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1	Introduction
RAN4 has discussed RRM requirements for relaxed RLM and BFD for last several meetings and good progress has been reached. The outcome of the discussions from last meeting were summarized in a way forward documents in [1], and a LS was sent to RAN2 containing the RAN4 agreements [2]. In this contribution, we discuss and provide our view on the remaining issues. 
2	Discussions on the open issues
Relaxation applicability
Configuration of the relaxation criterion
Following two open issues remain regarding the configurability of the relaxation criteria by the network [1]:
	Issue 1-2: Whether low mobility criteria is necessary to be configured?
· Option 1: No. It is up to network.
· Option 2: Yes. 

Issue 1-3: Whether good serving cell criteria is necessary to be configured?
· Option 1: No. It is up to network. 
· Option 2: Yes.



In the LS [2], it was agreed that the relaxation feature is enabled/disabled by the network. Therefore it should be up to the network to configure the low mobility and good serving cell criteria. 
· Proposal 1: It is up to the network whether to configure the low mobility criterion. 
· Proposal 2: It is up to the network whether to configure the good serving cell criterion. 

Low mobility criteria
RS for low mobility criteria:
It was agreed to reuse the release 16 low mobility criterion, which is based on L3-RSRP, for CONNECTED mode RLM/BFD relaxation. However, the type of reference signal to use for such measurement remains open as follows [1]: 
	Issue 2-1: Low mobility criteria 
· Agreements:
· Low mobility criteria
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.
· FFS the RSs for L3 RSRP measurement



There are two options for the type of RS to use in the low mobility criteria evaluation:
1) L3 RSRP measurement based on SSB used for RRM measurement
2) L3 RSRP based on RS configured for RLM/BFD
We support the first option of using SSB based L3 RSRP measurement for low mobility criteria evaluation since it is also typically used in RRM measurements and simpler approach compared to second option which requires additional calculation/filtering.
· Proposal 3: L3 RSRP measurement based on SSB is used for low mobility criteria evaluation.  

Good serving cell quality criterion
The definition of good serving cell quality is still under discussion with following options [1]:
	Issue 3-1: SINR definition for good serving cell quality criteria
· Option 1: reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD. 
· Option 2: L3-SINR. RSRQ and RSRP can also be used as serving cell quality metric for UE that does not support the optional L3-SINR measurement. 



The serving cell quality threshold used for allowing the relaxed RLM/BFD can be expressed as function of RLM OOS threshold or BFD threshold because the estimated SINR is subject to UE implementations. By using an offset with respect existing RLM/BFD threshold, the same good serving cell criterion can be used for all UEs regardless of implementations. For example, the UE is allowed to relax when the network has determined the UE to be in low mobility conditions and when estimated radio link quality is above Qout + X (dB) and Qout,LR + Y (dB) for RLM and BFD respectively. Values of X and Y can be further discussed and agreed in RAN4. Therefore the first option above captured as FFS is acceptable for us. Another advantage of this option compared to the other options is that it is more aligned with the RLM/BFD procedure in existing specification unlike other options and also it only makes small modifications of the existing way of evaluating the thresholds. The current wording in option 1 should be revised to avoid misunderstanding since there is no definition of SINR currently for RLM/BFD. 
· Proposal 4: The good serving cell quality is expressed using offsets to the current RLM/BFD thresholds as follows:
· radio link quality > Qin + X (dB) for relaxed RLM,
· Qout,LR + Y (dB) for relaxed BFD
Related to the above discussions is whether the threshold used in the good serving cell quality is preconfigured or predefined [1]:
	Issue 3-2: predefined or configured threshold
· Option 1: The thresholds are configured to the UE by the network.
· Option 2: The thresholds is predefined. 
· Option 3: The offset values X to UE for deriving the threshold 
· Option 3a: The offset values are configured to the UE by the network. 
· Option 3b: The offset value(s) are predefined
                          Note: Values of X are discussed in issue 3-3-1/3-3-2



