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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on introduction of RRM measurement relaxations: 
	· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify RSRP/RSRQ based stationary criterion, which is based on Rel-16 low mobility criterion, for RRM measurement relaxation [RAN2]
· For RRC_Idle/Inactive, the stationary criterion allows the UE to perform RRM measurement relaxation when fulfilled.
· For RRC_Connected, the stationary criterion triggers the UE to send a report to the gNB when fulfilled.
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify provision of thresholds for the Rel-16 not-at-cell-edge criterion, alternatively rely on the existing thresholds [RAN2]
· Specify RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 


This contribution provides analysis on the RRM measurement relaxation for RedCap UE.

Discussion
RRM relaxation in idle and inactive mode
RAN2 agreed to specify stationary criterion for both idle/inactive mode and connected mode. 
· Stationary criterion and low mobility criterion
RAN2 has the following agreements in RAN2#114e.

Agreements via email - from offline 111:
1. Reuse R16 low mobility criterion, as part or whole of Rel-17 stationary criterion in RRC_IDLE/INACTIVE. When NW configures both Rel-17 stationary criterion and Rel-16 low mobility criterion, NW configures different Rel-17 thresholds (i.e., SSearchDeltaP_stationary/TSearchDeltaP_stationary) from Rel-16 (SSearchDeltaP / TSearchDeltaP). How to configure the criterion (e.g. more stringent) is left to NW implementation (i.e. no specification impact to RAN2).  
2. Postpone the following discussion until RAN4 defines RRM relaxation method for Rel-17:
	When NW configures both R16/R17 relaxation criteria and the UE fulfills both, UE performs:
	- Option 1) UE performs Rel-17 RRM relaxation method
	- Option 2) It is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation
It is observed that network configures the different threshold for stationary criterion with the threshold for R16 low mobility criterion. In R16 power saving, when only low mobility criterion is satisfied, fixed relaxation factor (e.g., 3) is applied. In our understanding, the relaxation for stationary scenario is supposed to be more “relaxed” than low mobility scenario. Therefore the measurement relaxation factor when stationary criterion is satisfied can be larger than low mobility. Furthermore to simplify UE implementation, the relaxation factor shall be fixed.
Proposal 1: For stationary scenario, RRM measurement relaxation with larger scaling factor of measurement interval than R16 low mobility is applied.
-    The scaling factor is fixed.
When NW configures both R16/R17 relaxation criteria and the UE fulfils both, it means UE has very low mobility velocity. If proposal 1 is agreeable, then it is straight forward that UE performs stationary RRM relaxation method.
Proposal 2: When NW configures both R16 low mobility and R17 stationary relaxation criteria and the UE fulfils both, UE performs Rel-17 RRM relaxation method (more relaxed method).
RAN2 also discussed beam level criterion in stationary criterion.
1. Working Assumption: If beam-level criterion is adopted for Rel-17 stationary criterion in RRC_IDLE/INACTIVE, it is configured separately with Rel-16 low mobility criterion reused
The motivation is that if UE moves along the cell edge, the cell quality received by UE may not change as in FR1 the total beam number of one cell is small generally (e.g. just 4 beams for one cell) and UE may be able to receive all beams. If the stationary criterion is only based on cell level RSRP/RSRQ quality, the UE is regarded as “ in stationary state”. However the quality of beam will change during it moves. Hence, it is more accurate to evaluate “stationary” criteria by considering best beam quality change. 
· Stationary criterion, low mobility criterion and R16/17 not at cell edge criterion
It is agreed in RAN2#114e,
Agreements online:
2. When NW configures Rel-17 RRM relaxation for RRC_IDLE/INACTIVE, Rel-17 stationary criterion is mandatory, and Rel-17 not-at-cell-edge criterion is optional configuration. FFS whether the same applies to RRC Connected
3. Continue discussion on Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE within two options:
	- Option 1) Reuse Rel-16 not-at-cell-edge criterion with the same thresholds (i.e., SSearchThresholdP / SSearchThresholdQ)
	- Option 2) Reuse Rel-16 not-at-cell-edge criterion with the different thresholds
From network configuration perspective, R17 not-at-cell-edge criterion can’t be configured alone. R17 not-at-cell-edge criterion is supposed to be configured together with R17 stationary criterion. 
From UE point of view, there are some scenarios to be considered: 
-Scenario 1: Only stationary criterion is fulfilled
  RRM relaxation on stationary scenario has been discussed in above.
- Scenario 2: Only R17 not-at-cell-edge criterion is fulfilled
RAN2 is discussing on Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE within two options:
- Option 1) Reuse Rel-16 not-at-cell-edge criterion with the same thresholds (i.e., SSearchThresholdP / SSearchThresholdQ)
- Option 2) Reuse Rel-16 not-at-cell-edge criterion with the different thresholds
How to relax RRM measurements when only R17 not-at-cell-edge criterion is fulfilled can wait for the conclusion from RAN2. If option 1 is agreed, then not at cell edge criterion of R16 and R17 is the same, then the UE relaxation method shall be the same for both R16 and R17 not-at-cell-edge. If option 2 is agreed, RAN4 would like to know which criterion is stringent. When R-17 not-at-cell edge is met, whether more “relaxed” measurement is performed shall be based on these information.
- Scenario 3: Multiple criteria are fulfilled
As per the current RAN2 progress, Table 1 lists the cases where UE may fulfil multiple criteria.
Table 1
	#Case
	Both criteria are fulfilled

