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Introduction
In last RAN4 meeting, a WF on RRM requirements for Rel17 power saving was approved [1], and updated evaluation assumptions for R17 RLM/BFD relaxation was agreed [2].  This contribution will provide our views and the initial simulation results for RLM/BFD relaxation. 
Discussion
2.1.	Evaluation assumption of L1 samples
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK44]According to RAN Plenary guidance to RAN4, for Rel-17 WI of UE power saving enhancements for NR, no specification impact to RRM measurement procedure requirements and measurement performance requirements is expected. 
In the approved WF[1], RAN4 also agreed to further evaluate UE power saving gains for the following UE implementations:
· Option 1:
· UE uses all L1 samples for RRM measurements based on Rel-15 assumptions
· Option 2: 
· How many L1 samples UE applies for RRM measurements is up to UE implementation (e.g. UE can use lower number of measurement samples for RRM measurements)
· Further discuss how many samples to use for evaluations
· Companies shall evaluate RRM measurements accuracy for the proposed number of samples


In our view, UE power saving gain relies on both serving cell measurement (i.e, RLM, BFD) and intra-frequency RRM measurements, when performing RLM/BFD relaxation. Only if L1 samples for both RRM and RLM/BFD measurements are relaxed, UE can probably achieve reasonable power saving gain. In particular, under high SINR level, less L1 samples is allowed for UE to meet RRM measurement period and accuracy requirements, which is up to UE implementation.
Proposal 1: It is up to UE implementation to use less L1 samples for RRM measurements if RRM measurement procedure and performance requirements were satisfied for UE.

2.2.	Criteria for relaxation
Issue 2-3-1: Criteria which the UE is allowed to relax the RLM/BM requirements
· At least take UE mobility into account as the relaxation criteria.
· also take serving cell’s quality into account
· FFS whether and how to take other aspects into account

Issue 2-3-2: How to consider UE mobility as relaxation criteria
FFS the following options
· Option 1: R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation. 
· Option 2: R16 RRM relaxation criterion can be used as baseline for RLM/BFD relaxation. 
· Option 3: “low mobility criteria” should consider both UE velocity and the channel quality variation. 
· Option 4: Consider time associated with a given condition when determining UE mobility state. 
· Option 5: Low mobility scenario under which the UE is allowed to apply the RLM/BFDBM requirements is determined and configured to UE by the network
Other options are not precluded
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Issue 2-3-3: How to consider serving cell’s quality as relaxation criteria
· RAN4 to further discuss how to take serving cell’s quality into account for the relaxation criteria 
· FFS how to consider serving cell’s quality. E.g. Based on SINR or BLER.
· FFS how to address different UE implantation issues.
· FFS: When radio link quality > Qout + X (dB) for RLM  and Qout,LR + Y (dB) for BFD relaxation
· X and Y are FFS.


[bookmark: OLE_LINK42][bookmark: OLE_LINK43]As agreed in RAN4, UE mobility and serving cell’s SINR level can be considered as criteria for RLM/BFD relaxation. We discuss UE power consumption under the condition that RLM/BFD performance can still be guaranteed, where UE speed is low and SINR is high that RLF will not be triggered.
For UE mobility as relaxation criteria, we prefer R16 RRM relaxation criterion (i.e., low mobility) can be used as baseline for RLM/BFD relaxation. Low mobility scenario under which the UE is allowed to apply the RLM/BFDBM requirements is determined and configured to UE by the network
Proposal 2: Reuse “Low mobility” as relaxation criteria which is determined and configured to UE by the network.
For serving cell’s quality as relaxation criteria, we can focus on the case that SINR is larger than Qout. Average SINR should be at least higher than Qout to ensure RLF will not be triggered, assuming Qout= -10 dB for RLM, Qout,LR= -6 dB for BFD is adopted. RAN4 can define SINR threshold or range as relaxation criteria for RLM/BFD based on evaluation of the scenario serving cell’s SINR is larger than Qout. From the simulation results [3],
· For IS case, as UE SINR is high enough, 95% delta SINR is less than 1dB to allow higher scaling factor, e.g., K=8, UE speed = 3km/h. Thus, there is no need to consider Qin. 
· For OOS, 95% delta SINR is less than 2.5dB for FR1 and less than 2 dB for FR2 with scaling factor K= 4 and UE speed as 3 km/h.
We can see that RLM/BFD relaxation can be allowed with higher SINR that Qout. When serving cell’s SINR > SINRthreshold1, UE is allowed to be triggered the relaxation, and when serving cell’s SINR < SINRthreshold2 UE should fall back to the normal requirements without any relaxation.
[bookmark: _Hlk68277409]In this meeting, before deciding the relaxation factor, RAN4 should define SINR threshold or range as relaxation criteria for RLM/BFD, e.g., 
· minimum SINR for UE triggering relaxation, or 
· SNR range (with upper limit and lower limit) for UE to start and stop relaxation.
Proposal 3: Define SINR threshold or range as relaxation criteria for RLM/BFD, based on evaluation of the scenario serving cell’s SINR is larger than Qout.
SINR limit(s) with margin should be considered as relaxation criteria, considering the evaluation and different UE implementation.
Proposal 4: Some margin of SINR limit(s) should be considered for relaxation criteria due to different UE implementation.

