[bookmark: Title][bookmark: DocumentFor][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 98-e 	R4-2101462
Electronic Meeting, Jan. 25-Feb. 5, 2021

Source: 	vivo
Title: 	Discussion on R17 RLM/BFD relaxation
Agenda Item:	11.9.2
Document for:	Discussion
Introduction
In RAN4 97e, the WF R4-2017269 was agreed in [1] and the corresponding evaluation assumptions are agreed in [2]. This contribution provides our views based on evaluation results in [3].
Discussion on the scenarios for RLM/BFD relaxation
R17 power saving will be discussed based on completed R16 power saving. For connected mode UE, the following was specified for R16.
· DCP(DCI with CRC scrambled by PS-RNTI) to indicate whether UE need to wake-up before next DRX on-duration.
· Cross-slot scheduling
· Per-BWP MIMO layer adaptation
Based on above power saving techniques in companion with DRX, UE can achieve quite significant power saving gain if traffic data is not active for quite a period, e.g. around 1s to 10s, and network does not release UE from connected state. For some traffic type in which data packet arrives with interval of around 40ms to 200ms, relatively short DRX cycle can be configured to save UE power, e.g. 40ms. When DCP is configured, RLM/BFD measurement takes a great portion of the total power consumption. According to RAN1 spec TS 38.213 [5], as below,
TS 38.213 v16.4.0 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 [6] 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 16.6.0 clause 8.1.6
…
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 requirement defined in TS 38.133 is based on the assumption of 10 samples for RLM measurements. For high/medium SINR scenario, it is technically common understanding that the needed number of measurement samples can be reduced. However, it is unclear in the spec whether and how UE can reduce number of measurement samples when SINR is in the high/medium region. For example, as the requirements to identify oos when DRX cycle length = 40ms, is 40 × 1.5 × 10 = 600 ms, is it possible for UE to reduce number of measurement samples to one per 600ms? In our understanding the mobility state and the margin to Qout would have impact on this. At least according to current TS 38.213 UE is not allowed to relax measurement even if UE is in low mobility and the SINR margin is adequate. In R17 UE power saving, based on mobility impact analysis, whether and how UE can reduce measurement samples to save power can be concluded.
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.
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.
Based on above observation, we see the necessity and motivation for R17 RLM/BFD relaxation, and as stated in the WID, RAN4 need to perform analysis on the feasibility and performance impact on these issue.
Proposal 1  In the study phase of this WI, RAN4 conclude the exact mobility impact and the exact power saving gain if RLM/BFD are relaxed in low mobility and/or high/medium SINR region.
Discussion on mobility performance impact
In R15, regarding to RLM/BFD requirement, most discussion was on how much samples are needed, and what is the hypothetic PDCCH configuration of OOS and IS identification, where link level simulation was used. The basic assumption was that UE can perform one measurement for each DRX cycle or each pre-defined period, and there was no justification on how much relaxation can be done according to different mobility state and/or SINR region.
In R17 power saving, in last meeting, the evaluation assumptions to mobility state analysis are agreed in [2]. Based on the agreed assumptions, the evaluation results are provided in [3]. Based on results in [3], the following observations are made.
Observation 2  If a UE is only allowed to relax RLM when SINR is above a proper SINR threshold, and falls back to normal measurement when SINR is below such threshold, then the impact to increased RLF triggering latency with 99%-tile probability can be less than (K-1) × DRX_cycle, while K is the relaxation factor. 
Observation 3  If 40ms DRX cycle is considered and a UE is only allowed to relax RLM when SINR is above a proper SINR threshold, the RLF latency increases no more than only 2.5% when K=2, 7.5% when K=4 and 17.5% when K=8, with 99%-tile probability.
Observation 4  The SINR threshold for relaxation can be set by leaving enough margin to accommodate different mobility scenarios.
Observation 5  The one-shot SINR estimation error mainly impacts low SINR region, and it is still feasible to relax RLM if enough SINR margin is left for the relaxation threshold.
To further analyse observation 2 and 3, a figure is provided as below. If link quality assessing period is extended K times, and if a sudden SINR fall happens, the worst case is that the relaxed UE would only be able to observe such fall after (K-1) × DRX_cycle, and then fall back to normal measurement interval, while after around 10 DRX cycle later it would be able to trigger OOS indication. Since no matter whether UE is allowed to relax or not before fall back due to Qout, the latency in triggering OOS indication after the first L1 measurement below Qout, is exactly the same. Therefore, the key factor would be the randomly distributed time between the SINR goes below than Q_out and the first measurement for the relaxed mode.
