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Introduction
In RAN4 98e-bis, the WF R4-2105797 was agreed in [1]. Based on [1] the following were concluded as feasible cases for the WI phase.
· RAN4 conclude the feasible scenario and will define the RLM/BFD requirements for R17 UE measurements relaxation for RLM and/or BFD in work phase for the following cases, 
· Case 1: SSB based RLM/BFD measurement relaxation in FR1 
· Case 2: CSI-RS based RLM/BFD measurement relaxation in FR1 
· Case 3: CSI-RS based RLM/BFD measurement relaxation in FR2
· Case 4: SSB based RLM/BFD measurement relaxation in FR2
Furthermore, several details on the relaxation schemes were discussed. In this paper, our views on these issues are provided.
Discussion on the relaxation schemes for RLM and BFD relaxation
According to RAN1 spec TS 38.213 [3], as below,
TS 38.213 v16.5.0 clause 5
…
In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) provided by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.

UE is required to evaluate channel quality, i.e. perform RLM measurement once per indication period in physical layer of the UE. The length of the indication period is specified in TS 38.133 [4] as below. In our understanding, for DRX cycle less than or equal to 320 ms, here “1.5 × DRX cycles” means “2 times per 3 DRX cycles”.
TS 38.133 v 16.7.0 clause 8.1.6
…
The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause 5 in TS 38.213 [3]. Two successive indications from layer 1 shall be separated by at least TIndication_interval.
…
In case DRX is used, TIndication_interval is Max(10ms, 1.5 × DRX_cycle_length, 1.5 × TRLM-RS,M)) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms. Upon start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and layer 1 indication interval corresponding to the no DRX mode until the expiry or stop of T310 timer.

On the other hand, the out-of-sync requirements defined in TS 38.133, for example, when DRX cycle length = 40ms, is 40 × 1.5 × 10 = 600 ms. This is based on the assumption of 10 samples for RLM measurements in the SINR region where out-of-sync(oos) needs to be triggered. For high/medium SINR scenario, as discussed in previous meetings, the needed number of measurement samples for SINR measurement can be reduced at least for some types of UE implementation, while the measurement accuracy can be maintained. However, as shown in the figure below, if UE reduces some samples even when its mobility is low, it may still identify oos late in some cases. This is because the first measurement that it quit from relaxed measurement due to low SINR is late compared to R16, and it still needs to get enough number of samples to accurately identify whether it needs to trigger oos or not. Therefore, relaxing oos requirements, at least for the first oos identification, is needed if UE is allowed to relax RLM/BFD when the SINR is high and mobility is low. 
Observation 1  According to current spec, the UE is required to perform RLM/BFD at least twice per 3 DRX cycles when DRX cycle length is less than or equal to 320ms, no matter what mobility state UE is in and whether UE is in the high/medium SINR.
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Figure 1 Illustration of the maximal increased RLF triggering latency. 
Regarding the relaxation factor, in our understanding, it means the allowed separation between RLM measurements can be scaled. Since this scaling only applies to high SINR region, the impact to oos requirements is not necessarily to be scaling the requirements K times. As illustrated in the figure, in the worst case, there is some additional delay, which can be limited to (K-1)  1.5 DRX cycles for some UE implementations. The additional delay can be different according to different UE implementation, and the scenario for achieving power saving gain may also be different. In our view, as one typical implementation, the additional delay cannot be less than (K-1)  1.5 DRX cycles.
For BFD, the definition of indication period is the same as RLM. Even though there is no assessing period definition in TS 38.213, and the SINR threshold for beam failure triggering is different from RLF, the physical layer still need to perform measurement 1.5 times per DRX cycle so as to timely detect beam failure when SINR is low. Therefore, the same issue also applies for BFD.
Note that the scaling factor 1.5 was introduce in R15 to reduce UE power consumption for the case when DRX on-duration and RLM-RS/BFD-RS occasions are not perfectly aligned. As shown above, the 1.5-factor is associated with the minimal separation between the L1 indication. Hence, it cannot be interpreted as relaxation to oos requirement in the background of reducing number of sample in high SINR. Based on evaluation results in R17, when UE mobility is low, UE can be allowed with some further relaxation on-top-of the requirements that defined in R15. 
Based on above analysis, we have the following proposals.
Proposal 1  For RLM, the oos triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
Proposal 2  For BFD, the beam failure instance triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
Therefore, regarding page 6 of [1], option 3 is supported. Regarding page 10 of [1], option 2b is supported with slightly revision on the scaling factor 1.5.
For the applicable DRX cycle, in TS 38.331, for DRX cycle <=320ms, options are 10ms, 20ms, 32ms, 40ms, 60ms, 64ms, 70ms, 80ms, 128ms, 160ms, 256ms, 320ms. As agreed in last meeting, the applicable DRX can be <=80ms. Taking relaxation factor as 2, for example, the only exception to monotonicity is that the requirements of first oos identification for 80ms can be slightly longer than that of 128ms. 
