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Introduction
In RAN4 98e-bis and RAN4 99e, the WF R4-2105797[1] and WF R4-2108351[2] were agreed. 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
For the relaxation criteria, RAN4 have also achieved agreements as follows in [1][2].
· Whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. (in RAN4 #98e-bis)
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode. (in RAN4 #99e)
· Note1: Whether the exit condition for serving cell quality is explicitly specified or not is up to issue 2-3-2.
· Note2: FFS the details of the exit condition of low mobility
Furthermore, several details on the relaxation criteria and relaxation schemes were discussed. 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 99e meeting, the following were agreed in [2].
· UE verifies whether the low mobility criterion is fulfilled or not based on the RSRP variation and/or SINR variation, provided that the variation thresholds are configured by the NW.
· FFS the variation thresholds for low mobility criterion
· Option 1: RSRP variation 
· Option 2: SINR variation
· Option 3: RSRP variation and SINR variation.
· FFS how to calculate the variation
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.
Another point is that this low mobility criterion has been discussed in RAN4 for more than 3 meetings and very limited progress (especially compared to the progress of the similar topic in Redcap WI) can be achieved. We are not sure this is good to the WI progress especially considering the workload of RRM session in RAN4.
According to the WID RP-193239 [3], RAN2 work will be triggered by RAN4 LS.
a) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
Therefore, our first preference is to send LS to RAN2 on this low mobility criterion, no matter how many details can be agreed in this RAN4 meeting. Note that based on the agreed workplan [4] it is assumed to send LS to RAN2 in this RAN4 100e meeting.
Proposal 1  Send LS to RAN2 so as to trigger the discussion on the low mobility criterion in RAN2. 
The contents of the LS may include:
A． Agreements on the relaxation scenarios achieved in RAN4 98e-bis.
B． Agreements achieved so far in RAN4 on low mobility criterion and other signalling aspects.
C． [if necessary] Potential open issues that should be discussed in RAN2.
A draft of this LS is provided in our companion paper in [5].
On the other hand, in this section, our views on the technical issues of low mobility criterion are also provided.
Whether/how to re-use R16 low mobility criterion
Based on agreements in last meeting, our preference is to reuse R16 low mobility criterion as much as possible. However, since R16 low mobility criterion is for idle/inactive mode and captured in TS 38.304, necessary revisions are needed for R17 PowSav. The following issues are identified if R16 low mobility criterion is directly re-used in R17:
A. Ping-pong effect. The DRX cycle length considered for R17 power saving is no more than 80ms. However, for R16 low mobility criterion, the DRX cycle length is at least 320ms. Since the DRX cycle is shorter in RRC_connected, if the same logic as R16 is followed, then UE may evaluate low mobility criterion much more often than that in R17. In this case the ping-pong effect would be more significant.
B. The RSs used for low mobility state criterion. 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. However, in connected mode, the serving cell measurement includes RRM measurements, RLM/BFD measurements, etc. Different RSs may be configured for these different measurements. Therefore, the RS type, including the number of beams, that considered for low mobility criterion in R17 need to be further discussed in R17 PowSav WI.
C. Quantities used for low mobility criterion. In R16, RSRP in idle mode, i.e. Srxlev, is used in the low mobility criterion. In R17 this has already been discussed. In our view, using RSRP is more reasonable. SINR will be impacted by interference variation, which is not related to UE movement and should not be considered in mobility criterion. Even if RSRP is re-used, the difference between Srxlev in idle/inactive and RSRP in Connected needs to be carefully considered.
Therefore, we have the following proposal:
Proposal 2  Re-use the R16 RSRP-based low mobility criterion as baseline for R17 RLM/BFD relaxation in RRC_Connected, while the necessary revisions regarding issues like ping-pong effect, RS type, etc., can be further discussed.
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 and fall back to normal measurement when below the thresholds. The SINR margin is inserted between these 2 thresholds, so as to prevent frequent state transition between relaxed mode and normal mode. As provided in Figure 1, 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. Note that the low mobility is considered to be fulfilled in Figure 1.
[image: ]
Figure 1 Illustration of RLM relaxation and the thresholds for cell quality criterion 
Based on previous discussion in RAN4, companies are generally fine on a threshold-based for the enter condition of cell quality criterion. However, regarding the exit condition, some other companies proposed to use the number of out-of-sync indications. Compared to a threshold-based exit condition, this o-o-s based approach is not very flexible and can be seen as a special case. Therefore, it is not preferred to specify o-o-s based approach for exit condition of cell quality criterion.
Regarding how to configure the thresholds, as discussed in previous meetings, there are several difficulties on achieving consensus in RAN4 about how to configure such thresholds. The difficulties are:
I. The SINR used for RLM/BFD evaluations is not specified as one measurement quantity in the spec. The hypothetical BLER is considered instead and specified in 38.133. However, it would be quite difficult and awkward if network needs to configure some ‘BLER’ thresholds to UE.
