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Introduction
Based on the achieved agreements in RAN4, we provide further discussion on the relaxation criteria and how to specify RLM/BFD measurement relaxation requirements.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Relaxation applicability
For RLM/BFD relaxation, both low mobility criterion and good serving cell quality criterion are introduced. In RAN4, it was agreed that low mobility criterion can be configurable by network and is not mandatory to be configured to enable RLM/BFD relaxation. However, whether good serving cell quality criterion is configurable and whether good serving cell quality criterion is mandatory to be configured if being configurable are still under discussion. The following 2 cases need to be discussed:
Case 1: good serving cell quality criterion is predefined
If low mobility criterion is configured, both criteria need to be satisfied for RLM/BFD relaxation. If low mobility criterion is not configured, only good serving cell quality criterion need to be satisfied for RLM/BFD relaxation. For this case, an explicit indication is needed to enable RLM/BFD relaxation.
However, how to enable RLM relaxation needs to be further studied. One option is that the explicit indication needs to be indicated whether the UE needs to perform RLM/BFD relaxation evaluation and is allowed to enter RLM/BFD relaxation mode when good serving cell quality criterion and low mobility criterion (if configured) are satisfied. Another option is that the UE always perform RLM/BFD relaxation evaluation and is indicated by network whether to enter RLM/BFD relaxation mode after the UE report on satisfying good serving cell quality criterion and low mobility criterion (if configured).
Proposal 1: If good serving cell quality criterion is predefined, an explicit indication is needed to enable RLM/BFD relaxation.
Proposal 2: RAN2 needs to study what the explicit indication means, and two options are considered:
· Option 1: It indicates that the UE starts to perform RLM/BFD relaxation evaluation. Whether UE is allowed to enter RLM/BFD relaxation mode depends on whether to satisfy relaxation criteria.
· Option 2: It indicates that the UE is allowed to enter RLM/BFD relaxation mode. This explicit indication is sent after UE reports on satisfying relaxation criteria.
Case 2: good serving cell quality criterion is configurable
For this case, whether to mandatory configure good serving cell quality criterion for RLM/BFD relaxation needs to be discussed. Since the UE performs RLM/BFD measurements for purpose of monitoring serving cell downlink quality, good serving cell quality criterion is more important for RLM/BFD relaxation evaluation. So, it is suggested that good serving cell quality criterion is mandatory to be configured to enable RLM/BFD relaxation. When the network does not configure the parameter(s) of good serving cell quality criterion, then the UE does not need to perform RLM/BFD relaxation evaluation. When the network configures the parameter(s) of good serving cell quality criterion, the UE starts to perform RLM/BFD relaxation evaluation. If low mobility criterion is configured, both criteria need to be satisfied for entering RLM/BFD relaxation mode. If low mobility criterion is not configured, only good serving cell quality criterion need to be satisfied for entering RLM/BFD relaxation mode. Whether to enable RLM/BFD relaxation can depend on whether to configure good serving cell quality criterion to UE, and there is no needs to have explicit indication to enable RLM/BFD relaxation.
Proposal 3: If good serving cell quality criterion is configurable, then it is suggested that good serving cell quality criterion is mandatory to be configured for RLM/BFD relaxation
Proposal 4: It is suggested not to introduce an explicit indication to enable RLM/BFD relaxation, since whether to enable RLM/BFD relaxation can depend on whether to configure good serving cell quality criterion.
Good serving cell quality criterion
RAN4 agreed that the good serving cell quality criteria for RLM is based on an offset X dB and Qx. However, whether Qx is defined as Qout or Qin has not been decided yet. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received. The threshold Qin is defined as the level at which the downlink radio link quality can be received with significantly higher reliability than at Qout. In comparison, the threshold Qin is closer to the definition of a threshold with good serving cell quality. So, we suggest to use Qin to derive the threshold for good serving cell quality criteria for RLM relaxation.
Proposal 5: It is suggest the Qx used for good serving cell quality criterion for RLM relaxation can be defined as the threshold Qin, and the value of X can be defined as:
· X=0dB, if good serving cell quality criterion is predefined;
· X = {0, 1, 2, …}dB, if good serving cell quality criterion is configurable.
For BFD, both threshold Qout_LR and Qin_LR are considered to derive the threshold for good serving cell quality criterion. The threshold for good serving cell quality criterion will be compared with the measurement results on BFD-RSs and it shall be defined as a SINR-like value. However, the threshold Qin_LR is defined as a RSRP value configured by the network. Hence, the threshold Qout_LR is suggested to be used for deriving the threshold for good serving cell quality criterion for BFD relaxation. The beam failure problem is assumed to be detected when the downlink quality is below the threshold Qout_LR. Hence, the threshold for good serving cell quality criterion for BFD relaxation shall be much better than the threshold Qout_LR. It is suggested that the offset Y can be defined as at least 4 dB or larger.
Proposal 6: The threshold used for good serving cell quality criterion for BFD relaxation can be defined as (Qout_LR + YdB) , and the value of Y can be defined as:
· Y = 4dB, if good serving cell quality criterion is predefined;
· Y = {4, 5, 6, …}dB, if good serving cell quality criterion is configurable.
Usually BFD-RSs could be a sub-set of RLM-RSs, and UE needs to perform RLM and BFD measurements on the same RS resource. For this case, UE is allowed to enter relaxation mode when both RLM measurements and BFD measurements satisfy the good serving cell quality criterion.
Proposal 7: When UE performs RLM and BFD measurements on the same RS resource(s), UE is allowed to enter relaxation mode when both RLM measurements and BFD measurements satisfy the good serving cell quality criterion.
Low mobility criterion
In last RAN4 e-meeting, it has been agreed that SSB based intra-frequency L3 RSRP measurement of serving cell is used for low mobility criterion evaluation. However, whether to support additional low mobility criterion was discussed in RAN4, and the following options are considered:
	· Option 1: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change)
· It is up to network to configure if the low mobility criteria is based on RSRP variation or TCI changes, or the two in combination. (Nokia)
· Option 1a: Relaxed mode operation for RLM/BFD is allowed if UE has not done any beam failure detection over last X (e.g. X=1) evaluation period. 
· Option 2: Use the following low mobility evaluation for BFD:
· For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.
· Option 2a: Define L1-SINR measurement accuracy requirement for BFD low mobility evaluation purpose. (Qualcomm)
· Option 3: not to define any additional low mobility criteria.


