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1	Introduction
The RRM impact of release 17 work item on UE power saving enhancements for NR was discussed at previous meeting and the outcome of the discussions were summarized in [1]. In this contribution we further discuss and provide our view on the open issues. 
2	Discussions on the open issues 
2.3 Criteria for relaxing RLM/BFD requirements
Regarding the good serving cell quality for RLM/BFD, following was agreed:
	Issue 2-2-1: Good serving cell quality criteria for RLM/BFD: the radio link quality metric for RLM
· UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not
· FFS what is the SINR definition 
· FFS whether RSRP is also needed for RLM/BFD as additional condition
Issue 2-2-2: Good serving cell quality criteria for RLM/BFD: predefined or configured threshold
· Option A: The thresholds are configured to the UE by the network
·  FFS: based on a set of discrete threshold values.
· Option B: The thresholds can be pre-defined. 



The serving cell quality threshold used for allowing the relaxed RLM/BFD can be expressed as function of RLM OOS threshold or BFD threshold since the estimated SINR is subject to UE implementations. By using a threshold with respect existing RLM/BFD threshold, the same criteria can be used for all UEs regardless of implementations. For example, the UE is allowed to relax when NW 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. 

It was further discussed whether the thresholds (e.g. X and Y above) are configurable or predefined. Since the estimated SINR values are subject to UE implementations, the values of X and Y can be predefined as they depend on Qin and Qout and this also simplifies the work in RAN4. For example, the UE can allowed to enter the relaxation state when the estimated SINR is at least 2 dB better than the Qin threshold or the UE can be allowed to enter the link recovery state when the estimated SINR is at least 4 dB better than the Qout threshold. In this example, X and Y are 2 and 4 dB respectively. 
Based on the above discussions, we make following proposal:
· Proposal #1:  The good serving cell quality criteria is based on exiting RLM/BFD threshold and expressed as follows: 
· radio link quality > Qout + X (dB) for RLM,
· Qout,LR + Y (dB) for BFD relaxation, 
· Values of X and Y are predefined and FFS.

Low mobility criteria for RLM/BFD relaxation
Following agreement was made at previous meeting regarding low mobility criteria:
	Issue 2-2-5/2-2-6: Low mobility criteria of RLM/BFD relaxation
· 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



Even if UE has fulfilled the low mobility criterion configured by the network, it is still up to the UE whether to apply the relaxed RLM/BFD requirements. For example, the UE may under certain conditions decide to not apply the relaxed RLM/BM although the serving gNB/eNB may have allowed it from the network perspective. It could be based on UE specific information which is not known to NW, such as how much power is currently left in the UE, whether the UE is running on battery or being charged, etc. Similarly, the network may disallow relaxation even if the UE has fulfilled the low mobility criteria for different reasons such as the UE under considered is being scheduled very frequently, or UE under consideration is being scheduled with critical data. The criteria for determining the low mobility state of the UE could be similar to the criteria used in release 16, where the UE determines low mobility state based on network configured parameters. Option 1 is relevant for determining the low mobility state since the variation in the RSRP measurement may give an indication of the UE mobility.
· Proposal #2: Low mobility state for operating relaxed RLM/BFD is determined based on RSRP measurement variation. 

Additional exiting criteria for RLM relaxation
Following was agreed at earlier meeting [3]:
	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).



Following open issues remain to be discussed based on [1]:
	Issue 2-3-2: Exiting criteria of RLM relaxation – Additional 
FFS the following options, which have been discussed in this meeting.
· Option 1: exit relaxation mode when the radio link quality of the serving cell is worse than a certain threshold, which is higher than Qout.
Option 1a: a hysteresis value could be used to avoid ping-ping effect, e.g. SINRexit = SINRenter - 3dB 
Option 1b: SINRexit = Qout + 7dB 
Option 1c: SINRexit = Qout +Margin or SINRexit = Qin  
Option 1d: The threshold can be configured by network with margin 
· Option 2: exit relaxation mode when the radio link quality is worse than Qout, and the UE is still in the relaxation mode when the radio link quality is better than Qout. 
Option 2b: UE shall revert to non-relaxed RLM/BFD measurement and evaluation period at the 1st Qout based on relaxed RLM/BFD measurements and evaluation period. 
· Option 3: 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.
· Option 4: exit when certain consecutive out-of-sync indications



