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Introduction
In RAN4 101e, the WF R4-2120313[1] was agreed. Moreover, LS to RAN2 was agreed in [2]. 
In this paper, our views on these issues are provided.
Discussion on low mobility criterion
For idle mode UE, RRM relaxation was extensively discussed and RAN4 identified 3 scenarios for RRM relaxation in R16. One scenario is that UE is in low mobility and not at cell-edge, in which UE may stop neighbour cell measurement if serving cell RSRP and/or RSRQ meet the specific criteria defined in 38.304. Such feature may also provide good reference for R17 power saving discussion. As clearly stated in the WID, R17 RLM/BFD relaxation will focus on the low mobility scenario only.
In last RAN4 100e meeting, R16 low mobility criterion based on L3 RSRP measurement variation was agreed to be re-used. In RAN4 101e meeting, it is further agreed that the low mobility criterion is based on SSB. However, in R16 the low mobility criterion is only for idle mode. Note that in R17 this low mobility criterion is for both RLM relaxation and BFD relaxation.
For idle mode, normally the serving cell SSB measurement results in idle mode are considered as the metric for low mobility. To be more specific, cell quality derived based on multiple SSBs with different index are used in R16.
For connected state UE, more measurements could be configured compared to idle/inactive state UE. In other word, UE should be able to measure more signals so as to obtain the information about the channel quality. The information needed are not only at cell-level, but also at beam-level. However, at least for UE configured with BFD relaxation, it seems quite un-reasonable to only consider cell level mobility. Therefore, we propose to consider beam level low mobility criterion for the case when UE is configured with BFD relaxation.
Proposal 1  Support beam-level low mobility criterion for the case when UE is configured with BFD relaxation. 
Serving cell SSBs signalled in SIB1 is used for serving cell beam measurements, i.e. L1-RSRP and L1-SINR measurements. If serving cell SSBs are fully overlapped with intra-frequency SMTC, then L1 beam level results are firstly obtained and then delivered to L3, as described in TS 38.300. Therefore, UE may also obtain L1 beam-level measurement results during L3 measurements, either for FR1 or FR2. Since it was already agreed that low mobility criterion would be based on SSB-based L3-RSRP measurements, after a long discussion in RAN4, in our view it is not proper to revert pervious agreements. However, probably RAN4 may add one clarification to the low mobility criterion of BFD, saying ‘UE may also use serving cell SSB L1-RSRP obtained within SMTC for low mobility criterion evaluations.’ If number of SSB indexes configured is more than 1, then it is up to UE implementation which one or subsets of SSBs to be used for the beam-level low mobility criterion.
Therefore, we have the following proposals:
Proposal 2  Add one clarification in the spec to the low mobility criterion of BFD: ‘UE may also use serving cell SSB L1-RSRP measured within SMTC for low mobility criterion evaluations.’.
Additionally, note that in RAN2 #114e meeting, the following were also discussed and agreed in R17 RedCap WI.
· 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).
· 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).
It is true that different UE types are considered in different WI. However, regarding low mobility or stationary state, we do not see too many differences between these UE types. The stationary criterion discussed in R17 Redcap and the low mobility criterion for RRC connected in R17 PowSav can be discussed jointly in RAN2 to achieve an overall package. Note that even it is discussed in RAN4, LS will be triggered to RAN2 on the conclusions, since this will normally be captured in RAN2 specs. If low mobility criterion for R17 PowSav is discussed in RAN4, then it is highly possible that non-compatible criteria are agreed in different WGs, which would unnecessarily complex the spec. This is normally not preferred in 3GPP in our view. Therefore, we have the following proposal:
Proposal 3  Low mobility criterion is preferred to be further discussed in RAN2. 
Regarding the accuracy requirements for low mobility criterion evaluation, it is reasonable to re-use L3 RSRP accuracy requirements for the low mobility criterion evaluations. However, it seems quite unnecessary to introduce additional test case to test UE the RSRP measurement accuracy when performing low mobility evaluations. The legacy test case for the SS-RSRP accuracy is already enough. This can be discussed in the performance phase.