RAN4 has discussed on how to specify low mobility criterion for RLM/BFD relaxation in R17, and both beam change number and SINR variation were considered as candidate measurement quantity for low mobility criterion in R17. However, RAN4 finally achieved the agreements to reuse Rel-16 low mobility criterion for Rel-17 RLM/BFD relaxation, where Rel-16 low mobility criterion is evaluated based on L3-RSRP measurement variation. Option 1a is more related to good serving cell quality criterion. Hence, we suggest option 3, i.e. there is no need to define any additional low mobility criterion.
Proposal 8: For RLM/BFD relaxation evaluation in R17, there is no need to define any additional low mobility criterion.
Entering/exiting relaxation criteria
In RAN4, it has agreed that RLM/BFD relaxation is allowed when both good cell quality criterion and low mobility criterion are met as well as DRX cycle ≤ 80ms. The DRX cycle is configured by RRC signalling and usually will not dynamically change. So, when either good cell quality criterion or low mobility criterion (if configured) is not met, the UE shall fall back to legacy RLM/BFD measurements, i.e. the UE shall exit from relaxation mode when either the radio link quality is below the corresponding threshold or L3 RSRP variation exceeds the configured threshold.
Proposal 9: It is suggested that UE exits from RLM/BFD relaxation mode when either good cell quality criterion or low mobility criterion (if configured) is not satisfied.
For good serving cell quality criterion, the UE could change between entering and exiting relaxation mode due to channel quality variation. In order to avoid ping-ping effect, two options can be considered. One option is to introduce a hysteresis value between the entering threshold and the exiting threshold. So, the exiting condition for good cell quality criterion can be defined as when the link quality is worse than the entering threshold minus a hysteresis value. Another option is to introduce a counter for both entering condition and exiting condition. In legacy mode, the good cell quality criterion is satisfied when UE receives multiple L1 indications that the link quality is better than the threshold. In relaxation mode, the good cell quality criterion is not satisfied when UE receives multiple L1 indications that the link quality is worse than the threshold.
Proposal 10: For good cell quality criterion, two options are suggested to avoid ping-ping effect:
· Option 1: To introduce a hysteresis value between the entering threshold and the exiting threshold
· In legacy mode, the good cell quality criterion is satisfied when the link quality is better than the threshold .
· In relaxation mode, the good cell quality criterion is not satisfied when the link quality is worse than the exiting threshold (=entering threshold - hysteresis).
· Option 2: To introduce a counter of L1 indications that the link quality is better than or worse than the threshold.
· In legacy mode, the good cell quality criterion is satisfied when UE receives multiple L1 indications that the link quality is better than the threshold.
· In relaxation mode, the good cell quality criterion is not satisfied when UE receives multiple L1 indications that the link quality is worse than the threshold.
Requirements for RLM/BFD relaxation
RAN4 discussed how to define the evaluation period requirements for relaxed RLM/BFD measurements, and the following agreements are achieved:
	· 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.


