3GPP TSG RAN WG1 #96	                                                                                     R1-1901711
Athens, Greece, 25th February–1st March, 2019

Source:	vivo
[bookmark: Title]Title:	UE power saving in RRM Measurements
[bookmark: Source]Agenda Item:	7.2.9.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: _Ref525861895][bookmark: OLE_LINK13]Introduction
In RAN1 previous meetings, the enhancements to reduce UE power consumption in RRM measurement are discussed, and following agreements are made [1][2]:
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:
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.,
· 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
In this contribution, we will discuss the enhancements which may reduce the power consumption in RRM, and simulation results and numerical analysis are provided.
2. Power consumption in RRM
In NR, RRM is performed by UE in RRC idle, RRC inactive and RRC connected states. 
For both idle state and connected state, RRM measurement includes serving cell and intra/inter frequency measurement. Intra and inter frequency measurement are only performed when serving cell quality does not fulfill certain conditions. Thus, UE performs serving cell measurement more frequently compared with intra/inter frequency measurement.
In RRC connected state, more behaviors should be performed by UE, e.g. more frequent PDCCH and PDSCH reception, therefore RRM may not take great proportion in the overall power consumption. However, in RRC idle state, UE mainly performs two behaviors, which are RRM measurement and paging monitoring. For serving cell measurement in idle state, it is specified in TS38.133 [2] that:
· 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.
Accordingly, UE should perform serving cell measurement every 1 or 2 paging DRX cycle. It can be expected that great proportion of the UE energy is consumed by RRM measurement, and the energy consumption by RRM measurement will be even higher when neighbor cell search and measurement are also considered. 
Observation 1: In idle/inactive state, the power consumption caused by RRM measurements takes a great proportion of the overall UE power consumption.
3. Reducing power consumption in serving cell measurement
3.1. Reducing the number of measurement in time
As shown in Figure 1, since UE is mandated to measure on two occasions which are equally spaced within each paging cycle, UE need wake up every paging cycle. Based on the power model in [3], except for the PDCCH/PDSCH monitoring and RRM measurement, the power consumption caused by the transition from the deep/light sleep is non-negligible. Frequent wake-up and active/sleep transitions will cause high UE energy consumption.


Figure 1: UE behaviors in idle state
SMTC is configured cell-specifically, while the occasions for paging monitoring are UE-group specific. In most cases, the paging and the SMTC measurement occasions are not aligned in time, especially considering SMTC is sparse in time in practical deployment. As shown in Figure 1, to perform both RRM and paging monitoring, UE may have to keep awake between paging occasion and the nearest SSB occasion beforehand, and this will increase the overall active time and UE power consumption correspondingly.
Observation 2: Reducing measurement activities should be targeted for UE power saving in RRM. 
To achieve the target, two approaches can be considered, i.e. to reduce the number of required measurement samples in time domain, and to align the measurement occasion with the paging monitoring occasion. 
· Reduce the number of requirement measurement in time
Reducing number of measurement samples may lead to performance loss in RRM thus the measurement accuracy shall be carefully studied. From the link level simulation results shown in Figure 2 and 3, non-negligible loss on RSRP accuracy is observed when the L1 RRM sample for each paging DRX cycle is reduced from 2 to 1. 
In order to maintain the same measurement accuracy with less measurement samples, 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. Other simulation assumptions are given in Table A-1 in Annex.
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	(1) L1 RSRP accuracy 
	(2) L3 filtered RSRP accuracy


Figure 2: RSRP accuracy per evaluation period-TDLC 3km/h
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	(1) L1 RSRP accuracy 
	(2) L3 filtered RSRP accuracy


Figure 3: RSRP accuracy per evaluation period-TDLC 30km/h
* Note 1: Measurement period (MP) is equal to the DRX cycle.
* Note 2: The RSRP measured on SSB is averaged over the RSRP measured on SSS and PBCH DMRS.
According to the simulation results in Figure 2 and Figure 3, 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. 
Besides, the reduced number of measurement samples can also be regarded as extended measurement periodicity. According to Figure 3(2), the measurement periodicity can also be extended without significant measurement accuracy loss after layer 3 filter if CSI-RS is introduced.
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 4, UE can choose the CSI-RS resource before paging occasion for RRM. 


