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1. Introduction
In RAN4#97-e meeting, the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD were discussed, a way forward was agreed in [1], the evaluation assumptions were given in [2]. In this contribution, we further discuss the feasibility of NR power saving enhancement and RLM/BFD relaxation methodology. 
2. Discussion
2.1. Relaxation methodology
2.1.1. Relaxation scheme
Issue 1: Scheme of RLM/BFD measurements relaxation
Agreement in RAN4#97-e meeting:
· At least extending evaluation period of RLM/BFD measurement (Option 1) to be considered as the scheme of RLM/BFD measurements relaxation. FFS schemes as follows
· Option 1a: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals.

· Option 2: Reducing the number of candidate beams when UE fulfilled relaxed criteria can be a feasible way to reduce power consuming. 
· Option 3: Reducing the number reducing the sample number. 
For the relaxation scheme, we think both Option1a and Option3 are feasible. Figure 1 shows the difference between Option1a and Option3. In Figure 1, Case1 is corresponding to the original R15 RLM/BFD method. Case2 is corresponding to Option1a, the scaling factor in case2 is 2. Case3 is related to Option3, which reduces half of measurement samples.
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Figure1 An example of RLM/BFD measurements relaxation scheme
As shown in the example above, the sample density in time domain between Case2 and Case3 are same. Under this premise, two cases have similar power saving gain for RLM/BFD. From the perspective of performance impact, we conclude their pros and cons as shown in Table1. 
Table 1. The pros and cons between Option1a and Option3

	Relaxation scheme
	Pros
	cons

	Option1a
	Measurement accuracy can be guaranteed by the same measurement samples as legacy UE behavior during evaluation period. 
	The evaluation period will be extended, not suitable for the long evaluation period scenario.
If the channel variation is fast, due to the long evaluation period, the RLM evaluation may not be accurate enough to reflect the real channel condition. 

	Option3
	The evaluation period will not be extended, can be used in the scenario that the evaluation period is long.
If the channel variation is fast, due to the unchanged evaluation period, the RLM evaluation results can reflect the real channel condition.
	Reducing samples may influence the accuracy of measurement such as SINR and so on. The RLM/BFD performance may be impacted.


On one hand, since the relaxation is focus on short DRX cycle, the evaluation period can be extended for most cases. On the other hand, we think UE should not perform the RLM/BFD relaxation in the fast channel variation case. Therefore, we prefer to choose Option1a as the relaxation scheme. 
Proposal 1: For relaxation scheme, Option1a (use a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals) is preferred. 
For Option1a, there are some details that should be discussed. 
1. The relation between scaling factor in R17 and 1.5 which is used in R16 specification when DRX is smaller or equal to 320ms.

The relaxation factors can to be added on top of the current 1.5 relaxation factor, or replace the factor 1.5. In our view, both ways have no technical impact, how to choose should consider the influence on specification maintenance. 
2. The scaling factor of indication intervals

We think the scaling factor of indication intervals should equal to that of evaluation period, or else the network will receive redundant indications which are derived from the same measurement results with the typical UE implement as shown in Figure2. For Case 1, there is no relaxation for T_indication, the indication_2 to indication_5 are derived from the same measurement results. These indications cannot provide additional information and have no good to UE power saving.
Proposal 2: The scaling factor of indication intervals is equal to the scaling factor of evaluation period.
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Figure 2 Scaling factor for indication intervals.
Issue 2: From configuration perspective, factors to be studied and evaluated for RLM/BFD relaxation

· Option 1: DRX cycle (no DRX/short/long) (CATT Proposal 2, Apple Proposal 1)

· Option 2: RS configurations, including 

· 2a: RLM/BFD-RS types

· 2b: Periodicity of SSB or CSI-RS resource

· 2c: BW of RLM/BFD-RS types

· 2d: the relation to RSs for RRM
· Option 3: N factor (# of RX beams for FR2)

· Option 4: P (scale factor with consideration of overlap with measurement gap and/or SMTC window) 
The factors which influence the scaling factor should also be discussed. In last meeting, the factors listed as above are raised and discussed by companies. In our view, the DRX cycle is the first priority to be considered. For VoIP service, 40ms DRX cycle is the typical configuration in our network. For long DRX cycles, the power saving gain can already be achieved without any relaxation on RLM/BFD. So, we propose to consider an upper bound of DRX for RLM/BFD relaxation, i.e., if DRX cycle is larger than the upper bound, the UE should not perform RLM/BFD relaxation.
Besides, we think there also should be a threshold to the evaluation period after relaxation. The N factor (Option3), P factor (Option4), and periodicity of SSB or CSI-RS resource (Option2b) should be considered, cause these factors have influence to the length of evaluation period. For example, if SSB periodicity is 160ms, N=8 and P=2, the evaluation duration for RLM in R15 will be 2.56s. If we add additional relaxation factor to evaluation period, the whole evaluation period will be too long to get accurate radio link quality.
Proposal 3: The applicability of DRX cycles for RLM/BFD relaxation should be studied
Proposal 4: The evaluation period after relaxation should be within a reasonable range considering periodicity of SSB or CSI-RS resource (Option2b), N factor (Option3) and P factor (Option4) for RLM/BFD relaxation.
2.1.2. Relaxation criteria