In RAN4#101-e meeting, the following agreements were achieved on the scaling factor:
	· The relaxation factor for FR1: 
· TRS is the periodicity of SSB for the case of SSB based, and the periodicity of CSI-RS for the case of CSI-RS based.
· [bookmark: _Hlk87456476]K0, FR1 =1 for 80 ms < MAX(TDRX, TRS) ≤ 160 ms. 
· K1, FR1=[2, 3 or 4] for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1=[2, 3, or 4] for MAX(TDRX, TRS) ≤ 40 ms
· The relaxation factor for FR2 SSB:
· K0, FR2, SSB = 1 for [80] ms < MAX(TDRX, TSSB) ≤ 160 ms 
· K1, FR2, SSB= [1.5 or 2] for MAX(TDRX, TSSB) ≤ [80] ms for SSB based relaxation.
· The relaxation factor for FR2 CSI-RS:
· K0, FR2, CSI-RS =1 for 80 ms < MAX(TDRX, TCSI-RS) ≤ 160 ms 
· K1, FR2, CSI-RS = 2 for MAX(TDRX, TCSI-RS) ≤ 80 ms for CSI-RS based relaxation.


It can be observed that the scaling factor need to be further down selected. For FR2, beam sweeping operation needs to be considered and RLM/BFD measurements is more sensitive with the evaluation period length. It is suggested that the scaling factor for FR2 is smaller than that for FR1. For FR2 CSI-RS based RLM/BFD relaxation, the scaling factor was agreed as 2. We suggest to use the same scaling factor for both SSB based and CSI-RS based relaxation. So, the scaling factor for SSB based relaxation in FR2 can also be defined as 2. As we suggested that the scaling factor for relaxation in FR1 can be larger than that in FR2, the scaling factor for relaxation in FR1 can be defined as 4.
Proposal 11: In relaxation mode, RLM/BFD evaluation period can be extended by 4 times for FR1 and extended by 2 times for FR2, i.e. K1,FR1,SSB/K1,FR1,CSI-RS=4 and K1,FR2,SSB/K1,FR2,CSI-RS =2.
Proposal 12: The RLM/BFD evaluation period in relaxation mode can be defined as:
	Configuration
	TEvaluate_relax (ms) 

	Max(TDRX, TRS) ≤80ms
	Max(T, Ceil( (Y K)  P N)  Max(TDRX, TRS))

	80ms<Max(TDRX, TRS) ≤160ms
	Max(T, Ceil(Y  P N)  Max(TDRX, TRS))

	Note 1:	TRS is the periodicity of RLM-RS or BFD-RS. TDRX is the DRX cycle length and no longer than 80ms.
Note 2:	The values of P and N are same as the existing definition in legacy mode.
Note 2:	The value of K is define as 4 in FR1 and 2 in FR2.



Relaxation for multiple RS
UE can be configured with multiple RS resources for RLM/BFD measurements on the same serving cell and will monitor the downlink radio link quality based on the multiple RS resources. RAN4 needs to discuss on the relaxation criteria for multiple RS resources.
For out-of-sync evaluation, UE indicates out-of-sync when the radio link quality is worse than the threshold Qout for all the RLM RS resources. For in-sync evaluation, UE indicates in-sync when the radio link quality is better than the threshold Qin for any one of RLM RS resource. Similarly, the principles for in-sync evaluation can reused for relaxation entering evaluation and the principles for out-of-sync evaluation can reused for relaxation exiting evaluation. The entering condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the threshold for any one RS resource, and the exiting condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is worse than the threshold for all the RS resources.
Proposal 13: The principles of out-of-sync and in-sync indications can be reused for RLM/BFD relaxation on multiple RSs, where
· For entering condition: the radio link quality of any one RS resource is better than the threshold.
· For exiting condition: the radio link quality for all the RS resources is worse than the threshold.

