m for macro cells

	UE Tx power 
	Below 6GHz: 23dBm


	BS antenna configurations
	See Table A.2.1-4 inTR38.802

	BS antenna element gain + connector loss
	See Table A.2.1-4 inTR38.802

	BS receiver noise figure
	Below 6GHz: 5dB


	UE antenna configuration
	See Table A.2.1-4. inTR38.802

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB


	UE distribution
	Uniform/macro TRP (10 users per TRP for full buffer traffic) 



Annex 2 :  SS-RSRP Intra frequency absolute accuracy in FR1
Table 10.1.2.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	4.5
	9
	-6 dB
	NR_FDD_FR1_A, NR_TDD_FR1_A
	-121
	-118
	N/A
	-70

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-70

	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-70

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-70

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-70

	8
	11
	-6 dB
	ANR_FDD_FR1_A, NR_TDD_FR1_A, NR_FDD_FR1_B, NR_TDD_FR1_C, NR_FDD_FR1_D, NR_TDD_FR1_D, NR_FDD_FR1_E, NR_TDD_FR1_E, NR_FDD_FR1_G, NR_FDD_FR1_H,
	N/A
	N/A
	-70
	-50

	NOTE 1:    Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:    NR operating band groups in FR1 are as defined in Section 3.5.2.
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