Figure 4: SSB or CSI-RS closer to paging occasion is used for RRM
To obtain the quantitative power saving gain of the enhanced measurement method compared with SSB based measurement, we evaluate the power consumption for these methods based on the power model provided in [1], and power consumption for each power state are given in Table A-2. In this evaluation, the power saving gain takes an average of different paging monitoring occasions (different duration between PO and measurement occasion) into account. 
The total power consumption in idle state using CSI-RS and SSB based serving cell measurement are given in the following Table 1. 
Table 1: power consumption analysis for idle UE
	
	Average power 

	
	FR1
	FR2

	Only SSB is used for RRM
(2 samples per DRX cycle)
	4.17 (baseline)
	2.97 (baseline)

	Only CSI-RS/SSB is used for RRM
(1 sample per DRX cycle)
	2.84 (-31.9%)
	2.173 (-26.8%)

	Only CSI-RS/SSB is used for RRM
(2 samples per 2*DRX cycle)
	3.02(-27.6%)
	2.11(-29%)

	SSB or CSI-RS closer to paging occasion is used for RRM
(1 sample per DRX cycle)
	2.72(-34.8%)
	2.07(-30.3%)

	Additional assumption:
1. The duration of SSB/CSI-RS measurement occasion per paging cycle is 2ms.
2. Periodicity of SSB is 20ms and SSB is transmitted in the 1st slot of each 20ms period.
3. Periodicity of CSI-RS is 10ms and CSI-RS is transmitted in the 6th slot of each radio frame.
4. Paging cycle (DRX cycle) is 320ms, and the paging is monitored in one slot in first 2 radio frames of each paging cycle by different UEs with equal probability (random paging occasion).
5. Assuming no cell reselection. Thus no SIB1 energy consumption is included.
6. Assuming no additional resource for AGC tuning.
The slot duration is based on 30 kHz SCS for FR1 and 120kHz for FR2.


Based on the results above, we have the following observation.
Observation 3: 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.
Observation 4: 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 [5], 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.
Furthermore, the CSI-RS based RRM measurement is already supported in Rel-15 as a mandatory UE feature, therefore use of CSI-RS for idle mode RRM measurement does not cause any problem from UE complexity perspective. 
Observation 5: Use of CSI-RS for idle state RRM measurement does not cause issues from network overhead or UE complexity perspective. 
[bookmark: PP2][bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: OLE_LINK2]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.
Furthermore, the measurement period can even be extended to two DRX cycles if measurement accuracy is not degraded in the prioritized scenarios for RRM enhancement. Then UE energy consumption for RRM can be further reduced. The accuracy of RSRP after layer 3 filter with different L1 sample rates and L3 measurement periodicities is illustrated in Figure 5, where both SSB and CSI-RS based measurement are considered.
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	(1) TDL-C 3km/h
	(2) TDL-C 30km/h


Figure 5: Layer 3 RSRP accuracy per evaluation period
As illustrated in Figure 5, the layer 3 RSRP accuracy will not degrade if the layer 1 RSRP sample is reported to layer 3 every two DRX cycles. Therefore, it is feasible for UE to measure once in every two paging DRX cycles as the RSRP accuracy is not degraded. Furthermore, the accuracy of L3 RSRP based on CSI-RS with only 1 L1 sample every two DRX cycles still outperforms accuracy based on SSB with 2 L1 samples every DRX cycle. With less measurement samples provided to layer 3, UE only need to perform RRM measurement in half/quarter of the DRX cycles, which leads to half/quarter power consumption in RRM measurement.
Proposal 3: The L3 RRM measurement periodicity can be relaxed to multiple paging DRX cycles.
For UE in connected state, reducing the number of measurements within a certain time can reduce the UE power consumption. We evaluate the overall power consumption with different measurement sample rates and C-DRX configurations under FTP model 3.
Table 2: Relaxed RRM measurement in connected state (FTP Model 3)
	DRX InactivityTimer [ms]
	Measurement period [ms]
	Average Power 
	Average Packet Delay
[ms]
	UPT
[kbps]

	40
	200
	40.45 (+29%)
	18.35
	861

	
	400
	35.80 (+14%)
	
	

	
	800
	31.38 (baseline)
	
	

	100
	200
	73.65 (+6.5%)
	11.14
	1277

	
	400
	69.98 (+1.2%)
	
	

	
	800
	69.15 (baseline)
	
	

	Additional assumptions:
1. Long DRXCycle = 160ms, onDurationTimer = 8ms, data_rate=300Mbps
2. FTP Model 3, packet size =0.5MByte, packet arrive interval is 200ms.