Conclusions
This contribution provides the discussion on UE measurement relaxation for RLM/BFD. The following are provided:
[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 1: If good serving cell quality criterion is predefined, an explicit indication is needed to enable RLM/BFD relaxation.
Proposal 2: RAN2 needs to study what the explicit indication means, and two options are considered:
· Option 1: It indicates that the UE starts to perform RLM/BFD relaxation evaluation. Whether UE is allowed to enter RLM/BFD relaxation mode depends on whether to satisfy relaxation criteria.
· Option 2: It indicates that the UE is allowed to enter RLM/BFD relaxation mode. This explicit indication is sent after UE reports on satisfying relaxation criteria.
Proposal 3: If good serving cell quality criterion is configurable, then it is suggested that good serving cell quality criterion is mandatory to be configured for RLM/BFD relaxation
Proposal 4: It is suggested not to introduce an explicit indication to enable RLM/BFD relaxation, since whether to enable RLM/BFD relaxation can depend on whether to configure good serving cell quality criterion.
Proposal 5: It is suggest the Qx used for good serving cell quality criterion for RLM relaxation can be defined as the threshold Qin, and the value of X can be defined as:
· X=0dB, if good serving cell quality criterion is predefined;
· X = {0, 1, 2, …}dB, if good serving cell quality criterion is configurable.
Proposal 6: The threshold used for good serving cell quality criterion for BFD relaxation can be defined as (Qout_LR + YdB) , and the value of Y can be defined as:
· Y = 4dB, if good serving cell quality criterion is predefined;
· Y = {4, 5, 6, …}dB, if good serving cell quality criterion is configurable.
Proposal 7: When UE performs RLM and BFD measurements on the same RS resource(s), UE is allowed to enter relaxation mode when both RLM measurements and BFD measurements satisfy the good serving cell quality criterion.
Proposal 8: For RLM/BFD relaxation evaluation in R17, there is no need to define any additional low mobility criterion.
Proposal 9: It is suggested that UE exits from RLM/BFD relaxation mode when either good cell quality criterion or low mobility criterion (if configured) is not satisfied.
Proposal 10: For good cell quality criterion, two options are suggested to avoid ping-ping effect:
· Option 1: To introduce a hysteresis value between the entering threshold and the exiting threshold
· In legacy mode, the good cell quality criterion is satisfied when the link quality is better than the threshold .
· In relaxation mode, the good cell quality criterion is not satisfied when the link quality is worse than the exiting threshold (=entering threshold - hysteresis).
· Option 2: To introduce a counter of L1 indications that the link quality is better than or worse than the threshold.
· In legacy mode, the good cell quality criterion is satisfied when UE receives multiple L1 indications that the link quality is better than the threshold.
· In relaxation mode, the good cell quality criterion is not satisfied when UE receives multiple L1 indications that the link quality is worse than the threshold.
Proposal 11: In relaxation mode, RLM/BFD evaluation period can be extended by 4 times for FR1 and extended by 2 times for FR2, i.e. K1,FR1,SSB/K1,FR1,CSI-RS=4 and K1,FR2,SSB/K1,FR2,CSI-RS =2.
Proposal 12: The RLM/BFD evaluation period in relaxation mode can be defined as:
	Configuration
	TEvaluate_relax (ms) 

	Max(TDRX, TRS) ≤80ms
	Max(T, Ceil( (Y K)  P N)  Max(TDRX, TRS))

	80ms<Max(TDRX, TRS) ≤160ms
	Max(T, Ceil(Y  P N)  Max(TDRX, TRS))

	Note 1:	TRS is the periodicity of RLM-RS or BFD-RS. TDRX is the DRX cycle length and no longer than 80ms.
Note 2:	The values of P and N are same as the existing definition in legacy mode.
Note 2:	The value of K is define as 4 in FR1 and 2 in FR2.


Proposal 13: The principles of out-of-sync and in-sync indications can be reused for RLM/BFD relaxation on multiple RSs, where
· For entering condition: the radio link quality of any one RS resource is better than the threshold.
· For exiting condition: the radio link quality for all the RS resources is worse than the threshold.
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