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1. Introduction

In Reno meeting, RAN2 made some agreements on UE power saving, and sent the LS to RAN4 [1].

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 this contribution, we discuss the RRM measurement relaxation for UE power saving and provide our views.
2. Discussion
Issue 1: RRM measurement relaxation for UE power saving in RRC_idle/inactive state
In last meeting, RAN4 discussed the RRM measurement relaxation for UE power saving. The agreements are:
For information: Scenarios (based on RAN2)

· #1: Low mobility scenario

· #2: Not in cell-edge scenario 

· #3: Low-mobility + Not in cell-edge scenario

RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state

Option 1: Allow RRM measurements with longer intervals 

Option 2: Reuse LTE MTC/NB-IoT RRM measurement relaxation for neighbour cell monitoring

· Note: modifications are not precluded
	
	Applicable RRM relaxation methods

	Scenario #1
	FFS: Option 1 and/or 2

	Scenario #2
	FFS: Option 1 and/or 2

	Scenario #3
	Option 2. 


In last meeting, RAN4 also got confirmed that RAN2 only focus on the trigger condition for different scenarios. RAN4 should discuss and decide on the details of how to relax the RRM measurement requirements.

Based on RAN2 agreement, there are three scenarios. It was agreed that scenario 3 which is low-mobility+not in cell-edge scenario should apply option 2. Option 2 is to reuse LTE MTC/NB-IoT RRM measurement relaxation, which means that UE may choose not to perform intra-frequency or inter-frequency measurement for up to 24hours. The target of Rel-16 power saving are the regular handheld UEs, which is quite different from LTE MTC/NB-IOT. Mobility is quite important to ensure the service continuity for Rel-16 power saving. Hence, for scenario 1 and 2, we propose to adopt option 1 (allow RRM measurements with longer intervals)

Proposal 1: It is proposed to adopt option 1 for scenario 1 and scenario 2 for RRM measurement relaxation
Regarding how to relax measurement interval, according to TR 38.840, 

For adapting/relaxing RRM measurement in time domain, the followings are observed from simulation results, 

-
For RRC CONNECTED state, 

-
Among the results, 11.1% - 26.6% power saving gain is shown for extending measurement period  4 times, and 7.4% - 17.8% power saving gain is shown for extending measurement period  2 times, comparing with the baseline assumption.

-
For RRC IDLE/INACTIVE state, 

-
By increasing measurement period, the UE power saving gain at least depends on the number of I-DRX/paging cycles to be skipped for measurement and the number of SSB burst sets to be used for measurement and periodic activities. When measurement is performed once every 4 paging cycles, the gain is 17.9%-19.7% (one SSB burst set for measurement and periodic activities), 0.89%-5.36% (two or three SSB burst sets for measurement and periodic activities). 
-
While at the same time, for stationary or low mobility case, the mobility performance impact of increasing measurement period (e.g., handover failure rate, RSRP difference between two adjacent samples) is shown as follow, 

-
The handover failure rate for RRC CONNECTED state is

-
with 4 times relaxing the measurement period, changed as follows:

-
0% -> 0.26% for 3km/h, 0% ->0.41% and 2.08% ->2.81% for 30km/h, 0% ->1% for 60km/h, 0.17% ->3.14% and 9.03% -> 10.07% for 120km/h 
-
with 16 times relaxing the measurement period, changed as follows:

-
0% -> 0.5% for 3km/h, 0% -> 11.33% for 30km/h，0% -> 25.89% for 60km/h, 0.17% -> 56.74% for 120km/h

-
the  (5%-tile, 95%-tile) of the RSRP measurement error is within the range of (-4dB, 4dB) .

It can be observed that when measurement is performed every 4 paging cycles (DRX cycles) can bring 17.9~19.7% power saving gain, and also has negligible impact on mobility.

Table 1 shows the existing measurement requirements in RRC idle mode. The idle mode measurement requirements already consider power consumption issue, which does not require UE to measure in each DRX cycle. For example, in connected mode, cell detection requires 5 samples for intra-frequency measurement. However, in idle mode, 36 DRX cycles are required when DRX cycle=0.32s. So from our understanding, the margin in idle mode measurement requirements is already very large. Considering further power saving when UE in low mobility or cell centre scenario, extending the delay requirements by 2 times can be considered. 
Proposal 2: It is proposed that the delay requirements in scenario 1 and 2 can be extended by 2 times for RRM measurement relaxation.
Table 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


Issue 2: Whether to relax RRM measurement requirement for inter-frequency carrier with higher priority?

Currently the network may also configure the different inter-frequency carriers with priorities. 
According to the measurement rules for cell reselection, if a carrier is configured as a high priority carrier, this carrier will be searched at least once per 60 seconds when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. Otherwise, if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE may not to perform inter-frequency. 
For inter-frequency measurement with higher priority, in order to guarantee the mobility performance, we propose that UE is not allowed to relax the measurement requirement. 
Proposal 3: it is proposed that UE is not allowed to relax the RRM measurement requirement for inter-frequency measurement with higher priority. 
Issue 3: RRM measurement relaxation by reducing the number of frequency layer to be measured

Reducing the number of cells/carriers to be measured for intra and inter frequency is another aspect need to be considered for UE power saving. According to TS38.133 [5], UE measurement capabilities are defined in RRC_IDLE/INACTIVE state, UE is required to monitor at least 8 NR frequency carriers including intra-frequency carrier if configured. 
However, under certain conditions, e.g. low mobility or not in cell-edge scenario, the number of NR carriers to be measured can be reduced. In connected mode, the number of carriers to be measured can be configured by network if UE is under low mobility or not in cell-edge. In idle and inactive mode, since the carriers to be measured are broadcasted in system information, it cannot differentiate the mobility condition of different UE. 
If reducing number of frequency layer is considered in idle/inactive mode, one alternative is to allow UE measure only one carrier in the same band. In real network, multiple carriers in the same band are co-site deployed, e.g. 2 carriers in 2.6GHz band. Co-site deployed means the 2 carriers are deployed on each gNB in this area. Since the 2 carriers are co-site and in the same band, the measured RSRP are almost the same. If the co-site deployment cannot be always guaranteed, network signaling can be considered to indicate the co-site location between different carriers in order to reduce the number of measured frequency layers.
Proposal 4: if reducing number of frequency layer is considered in idle/inactive mode, it is proposed that UE only measure one carrier in each band.
3. Conclusion
In this contribution, we discuss the RRM measurement relaxation for UE power saving and provide our views., the proposals are provided as follows:
Proposal 1: It is proposed to adopt option 1 for scenario 1 and scenario 2 for RRM measurement relaxation
Proposal 2: It is proposed that the delay requirements in scenario 1 and 2 can be extended by 2 times for RRM measurement relaxation.

Proposal 3: It is proposed that UE is not allowed to relax the RRM measurement requirement for inter-frequency measurement with higher priority. 
Proposal 4: if reducing number of frequency layer is considered in idle/inactive mode, it is proposed that UE only measure one carrier in each band.
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