Based on the above results, if the measurement period increases 4 times (i.e., 800ms), the power consumption can be reduced by 6.5 ~ 29%. 
Proposal 4: Extending RRM measurement periodicity is beneficial for power saving when C-DRX is configured.
3.2. Reducing the number of measured beams
In LTE, PSS/SSS/CRS is transmitted in a wide beam, e.g., a wide beam covering the whole cell/sector. In NR, the cell and sectors are covered by number of beams, and multiple RS resources, i.e. SSBs and CSI-RSs, are configured for beam level coverage. For example, as shown in Figure 6, 2 SSBs are configured for 2.6GHz NR cell. Each SSB covers half of the cell region. To great extent, each SSB here can be regarded as a SSB covering a smaller cell. UE with low mobility will camp on one or limited number of SSB/beam in a relatively long time duration. So the UE can be configured to measure limited number of SSB or CSI-RS resources, e.g., only one SSB or CSI-RS, based on certain criterion. Only if the link quality of this set of resources (e.g., one SSB or CSI-RS) get worse than a threshold, RRM measurement on remaining SSB or CSI-RS resources will be performed. Otherwise, if the link quality measured on the limited set of SSB or CSI-RS resources (e.g., one SSB or CSI-RS) is higher than a threshold, the UE will perform RRM measurement on these limited set of SSB or CSI-RS resources (e.g., one SSB or CSI-RS). This is similar to the S criterion in cell re-selection, only when the cell quality of serving cell gets worse than a threshold, the UE will perform intra-frequency measurements.


Figure 6: Reducing the number of measured beams
In RAN1 #95 meeting, is agreed that One SSB power is 0.75 of two SSB power, i.e. 75 power units. So it is beneficial for power saving when reducing the number of measured SSBs/beams.
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
4. Reducing number of intra-frequency measurement
4.1. Power consumption in intra-frequency measurement
For both RRC idle and connected state UE, when the quality of serving cell is not higher than a certain threshold, intra-frequency measurement should be performed. In [4], power model of intra frequency measurement under synchronous and asynchronous network is provided. According to the power model, it is natural that less number of measured cells leads to lower power consumption. 
Similar to the criteria to trigger intra-frequency measurement, one method to reduce the required number of intra-frequency is to allow UE keep tracking and measuring a subset of identified neighbor cells when the quality of these cells are higher than certain threshold. With this method, UE does not have to measure all the slots within SMTC but only measure the slot containing SSBs from “N strong neighbor cells” (e.g. N=2, 4), which can reduce UE energy consumption.  Figure 7 shows an example where the SMTC is 4 ms long but the SSBs from strong neighbor cells are located in only 2 ms within the SMTC. Less number of measured SSB may also means shorter time for RRM measurement, especially in asynchronous scenarios and in cases that SSBs from different cells are located in different slots.

 
Figure 7: Illustration of less measurements in SMTC window
We evaluated and compared the power consumption for intra frequency measurement with different number of measured cells, according to the power model provided in [4]. Different measurement duration for different number of intra-frequency cells in asynchronous case is assumed. Detailed evaluation results and assumptions are given in Table 3.
Table 3: Comparison of power consumption of intra frequency measurement on different number of cells
	Number of required intra-frequency measurement cells
	Synchronous
	Asynchronous

	
	FR1
	FR2
	FR1

	Energy for full measurement 
(8 cells)
	4.597（baseline）
	7.77（baseline）
	7.163（baseline）

	Energy for reduced measurement
(only 4 strongest cells)
	4.229（-8%）
	7.02（-9.6%）
	4.474（-37.54%）

	Serving cell only
	3.778（-17.8%）
	3.86
（-50.3%）
	3.778（-47.26%）

	Additional assumptions
1. SCS is 30kHz for FR1 and 120kHz for FR2
2. In the synchronous case, the measurement duration in SMTC is 2ms and 4ms for FR1 and FR2, respectively.
3. In the asynchronous case in FR1, the measurement duration in SMTC duration is 2ms and 4ms for 4 cells and 8 cells, respectively.
4. Paging cycle (DRX cycle) is 320ms, 2 measurement samples per paging cycle.
5. Cell search is assumed to be performed in 1/3 of the SMTC measurement occasions.
6. Assuming no cell reselection. Thus no SIB1 energy consumption is included. 
7. Assuming no additional resource used for AGC tuning.