II. The specific SINR value according to this BLER can be different among different UE implementations. As specified in the test cases for o-o-s, for example, this SINR value is actually reflected as a range of Es/Iot, while UE is required to identify o-o-s timely at the lower bound of this range, and is also required not to identify o-o-s at the upper bound of this range. Such range may provide flexibility in UE implementation.
III. The only impact of this SINR value is the decision of RLF or BF at UE side. In other word, network may not have opportunity to obtain the precise SINR value. Therefore, it is also difficult for network to configure such threshold. However, the only mobility performance impact identified in the RLM/BFD relaxation, is the RLF triggering latency, which is caused by a slightly extended evaluation period for the first o-o-s. If UE does not report the low mobility status to network, the worst case of UE that can be assumed at the NW side, should be in the relaxed mode, if UE is provided the configuration/indication about the allowed RLM/BFD relaxation under certain condition. In this case, there is no strong motivation for network to explicitly configure such threshold to UE.
IV. If the thresholds are configured to UE or pre-defined in the spec, then RAN4 would still need to discuss whether the thresholds should be the same or different for SSB-based and CSI-RS based, and whether the thresholds should be the same or different for RLM and BFD. It is very difficult to achieve consensus on these issues considering different UE implementations. The better approach is not to provide any limitation in the spec, so that the flexibility in UE implementation can be allowed.
Therefore, we have the following proposal.
Proposal 3  Leave the threshold of entering and exiting cell quality criterion as UE implementation, as long as UE can fall back to normal mode and identify o-o-s or beam failure timely according to the relaxed requirements.
Note that this Proposal 3 does not preclude to specify one Es/Iot region in the test case that can ensure all UE fulfilling the entering condition of cell quality criterion.
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. Based on proposal 3, if the thresholds for entering or exiting cell quality criterion can be up to UE implementation, 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 4  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 details of relaxation method for RLM and BFD relaxation
According to RAN1 spec TS 38.213 [6], as below,
TS 38.213 v16.6.0 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 [7] 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 16.8.0 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 assumptions that 10 samples for RLM measurements are used in the SINR region where out-of-sync(o-o-s) 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 Figure 1, if UE reduces some samples even when its mobility is low, it may still identify oos late or in-accurate 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. If UE trigger o-o-s based on reduced number of samples, then the accuracy of the o-o-s may not be ensured. Therefore, relaxing o-o-s requirements, at least for the first o-o-s identification, is needed, if UE is allowed to relax RLM/BFD when the SINR is high and mobility is low.
Moreover, in last meeting, some companies proposed to also extend the indication interval. However, in our understanding, the requirement is that UE needs to separate o-o-s indications by at least Tindication_interval, and there are no requirements on whether UE has to send o-o-s indication to higher layer once per Tindication_interval in TS 38.133. The only restriction lies in the RAN1 spec TS 38.213, while UE needs to assess RLM resources once per indication period. In our understanding this indication period refers to the Tindication_interval, because only in this case the R15/R16 requirements on the oos evaluation periods can be fulfilled. However, if Tevaluate_out_xxx is relaxed, we do not see the necessity to ensure UE assess RLM resources once per indication period. The restrictions in TS 38.213 should be removed or revised for R17 power-saving capable UE, but there is no need to modify Tindication_interval.
Observation 1  According to current spec, 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.
[bookmark: _Hlk78635846]Observation 2  According to current spec, UE needs to separate o-o-s indications by at least Tindication_interval, and UE is required to assess RLM quality once per indication period.
Therefore, we have the following proposals 
Proposal 5  In the high/medium SINR region, RLM and BFD requirements can be relaxed by allowing longer separation between RLM/BFD measurements.
Proposal 6  The minimal separation between o-o-s indications needs not to be increased in R17 PowSav.
Regarding the relaxation factor, in our understanding, it means the allowed scaling factor on the separation between RLM measurements. Since this scaling only applies to high SINR region, the impact to o-o-s requirements is not necessarily to be scaling the requirements K times. As illustrated Figure 1, 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, as shown in our previous evaluation results in [8].
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. 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.
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 o-o-s requirement in the background of reducing number of samples 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. 
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, 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 7  In FR1, extending the first out-of-sync evaluation period requirements and the first beam failure evaluation period requirements by a same factor X. X is at least 2 for DRX <= 40ms, and X is at least 1.5 for 40ms <DRX <= 80ms.
Regarding the potential difference on relaxation behaviour in FR1 and FR2, in last meeting, it was agreed to allow different relaxation factors. However, in our understanding this relaxation factor should be the K factor, while the impact to the existing requirements can still be discussed. Compared to FR1, the sharing factor between L1 and L3 measurements need to be considered in FR2, for the case of SSB-based RLM/BFD and the case where CSI-RS-based RLM/BFD is overlapped with SMTC. Moreover, for FR2, the scaling factor for Rx beam sweeping is considered in SSB-based RLM/BFD, but not in CSI-RS based RLM/BFD. If these scaling factors are considered in the baseline UE behaviour, then in the high SNR region the power saving gain would be more significant. However, from mobility performance POV, the impact to RLF or BF triggering latency would also be more significant, if the evaluation period of first out-of-sync and the first beam failure instance is extended for even 2 times. Therefore, for FR2, more discussion is needed at least for the following cases:
· The case where Psharing factor = 3 for both SSB and CSI-RS based RLM/BFD
· The case where Rx beam sweeping is considered for SSB based RLM/BFD
Proposal 8  In FR2, the scaling factor for extending the first out-of-sync evaluation period requirements and the first beam failure evaluation period requirements can be further discussed.