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Figure 1 Illustration of the maximal increased RLF triggering latency. The y-axis is the ideal L1-SINR estimation
Based on above analysis, the oos requirement would be impacted by the extended measurement period, even though such impact would not be extending oos requirement K times. RAN4 should further study the impact to oos requirement if the link quality assessment period is allowed to be extended K times when SINR is above a proper threshold.
Proposal 2  RAN4 should further study the impact to oos requirement if the RLM assessment period is allowed to be extended K times when SINR is above a proper threshold.
Discussion on power saving gain
As stated in [1], TR 38.840 is the starting point for power saving gain analysis, and evaluation assumptions in [2] are only considered as options that not precluded. In our understanding, the purpose of this evaluation is to identify the scenarios (Note: not corner cases) that can achieve power saving gain when RLM/BFD are relaxed. Of course the power saving gain is not significant in all scenarios.
Proposal 3  RAN4 should strive to identify the scenarios that can achieve power saving gain when RLM/BFD are relaxed.
By considering PDCCH-WUS in R16 baseline, we further evaluate 3 types of traffic with 40 ms DRX cycle to observe the power saving gain
· FTP with 200ms arrival time: This is aligned with TS 38.840. The reason for evaluating 40 ms DRX cycle is that we see it a typical scenario in real deployment.
· FTP with 40ms arrival time: This is the intensive eMBB scenario discussed in RAN1.
· VoIP model: This is aligned with TS 38.840 and [2]. Note that semi-persistent scheduling is not considered.
Given above assumptions, evaluation results are provided in [3]. The following observations are made.
Observation 6  To optimise the case where data packet arrives with interval of around 100ms to 200ms, and 40 ms DRX cycle is considered, relaxation of RLM/BFD may further achieve power saving gain on top of R16 power saving techniques. If PDCCH WUS is configured and relaxing RLM-RS measurements 2x/4x/8x, 15% to 26% additional gain can be achieved.
Observation 7  For intensive eMBB or VoIP traffic, relaxing RLM measurements 2x/4x/8x, can also achieve 10% to 17% power saving gain.
Observation 8  The DRX on-duration offset to the SSB may have impact on power saving gain.
In last meeting, companies also discussed PDCCH monitoring relaxation when RLM/BFD are relaxed, especially for the VoIP traffic model. In our understanding, in TR 38.840, the semi-persistent scheduling is not modelled in R16. Moreover, we are not sure whether UE is scheduled by SPS only, if VoIP traffic is active. Probably SPS for VoIP may not be able to relax UE’s PDCCH monitoring behaviour.
Proposal 4  The PDCCH monitoring relaxation, if RLM/BFD are relaxed, should be further studied.
Discussion on the potential schemes
As discussed above, the feasibility and power saving gain in RLM relaxation can be justified. Since BFD measurements are mainly on the same resources as RLM, and UE behaviour in gathering SINR results is almost the same, except the threshold for triggering failure indication and the number of L1 samples needed are different. Therefore, if any conclusions on RLM relaxation is made, such conclusions should be applicable also to BFD in FR1.
Proposal 5  The conclusions to RLM measurement relaxation, if achieved, should also be applicable to BFD in FR1.
For idle mode UE, RRM relaxation was extensively discussed and RAN4 identified 3 scenarios for RRM relaxation. 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.
· RLM/BFD measurements are for the serving cell measurement connected mode measurements, while R16 RRM discussion are mainly for neighbour cell measurement. If the UE is indicated to skip the next DRX on-duration, the it should be able to relax RLM/BFD measurements also, so as to keep itself in low-power state, while the mobility impact is trivial if short DRX cycle are considered only. Therefore, short DRX cycles, e.g. DRX cycle length <= 80ms, should be considered ONLY in R17 RLM/BFD relaxation.
Therefore, we have the following proposals
Proposal 6  R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation.
Proposal 7  Short DRX cycles, e.g. DRX cycle length <= 80ms, should be considered ONLY in R17 RLM/BFD relaxation.