	#1
	R-16 low mobility 
	R16 not at cell edge 

	#2
	R-16 low mobility 
	R17 not at cell edge

	#3
	R-17 stationary 
	R16 not at cell edge 

	#4
	R-17 stationary
	R17 not at cell edge 


For case#1, corresponding requirements are already specified in R16 power saving. For the following three cases, RAN4 need to figure out the relation between R16 and R17 low mobility and the relation between R16 and R17 not at cell edge, and then discuss how to specify UE measurement behaviour.
-Relation between R16 and R17 low mobility 
Although RAN2 had a conclusion that configuration of the stationary criterion (e.g. more stringent) is left to NW implementation, the motivation of introducing another low mobility criterion is due to lower or stationary feature of RedCap UE. To define UE behaviour, it is assumed in RAN4 that “stationary” has lower mobility speed.
Proposal 3: It is assumed in RAN4 that “stationary” has lower mobility than “low mobility”.
-Relation between R16 and R17 not-at-cell-edge
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Figure 1. One example of R17 and R16 not-at-cell-edge criteria
If RAN2 agreed to configure different thresholds for R17 and R16 not-at-cell-edge criteria without explicit relation between them, then one possible configuration may be the positon where R17 not-at-cell edge criterion is met is closer to cell edge (an example is shown in Figure 1). In this kind of configuration, RAN4 may need to handle the case “stationary (lower mobility) + R17 not-at-cell-edge fulfilled (Point A)” and the case “ low mobility + R16 not at cell edge fulfilled (Point B)”. It is hard to determine which case is deserved more relaxation. To simplify the discussion and UE implementation, the R16 and R17 not-at-cell edge criteria are suggested to be the same (threshold configuration and UE measurement behaviour) . Then Table 1 is simplified to Table 2.
Table 2
	#Case
	Both criteria are fulfilled

	#1
	R-16 low mobility 
	R-16/R-17 not at cell edge 

	#4
	R-17 stationary 
	R-16/R-17 not at cell edge 


When both R17 stationary and not at cell edge criteria are fulfilled, more relaxed RRM measurement is expected, as R17 stationary  has lower mobility.
Proposal 4: It is suggested that Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuse Rel-16 not-at-cell-edge criterion with the same thresholds.
Proposal 5: When both R17 stationary and not at cell edge criteria are fulfilled, more relaxed RRM measurement is expected.
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For the RRM relaxation in connected mode, RAN2 has reached the below agreements.
Agreements:
1. An RSRP/RSRQ based stationarity criterion (Working Assumption: the same as in idle/inactive) can be configured for UEs in RRC Connected. If the criterion is met, this is reported to the network (FFS how/when). It is FFS whether, based on this, besides possibly reconfiguring RRM measurements (up to network implementation), the network can enable RRM measurement relaxation (FFS whether same method as in Idle/Inactive)
In RRC connected mode, if the stationary criterion is met, UE reported the information to network. Enabling/disabling of RRM measurement relaxation is under network’s control. So far RAN2 has no conclusion whether the new UE behaviour of RRM measurement relaxation is needed or not. In our understanding, network can configure related parameters to control UE’s measurement, therefore the power saving gain can be obtained. For example, network can configure long SMTC periodicity or large DRX cycle length to UE. In addition, for Redcap UE, typically the duration UE in connected mode is short. Redcap UE can quickly enter to RRC idle/inactive mode to save more power. Furthermore if new UE behaviour of RRM relaxation measurement is introduced, UE is allowed to skip some SSB measurement occasions, however the RLM/BFD procedure is still performed on the same SSB symbols. As RLM/BFD relaxation is not in the RedCap WI, the power saving resulting from only relaxation on RRM measurement is limited.
Consequently no new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
Proposal 6: No new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
Conclusions
This contribution provides our analysis on RRM measurement relaxation for RedCap UE. The following are provided:
Proposal 1: For stationary scenario, RRM measurement relaxation with larger scaling factor of measurement interval than R16 low mobility is applied.
-    The scaling factor is fixed.
Proposal 2: When NW configures both R16 low mobility and R17 stationary relaxation criteria and the UE fulfils both, UE performs Rel-17 RRM relaxation method (more relaxed method).
Proposal 3: It is assumed in RAN4 that “stationary” has lower mobility than “low mobility”.
Proposal 4: It is suggested that Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuse Rel-16 not-at-cell-edge criterion with the same thresholds.
Proposal 5: When both R17 stationary and not at cell edge criteria are fulfilled, more relaxed RRM measurement is expected.
Proposal 6: No new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
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