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1. Introduction

In RAN4#94-e meeting, RRM measurement relaxation for UE power saving was discussed and the way forward was approved in [1].
In this contribution, we discuss the open issues of RRM measurement relaxation for UE power saving and provide our views.

2. Discussion
Issue 1: The scaling factor of measurement interval
In last meeting, RAN4 discussed the RRM measurement relaxation for UE power saving. The agreements are:
· Applicability of RRM relaxation methods for scenario#1 and scenario#2:

· Scenario #1: 

· Agreement - RRM measurement relaxation with longer intervals

· Scenario #2: 

· Agreement - RRM measurement relaxation with longer intervals

· FFS on the scaling factor of measurement interval
· Option 1: Fixed value
· FFS on one fixed value for both scenario#1 and scenario #2 
· FFS on separate values for scenario#1 and scenario #2 
· Option 2: Network configurable value
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. 
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.


Regarding whether to apply one fixed value or separate values for both scenario#1 and #2, we prefer to apply one fixed value. Since the UE state may chance time and time, which mean that UE will transit between scenario#1 and scenario#2. Defining separate values means UE need to adjust its measurement also based on different scenarios, which does not bring much benefit. 

Regarding network configurable values, since network does not know the UE mobility state and UE moving direction, the network configured valued in idle mode cannot adjust different UEs and will cause additional network complexity. 

Hence, we propose to define one fixed value (value=2) for scaling factor of measurement interval for both scenario#1 and scenario#2.
Proposal 1: It is proposed to define one fixed value (value=2) for scaling factor of measurement interval for both scenario#1 and scenario#2.
Issue 2: RRM measurement relaxation for inter-frequency carrier with higher priority
· RRM measurement relaxation for inter-frequency layer with higher priority

· Option 1: 

· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ,  no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 

· When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same  relaxed measurement requirement as those for the frequency layer of equal/lower priority. 

· Option 2: 

· Measurements of higher priority carriers shall not be relaxed in high mobility scenarios (scenario #2)

· Option 3: 

· Measurements of higher priority carriers shall not be relaxed 

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:
•
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ,  no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 

•
When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same  relaxed measurement requirement as those for the frequency layer of equal/lower priority.
Proposal 2: it is proposed that:

•
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ,  no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 

•
When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same  relaxed measurement requirement as those for the frequency layer of equal/lower 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 3: It is proposed that UE only measure one carrier in each band in order to reduce the number of frequency layers to be measured.
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 define one fixed value (value=2) for scaling factor of measurement interval for both scenario#1 and scenario#2.
Proposal 2: it is proposed that:

•
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ,  no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 

•
When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same  relaxed measurement requirement as those for the frequency layer of equal/lower priority.  
Proposal 3: It is proposed that UE only measure one carrier in each band in order to reduce the number of frequency layers to be measured.
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