Proposal 4  Clarify in the spec that the RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. 

Discussion on cell quality criterion
In last meeting, RAN4 agreed to use an offset XdB over Qx as the good serving cell quality criteria for RLM, while Qx is derived from PDCCH transmission parameters, and can be either Qout or Qin. In current RAN4 specs, Qout is the threshold for o-o-s and Qin is the threshold for in-sync. In our view, the entering condition is not necessarily related to Qin. There is no relationship between UE entering relaxation mode for RLM before o-o-s is triggered and UE exiting from the state of ‘physical layer problem’, i.e. stopping T310. The value X dB should be determined by network according the statistic of interference for a specific scenario, and provided to UE. The larger the value X means the higher fluctuation of interference level, and UE may need to stay in normal RLM mode in higher SINR so that the T310 is not started too late. 
Proposal 5  For RLM, Qx should be Qout, and X should be configured by network.
For BFD, two options were left in last RAN4 meeting. In our understanding, Qin_LR is the RSRP value for candidate beam detection, and it is not related to the definition of SINR. Note that it is already agreed in previous meetings to use SINR and in last meeting the definition of this SINR is clarified as ‘downlink radio link quality’, which is derived from hypothetical BLER with corresponding PDCCH parameters. The reason why using SINR or ‘downlink radio link quality’ for BFD, but L1-RSRP for CBD, in our understanding, is that different RSs are used in these two parts. UE may only measure L1-RSRP on the beams that are only candidates for recovery after beam failure instance is triggered. Since different RSs may be considered for Qout_LR and Qin_LR, using Qin_LR for the threshold configuration of BFD may not be a feasible approach. Moreover, the same reason as the RLM case, Y should be configured by network.
Proposal 6  For BFD, set the threshold of radio link quality as Qout_LR + Y dB, and Y should be configured by network.
In TS 38.213 [5] and TS 38.331 [6], regarding RLM and BFD, quite similar UE behaviour is defined. Firstly, RLM and BFD are configured in the same IE, i.e. failureDetectionResourcesToAddModList, with only different purpose. Secondly, if both RLM-RSs and BFD-RSs are absent in RRC configuration, i.e. no RadioLinkMonitoringRS is configured, the RSs that provide the QCL information of the CORESET that UE monitors PDCCH, i.e. the active TCI state, is assumed. Therefore, it is highly possible that RLM-RS and BFD-RS are configured as the same RS.
Observation 1  According to RAN1/2 specs, it is highly possible that RLM-RSs and BFD-RSs are exactly the same set of RSs.
When the same set of RSs is used for RLM and BFD, even if different thresholds can be configured for RLM and BFD, respectively, UE may not avoid from performing non-relaxed measurements even if the entering condition of either RLM or BFD is met, both not both are met. However, since in previous meetings it was agreed that UE is allowed but not forced to relax RLM/BFD when the relaxation criterion is met, in our view no further restriction or enhancements are needed. Different configuration of thresholds for RLM relaxation and BFD relaxation is allowed from network perspective, and UE may autonomously apply the higher thresholds as the same threshold for relaxation.
Proposal 7  When there is a same set of RSs used for both RLM and BFD, different configuration of the thresholds for RLM relaxation and BFD relaxation is allowed from network perspective, and UE may autonomously apply the higher thresholds as the same threshold for relaxation.
On the other hand, regarding the exit condition, actually it is highly related to the UE behaviour during relaxation. In RAN4 99e we see 2 different understandings of UE behaviour during relaxation. In last meeting it was agreed not to specify any UE behaviour in the spec, while on the other hand companies decided to seek convergence on the agreeable relaxation factors. Since the evaluation period for UE reporting the first o-o-s/beam failure will be relaxed, we do not see any further motivation in specifying exit criterion for RLM/BFD relaxation. This should be left as UE implementation. Based on agreements in RAN4 98e-Bis, the needed update would be that only the first o-o-s/beam failure will be impacted by relaxation. 
