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1 Introduction

According to the RRM relaxation discussion in RAN2 113bis-e[1], the following agreements are achieved:

	Agreements:

· Assuming there will be a stationary property based on subscription (which is FFS), we will not restrict to this and will continue to assume that a UE can use some RSRP/RSRQ based criteria (FFS whether reuse R16 thresholds or new ones. FFS also on the use of a beam based criteria)

· At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:

· the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; and/or

· a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS.
· Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed.


In this contribution, we further discuss RRM measurement relaxation for RedCap UE.
2 Discussion
2.1 Relaxation of neighbour cell RRM measurements in RRC_Idle and Inactive
In Rel-16, the not-at-cell-edge criterion is defined by serving cell quality. Since the measurement result is not a accurate and fixed value, and may vary within a certain range, we do not see much gain to define a new Rel-17 not-at-cell-edge criterion and R17 threshold. Thus, we prefer to reuse the Rel-16 not-at-cell-edge criterion and Rel-16 threshold. 
In Rel-16 “low mobility” and “not-at-cell-edge” can be used for RRM measurement relaxation together or independently. So the Rel-17 stationarity criterion and the Rel-16 not-at-cell-edge criterion are also two dimensions and can be configured in the similar way as Rel-16 method.The combination of the Rel-17 “stationarity” and the Rel-16 “not-at-cell-edge” can use more relaxed the RRM measurement operations than the combination of Rel-16 “low mobility” and “not-cell edge”. And the Rel-17 “stationarity” and the Rel-16 “not-at-cell-edge” can be used separately to achieve the flexibility of network configuration.
Proposal 1: Rel-17 “stationarity criterion” and Rel-16 “not-at-cell-edge criterion” can be used together or independently, i.e. not to define Rel-17 not-at-cell-edge thresholds, if a different Rel-17 relaxation method based on the combined criteria will be specified.
Once the Rel-17 RRM measurement relaxation is defined, how to work together with Rel-16 RRM measurement relaxation needs to be considered. One option is performing the relaxation according to the sequence of Rel-17 and Rel-16 relaxation criterion and considering the fallback case, e.g. UE checks Rel-17 relaxation criterion first and if it is not fulfilled, UE further checks Rel-17 relaxation criterion. This increases the complexity of the UE. Another option is checking Rel-16 and Rel-17 relaxation criterion independently, selecting either Rel-16 or Rel-17 relaxation operation is up to UE implementation when both Rel-16 and Rel-17 relaxation criteria are fulfilled. It gives the low complexity and high feasibility for the UE, so we propose RAN2 to agree with this option.
In summary, with the below proposal 2, the UE behaviors should be as below table for each case of Rel-16 and/or Rel-17 relaxation criterion.

	R17 Stationary
	R16 Low mobility
	Not-cell-edge
	Cross behaviors

	
	Y
	Y (R16 not-cell-edge)
	Legacy

	
	Y
	
	Legacy

	
	
	Y
	Legacy

	Y
	Y
	Y (R16 not-cell-edge)
	UE implementation to perform either R17 stationary relaxation or R16 “low +not cell edge” relaxation.

	Y
	Y
	
	UE implementation to perform either R17 stationary relaxation or R16 low relaxation.

	Y
	
	
	New behavior 1 to be defined in R4.

	Y
	
	Y (R16 not-cell edge)
	New behavior 2 to be defined in R4, if agreed.


Proposal 2: The legacy Rel-16 relaxation criterion and Rel-17 relaxation criterion are checked independently. In case both Rel-16 and Rel-17 relaxation criteria are fulfilled, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation.
	· At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:

· the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; and/or

· a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS. 