We support the option of having the offsets predefined using a formular in the specification because it simplifies the work in RAN4. 
· Proposal 5: The thresholds used in the good serving cell quality are predefined using a formula in the specification. 
	Issue 3-3-1: good serving cell quality criteria for RLM
The good serving cell quality criteria for RLM is
· Option 1: radio link quality >  Qout + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Option 2: radio link quality >  Qin + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Other options are not precluded


Issue 3-3-2: good serving cell quality criteria for BFD
The good serving cell quality criteria for BFD is
· Option 1: radio link quality >  Qout_LR + Y (dB). 
· Value of Y is FFS.
· Option a: Y may depend on TSSB and TDRX
· Option b: Y may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Option 2: radio link quality >  Qin_LR + Y (dB). 
· Value of Y is FFS.
· Option a: Y may depend on TSSB and TDRX
· Option b: Y may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Other options are not precluded




Option 1 and 2 are very similar since offset X exists in both, i.e. for certain values of X option 1 can be considered as option 2. Earlier it was agreed that the scaling factor for relaxed requirement is defined based on max(TDRX, TSSB) [3]. Similarly, the offset X can be defined based on max(TDRX, TSSB). For example, if max(TDRX, TSSB) < 40 ms, then X can be 8 dB. However, if when max(TDRX, TSSB) ≥ 40 ms, then X can be 4 dB because in the former case the UE wakes up and measures on the DL signals more frequently than in the latter case and therefore a lower offset can be allowed. In addition, X may further be different for FR1 and FR2 since UE performs beam sweeping in FR2 and therefore X can be lower in FR2 compared to FR1 to avoid sudden performance degradation. 
· Proposal 6: 
The good serving cell quality criteria for RLM is
· radio link quality > Qout + X (dB) and
· Where X depends on max(TDRX, TSSB).
· X = X1 when max(TDRX, TSSB) < 40 ms
· X = X2 when max(TDRX, TSSB) ≥ 40 ms.
· X1 and X2 are predefined and decided based on summary of simulation results that was conducted earlier in WI. 
· X is smaller in FR2 compared to FR1.
    
· Proposal 7: 
The good serving cell quality criteria for BFD is
· radio link quality > Qout_LR + Y (dB). 
· Where Y depends on max(TDRX, TSSB) and 
· Y = Y1 when max(TDRX, TSSB) < 40 ms
· Y = Y2 when max(TDRX, TSSB) ≥ 40 ms.
· Y1 and Y2 are predefined and decided based on summary of simulation results that was conducted earlier in WI..
· Y is smaller in FR2 compared to FR1.

It is also being discussed whether the thresholds in the good serving cell quality can be same or different for RLM and BFD [1]:
	Issue 3-4-1: same thresholds for RLM and BFD 
· Option 1: the same thresholds used for good serving cell quality and low mobility criteria are applied for both RLM relaxation and BFD relaxation 
· Option 2: different threshold should be allowed.



It is noted that the side conditions for RLM out-of-sync indication and BFD are different with the motivation that BFD should be triggered before OoS. This enables the UE to look for candidate beams before the OoS is triggered. OoS is triggered at -6 dB SINR and BFD is triggered at -3 dB SINR. In addition, the number of samples used in evaluation is also different. Therefore we support the option of having different thresholds.
· Proposal 8: Different thresholds are used for evaluating the relaxed RLM and BFD criteria. 

Exiting Relaxation criteria
Additional exiting relaxation criteria
RAN4 has previously discussed and agreed on numerous exiting criteria for relaxed RLM. See the following agreement from RAN4#98-e-Bis meeting:
	· The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 or upon observed link quality degradation or mobility state change reverts to the normal RLM operation (i.e. without relaxation).



Additional agreement was reached in RAN4-99-e-Bis meeting:
	· 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.
· 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’



Following additional criteria are being discussed for exiting the relaxed RLM [1]:
	· Option 1: Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined. 
· Option 2: Reuse Qout as the radio link quality threshold. Exit relaxation mode when the radio link quality is worse than Qout 
· Option 3: Introduce a radio link quality threshold higher than Qout. Exit relaxation mode when the radio link quality is worse than a SINR threshold (Thexit ). 
· Option 3a: Thexit = SINRenter with a hysteresis value 
· Option 3b: Thexit = SINRenter – 3dB 
· Option 3c: Thexit > Qout
· Option 3d: Thexit = Qout+7dB or Qin 
· Option 4: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient. 