Observation 2  UE is still allowed to exit RLM relaxation by a threshold higher than Qout, or to exit BFD relaxation by a threshold higher that Qout_LR, if RAN4 only agrees to specify the requirements relaxation of the first o-o-s or the first beam failure indication.
Proposal 8  From the perspective of requirements impact, RAN4 to agree that only requirements to the first o-o-s indication or the first beam failure indication are relaxed in R17 RLM/BFD relaxation.
In last meeting, it is also discussed that if more than one RLM-RSs or BFD-RSs are configured, what is the corresponding UE behaviour. For the o-o-s and in-sync, the requirements in TS 38.213 are clear that UE is allowed to report o-o-s when all resources are o-o-s and is allowed to report in-sync when any of them is in-sync. For BFD, beam failure instance is triggered when all resources are below Qout,LR. Therefore, if the thresholds are configured, then UE may apply the relaxed measurements on the corresponding RS that fulfils the relaxation criterion, or fall back to normal measurement when the corresponding resource is below Qout, in case the relaxed requirements are not impacted. If the thresholds for exiting cell quality criterion is defined as at least Qout, and can be up to UE implementation if UE uses one higher threshold, whether one or all resources are above or below the threshold can also be up to UE implementation, as long as UE fulfils the corresponding relaxed requirements.
Proposal 9  The UE behaviour on checking the entering/exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified.
Discussion on the relaxation applicability for RLM and BFD relaxation
In last meeting, RAN4 has agreed the following. 
Agreements in RAN4 100e
· When neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply.
· Note: It can be revisited if 
· dedicated or broadcast signalling to indicate the UE when it is allowed to relax the RLM/BFD measurements is agreed, or 
· good serving cell criteria is agreed to be predefined.
· If the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements and the existing RLM/BFD requirements would apply.
Agreements in RAN4 101e
· Issue 1-1-B: whether the low mobility criterion is mandatory to be configured, when network would like to enable RLM/BFD relaxation?
· Conclusion: No. The criterion is NOT mandatory to be configured to enable RLM/BFD relaxation

Based on previous agreements, in our view we see only two options left:
Option 1: The cell quality criterion is mandatory to be configured to enable RLM/BFD relaxation.
Option 2: The cell quality criterion is also not mandatory to be configured to enable RLM/BFD relaxation. If neither criterion is configured, a dedicated signalling can be used to enable RLM/BFD relaxation instead.
Regarding above 2 options, we slightly prefer option 1. Configuration of low mobility criterion can already provide enough flexibility in the indication of allowed relaxation. Moreover, as in proposal 5 and proposal 6, configuration of threshold can be up-to network. Network may provide different value according to different deployments.
Proposal 10  Prefer not to use dedicated signalling in enabling RLM/BFD relaxation without any criterion configuration, i.e. the cell quality criterion is mandatory to be configured to enable RLM/BFD relaxation.
Moreover, in RAN4 99e meeting, the following agreements were achieved.
· Relaxed BFD/RLM requirements shall be supported for all deployment scenarios supported by current specification which includes: NR SA, EN-DC, NE-DC, NR intra-band CA, NR inter-band CA and NR-DC.
In our understanding, for low mobility state identification in connected state UE, it is not necessary and quite complex if UE needs to identify low mobility in more than one configured CCs. In other word, low mobility criterion should be a per-UE configuration similar to the per-UE gaps. In further clarify in the spec that UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to the NR PSCell for the case of EN-DC. 
Moreover, RAN4 has not discussed yet whether the low mobility criteria should be configured in broadcast signalling or dedicated signalling. Since it is for connect mode RLM/BFD measurements, which have different thresholds compared to R17, it would be better provided in dedicated signaling. Note that this does not prevent network from configuring the same thresholds for all the UE in the same cell.
[bookmark: _Hlk85442937]Proposal 11  Low mobility criterion should be a per-UE configuration in dedicated signaling similar to the per-UE gap, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC.