As agreed in last meeting, at least extending evaluation period of RLM/BFD measurement is considered as the scheme for RLM/BFD relaxation. Based on the evaluation results, we also see the feasibility of reducing number of samples in high/medium SINR region, so that the mobility impact would not be impacted. Such relaxation would have impact to the OOS requirements as discussed in section 2. However, reducing number of candidate beams, if candidate beam here refers to the RLM/BFD resources to be monitored, in our understanding, should be purely UE implementation, as only if all resources falls below the threshold, the corresponding failure event can be triggered.
Proposal 8  For schemes to be studied in RLM/BFD relaxation, at least adopt option 1a & 3, i.e.
· RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals, and
· Reducing the sample number.
Regarding the SINR thresholds for relaxation, based on above evaluation results, 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 a threshold with enough margin, and as long as the L1 measurement result falls below such threshold, the UE falls back to the normal RLM/BFD measurement operation. Such threshold can be shared by RLM/BFD. Since network would have more information on the potential interference and coverage, in our view such threshold should be configured by network.
Proposal 9  Define a SINR-based network-configured threshold for RLM/BFD relaxation. Such threshold is the same for RLM and BFD.
Furthermore, the RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs, need careful considerations. Firstly, as clearly stated in the WID, since short DRX cycles are in the scope, it is quite possible that the SMTC periodicity can be larger than the DRX cycle length, e.g. 160ms SMTC periodicity and 40ms DRX cycle. In these cases, the periodicity for RRM activities can be larger than the periodicity of RLM/BFD activities, and possibly there is gain for RLM relaxation as discussed in section 2. Secondly, the RSs for RLM/BFD can be different from the RSs that used for RRM, and the mis-alignment of different RS respect to DRX active duration may also need to be considered in the power saving gain calculation, even if the periodicity is the same between RRM and RLM/BFD.
Proposal 10  The RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs and the relation to RSs for RRM, need careful consideration in R17 RLM/BFD relaxation.
Conclusion
Based on above analysis, 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.
Observation 2  If a UE is only allowed to relax RLM when SINR is above a proper SINR threshold, and falls back to normal measurement when SINR is below such threshold, then the impact to increased RLF triggering latency with 99%-tile probability can be less than (K-1) × DRX_cycle, while K is the relaxation factor. 
Observation 3  If 40ms DRX cycle is considered and a UE is only allowed to relax RLM when SINR is above a proper SINR threshold, the RLF latency increases no more than only 2.5% when K=2, 7.5% when K=4 and 17.5% when K=8, with 99%-tile probability.
Observation 4  The SINR threshold for relaxation can be set by leaving enough margin to accommodate different mobility scenarios.
Observation 5  The one-shot SINR estimation error mainly impacts low SINR region, and it is still feasible to relax RLM if enough SINR margin is left for the relaxation threshold.
Observation 6  To optimise the case where data packet arrives with interval of around 100ms to 200ms, and 40 ms DRX cycle is considered, relaxation of RLM/BFD may further achieve power saving gain on top of R16 power saving techniques. If PDCCH WUS is configured and relaxing RLM-RS measurements 2x/4x/8x, 15% to 26% additional gain can be achieved.
Observation 7  For intensive eMBB or VoIP traffic, relaxing RLM measurements 2x/4x/8x, can also achieve 10% to 17% power saving gain.
Observation 8  The DRX on-duration offset to the SSB may have impact on power saving gain.
Proposal 1  In the study phase of this WI, RAN4 conclude the exact mobility impact and the exact power saving gain if RLM/BFD are relaxed in low mobility and/or high/medium SINR region.
Proposal 2  RAN4 should further study the impact to oos requirement if the RLM assessment period is allowed to be extended K times when SINR is above a proper threshold.
Proposal 3  RAN4 should strive to identify the scenarios that can achieve power saving gain when RLM/BFD are relaxed.
Proposal 4  The PDCCH monitoring relaxation, if RLM/BFD are relaxed, should be further studied.
Proposal 5  The conclusions to RLM measurement relaxation, if achieved, should also be applicable to BFD, at least in FR1.
Proposal 6  R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation.
Proposal 7  Short DRX cycles, e.g. DRX cycle length <= 80ms, should be considered ONLY in R17 RLM/BFD relaxation.
Proposal 8  For schemes to be studied in RLM/BFD relaxation, at least adopt option 1a & 3, i.e.
· RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals, and
· Reducing the sample number.
Proposal 9  Define a SINR-based network-configured threshold for RLM/BFD relaxation. Such threshold is the same for RLM and BFD.
Proposal 10  The RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs and the relation to RSs for RRM, need careful consideration in R17 RLM/BFD relaxation.
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