Also note that the assumed number of samples for RLM and BFD are different, since the SINR region in which UE needs to identify oos or beam failure instance are different. For SSB-based BFD, 5 samples are considered. In this case, aligning with proposal 2, K=4 can be at least supported if the BFD requirements is extended 2 times i.e. allowing 5 more measurement occasions, and K=2 can be at least supported if the requirement is only extended 1.5 times i.e. allowing 2 more measurement occasions. Whether higher number of K can be supported would be up to UE implementation.
Proposal 3  Extending the out-of-sync evaluation period requirements and beam failure evaluation period requirements by a same factor X can be considered. X can be 2 for DRX <= 40ms, and X can be 1.5 for 40ms <DRX <= 80ms.
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 stationary and not at cell-edge, in which UE may stop neighbour cell measurement if serving cell RSRP and/or RSRQ meets a specific criterion 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.
However, for RLM/BFD measurement relaxation, the situation can be slightly different from that for R16 idle mode RRM in the following aspects
· The metric for RLF or beam failure triggering is normally hypothetical BLER, which is related to SINR measurements. However, the metric for idle RRM measurements are RSRP or RSRQ. The SINR is more sensitive to the environment change, and it would be very difficult to re-use R16 low-mobility criterion to the R17 SINR-based criterion for RLM/BFD relaxation. 
· In R16, we have shown our preference of cell quality criterion over low mobility. The data reveals that it would be very difficult for network to configure such Delta_RSRP thresholds in low mobility criterion. In our view, network may have priori information on the potential mobility that needs to be assumed for a given cell. For example, for indoor cell, network may not need to configure thresholds to UE. In other word, UE do not need to determine whether it is in low mobility state or not, because the possibility of high mobility UE is too low. However, for some outdoor cells such low mobility thresholds can still be configured to UE. 
Therefore, we have the following proposals
Proposal 4  Low mobility cell can be configured by network in RRC without any thresholds, e.g. for indoor cells.
Based on above analysis our first preference for issues in page 7 of [1] is option B2. However, we also see the technical arguments behind A1, A2, B1. In our view a compromised solution can be A1+B2 for simplicity. In this case, for low mobility cells or based on some other solutions, if only cell quality criterion is configured, then it means such network has already identified that this UE is in low mobility, and as long as UE fulfills cell quality criterion, UE will be allowed to apply relaxed requirements. For cell that may have high mobility UE, it is also possible to configure some low mobility scenario based on serving cell RSRP measurements, and network can let UE to decide whether it is in low mobility based on pre-defined criterion.
For option A2, one potential issue is that the interference would have much more impact to SINR results compared to RSRP. Another issue is that UE is not mandatory to report SINR and therefore it would be difficult to compare it to some reference values. Generally, we see the interference is not relevant to UE mobility. Therefore, we slightly prefer option A1 over A2.
For option B1, for FWA UE clearly it can fulfill low mobility criterion. However, we are not sure whether there is strong motivation to support power saving for FWA. Therefore, we prefer to go with option B2, while for FWA UE, if needed, can also be supported by B2.
Proposal 5  The following configuration for low mobility criterion is preferred and can be further discussed in this meeting:
A． No cell quality criterion or low mobility criterion is configured, in which UE is not allowed to relax RLM/BFD.
B． Only cell quality criterion is configured, in which UE is allowed to relax RLM/BFD if only cell quality criterion is fulfilled. (In this case network decides whether the UE meets low mobility criterion.)
C． Both low mobility and cell quality criterions are configured, in which UE is allowed to relax RLM/BFD only if both low mobility criterion and cell quality criterion are fulfilled.
On the other hand, we see some other issues that needs RAN2 discussion. Therefore, as discussed in our companion paper [2], we also prefer to send LS to RAN2 in this meeting.
Discussion on cell quality criterion
Regarding the thresholds for relaxation, based on evaluation results submitted in previous meetings, we see the mobility would not be impacted if SINR is in high/medium region. As long as the SINR falls to the low region, it would not be feasible to any relaxation if limited mobility performance impact is allowed. Therefore, we see it feasible to set thresholds with enough margin, and UE is allowed to relax RLM and BFD measurement when SINR is above those thresholds. Since network would have more information on the potential interference and coverage, in our view such threshold should be configured by network.
Regarding the SINR metric for relaxation, in our view the SINR for RLM/BFD evaluation should be reused. Such thresholds should reflect the SINR region where relaxation can be done. Although ‘hypothetical BLER for PDCCH’ was used to define such thresholds in R15, in our view, it is also ok if some SINR reference value, such as X or Y in page 5 of [1], can be defined for the threshold. This would allow more flexibility in network configuration for the thresholds.
Proposal 6  Define network-configured thresholds reflecting the feasible SINR regions for UE entering RLM and BFD relaxation.
The thresholds for entering relaxation can be the same for RLM and BFD, so that the power saving gain can be achieved. Although the SINR region for oos triggering and that for beam failure triggering are different, as specify in current TS 38.133, we see it more appropriate to allow different margin for RLM and BFD respectively. This is because generally larger relaxation factor K for RLM over that for BFD can be considered when SINR is high enough.
Proposal 7  The SINR threshold for entering relaxation is the same for RLM and BFD.