It is important to have simple, clear and concrete exiting criteria as UE should revert back to normal mode as soon as it detects any degradation of the serving cell quality. In our view, option 1a, 1b/1c and 1d are unnecessarily complicated. Since this is important UE behaviour that affects the NW performance it needs to be specified and cannot be left to UE implementation. Option 2, 3 and 5 are quite related as they all state that the UE shall revert to the non-relaxed RLM operation upon detection of out-of-sync. 
· Proposal #3: UE shall revert to normal RLM operation mode when when X number of out-of-indications are sent to the higher layers (option 4), where X can be e.g. 1.
During relaxation
During the relaxation state, the UE shall still be required to evaluate the serving cell quality but using the relaxed evaluation period which should be longer than the legacy evaluation period. Upon detecting degradation in serving cell quality (e.g. the measured SINR becomes worse than the Qout), then it shall send out-of-sync indications and follow the associated procedure.  
· Proposal #4: During relaxation, the UE shall continue 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.), i.e. same as in legacy RLM procedure. 
Relaxed evaluation period for RLM/BFD
Regarding the relaxation methods, following options are under discussions [1]:
	FFS the following options, which have been discussed in this meeting.
· Option 1: The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)). 
· FFS the Y 
· Option 2a: For FR1, If power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply.
· Option 2b: For FR1 and FR2, If power saving conditions are satisfied, for the first OOS indication the original TEvaluate_out_SSB  apply. 
· Option 3: extended based on the legacy RLM/BFD requirements by considering the scaling factors.
· the new evaluation period TEvaluate_out_SSB-Relaxed is specified as K1* TEvaluate_out_SSB, where TEvaluate_out_SSB is as specified in clause 8.1.3.2 in TS 38.133 .
· FFS the new indication period TIndication_interval-Relaxed is specified as K2* TIndication_interval where TIndication_interval is as specified in clause 8.1.6 in TS 38.133.
· Option 4 :
· 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.
· 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.
· 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.



We support option 3 where the relaxed measurement requirements are achieved by applying a scaling factor to existing requirements. More specifically, the current evaluation periods are extended using a scaling which can be either configurable or predefined, although the latter option is preferred. This method is simple method that was also used in earlier work in measurement relaxation.
· Proposal #5: Relaxed evaluation period for RLM/BFD is derived by extending the current RLM/BFD evaluation period with a predefined scaling factor X, where X is TBD. 
Specification structure
	Issue 2-4-3: Relaxation scheme and specification impact
FFS
· Option 1: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Option 2: no new subsection only for short DRX



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 #6: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 

Relaxation factors
Given the differences in the performance between FR1 and FR2 it is proposed that different relaxation factors are applied 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 can be different for FR1 and FR2. In addition, if results show less performance degradation with CSI-RS compared to SSB for FR2, then RAN4 should consider applying the relaxation only for CSI-RS based evaluations in FR2 while the legacy requirements are kept for SSB.
· Proposal #7: Relaxation factors are different for FR1 and FR2.
· Proposal #8: RAN4 shall discuss whether to apply different relaxation factors for SSB and CSI-RS based evaluations in FR2. 
For example, when the UE expected to wake up more frequently and perform RLM evaluation then the UE can be allowed to perform relaxed RLM /BFD at lower SINR region. On the other hand, when the UE is expected to wake up and measure less frequently (due to SSB periodicity and DRX cycle), then UE is allowed less relaxation, i.e. at higher SINR region. This can be discussed further and decided based on the ongoing simulation study.
· Proposal #9: RAN4 to discuss applying different relaxation factor for the different SINR regions. 