In general, our view is that the previous agreements are sufficient to ensure that UE operates relaxed RLM only when the UE is operating in good serving cell conditions. Thus we support option 4. Our view is that option 3 is already part of the good serving cell quality where an offset is applied with respect to the current RLM thresholds. We don’t see any need to further optimize the exiting criteria. 
· Proposal 9: No additional exiting criteria are needed, previous agreements from 98-e-bis and 99-e-bis are sufficient.

During Relaxation mode
Formula for relaxed evaluation period
The formula for expressing the relaxed evaluation period was agreed as follows [1]:
	Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB) [R4-2105797]. 
· RAN4 specify the new evaluation period based on Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS))
· where Y is K * current Rel-15 samples, and K is the predefined relaxation factor. 
· where T is the lower bound of relaxed evaluation period. FFS whether the relaxation factor K to be applied on T.
· Scaling factor K is defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB).
· Note: 1.5 scaling factor is considered in current Rel-15 samples.



The main open issues are related to whether to apply the relaxation factor (scaling factor) to the lower bound T and the exact values for the scaling factors for which some options were identified based on previous agreements as follows:
	Issue 5-2-2: whether to apply relaxation factor on lower bound of relaxed evaluation period
· Option 1: Yes, also lower bound of relaxed evaluation period is also relaxed. 
· Option 2: No. 
Issue 5-3: relaxation factors
Previous agreement: 
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB) [R4-2105797].
· The following aspects can be considered when specify the relaxation factor:
· different relaxation factors for FR1 and FR2
· different relaxation factors for SSB and CSI-RS
· FFS different relaxation factors for different SINR regions
· FFS the exact value of relaxation factors
· Option 1: 
· K=1 for 80 ms < TSSB ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2:
· K=2 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=1.5 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
· FFS K for FR2.
· Option 3: 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms in FR1
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms in FR2
· Option 4: Relaxation factors are different for FR1 and FR2, for the different SINR regions.
· Other options are not precluded



It is observed that for certain configurations of reference signal periodicity and short DRX cycle length, the upper bound derived from (Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS))) becomes smaller than the the lower bound which is 200 ms. One specific configuration that results in upper bound lower than 200 ms comprises CSI-RS periodicity of 5 ms and short DRX cycle length of 5 ms, which was pointed by certain companies at last meeting. Therefore our view is that the scaling factor needs to be applied also for the lower bound in the formula for relaxed evaluation period.
· Proposal 10: Relaxation factor is applied to the whole TEvaluate including the lower bound. 
Regarding the relaxation factor discussions, we support a modified version of option 1 where the scaling factor depends on the max (TDRX and TSSB) as follows:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
The motivation is that when TSSB is greater than 80 ms (e.g. 160 ms), the UE may not wake up in between two SSB occasions even if DRX cycle length is shorter than 160 ms. Since RAN4 has already agreed that the relaxed requirements apply only for DRX cycle length ≤ 80 ms, scaling factor is set to 1 when 80 ms < MAX(TDRX,TSSB) ≤ 160 ms. Otherwise, the current requirements can be relaxed by a factor of 4. 

Given the differences in measurement assumptions between FR1 and FR2, it is reasonable to assume different scaling factors for FR1 and FR2. For example, in the legacy requirements the beam seeping factor N is only applied to SSB based procedures in FR2 (N=8) while no sweeping is assumed in FR1 (N=1). Following a similar approach our view is that relaxation factor in general can be slightly lower for FR2 compared to FR1. In addition, it was observed in earlier discussions that SSB based measurements are more subjective to bias than CSI-RS based measurement in FR2. Therefore RAN4 should discuss whether to apply different scaling factors for SSB based and CSI-RS based relaxation at least for FR2. One example could be to only allow relaxation for CSI-RS based measurements in FR2.
· Proposal #11: Relaxation factors are different for FR1 and FR2.
· Proposal #12: Relaxation factors are different for SSB based and CSI-RS based relaxation in FR2. 