Regarding using the RSRP for BFD, in our view firstly the proponent company should clarify whether it is feasible to configure the same RS for both BFD and CBD. In our view we are open to discuss whether RSRP needs also to be considered. In case RSRP is also considered, UE may enter relaxed mode only if both RSRP criterion and SINR criterion are fulfilled.
Proposal 8  The RSRP thresholds for entering relaxation can be further discussed.
Regarding the difference between SSB-based and CSI-RS based, generally, we see different RS may cause different UE behaviour when relaxation is done, and therefore it is more reasonable to allow different thresholds for different RS. If such conclusion can be made in RAN4, 2 different IEs are needed for SSB and CSI-RS, respectively.
Proposal 9  Different thresholds for entering relaxation are supported for SSB based RLM/BFD and CSI-RS based RLM/BFD.
As provided in Figure 1, another threshold can be considered for the fall back. Some SINR margins can be inserted between these 2 thresholds, so as to prevent frequent state transition between relaxed mode and normal mode. Thenter is used to denote the SINR threshold for entering relaxation mode. Thquit is used to denote the SINR threshold for falling back to the normal relaxation when SINR gets lower. If SINR is high enough, the one-shot measurement accuracy increases, and therefore less samples are needed. Therefore, when measured SINR is higher than Thenter, UE enters relaxed mode, and uses less samples to calculate SINR. When SINR falls below Thquit, UE falls back from relaxed mode.
Moreover, as discussed in last meeting, how to fall back to normal operation is also listed as one issue. In our view, as shown in Figure 1, 3 options can be considered. 
· Option A: UE fall backs to normal mode when the averaged SINR based on reduced number of samples, e.g. with floor(10/K) samples for FR1 RLM, is below Thquit. K is the relaxation factor.
· Option B: UE fall backs to normal mode when the estimated SINR based one sample is below Qout.
· Option C: UE fall backs to normal mode when either option A or option B triggers.
In our view option C would be more reasonable since it allows to achieve fall back timely in different scenarios. However, since we see some other options discussed in last meetings and it is difficult to judge which one is better, in our view the exit criterions can be up to UE implementation as long as only the first oos identification requirement is relaxed, i.e. UE makes sure it has already fallen back to normal measurement if it has identified one out-of-sync indication.
Proposal 10  Leave the fall back mechanism as UE implementation, as long as UE makes sure it has already fallen back to normal measurement if it has identified one out-of-sync indication.
Discussion on the CA/DC scenario
Given the progress in R16 eMIMO, for BFD on SCell, it is clearly stated that BFD requirements applies only if UE is required to perform BFD on no more than 1 serving cell per band. However, for intra-band CA, the case that RLM on a SpCell and BFD on a Scell was discussed in last meeting. Based on our understanding, in R16 eMIMO test cases definition, RLM-RS and BFD-RS are normally configured as the same RS. It is also awkward if UE needs to monitor 2 different resources for spCell and sCell in the same band, respectively, because this is not aligned with the principle of R16 eMIMO requirements. Therefore, we have the following proposal:
Proposal 11  RLM/BFD requirements can be applicable to CA/DC scenarios, but the issue for entering criteria among different cells in intra-band CA will not be further discussed.
Conclusion
Based on above analysis and evaluation results in [3], we have following observations and proposals.
Observation 1  According to current spec, the UE is required to perform RLM/BFD at least twice per 3 DRX cycles when DRX cycle length is less than or equal to 320ms, no matter what mobility state UE is in and whether UE is in the high/medium SINR.
Proposal 1  For RLM, the oos triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
Proposal 2  For BFD, the beam failure instance triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
Proposal 3  Extending the out-of-sync evaluation period requirements and beam failure evaluation period requirements by a same factor X can be considered. X can be 2 for DRX <= 40ms, and X can be 1.5 for 40ms <DRX <= 80ms.
Proposal 4  Low mobility cell can be configured by network in RRC without any thresholds, e.g. for indoor cells.
Proposal 5  The following configuration for low mobility criterion is preferred and can be further discussed in this meeting:
A． No cell quality criterion or low mobility criterion is configured, in which UE is not allowed to relax RLM/BFD.
B． Only cell quality criterion is configured, in which UE is allowed to relax RLM/BFD if only cell quality criterion is fulfilled. (In this case network decides whether the UE meets low mobility criterion.)
C． Both low mobility and cell quality criterions are configured, in which UE is allowed to relax RLM/BFD only if both low mobility criterion and cell quality criterion are fulfilled.
Proposal 6  Define network-configured thresholds reflecting the feasible SINR regions for UE entering RLM and BFD relaxation. 
Proposal 7  The SINR threshold for entering relaxation is the same for RLM and BFD.
Proposal 8  The RSRP thresholds for entering relaxation can be further discussed.
Proposal 9  Different thresholds for entering relaxation are supported for SSB based RLM/BFD and CSI-RS based RLM/BFD.
Proposal 10  Leave the fall back mechanism as UE implementation, as long as UE makes sure it has already fallen back to normal measurement if it has identified one out-of-sync indication.
Proposal 11  RLM/BFD requirements can be applicable to CA/DC scenarios, but the issue for entering criteria among different cells in intra-band CA will not be further discussed.
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