3GPP TSG RAN WG4 Meeting #102-e	R4-2205632
Electronic Meeting, February 21 – 3 March, 2022
Agenda Item:	10.20.3.3
Source: 	Ericsson
Title:	Discussions on RRM measurement relaxations
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RRM measurement relaxation for RedCap UEs in IDLE/INACTIVE and CONNECTED states was discussed at last meeting, and some high-level agreements were reached in [1]. In this contribution we discuss and provide our view on the open issues that were identified in [1] and we provide additional views on Rel-17 relaxed measurement requirements. 
Discussion
IDLE/INACTIVE state relaxation
Relaxation when multiple criteria are fulfilled
At last RAN4 meeting RAN4 discussed and identified the combination of different release 17 relaxation criteria that are possible to configure for RedCap, and combinations of release 16 and release 17 relaxation criteria for which there are some agreements and others remain TBD and confirmation from RAN2 as shown below [2]:
	7
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	8
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO 

	9
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	TBD

	10
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	11
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	TBD

	12
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	TBD



For cases release 7 and 10, RAN4 needs to define the requirements when the UE is configured with both Rel-16 and Rel-17 criteria at the same time and has fulfilled both. The expected behaviour should be clear to both UE and NW and therefore it is not a good approach to leave the requirements up to UE implementation. Our view is that RAN4 should avoid introducing separate relaxed requirements for each unique combination of release 16 and release 17 relaxation criteria which would result in complex and redundant requirements. RAN4 should instead follow a simpler approach. For instance, for the case when a UE is configured with both Rel-16 and Rel-17 relaxation criteria and has fulfilled both criteria, then UE can be allowed to fulfill the requirements that are the most relaxed out of Rel-16 and Rel-17 requirements. 
Proposal #1: For the case when a UE is configured with both Rel-16 and Rel-17 relaxation criteria and UE has fulfilled both criteria the UE is allowed to meet the requirements that are the most relaxed out of Rel-16 and Rel-17 requirements.


Transition requirements:
The transition requirements when UE switches between different Rel-17 states were discussed with following outcome [1]:
	Issue 2-1-4 Requirements for transition when UE moves between different R17 states
· Proposals
· Option 1: to be discussed after RAN4 complete the RRM relaxation requirements for both IDLE/Inactive and Connected modes (Apple oppo Ericsson vivo)
· Option 2: No need to introduce transition requirements for relaxed measurements for switching between IDLE/INACTIVE and CONNECTED states (Huawei xiaomi)
· Option 3: RAN4 needs to consider appropriate mechanisms and measurement requirements related to RRM relaxations for transition between RRC states (Nokia CMCC)
· In case the UE moves from RRC Idle / Inactive state to RRC Connected state, it reports its history/state of RRM relaxation to the network to inform about previous relaxations, and returns to non-relaxed measurement mode, to obtain fresh neighbour cell measurements, even if it has been staying in relaxed measurement mode. Thereafter, the evaluation of RRM relaxation criteria for RRC Connected state is started.
· In case the UE moves from RRC Connected state to RRC Idle / Inactive state, the network expects the UE to always apply non-relaxed measurement mode when re-entering RRC Idle / Inactive state. Thereafter evaluation of RRM relaxation criteria for RRC Idle/Inactive state is started.
· Option 4: vivo
· From RRC Idle / Inactive state to RRC Connected state, it returns to normal (non-relaxed) measurement mode.
· From RRC Connected state to RRC Idle / Inactive state, it can stay within the same measurement mode, e.g. relaxed mode to relaxed mode or normal to normal mode.



Since RAN2 has not agreed to introduce relaxed mode in CONNECTED mode there is no clear motivation to define transition requirements for switchings between IDLE/INACTIVE and CONNECTES states. For example, the relaxation introduced in CONNECTED mode is different than those in IDLE/INACTIVE states. In CONNECTED state the UE is configured with a reporting criteria and UE does not evaluate the criteria to enter a relaxed mode which is the case in IDLE/INACTIVE states. Therefore, there is no need to introduce any additional transition requirements for RedCap. 
Proposal #2: There is no need to introduce any transition requirements for relaxed measurements for switching between IDLE/INACTIVE and CONNECTED states.