Relaxation of BFD/RLM in intra-band CA
The entering and exiting conditions for relaxed BFD/RLM have been discussed for several meetings and following was agreed way forward from last meeting [1]. 
	Issue 2-5-1/2: Entering and exiting relaxation mode in intra-band CA
· FFS
For intra-band CA with CSI-RS based RLM/BFD, if UE has fulfilled the criterion for operating RLM/BFD in relaxed mode in all serving cells, then it is allowed to operate RLM/BFD in relaxed mode in all other serving cells if same type of RS (CSI-RS) are used for RLM/BFD in the serving cell and other serving cells. 
For intra-band CA with CSI-RS based RLM/BFD, if UE meets the conditions of reverting to the normal RLM/BFD in any of the serving cells, it exists the relaxation mode in all other serving cell(s) if same type of RS (CSI-RS )are used for RLM/BFD in the serving cell and other serving cells. 




It has been argued by certain companies that the UE is required to perform BFD in only one cell per band as per TS 38.133. Although the current BFD requirements are not applicable if the UE is required to perform beam failure detection on more than 1 serving cell per band, it is important to note that the specification still allows the NW to configure CSI-RS for RLM on SpCell and CSI-RS for BFD on SCell (in same band as SpCell). For example, NW has the flexibility to configure the UE with same RS resources for RLM on SpCell and BFD on SCell in the same band. In our , the rhe release 17 UE power saving techniques should also support such configuration which we believe is a realistic and common configuration as it can reduce/optimize the reference signal transmission from the network in intra-band CA. Beside the fact that this configuration allows flexibility to the NW, it also improves the UE power consumption since the UE is not always required to evaluate the relaxation criteria separately for each cell. The entering conditions should be stricter than exiting conditions to avoid that the UE mistakenly enters the relaxation state due e.g. sudden changes in measurement performance. Therefore, we propose that if UE has fulfilled the relaxation conditions/criteria for RLM in SpCell and BFD Scell, then the UE is also be allowed to relax both BFD and RLM in respective cells. However, if UE has failed to fulfill the relaxation criteria in at least one of the SpCell or SCell, then UE should not be allowed to enter the relaxation criteria in any of the cells. 

· Proposal #10: 
· For intra-band CA with CSI-RS based RLM on SpCell and CSI-RS based BFD in SCell, the UE is allowed the operate in relaxed mode for RLM and/or BFD if UE has fulfilled the relaxation criteria for both RLM and BFD.  
· For intra-band CA with CSI-RS based RLM on SpCell and CSI-RS based BFD in SCell, if UE has failed to fulfil the relaxation criteria for any of RLM and BFD, then the UE is not allowed to operate in relaxed mode in RLM and BFD in any of the cells. 

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 #11: 
· 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.
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:  The good serving cell quality criteria is based on exiting RLM/BFD threshold and expressed as follows: 
· radio link quality > Qout + X (dB) for RLM,
· Qout,LR + Y (dB) for BFD relaxation, 
· Values of X and Y are predefined and FFS.
· Proposal #2: Low mobility state for operating relaxed RLM/BFD is determined based on RSRP measurement variation. 
· Proposal #3: UE shall revert to normal RLM operation mode when when X number of out-of-indications are sent to the higher layers (option 4), where X can be e.g. 1.
· Proposal #4: During relaxation, the UE shall continue 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.), i.e. same as in legacy RLM procedure. 
· Proposal #5: Relaxed evaluation period for RLM/BFD is derived by extending the current RLM/BFD evaluation period with a predefined scaling factor X, where X is TBD. 
· Proposal #6: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Proposal #7: Relaxation factors are different for FR1 and FR2.
· Proposal #8: RAN4 shall discuss whether to apply different relaxation factors for SSB and CSI-RS based evaluations in FR2. 
· Proposal #9: RAN4 to discuss applying different relaxation factor for the different SINR regions. 
· Proposal #10: 
· For intra-band CA with CSI-RS based RLM on SpCell and CSI-RS based BFD in SCell, the UE is allowed the operate in relaxed mode for RLM and/or BFD if UE has fulfilled the relaxation criteria for both RLM and BFD.  
· For intra-band CA with CSI-RS based RLM on SpCell and CSI-RS based BFD in SCell, if UE has failed to fulfil the relaxation criteria for any of RLM and BFD, then the UE is not allowed to operate in relaxed mode in RLM and BFD in any of the cells. 
· Proposal #11: 
· 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.
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