Based on the power evaluation above, we have the following observation,
Observation 6:  Reducing number of measured intra-frequency cells provides power saving benefit, especially when SSBs from neighbor cells are located at different slots within the SMTC.  
4.2. 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 8. 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 9. 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 as illustrated in section 4.1, 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 10 below,
 (1)

[image: ]				
(1) S- measures				 (2) S- measures for reduced intra-frequency measurement
Figure 10. 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 11 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 11. Power saving gain when reducing 8-cells to 4-cells

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. 


5. Text proposal for TR
In this contribution, several power saving scheme for RRM measurement are evaluated, and the power saving gain of each scheme is given in Table 4.
Table 4: power saving gain for adapting/relaxing RRM in time-domain
	
	(0)
	 (1)
	(2)
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	Note

	
	(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,

	

	Source 
R1-1901711
	Only SSB is used for RRM
(2 samples per DRX cycle)
	4.17
	Baseline1
	
	RRC Idle
	320
	2
	TDL-C
3km/h
30km/h 
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	FR1

	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on SSB
	2.84 
	-31.9%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	The measurement periodicity is extended to 2 paging cycle, 2 measurements sample per paging cycle.
	3.02
	-27.6%
	
	RRC Idle
	640
	2
	TDL-C
3km/h
30km/h
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	Only SSB is used for RRM
(2 samples per DRX cycle)
	2.97
	Baseline2
	
	RRC Idle
	320
	2
	TDL-C
3km/h
30km/h 
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	FR2



	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on SSB
	2.173 
	-26.8%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	The measurement periodicity is extended to 2 paging cycle, 2 measurements sample per paging cycle.
	2.11
	-29%
	
	RRC Idle
	640
	2
	TDL-C
3km/h
30km/h
	Low
	No
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	Reduce RRM measurement in RRC connected state.
with short DRX InactivityTimer
	40.45
	Baseline1
	
	RRC Connected
	200
	5
	TDL-C
3km/h
30km/h
	Low
	No
	Long DRXCycle = 160ms, onDurationTimer = 8ms, data_rate=300Mbps
FTP Model 3, packet size =0.5MByte
DRX InactivityTimer = 40ms
	FR1,
200 ms measurement period is considered as the baseline.

	
	
	35.80
	-11.5%
	
	RRC Connected
	400
	5
	TDL-C
3km/h
30km/h 
	Low
	No
	
	

	
	
	31.38
	-22.4%
	
	RRC Connected
	800
	5
	TDL-C
3km/h
30km/h
	Low
	No
	
	

	
	Reduce RRM measurement in RRC connected state.
With long DRX InactivityTimer
	73.65
	Baseline2
	
	RRC Connected
	200
	5
	TDL-C
3km/h
30km/h
	Low
	No
	Long DRXCycle = 160ms, onDurationTimer = 8ms, data_rate=300Mbps
FTP Model 3, packet size =0.5MByte
DRX InactivityTimer = 100ms
	FR1,
200 ms measurement period is considered as the baseline.

	
	
	69.98
	-5.2%
	
	RRC Connected
	400
	5
	TDL-C
3km/h
30km/h 
	Low
	No
	
	

	
	
	69.15
	-6.2%
	
	RRC Connected
	800
	5
	TDL-C
3km/h
30km/h
	Low
	No
	
	




Table 5: power saving gain for adapting/relaxing RRM for intra-frequency measurement
	
	(0)
	 (1)
	(2)
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	Note

	
	(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,

	

	Source 
R1-1901711
	Energy for full measurement (8 cells)
	4.597
	Baseline1
	
	RRC Idle
	320
	2
	--
	No
	Low
	The measurement duration in SMTC is 2ms

	FR1,
Cell search is assumed to be performed in 1/3 of the SMTC measurement occasions.

	
	Reduce neighbour cell measurement(
SCS is 30 kHz, Synchronous case, 4 cells)
	4.229
	-8%
	
	RRC Idle
	320
	2
	--
	No
	Low
	The measurement duration in SMTC is 2ms
	

	
	Reduce neighbour cell measurement(
SCS is 30 kHz, Asynchronous case, 4 cells)
	4.474
	-37.54%
	
	RRC Idle
	320
	2
	--
	No
	Low
	The measurement duration in SMTC duration is 2ms and 4ms for 4 cells and 8 cells.
	