Rel-16 relaxed neighbour cell requirements
Relaxed neighbour cell measurement requirements in Rel-16 were introduced by scaling the legacy requirements with a measurement scaling factor (K1). The UE configured with the lowMobilityEvaluation field and which also meets the low mobility criterion as defined in [2] is required to meet the relaxed neighbour cell measurement requirements. Similarly, the UE configured with the cellEdgeEvaluation field and which also meets the not at cell edge criterion as defined in [2] is required to meet the relaxed neighbour cell measurement requirements. The UE configured with the combineRelaxedMeasCondition field that also meets the low mobility and not at cell edge criteria as defined above is required to meet the requirements at least with a periodicity of 1 hour under some additional conditions.

Rel-17 relaxation criteria
In RAN2#115-e it was agreed to introduce two new relaxation criteria in Rel-17 which are Rel-17 not-at-cell-edge criterion and Rel-17 stationary criterion. It is noted that the Rel-17 not-at-cell-edge criterion is only associated with Rel-17 stationary criterion. Thus, there are two new operating scenarios based on only Rel-17 criteria for which RAN4 requirements are needed:
a) Rel-17 stationary criterion
b) Rel-17 stationary + Rel-17 not-at-cell edge criterion
For scenario a), at last meeting it was agreed to use a scaling factor > 3 to define the relaxed requirements when Rel-17 single (stationary) criteria is fulfilled. For scenario b), it was agreed to use a fixed long measurement period similar to Rel-16 relaxation requirement. 
For a), the main difference is that if Rel-17 stationary criterion is fulfilled, then the UE is expected to be stationary compared to UE fulfilling Rel-16 criterion in which case UE is expected to have limited mobility. Therefore, a larger scaling factor can be used for the relaxed requirements when fulfilling the Rel-17 stationary criterion, however a very large value should be avoided. Our view is that a scaling factor of 4 is reasonable. 
Proposal #3: For a UE fulfilling the Rel-17 stationary criterion, the scaling factor is set to 4.
For b), the main difference between a UE fulfilling the Rel-16 low mobility criterion + Rel-16 not-at-cell-edge criterion and a UE fulfilling the Rel-17 stationary criterion + Rel-17 not-at-cell-edge criterion is that in the latter case the UE mobility is further limited or at least temporarily stationary. Therefore the measurements can be further relaxed compared to the Rel-16 scenario. It is recalled that in Rel-16 the UE is required to meet the requirements at least with a periodicity of 1 hour when UE is configured with both criteria and the UE has fulfilled both criteria, and less than 1 hour has passed since cell reselection measurements were performed. At last meeting it was agreed to have a similar approach for Rel-17 but the fixed delay is longer than 1 hour. Our view is that RAN4 should avoid having a too large value since the RedCap UE is to support the same level of mobility as a legacy NR UR. Therefore 24 hours (originating from LTE cat-M/NB-IoT requirements) is not a viable option. For a UE operating in scenario b) our proposal for the fixed relaxed scaling factor is 2 hours.
Proposal #4: For a UE fulfilling both Rel-17 stationary criterion and Rel-17 not-at-cell edge criterion, relaxed requirements are defined using a fixed long time period (T) in which the UE can stop its measurements for cell reselection, where T = 2 hours. 

RRM measurement relaxation and eDRX
Combination of eDRX and RRM relaxation results in following scenarios:
Table 1: List of possible scenarios for combination of eDRX and relaxed measurements for RedCap UE
	No
	eDRX 
	Rel-16/17 relaxation criteria

	1
	eDRX configured 
	Not met

	2
	eDRX configured
	Met

	3
	eDRX not configured
	Not met

	4
	eDRX not configured
	Met



In all cases except case no 2, the UE requirements are obvious since UE meets one of the eDRX or relaxed requirements, or the UE is not configured with eDRX nor relaxation criteria. Case #2, where UE is configured with eDRX and UE has fulfilled the relaxation criteria, needs more discussions. In our view, there is already large power saving achieved through long eDRX cycles and use of PTW. In this case, applying additional relaxation by applying a scaling factor within PTW should be avoided since all measurement activities take place within the PTW. However, power saving can be achieved for the for shorter eDRX cycles (e.g. 2.56 sec – 10.24 sec) for which there is no PTW by relaxing the measurements by applying a relaxation factor. The maximum eDRX cycles with PTW up to which UE is allowed to apply relaxed measurements using a scaling factor needs further RAN4 discussions.
Proposal #5:  Rel-16/17 relaxed measurement requirements can be applied with eDRX cycles up to 10.24 seconds, without any PTW.
Proposal #6: If relaxation is supported for eDRX cycles above 10.24 seconds, RAN4 to discuss the maximum eDRX cycles (X) with PTW up to which UE is allowed to apply Rel-16/17 relaxed measurement requirements is X ms, where value of X is FFS.
RAN4 discussed relaxation of higher priority carriers at last meeting and a LS was to RAN2 asking for RAN2 feedback [2]. Therefore there is no need to discuss the issue further in RAN4 until reply LS is received.
Proposal #7: No need to discuss relaxation of higher priority carriers until reply LS is received. 

