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1. Introduction

In the last RAN4 meeting, the WF on RRM measurement relaxation for power saving was approved in [1]. For scenario#1 and scenario#2 the measurement relaxation strategy are still FFS. This paper provides the analysis on the RRM relaxation.
2. Discussion
· Relaxation of measurement/cell identification/evaluation requirements 
RAN2 sent an LS to RAN4 to inform us the agreements in RAN2 about the RRM measurement relaxation for UE power saving in NR[2]:

Agreements in R2#105bis

1.
Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    

2.
UE may activate relaxed measurement criteria if at least any of the following conditions are met:   

a) Serving Cell measurement does not change more than a relative threshold during a time period

   -  LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 

b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold


FFS: Whether neighbour cell RSRP should also be considered.

Agreements in R2#107bis

1. Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both) 

2. Cell-edge criteria will not consider neighbour cell measurements.
Agreements in R2#108
1    Measurement relaxation criteria is evaluated using cell quality only, and we do not define beam-specific conditions for RRM measurement relaxation.

2
For not-at-cell-edge scenario, the thresholds can be based on RSRP and/or RSRQ and is configurable by the network. For low-mobility scenario, the thresholds of the delta are only in relation to RSRP.

3
Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 

4
Network configures RRM measurement relaxation via broadcast only; dedicated control is not supported

5
For modifications of low-mobility scenario, TSearchDeltaP less than 5 minutes is configurable in NR. 

In RAN4 three scenarios are listed,

· #1: Low mobility scenario
· #2: Not in cell-edge scenario 
· #3: Low-mobility + Not in cell-edge scenario
In the last RAN4 meeting, it is agreed that UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements for scenario #3. From RAN2 agreements, it is clear that RAN2 had definitions on the scenario #1 and #2. In our understanding, for the UE not at cell edge, the neighbour cell measurement shall be performed as the UE may move to the cell edge and the handover judgment shall be based on the timely measurement results. For UE with low mobility, it is risky to abandon the neighbour cell measurement as the UE may be around the cell edge area. On other hand, the normal measurement for scenario #1 and #2 may be wasted from power consumption of view. Consequently UE is required to meet the relaxation measurement including serving cell and neighbour cells for scenario #1 and #2.
Proposal 1: UE is required to meet the relaxation measurement including serving cell and neighbour cells for scenario #1 and #2.
The next question is how to relax the measurement. The power consumption results were discussed during SI phase, the simulation assumption are based on TS38.840. The details of simulation assumption are in annex. The simulation results are given in Table 1 [R1-1903430].Table 1 gives the power saving gain when extending measurement periodicity.
Table 1. Power saving gain when extending measurement periodicity
	
	DRX=0.32
	DRX=0.64
	DRX=1.28s
	DRX=2.56

	N=4
	27.9%


	24.75%


	19.7%


	14.2%



	N=8
	32.5%


	28.6


	23.0%


	16.5%




It can be observed that extending N times of measurement interval can bring obvious power saving gain. When the DRX is larger, the gain got from 8 times extension compared with 4 times extension is not outstanding. As network may have different preference in different scenario, the flexible method is that the extension factor is configured by network. For example, network can configure different relaxation factor for different scenario. Or the relaxation factor can also consider the UE mobility degree or location etc.
Proposal 2: The extension factor for relaxed measurement can be configured by network for scenario #1 and #2.
· Reducing the frequency layer number 

Paging occasion is essential and can not be missed from UE point of view. In theory, UE can perform intra-frequency measurement during the paging occasion, which means that intra-frequency measurement doesn’t introduce extra large power consumption. 

For inter-frequency measurement, UE needs to wake up additionally during DRX-OFF in order to avoid the degradation on the paging reception. As we know, the measurement requirements for inter-frequency are scaling with the frequency number. It means that the normalized power is not increased when multiple inter-frequency layers are configured.

Proposal 3: Reducing the inter-frequency layers for measurement in idle mode can not bring power saving gain.

· Impact on early measurement reporting
Early measurement reporting is introduced in CA/DC enhancement. The intention of EMR is to fasten the CA/DC setup when UE enters to connected mode. If UE is in power saving mode, the normal measurement may be impacted. There are two cases to be discussed separately.

In scenario #1 and #2, the relaxation measurement shall be performed. In our understanding, EMR is not an urgent functionality and the measurement result derived from relaxation measurement on the carriers indicated by EMR configuration can still be applied in EMR.
Proposal 4: In scenario #1 and #2, the measurement result derived from relaxation measurement can still be applied in EMR.
In scenario #3, UE may stop the neighbour cell measurements when UE is in power saving mode. However if the UE was configured with EMR configuration in RRC release as well, UE has no information about the neighbour cell measurement results when UE is going to enter RRC connected mode. For this case UE may need to establish CA or DC due to service load. It is reasonable to perform EMR measurement. Considering the power saving, UE can perform relaxation measurement.
Proposal 5: In scenario #3, when UE is configured with EMR, UE will perform relaxation measurements.
3. Conclusions

This contribution provides the discussion on measurement relaxation in power saving. The proposals are provided as below:
Proposal 1: UE is required to meet the relaxation measurement including serving cell and neighbour cells for scenario #1 and #2.
Proposal 2: The extension factor for relaxed measurement can be configured by network for scenario #1 and #2.
Proposal 3: Reducing the inter-frequency layers for measurement in idle mode can not bring power saving gain.

Proposal 4: In scenario #1 and #2, the measurement result derived from relaxation measurement can still be applied in EMR.
Proposal 5: In scenario #3, when UE is configured with EMR, UE will perform relaxation measurements.
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5. Annex
Table 18: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval 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
	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. 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. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)

700 (23 dBm)


Table 22: UE power consumption for the RRM measurements
	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 24: UE power consumption of the combined neighbor cell measurements and cell 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
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