Issue 3: Criteria which the UE is allowed to relax the RLM/BM requirements
· RAN4 to further study the criteria which the UE is allowed to relax the RLM/BM requirements, according to UE mobility and/or serving cell’s quality. 
· Note: The options discussed in RAN4 97e meeting are listed below for information. 
· Option 1: UE mobility 
· 1a: Low mobility criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 1b: other solutions.
· Option 2: Serving cell’s quality (e.g. RSRP, SINR) 
· 2a: at-cell-center criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 2b: the measured SINR is above one additional threshold (e.g. SINR > 2dB). 
· 2c: other solutions.
In our view, the UE mobility and serving cell’s quality should be both considered into relaxation criteria. UE can perform RLM/BFD relaxation if UE can meet low mobility and serving cell’s quality requirement simultaneously. Besides, the serving cell quality variation should be also considered especially in FR2 BFD scenario. In FR2, the beam quality will be severely affected by propagation condition. In other words, we think low mobility should not only include the velocity of UE, but also consider the channel quality variation. Therefore, for Option1, how to define the “low mobility” should be further discussed. For Option2, since SINR is used as the evaluation metric for RLM/BFD, we prefer 2b. Besides, the SINR threshold should be high enough to prevent false alarm and misdetection of out of sync, such as Qout plus a reasonable margin.
Proposal 5: “low mobility criteria” should consider both UE velocity and the channel quality variation.
Proposal 6: Both UE mobility and serving cell’s quality should be included in the relaxation criteria. UE can perform RLM/BFD relaxation if both low mobility and serving cell’s quality requirement are met simultaneously.
2.1.3. Relaxation determination

Issue 4: Network or UE to determine if the criteria for relaxation is fulfilled
· The following options are FFS

· Option 1: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the network. 

· Option 2: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the UE. 

· Option 3: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by both the network and UE.

Firstly, the existing options only mention “low mobility scenario”, we think the relaxation condition should consider both low mobility scenario and high serving cell quality. The network should determine whether UE can relax the RLM/BFD requirements, after indicated by network, UE can further decide whether go into relaxation mode based on the relaxation criteria network indicated. 
Proposal 7: Network determine whether UE can perform RLM/BFD relaxation based on relaxation criteria, after indicated by network, UE can further decide whether go into relaxation or not based on the relaxation criteria network indicated.
2.2. Other aspects

2.2.1. Relaxation reverting

Issue 5-1: Reverting to the normal RLM operation

· The following options are FFS

· Option 1: The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 reverts to the normal RLM operation (i.e. without relaxation). 

· Other options are not precluded

Issue 5-2: Reverting to the normal BM operation
· The following options are FFS

· Option 1: The UE while performing relaxed BFD upon beam failure detection reverts to the normal BFD operation (i.e. without relaxation).

· Other options are not precluded

In our view, UE is only allowed to perform RLM/BFD relaxation when serving cell quality is good (e.g. SINR is better than Qout+threshold). If RLF or beam failure happens in this scenario, UE should leave relaxation mode in time. In order to reduce the latency in RLF triggering, we propose to revert to the normal RLM operation upon detect 1 out-of-sync indication. Similarly, we propose to revert to the normal BFD upon detect 1 beam failure instance indication. 
Observation 1: If UE is in relaxation mode, it means the link quality is quite good and stable in most relaxation time.
Proposal 8: 

· Reverting to the normal RLM operation upon detect 1 out-of-sync indication.
· Reverting to the normal BFD operation upon detect 1 beam failure instance indication.
2.2.2. Relaxation in intra-band CA/DC

Issue 6: Relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria
· RAN4 to further discuss the relaxation of BFD when not all serving cells in intra-band CA/DC meets relaxation criteria. 

· The following options are FFS

· Option 1A: relax on all serving cells when the relaxed criteria is fulfilled in one serving cell.

· Option 1B: relax only on serving cells where the relaxed criteria is fulfilled.

· Option 1C: Other solutions

For this issue, there are two reasons for partial serving cells meet relaxation criteria in intra-band CA/DC.

The first reason is that there is a large gap among measurement results of CCs. In our view, the measurement results of CCs will be similar in intra-band CA/DC. Therefore, whether “Relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria” is a valid issue should be further discussed for this reason. 
The second reason is that different serving cells can configure different relaxation criteria. For this reason, we prefer Option1B, relax only on serving cells where the relaxed criteria is fulfilled.
In a word, when not all serving cells in intra-band CA/DC meets relaxation criteria, we prefer Option1B.

Proposal 9: We prefer relax only on serving cells where the relaxed criteria is fulfilled.
3. Conclusion

In this contribution, we discuss the feasibility of NR power saving enhancement and RLM/BFD relaxation methodology. The proposals are:
Proposal 1: For relaxation scheme, Option1a (use a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals) is preferred.

Proposal 2: The scaling factor of indication intervals is equal to the scaling factor of evaluation period.
Proposal 3: The applicability of DRX cycles for RLM/BFD relaxation should be studied

Proposal 4: The evaluation period after relaxation should be within a reasonable range considering periodicity of SSB or CSI-RS resource (Option2b), N factor (Option3) and P factor (Option4) for RLM/BFD relaxation.

Proposal 5: “low mobility criteria” should consider both UE velocity and the channel quality variation.
Proposal 6: Both UE mobility and serving cell’s quality should be included in the relaxation criteria. UE can perform RLM/BFD relaxation if both low mobility and serving cell’s quality requirement are met simultaneously.
Proposal 7: Network determine whether UE can perform RLM/BFD relaxation based on relaxation criteria, after indicated by network, UE can further decide whether go into relaxation or not based on the relaxation criteria network indicated.
Observation 1: If UE is in relaxation mode, it means the link quality is quite good and stable in most relaxation time.

Proposal 8: 

· Reverting to the normal RLM operation upon detect 1 out-of-sync indication.

· Reverting to the normal BFD operation upon detect 1 beam failure instance indication.
Proposal 9: We prefer relax only on serving cells where the relaxed criteria is fulfilled.
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