CONNECTED state relaxation
RAN2 has agreed to not introduce nor reuse not-at-cell edge threshold for CONNECTED state. Instead RAN2 has agreed to introduce a new criterion corresponding to stationary UE operation in RRC CONNECTED state. The criterion which is based on RSRP/RSRQ measurements is configured by the network and the UE evaluates and reports to the network when the criterion is fulfilled. The network may use the report to reconfigure the RRM measurement configuration using the release 15 configuration. 
Proposal #8: No need to define explicit relaxation requirements in CONNECTED for RedCap. 
RAN4 needs to discuss the requirements for the evaluation of the criteria which may depend on whether evaluation is done periodically or based on request from NW. In the former case the UE should periodically evaluate the relaxation criteria based on a certain measurement rate e.g. DRX, gaps etc. In the latter case, RAN4 may need to define delay requirement over which the evaluation is done from the time the UE receives the request and this might be similar to existing current event triggered reporting delay. We see benefit in UE performing periododic evaluation and the periodicity can be configurable or predefined. Moreover, the measurements used in the evaluation shall be valid measurement that fulfill the corresponding measurement requirements (both delay and accuracy).
Proposal #9: The UE in CONNECTED mode shall evaluate the configured relaxation criteria every Nth DRX cycle, where N is TBD.
Proposal #10: The measurement used for evaluating the relaxation criteria in CONNECTED mode shall fulfill the corresponding measurement requirements (delay and accuracy). 
In addition, at last meeting it was agreed that CGI reading requirements will be supported for RedCap in Rel-17. CGI reading is requested by the NW and to acquire the CGI of a cell, the UE needs to acquire both MIB and SIB of that cell and the UE is allowed to create autonomous gaps for this purpose. In this case when the UE is configured to read CGI of a neighbour cell, our view is that relaxation of any kind shall be avoided. In practice, this can be achieved by a UE not evaluating the configured relaxation criteria or a UE which may evaluate but does not report fulfillment of the criteria to the NW.
Proposal #11: The UE may evaluate the relaxation criteria, but shall not report fulfillment of the relaxation criteria if it is performing or configured to perform CGI reading measurements. 
Summary
In this contribution we have discussed relaxed RRM measurement requirements for RedCap UE in release 17. Based on the discussions, we have made following proposals:
Proposal #1: For the case when a UE is configured with both Rel-16 and Rel-17 relaxation criteria and UE has fulfilled both criteria the UE is allowed to meet the requirements that are the most relaxed out of Rel-16 and Rel-17 requirements.
Proposal #2: There is no need to introduce any transition requirements for relaxed measurements for switching between IDLE/INACTIVE and CONNECTED states.
Proposal #3: For a UE fulfilling the Rel-17 stationary criterion, the scaling factor is set to 4.
Proposal #4: For a UE fulfilling both Rel-17 stationary criterion and Rel-17 not-at-cell edge criterion, relaxed requirements are defined using a fixed long time period (T) in which the UE can stop its measurements for cell reselection, where T = 2 hours. 
Proposal #5:  Rel-16/17 relaxed measurement requirements can be applied with eDRX cycles up to 10.24 seconds, without any PTW.
Proposal #6: If relaxation is supported for eDRX cycles above 10.24 seconds, RAN4 to discuss the maximum eDRX cycles (X) with PTW up to which UE is allowed to apply Rel-16/17 relaxed measurement requirements is X ms, where value of X is FFS.
Proposal #7: No need to discuss relaxation of higher priority carriers until reply LS is received. 
Proposal #8: No need to define explicit relaxation requirements in CONNECTED for RedCap. 
Proposal #9: The UE in CONNECTED mode shall evaluate the configured relaxation criteria every Nth DRX cycle, where N is TBD.
Proposal #10: The measurement used for evaluating the relaxation criteria in CONNECTED mode shall fulfill the corresponding measurement requirements (delay and accuracy). 
Proposal #11: The UE may evaluate the relaxation criteria, but shall not report fulfillment of the relaxation criteria if it is performing or configured to perform CGI reading measurements. 
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