	
	Energy for full measurement (8 cells)
	7.77
	Baseline2
	
	RRC Idle
	320
	2
	--
	No
	Low
	The measurement duration in SMTC is 2ms

	FR2,
Cell search is assumed to be performed in 1/3 of the SMTC measurement occasions.

	
	Reduce neighbour cell measurement(
SCS is 30 kHz, Synchronous case, 4 cells)
	7.02
	-9.6%
	
	RRC Idle
	320
	2
	--
	No
	Low
	The measurement duration in SMTC is 4ms
	

	
	Additional threshold is considered to reduce the number of intra-frequency measurements based on S-measures enhancement. Details in section 4.2 R1-1901711
	-
	Baseline3
	
	RRC idle
	320
	2
	--
	No
	Low
	
	System level analysis. All the UEs in the cell is considered 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.

	
	
	-
	-18%
	
	RRC Idle
	320
	2
	--
	No
	Low
	 is around -110 ~ -102dBm, when SIntraSearchP =-90.5dB.
	




Table 6: power saving gain for adapting/relaxing RRM for additional resource
	
	(0)
	 (1)
	(2)
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	Note

	
	(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,

	

	Source 
R1-1901711
	Only SSB is used for RRM
(2 samples per DRX cycle)
	4.17
	Baseline1
	
	RRC Idle
	320
	2
	TDL-C
3km/h
30km/h 
	Low
	
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	FR1,


	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on  CSI-RS
	2.84
	-31.9%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	No impact for RSRP accuracy,
RSRP accuracy analysis in R1-1901711
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on either SSB or CSI-RS depending on which is closer to PO in time.
	2.72
	-34.8%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
The periodicity of CSI-RS is assumed to be 10ms.
	

	
	Only SSB is used for RRM
(2 samples per DRX cycle)
	2.97 
	Baseline2
	
	RRC Idle
	320
	2
	TDL-C
3km/h
30km/h 
	Low
	
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	FR2



	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on CSI-RS
	2.173 
	-26.8%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	No impact for RSRP accuracy,
RSRP accuracy analysis in R1-1901711
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
	

	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on either SSB or CSI-RS depending on which is closer to PO in time.
	2.07
	-30.3%
	
	RRC Idle
	320
	1
	TDL-C
3km/h
30km/h
	Low
	
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
The periodicity of CSI-RS is assumed to be 10ms.
	



Proposal 7: Capture the power saving gain of each power saving scheme for RRM measurements in Table 4-6 into TR.
6. Conclusion
In this contribution, we focus on the optimizations on power consumption reduction in RRM, and have the following proposals and observations:
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 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.
Observation 4: 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.
Observation 5: Use of CSI-RS for idle state RRM measurement does not cause issues from network overhead or UE complexity perspective. 
Observation 6:  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. 
Proposal 7: Capture the power saving gain of each power saving scheme for RRM measurements in Table 4-6 into TR.
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Annex-1 : Simulation assumption for RSRP accuracy
Table A-1: Simulation assumptions for RSRP accuracy
	Simulation parameters
	values

	bandwidth
	20 MHz

	Es/N0
	0dB

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

	Subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period(paging cycle)
	320ms

	Number of measurement samples per measurement period (MP)
	1,2

	Subcarrier spacing
	15 kHz

	Number of SS blocks per SS burst set/ SS burst periodicity
	1/20ms

	New measurement RS
	CSI-RS:
1) Density: 3RE/RB
2) 1 port
3) 2 symbols per slot
4)  whole bandwidth

	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: Power model for RRM
[bookmark: _GoBack]Table A-2.1: power assumptions for RSRP accuracy
	Power State
	Characteristics
	Relative Power

	Deep Sleep
	Time interval (X>20ms) for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 

	Light Sleep
	Time interval (6ms<=X<=20ms)for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state; (X<6ms)
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. And RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300

	Power scaling factor
	For “PDCCH-only” and RRM measurement concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power.
For “PDCCH+PDSCH” and RRM measurement concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power.
	--



Table A-2.2: Additional transition energy for different sleep type
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 



Table A-2.3: Power consumption for different number of cells for intra-frequency measurement
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	225
	170
	285

	N=4
	120
	195
	140
	255



Table A-2.4: Power consumption for different number of cells for intra-frequency measurement & search
	N: Number of cells for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380

	N=4
	170
	290
	190
	350



Annex 3 : 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 4 :  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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