Based on the agreements as the FFS point, a combination of Rel-16 low-mobility criterion and/or beam-change based criterion can be considered for RedCap UE in RRC_IDLE/INACTIVE. As “stationary” should be focused on, it is important and beneficial to define a accurate criterion for defining “stationary”. As shown in this figure, if UE moves among beams quickly like this path, the cell quality may remain in a small range while the serving beam changes rapidly. Therefore, it is suggested to add the beam dimension to evaluate “stationary” criteria. 
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Figure 1 An illustration of UE inter-beam moving in sector cell
Proposal 3: Rel-17 stationarity criterion is based on a combination of Rel-16 low-mobility criterion and/or beam-change based criterion.
Furthermore, we give two possible methods for this enhancement by evaluating the number of beam changes.
Option 1: Based on the number of switched beam(s) for a period of time. The beam switching means the quality of some new beams are larger than a certain threshhold, and/or the quality of some old beams is lower than a certain threshhold.
Option 2: Based on the quality change of beam(s) for a period of time, i.e. the quality variation of the beam(s) is larger than a certain threshhold.
For Option 1, in FR1, the total beam number of one cell is small generally (e.g. just 4 beams or 8 beams for one cell) and UE may be able to receive all beams even it is in a high mobility state, especially in urban area. In Fig.2, we consider a scenario where a UE located in 100m distance to gNB and moves circularly in a cell with 300m radius and with 8 SSBs. It can be observed from the following figure that the measurement result of each beam will change during UE moving, but the quantity of change is not very large.
Although the number of swithed beams can used to evaluate UE’s mobility by setting a suitable threshold, considering that if Option 1 is adopted, there may be a cell specific threshold to evaluate the number of swithed beams, then it is not possible to set a threshold which is senstive for all UEs located in different distance to gNB. So, Option 1 cannot identify accurately whether UE is stationary or circularly moving. Note that L3 filter has been used in the beam level measurement results in Fig.2.
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Figure 2 An illustration of beam level measurement results change during UE’s circular movement
Observation 1 : It is diffcult to identify whether UE is moving or not by evaluting the number of switched beams which is calculated based on a certain threshold, because the threshold is not possible to be senstive for all UEs located in different distance to gNB.
However, the quality of beam will change during it moves in the above case. Compared with Option1, Option 2 is a more stringent criteria to evaluate stationarity. While for Option 2, the quality variation of the beam(s) is a relative value, and it is not related to the distance between UE and gNB. Hence, it will be more accurate to evaluate “stationary” criterion by considering the quality change of beam(s).
Anyway, the following proposal can somehow be the high level common intention among options.
Proposal 4: For beam-change based criterion is determined base on whether quality change of beam(s) for a period of time is lower than a threshold.
2.2 Relaxation of neighbour cell RRM measurements in RRC_CONNECTED

To consider the RRM measurement relaxation in RRC_CONNECTED, the network performance of neighboring cell RRM relaxation should be considered. For instansce, it may cause an increased handover failures. Besides, in RRC_CONNECTED, the signalings and data transmisions performed by the UE are far more than that in RRC_IDLE/INACTIVE. It means the power saving gain for RRM measurement relaxation in RRC_CONNECTED is limited. Thus, it is proposed to consider the RRM measurement relaxation for connected mode as low priority.
Proposal 5: RAN2 considers the RRM measurement relaxation for RRC_CONNECTED mode as low priority.
3 Conclusion and Proposals
In this contribution, RRM measurement relaxation for reduced capability UEs were discussed with the following observations and proposals:
Observation 1 : It is diffcult to identify whether UE is moving or not by evaluting the number of switched beams which is calculated based on a certain threshold, because the threshold is not possible to be senstive for all UEs located in different distance to gNB.
Proposal 1: Rel-17“stationarity criterion” and Rel-16 “not-at-cell-edge criterion” can be used together or independently, i.e. not to define Rel-17 not-at-cell-edge thresholds, if a different Rel-17 relaxation method based on the combined criteria will be specified.
Proposal 2: The legacy Rel-16 relaxation criterion and Rel-17 relaxation criterion are checked independently. In case both Rel-16 and Rel-17 relaxation criteria are fulfilledt, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation.
Proposal 3: Rel-17 stationarity criterion is based on a combination of Rel-16 low-mobility criterion and/or beam-change based criterion.
Proposal 4: For beam-change based criterion is determined base on whether quality change of beam(s) for a period of time is lower than a threshold.
Proposal 5: RAN2 considers the RRM measurement relaxation for RRC_CONNECTED mode as low priority.
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