Discussion on the CA/DC scenario
In last 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.
Based on R15 spec, RLM and BFD are performed at least in the PCell and PSCells. Note that in EN-DC scenario there is no NR PCell.
Moreover, in R16, BFD in SCells is further considered. Given the progress in R16, for BFD on SCell, the following has been specified.
TS 38.133 v 16.8.0 clause 8.5.3
…
The requirements in this clause apply when UE is required to perform beam failure detection on no more than 1 serving cell per band.
…
The values of PBFD used in Table 8.5.3.2-1 and Table 8.5.3.2-2 are defined as
	For each CSI-RS resource in the set [image: ] configured for PCell or PSCell in EN-DC or NE-DC or SA; or PCell in NR-DC
-	PBFD = 1.
For each CSI-RS resource in the set [image: ] configured for PSCell in NR-DC
PBFD = 2 if UE is configured for beam failure detection on SCell, 1 otherwise.
	For each CSI-RS resource in the set [image: ] configured for a SCell
-	PBFD = Z in EN-DC or NE-DC or SA.
-	PBFD = 2* Z in NR-DC.
	Where Z is the number of band(s) on which UE is performing beam failure detection only for SCell


It is clearly stated that UE is required to perform BFD on no more than 1 serving cell per band. 
For intra-band CA, the case that RLM on an spCell and BFD on an 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. Requiring UE to monitor 2 different resources for spCell and SCell in the same band, respectively, is not aligned with the principle of R16 eMIMO requirements. UE complexity would be increased if BFD is not performed on the spCell, especially if the channel quality is quite similar between spCell and SCell. Therefore, the scenario that UE performs RLM in spCell but BFD in SCell is a corner case and would not be considered in the spec.
Therefore, we have the following proposal:
Proposal 9  For CA, on the band where spCell exists, the baseline assumption is that UE will not perform BFD in the SCells in this band.
For the case of NR-DC, there are more than 1 spCell configured for the UE. The PCell and PSCell are in different band. In some cases, they are in different frequency range. For inter-band CA cases, the serving cells can also be on different band. Therefore, whether UE would need to evaluate the entering/exiting conditions for each serving cell, and whether UE would be allowed to relax RLM/BFD if it meets the relaxation criterion in other serving cell, may still need further discussion. Both cell quality criterion and low mobility criterion need to be re-visited further in these cases.
Proposal 10  For the case of NR-DC and inter-band CA, further discuss whether UE needs to evaluate the entering/exiting conditions for each serving cell, and whether UE is allowed to relax RLM/BFD if it meets the relaxation criterion in other serving cell.

Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  According to current spec, 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.
Observation 2  According to current spec, UE needs to separate o-o-s indications by at least Tindication_interval, and UE is required to assess RLM quality once per indication period.
Proposal 1  Send LS to RAN2 so as to trigger the discussion on the low mobility criterion in RAN2. 
Proposal 2  Re-use the R16 RSRP-based low mobility criterion as baseline for R17 RLM/BFD relaxation in RRC_Connected, while the necessary revisions regarding issues like ping-pong effect, RS type, etc., can be further discussed.
Proposal 3  Leave the threshold of entering and exiting cell quality criterion as UE implementation, as long as UE can fall back to normal mode and identify o-o-s timely according to the relaxed requirements.
Proposal 4  The UE behaviour on checking the entering/exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified.
Proposal 5  In the high/medium SINR region, RLM and BFD requirements can be relaxed by allowing longer separation between RLM/BFD measurements.
Proposal 6  The minimal separation between o-o-s indications needs not to be increased in R17 PowSav.
Proposal 7  In FR1, extending the first out-of-sync evaluation period requirements and the first beam failure evaluation period requirements by a same factor X. X is at least 2 for DRX <= 40ms, and X is at least 1.5 for 40ms <DRX <= 80ms.
Proposal 8  In FR2, the scaling factor for extending the first out-of-sync evaluation period requirements and the first beam failure evaluation period requirements can be further discussed.
Proposal 9  For the case of intra-band CA, on the band where spCell exists, the baseline assumption is that UE will not perform BFD in the SCell in the same band.
Proposal 10  For the case of NR-DC and inter-band CA, further discuss whether UE needs to evaluate the entering/exiting conditions for each serving cell, and whether UE is allowed to relax RLM/BFD if it meets the relaxation criterion in other serving cell.
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