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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2#107 meeting, the following agreements were made on RRM measurement relaxation:
	Agreements 
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.



In this contribution, we would like to further discuss our considerations on the criterions of RRM measurement relaxation.
Discussion
[bookmark: _Ref20408960]Criteria combination
From above agreement #1, both low mobility and UE location in the cell criteria can be considered for relaxing RRM measurements. It still needs to be decided which of both should be used, or if it is left to UE implementation of if they are used jointly. We analyze below if the cell-edge criterion could be used without the UE mobility criterion.
If the UE moves fast, the UE may be out of coverage before the UE gets measurement results of neighbor cells. For example, TS38.133 [2] sections 4.2.2.3 and 4.2.2.4 provide the maximum measurement periods Tmeasure,NR_Intra [s] and Tmeasure,NR_Inter [s] at which UE in RRC_IDLE should normally perform neighbor cell measurements of intra and inter frequency NR cells, respectively, in support of the cell reselection procedure. They are captured in Tables 4.2.2.3-1 and 4.2.2.4-1, copied below. As can be observed from these tables, assuming a DRX cycle =1.28s, Tmeasure, NR_Intra and Tmeasure,NR_Inter take the same value which equals 1.28s for FR1 and 5.12s for FR2. For a high mobility UE (100km/h), the UE will move 35.6m in 1.28s and 142.2m in 5.12s. The UE may be out of coverage before the UE gets measurement results, especially for FR2 with small cell coverage. Similarly, the medium mobility UE (e.g. 30km/h) will move 10.67m in 1.28s and 42.67m in 5.12s. But if it is allowed to relax RRM measurements for such UE not at cell edge, the measurement interval will increase. For example if it is relaxed by 2-3x, then the UE in FR2 will have moved by 84-126m which maybe too large for an FR2 cell. Therefore, we propose RRM relaxation is not allowed for high/medium mobility UEs even if the criterion that the UE is not in a cell edge is met.
Proposal 1: RRM relaxation is only allowed if the stationary/low mobility criterion AND the criterion that the UE is not at cell edge are both met.

Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for cell reselection
	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.


Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter for cell reselection
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x 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.



Criterion a) RSRP change of serving cell (UE mobility criterion)
1) Whether to consider beam quality
In radio environment, signal suffers not only slow fading but also fast fading. Especially, for multi-beam operation on high frequency, received RSRP of one certain beam changes rapidly even if the received direction of the UE changes slightly. Hence, for the criterion based on RSRP change of serving cell, only cell quality should be considered. And the criterion is suitable to determine whether the UE is stationary or approximately stationary. 
Proposal 2: For the criterion based on RSRP change of serving cell, only cell quality is considered.
2) Additional enhancements to LTE relaxed monitoring mechanism
The following is LTE relaxed monitoring criteria in TS 36.304 [1].
	[bookmark: _Toc5790751]5.2.4.12.0	Relaxed monitoring measurement rules
When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:
-	The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and
-	Less than 24 hours have passed since measurements for cell reselection were last performed, and
-	The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.
[bookmark: _Toc5790752]5.2.4.12.1	Relaxed monitoring criterion
The relaxed monitoring criterion is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed monitoring criterion has not been met for TSearchDeltaP:
-	the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;
-	TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.


TSearchDeltaP is the time used for updating the reference Srxlev value of the serving cell and to ensure that the UE is in a stable state for a while when it meets the relaxed monitoring criterion. Some companies propose TSearchDeltaP is configurable in NR. It makes sense. And the configurable value of TSearchDeltaP should be one or multiple of the serving cell measurement cycle.
For the criterion, (SrxlevRef – Srxlev) < SSearchDeltaP, there is no motivation to change.
For the update condition of reference Srxlev value of serving cell in LTE, there is no motivation to change.
In LTE, the UE needs to perform intra-frequency or inter-frequency measurements after 24 hours even if the relaxed monitoring criterion is fulfilled. In NR, 24 hours is too long for common UEs. However, RAN4 will define how to relax RRM measurement in NR. Hence, RAN2 can wait for RAN4’s conclusion on how to change the restriction of 24 hours in LTE relaxed monitoring to NR.
Proposal 3: For the relaxed measurement criterion that serving cell measurement does not change more than a relative threshold during a time period, the following changes are considered based on LTE relaxed monitoring criteria in 36.304:
· TSearchDeltaP is configurable in NR.
· For the restriction of 24 hours in LTE relaxed monitoring, wait for RAN4’s further conclusion on how to relax RRM measurement to NR.
Criterion b) UE is not at cell-edge
1) Trigger quantity
SINR is not supported in RRC idle/inactive state in R15. Hence, SINR should not be considered for the cell edge criterion in RRC idle/inactive state. 
If RSRQ of the serving cell is low, it means that the UE suffers severe downlink interference and needs to perform measurements for cell reselection. Hence, both RSRP and RSRQ are considered together when the UE decides whether not to perform intra-frequency measurements or inter-frequency measurements for cell reselection [2]. For example, the UE may choose not to perform intra-frequency measurements if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ. The similar principle can be reused for the cell edge criterion, i.e. both RSRP and RSRQ need to be considered together for the cell edge criterion.
Proposal 4: Both RSRP and RSRQ need to be considered together for the cell edge criterion while SINR is not considered.
2) Whether to consider measurement results of neighbor cell
Compared with normal neighbor cell measurement, the neighbor cell RSRP will be obtained with a longer period if RRM relaxation is applied to neighbor cell. The UE cannot be aware whether there are some good neighbor cells timely when the serving cell becomes bad. Thus, neighbor cell RSRP is not practically suitable to be considered for the cell edge criterion.
Proposal 5: Neighbor cell RSRP is not considered for the cell edge criterion.
3) Whether to consider beam quality
For the same reasons as for section 2.1, we prefer to consider cell quality only for the cell edge criterion.
Proposal 6: For the cell edge criterion, only cell quality is considered.
Conclusion
In this contribution, we further discuss the two relaxation criteria based on agreements in last meeting. 
First, we propose:
Proposal 1: RRM relaxation is only allowed if the stationary/low mobility criterion AND the criterion that the UE is not at cell edge are both met.
Furthermore, for the criterion that serving Cell measurement does not change more than a relative threshold during a time period, we propose:
Proposal 2: For the criterion based on RSRP change of serving cell, only cell quality is considered.
Proposal 3: For the relaxed measurement criterion that serving cell measurement does not change more than a relative threshold during a time period, the following changes are considered based on LTE relaxed monitoring criteria in 36.304:
· TSearchDeltaP is configurable in NR.
· For the restriction of 24 hours in LTE relaxed monitoring, wait for RAN4’s further conclusion on how to relax RRM measurement to NR.
For the criterion that the UE is not in cell edge, we propose:
Proposal 4: Both RSRP and RSRQ need to be considered together for the cell edge criterion while SINR is not considered.
Proposal 5: Neighbor cell RSRP is not considered for the cell edge criterion.
Proposal 6: For the cell edge criterion, only cell quality is considered.
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