On the other hand, cell quality criterion it is better to be configured in each CC, since the interference level of different serving cell on different frequency layer could be different. In last meeting, it was already agreed that UE can make the relaxation decisions separately for each serving cell configured for either RLM and/or BFD evaluation. Note that RLM can only be configured on SpCells and BFD requirements are only applicable on one CC per band. Hence it can be either regarded as per-CC basis or per-band basis
Proposal 12  Cell quality criterion is a per-servingcell configuration in dedicated signaling, and UE can make RLM/BFD relaxation decisions separately for each configured CC/band according to the configured cell quality thresholds.
Note that for the cell on which UE is required to perform both RLM and BFD, the RLM relaxation is actually not allowed if the same set of RSs are used for BFD, and the cell quality criterion for BFD relaxation is not configured. 
Another issue is the required UE behaviour if UE experiences some other important state change during the relaxed state. For example, if UE receives HO command or its BWP is switched in the relaxed state, whether UE is allowed to stay in the relaxed state after the HO or BWP switching is completed? Moreover, if UE receive an SCell addition command in the relaxed state, while the SCell is in the same band as SpCell, and UE is only configured with BFD on the SCell, whether UE is allowed to enter relaxed state for the BFD right after the SCell becomes active? If UE receive an PSCell change command while UE is in the relaxed state for both PSCell and PCell, whether UE needs to exit relaxed mode for PSCell only, or UE needs to exit relaxed mode for both PSCell and PCell?
Proposal 13  RAN4 further discuss the required UE behaviour if UE experiences some other important state change during the relaxed state, i.e. whether UE is allowed to start/continue relaxation for both RLM in spCell and BFD in SCell at the next slot after
· PCell handover, or
· PSCell change, or
· the set of RSs on which UE is required to perform RLM/BFD is changed, or
· the UE-specific CBW or the active BWP of the UE is changed, or
· the intra-band SCell on which UE is required to perform BFD becomes active
Discussion on the Relaxation factor and details for RLM/BFD relaxation
In last meeting, the relaxation factor for FR2 CSI-RS based RLM/BFD has been agreed. Therefore, although the motivation of option 1 can be understood, we do not think different form of relaxation factor for FR1 and FR2 can be a good approach. Note that this option may have also reverted the previous agreements on ‘predefined scaling factors’.
For FR1, there is still remaining issues on the down-selection between [2,3,4]. In our view, as one typical implementation, the additional delay cannot be less than (X-1)  1.5 DRX cycles, as shown in our previous evaluation results in [3], while X is the times of extended separation between actual measurements. For the case of MAX(TDRX, TRS) ≤ 40 ms, since the DRX cycle length is shorter, we propose to adopt scaling factor K2, FR1=3. For the case of 40 ms < MAX(TDRX, TRS) ≤ 80 ms, we propose to adopt K1, FR1=2. In this case the monotonicity of the requirements with respect to the DRX cycle length can also be ensured.
Proposal 14  In FR1 RLM/BFD relaxation, adopt relaxation factor as K1, FR1=2, and K2, FR1=3.
For FR2 SSB based RLM/BFD relaxation, note that beam sweeping factor is considered. Although such scaling factor can be 8, actually UE ma not always need to evaluate 8 Rx beams for the BFD evaluation. Therefore, considering the impact to RLF/BF triggering latency would be more in this case, we propose to adopt 1.5 as the scaling factor for FR2 SSB based RLM/BFD relaxation.
Proposal 15  In FR2 SSB-based RLM/BFD relaxation, adopt relaxation factor as K1, FR2, SSB==1.5.
Another issue is whether to apply relaxation factor on lower bound of relaxed evaluation period. In our view, the lower bound T is defined mostly for the case that no DRX is configured, and SSB periodicity is considered to be 5ms. Since the shortest DRX cycle is 10ms, the only case that lower bound T would be effective is when SSB periodicity <=10ms, DRX = 10ms and P =1 for SSB-based RLM in FR1, in which 200ms is the requirements instead of 15x1x10ms = 150ms. For this case the misalignment between SSB and DRX active time would be issue, and it is preferred to also extend the lower bound T so as to provide UE enough flexibility in dealing with RLM measurement occasion. 