2.3. Relaxation requirements
Issue 2-4-1: Scheme of RLM/BFD measurements relaxation
· Use of a scaling factor to extend the RLM/BFD evaluation period.
Issue 2-4-2: relaxation factor determination
· Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on
· DRX cycle and RLM-RS periodicity
· FFS based on max(TDRX, TSSB)
· FFS other factors are not precluded, e.g. estimated SINR level, UE mobility, N factor, P factor, RS type, FR1 or FR2.
· FFS whether scaling factor can be different for different SINR regions (e.g. high/medium SINR)
Issue 2-4-3: relaxation factor: different relaxation factor in FR1 and FR2
· RAN4 further to discuss whether different relaxation factors can be allowed for FR1 and FR2 based on ongoing simulation study.


[bookmark: OLE_LINK50][bookmark: OLE_LINK51]RAN4 agreed to use of a scaling factor to extend the RLM/BFD evaluation period. We also agree max(TDRX, TSSB) as relaxed RLM/BFD evaluation period. Different estimated SINR level, UE mobility, and frequency range may have impact on the value of scaling factor. 
Proposal 5: Suggest scaling factor can be different for different SINR range, for FR1 and FR2, and UE speed level.
Issue 2-5-3: Relaxation of RLM/BFD when not all serving cells in intra-band CA/DC meets relaxation criteria
The following options have been discussed in this meeting
· Option 1: For intra-band CA case, the UE should relax only on serving cells where the relaxed criteria is fulfilled. 
· Option 2: if UE has fulfilled the criterion for operating RLM/BFD in relaxed mode in one serving cell (SpCell), then it is allowed to operate RLM/BFD in relaxed mode in all other serving cells (e.g. Scells). 
· Option 3: if UE has failed to fulfil the criterion for operating RLM/BFD in relaxed mode in one serving cell (SpCell), then it shall revert to normal RLM/BFD operation (i.e. without relaxation) in all other serving cells (SCells).
· Other options are not precluded.
· FFS how many cells that UE is required to perform RLM/BFD in intra-band CA/DC.

In addition, for intra-band CA/DC, RAN4 only define requirements for collocated case, where SINR level of different serving cells of the same intra-band pair should be approximate. If UE has fulfilled the criterion for operating RLM/BFD relaxation in any serving cell, the same relaxation is allowed in all other serving cells of the intra-band pair. Otherwise, if UE has failed to fulfil the criterion for operating RLM/BFD relaxation in all serving cells, then it shall revert to normal RLM/BFD operation without relaxation. 
Proposal 6: For intra-band CA/DC with collocated deployment, 
if UE has fulfilled the criterion for operating RLM/BFD relaxation in any serving cell, the same relaxation is allowed in all other serving cells of the intra-band pair. 
Otherwise, if UE has failed to fulfil the criterion for operating RLM/BFD relaxation in all serving cells, then it shall revert to normal RLM/BFD operation without relaxation. 

Conclusion
In this paper, we provide our views on RRM requirements on R17 RLM/BFD relaxation：
Proposal 1: It is up to UE implementation to use less L1 samples for RRM measurements if RRM measurement procedure and performance requirements were satisfied for UE.
Proposal 2: Reuse “Low mobility” as relaxation criteria which is determined and configured to UE by the network.
Proposal 3: Define SINR threshold or range as relaxation criteria for RLM/BFD based on evaluation of the scenario serving cell’s SINR is larger than Qout.
Proposal 4: Some margin of SINR should be considered for relaxation criteria due to different UE implementation.
Proposal 5: Suggest scaling factor can be different for different SINR range, for FR1 and FR2, and UE speed level.
Proposal 6: For intra-band CA/DC with collocated deployment, 
if UE has fulfilled the criterion for operating RLM/BFD relaxation in any serving cell, the same relaxation is allowed in all other serving cells of the intra-band pair. 
Otherwise, if UE has failed to fulfil the criterion for operating RLM/BFD relaxation in all serving cells, then it shall revert to normal RLM/BFD operation without relaxation. 
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