· Proposal 13: The scaling factor is agreed as follows for FR1:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Proposal 14: The scaling factor is agreed as follows for FR2:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=1.5 for MAX(TDRX, TSSB) ≤ 60 ms for SSB based relaxation.
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms for CSI-RS based relaxation.

OOS indication during relaxation mode
Different options are being discussed related to whether the UE shall send out-of-sync indications while operating in relaxed mode. Our view is that the legacy behavior shall apply, i.e. the UE shall continue to evaluate the serving cell quality and send out-of-sync indications when the measured SINR becomes worse than Qout threshold and follow the associated procedures (including N310 counters). This means the relaxation is introduced only in form of extended evaluation period while all other UE behaviors remain the same. Therefore we support option 4.
· Proposal 15: The legacy behavior for evaluating the serving cell quality and sending out-of-sync indication shall apply also during the relaxed mode. 
Other aspects
Specification structure
Given that RAN4 work has progress quite well on the UE power saving WI and many agreements have been reached, it is now time to discuss the specification structure, more specifically on how to capture the new requirements in the specification. For clarity and convenience specification reading, also following earlier approach from release 16 IDLE mode relaxed requirements, it is proposed to define the relaxed RLM/BFD requirements in new sections. 
· Proposal #16: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
Relaxation criteria in NR-DC and inter-band CA
At last meeting the UE behavior for relaxed RLM and BFD when operating in intra-band CA was agreed [1]. A similar discussion is currently taking place for inter-band CA as follows:
	Issue 6-2-3: Relaxation criteria in NR-DC and inter-band CA
FFS:
· For the case of NR-DC and inter-band CA, whether UE needs to evaluate the entering/exiting conditions for each serving cell configured for either RLM and/or BFD evaluation.
· For the case of NR-DC and inter-band CA, whether UE is allowed to relax RLM/BFD if it meets the relaxation criterion in other serving cells



For inter-band CA and DC scenario, the measurement characteristics might be different from one cell to another. For example, the UE may able to fulfill the good serving cell quality or low mobility criteria in on the SpCell but not on the SCell and vice versa. Therefore if UE only evaluates the relaxation criteria with respect to SpCell and applies the outcome on SCell, then it may result in UE entering the relaxation mode even at poor radio conditions. Therefore we support the option that UE shall evaluate the relaxation criteria for entering/exiting separately for each cell in inter-band CA and DC scenario. 
· Proposal 17: For the case of NR-DC and inter-band CA, UE needs to evaluate the entering/exiting conditions for each serving cell configured for either RLM and/or BFD evaluation.

There is another related open issue as follows:
	Issue 2-5-3: Entering and Exiting Relaxation criteria for multiple RLM-RS/BFD-RS 
· FFS
Option 1: 
radio link quality is better than the threshold (Qout + X1) for any RLM-RS resource. 
The exiting condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is worse than the threshold (Qout + X2) for all the RLM-RS resources. 
FFS X1, X2
Option 2: 
radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
The exiting condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
FFS X1, X2



This issue is related to the good serving cell quality issue in 2-2-1, i.e. it determines when the UE can enter the relaxed RLM/BFD operation. The conditions for entering the relaxation mode should be stricter than the exiting conditions to avoid that UE mistakenly enters the relaxation state. Therefore we support option 2. 
· Proposal #18: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
· The shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
The values of X1, X2 are FFS.

RRM impact when configured with both PDCCH relaxation and relaxed RLM/BFD
RAN4 has discussed the impact when UE is performing both relaxed RLM/BFD (work carried out by RAN4) and PDCCH monitoring relaxation (work carried out by RAN1) earlier and reached following conclusion in [4]:

	Issue 2-1-3: Impact on PDCCH monitoring
· RAN4 shall assess the interaction between PDCCH relaxation (as being discussed in RAN1) and RLM/BM relaxation (as being discussed in RAN4) from power consumption perspective once there is more progress in RAN1 on PDCCH relaxation.