Proposal 16  Lower bound of relaxed evaluation period is preferred to be also relaxed.
At last, regarding the spec structure, in last meeting, we propose to add general part of RLM/BFD relaxation to capture the condition for UE entering RLM/BFD. In our understanding, relaxation criteria should be the most important part of such conditions. If there are two standalone sections on the relaxation criteria, we are not sure how much 8.1.1 for RLM or 8.1.5 for BFD needs to be revised in R17. Therefore, we prefer to capture the related conditions for UE entering relaxation in 8.1.1 or 8.1.5, and do not introduce standalone agenda for RLM or BFD relaxation criteria.
Proposal 17  Capture the conditions for UE entering RLM/BFD in 8.1.1 and 8.5.1, including the corresponding relaxation criteria. 
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  Support beam-level low mobility criterion for the case when UE is configured with BFD relaxation. 
Proposal 2  Add one clarification in the spec to the low mobility criterion of BFD: ‘UE may also use serving cell SSB L1-RSRP measured within SMTC for low mobility criterion evaluations.’.
Proposal 3  Low mobility criterion is preferred to be further discussed in RAN2. 
Proposal 4  Clarify in the spec that the RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. 
Proposal 5  For RLM, Qx should be Qout, and X should be configured by network.
Proposal 6  For BFD, set the threshold of radio link quality as Qout_LR + Y dB, and Y should be configured by network.
Observation 1  According to RAN1/2 specs, it is highly possible that RLM-RSs and BFD-RSs are exactly the same set of RSs.
Proposal 7  When there is a same set of RSs used for both RLM and BFD, different configuration of the thresholds for RLM relaxation and BFD relaxation is allowed from network perspective, and UE may autonomously apply the higher thresholds as the same threshold for relaxation.
Observation 2  UE is still allowed to exit RLM relaxation by a threshold higher than Qout, or to exit BFD relaxation by a threshold higher that Qout_LR, if RAN4 only agrees to specify the requirements relaxation of the first o-o-s or the first beam failure indication.
Proposal 8  From the perspective of requirements impact, RAN4 to agree that only requirements to the first o-o-s indication or the first beam failure indication are relaxed in R17 RLM/BFD relaxation.
Proposal 9  The UE behaviour on checking the entering/exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified.
Proposal 10  Prefer not to use dedicated signalling in enabling RLM/BFD relaxation without any criterion configuration, i.e. the cell quality criterion is mandatory to be configured to enable RLM/BFD relaxation.
Proposal 11  Low mobility criterion should be a per-UE configuration in dedicated signaling similar to the per-UE gap, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC.
Proposal 12  Cell quality criterion is a per-servingcell configuration in dedicated signaling, and UE can make RLM/BFD relaxation decisions separately for each configured CC/band according to the configured cell quality thresholds.
Proposal 13  RAN4 further discuss the required UE behaviour if UE experiences some other important state change during the relaxed state, i.e. whether UE is allowed to start/continue relaxation for both RLM in spCell and BFD in SCell at the next slot after
· PCell handover, or
· PSCell change, or
· the set of RSs on which UE is required to perform RLM/BFD is changed, or
· the UE-specific CBW or the active BWP of the UE is changed, or
· the intra-band SCell on which UE is required to perform BFD becomes active
Proposal 14  In FR1 RLM/BFD relaxation, adopt relaxation factor as K1, FR1=2, and K2, FR1=3.
Proposal 15  In FR2 SSB-based RLM/BFD relaxation, adopt relaxation factor as K1, FR2, SSB==1.5.
Proposal 16  Lower bound of relaxed evaluation period is preferred to be also relaxed.
[bookmark: _GoBack]Proposal 17  Capture the conditions for UE entering RLM/BFD in 8.1.1 and 8.5.1, including the corresponding relaxation criteria. 
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