Given that several meetings have now passed and both WG have made good progress in respective tasks, it is proposed discuss the combination of these two features. According to the legacy RLM requirements, the UE is required to perform RLM evaluation every max(TDRX, TSSB). When the relaxation is applied in time domain, then UE may perform the evaluation more sparsely depending on the relaxation factor. In the normal mode, the UE can be configured to monitor the PDCCH for e.g., DL data scheduling and UL grant, as often as in every resource in every slot, or during the ON duration of the DRX cycle (if DRX is configured). However, there will be no or minimal power saving if the UE monitors PDCCH as in legacy when performing the RLM/BM in relaxed mode. Especially for short DRX and with large scaling factor, there will almost no power saving if the UE has to monitor the PDCCH as often as every DRX. 
· Proposal #19: RAN4 to discuss the impact on relaxation factor when UE is configured to perform PDCCH monitoring relaxation and relaxed RLM/BFD.
3		Summary
In this contribution we have provided our initial view on relaxed radio link monitoring and beam management requirements. Based on the discussions, we have made following proposals:

· Proposal 1: It is up to the network whether to configure the low mobility criterion. 
· Proposal 2: It is up to the network whether to configure the good serving cell criterion. 
· Proposal 3: L3 RSRP measurement based on SSB is used for low mobility criteria evaluation.  
· Proposal 4: The good serving cell quality is expressed using offsets to the current RLM/BFD thresholds as follows:
· radio link quality > Qin + X (dB) for relaxed RLM,
· Qout,LR + Y (dB) for relaxed BFD
· Proposal 5: The thresholds used in the good serving cell quality are predefined using a formula in the specification.
· Proposal 6: 
The good serving cell quality criteria for RLM is
· radio link quality > Qout + X (dB) and
· Where X depends on max(TDRX, TSSB).
· X = X1 when max(TDRX, TSSB) < 40 ms
· X = X2 when max(TDRX, TSSB) ≥ 40 ms.
· X1 and X2 are predefined and decided based on summary of simulation results that was conducted earlier in WI..
· X is smaller in FR2 compared to FR1.
· Proposal 7: 
The good serving cell quality criteria for BFD is
· radio link quality > Qout_LR + Y (dB). 
· Where Y depends on max(TDRX, TSSB) and 
· Y = Y1 when max(TDRX, TSSB) < 40 ms
· Y = Y2 when max(TDRX, TSSB) ≥ 40 ms.
· Y1 and Y2 are predefined and decided based on summary of simulation results that was conducted earlier in WI..
· Y is smaller in FR2 compared to FR1.
· Proposal 8: Different thresholds are used for evaluating the relaxed RLM and BFD criteria. 
· Proposal 9: No additional exiting criteria are needed, previous agreements from 98-e-bis and 99-e-bis are sufficient.
· Proposal 10: Relaxation factor is applied to the whole TEvaluate including the lower bound. 
· Proposal #11: Relaxation factors are different for FR1 and FR2.
· Proposal #12: Relaxation factors are different for SSB based and CSI-RS based relaxation in FR2. 

· Proposal 13: The scaling factor is agreed as follows for FR1:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Proposal 14: The scaling factor is agreed as follows for FR2:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=1.5 for MAX(TDRX, TSSB) ≤ 60 ms for SSB based relaxation.
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms for CSI-RS based relaxation.
· Proposal 15: The legacy behavior for evaluating the serving cell quality and sending out-of-sync indication shall apply also during the relaxed mode.
· Proposal #16: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Proposal 17: For the case of NR-DC and inter-band CA, UE needs to evaluate the entering/exiting conditions for each serving cell configured for either RLM and/or BFD evaluation.
· Proposal #18: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
· The shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
· The values of X1, X2 are FFS.
· Proposal #19: RAN4 to discuss the impact on relaxation factor when UE is configured to perform PDCCH monitoring relaxation and relaxed RLM/BFD.
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