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1. Introduction
In RAN#88-e, a new Rel-17 work item on UE power saving enhancement for NR was approved and revised in [1]. One objective of the UE power saving enhancements WID is as below:

	1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]

a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 

· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.

b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]

· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


In this contribution, we will discuss some potential RAN2 impacts on RLM and/or BFD relaxation for UE power saving. 
2. Discussion

2.1. Coordination between RAN2/RAN4 on RLM/BFD relaxation

In the WID [1], the objective on RLM and/or BFD measurement relaxation is led by RAN4, and the supplementary RAN2 work can be triggered by RAN4 LS. In order to progress this objective, we should first understand the RAN2 and RAN4 work as well as the coordination between RAN2 and RAN4 on this topic. 

As we known, both RLM and BFD are RRC specific procedures based on the L1 measurements and indication from lower layer. The corresponding requirements are defined in RAN4 specification. Both procedures are critical for the link monitoring and maintenance. Thus, discussion on this item should be initiated in RAN4 first, i.e. whether it will have performance impact after relaxing the measurement for RLM and/or BFD.

However, RAN4 will mainly discuss the relaxation approaches and how far it could be relaxed for RLM/BFD measurement. When and How to trigger this measurement relaxation should be discussed and decided in RAN2. Meanwhile, it is obvious that this measurement relaxation for RLM/BFD should be controlled by network. Thus, the corresponding network configuration and control should be determined in RAN2. After that, the mapping between criteria and measurement relaxation approaches should be discussed and determined in RAN2 and RAN4 with coordination, which may be mainly led by RAN4. 

Proposal 1: RAN4 to mainly discuss the relaxation approaches and how far it could be relaxed for RLM/BFD measurement. RAN2 to mainly discuss the relaxation criteria and corresponding configurations. 

Proposal 2: Further discussion on the mapping between criteria and relaxation approaches could be based on RAN4 progress on relaxation approaches and RAN2 progress on criteria.  

Finally, after progressing the mechanism, RAN4 specification should capture the relaxed approaches as well as the corresponding requirements for relaxed RLM/BFD measurement, while RAN2 specification should capture the relaxation criteria as well as the RRC configurations. 
Proposal 3: Accordingly, the relaxation approaches well as the corresponding requirements for relaxed RLM/BFD measurement should be captured in RAN4 specification, while the relaxation criteria as well as the configurations should be captured in RAN2 specification. 

The above whole work split is quite similar to RRM relaxation in Rel-16 power saving and NB-IoT. As our previous experience on RRM relaxation discussion, it will take about 2-3 meetings to progress on the measurement relaxation criteria. After that, RAN2 and/or RAN4 will discuss the mapping between criteria and measurement approaches, which will take about 2-3 meetings. Thus, in order to progress this topic reasonably, RAN2 should initiate the study on the relaxation criteria for RLM/BFD relaxation as early as possible. 

In general, RAN2 discussion on criteria should be based on RAN4 progress on relaxation scenarios and use cases. But it is very obvious that the link quality or channel condition change almost nothing for stationary scenario. Meanwhile, there are already some existing relaxation criteria for RRM measurement in Rel-16 power saving and NB-IoT, e.g. low mobility, not at cell edge. Thus, RAN2 could at least initiate some discussion on criteria based on the existing criteria defined in Rel-16 power saving and NB-IoT.

Proposal 4: RAN2 could initiate the study on relaxation criteria for RLM/BFD measurement as early as possible, e.g. based on the existing criteria defined for RRM relaxation in Rel-16 power saving and NB-IoT, and potential RAN4 progress on relaxation scenario. 

2.2. Work plan for RLM/BFD relaxation in RAN2/RAN4

Considering the limited TU and the whole time plan for power saving WI in [2], we think RAN2 should start the work on RLM/BFD measurement relaxation at least in RAN2#113 or RAN#114 meeting in Q1 or Q2 2021, and it is better for RAN4 to provide the progress on scenario and relaxation approaches as early as possible, at latest in RAN4#98 to RAN4#99 in Q1 or Q2 2021. Detailed work plan we preferred is shown in the below Table 1. 

Proposal 5: RAN2 to consider the following work plan for RLM/BFD relaxation in RAN2 and RAN4.

Table 1 Work plan for RLM/BFD relaxation in RAN2 and RAN4

	Quarter
	Meeting
	TU
	Work plan for RLM/BFD relaxation

	Q4/2020
	RAN2#112-e
	1
	N/A 

	
	RAN4#97-e
	0.25
	Evaluation methodology for RLM/BFD relaxation:
· Scenario, target RS, performance metric

Relaxation method for RLM/BFD:
· Identify candidate relaxation method(s), e.g., extended reporting delay

· [Potential LS (maybe) on RAN4 progress, if any]

	Q1/2021
	RAN2#113
	1
	RLM/BFD relaxation scenario:

· Potential initial discussion based on RAN4 progress in post meeting email discussion. 

	
	RAN4#98
	0.25
	RLM/BFD relaxation Feasibility:
· Conclude beneficial relaxation scenario and feasibility for RLM/BFD measurement relaxation.

Potential LS on RAN4 progress on scenario and feasibility for relaxation. 

	Q2/2021
	RAN2#113bis
	0
	

	
	RAN4#98bis
	0.25
	RLM/BFD relaxation method:
· Discuss on measurement relaxation method(s) and the corresponding requirements for RLM/BFD relaxation.

	
	RAN2#114
	1
	RLM/BFD relaxation criteria:

· Discussion on the criteria for RLM/BFD measurement relaxation based on RAN4 progress.

	
	RAN4#99
	0.25
	RLM/BFD relaxation method:
· Conclude on measurement relaxation method(s) and the corresponding requirements for RLM/BFD relaxation.

Potential LS on RAN4 progress on relaxation methods.

	Q3/2021
	RAN2#115
	1
	· Conclude on the criteria for RLM/BFD measurement relaxation based on RAN4 progress.

	
	RAN4#100
	0.25
	RLM/BFD relaxation method:

· Discussion on the mapping between criteria and relaxation methods with coordination with RAN4
LS on initial RRC parameters to RAN2

	Q4/2021
	RAN2#115bis
	1
	· Discussion on the mapping between criteria and relaxation methods with coordination with RAN4

	
	RAN4#100bis
	0.25
	· Discussion on the mapping between criteria and relaxation methods with coordination with RAN4

	
	RAN2#116
	1
	· Conclude on the mapping between criteria and relaxation methods with coordination with RAN4
· Conclude on stage-3 details

Progress on running CRs

	
	RAN4#101
	0.25
	· Conclude on the mapping between criteria and relaxation methods with coordination with RAN4
· Specify measurement relaxation method(s) and the corresponding requirements for RLM/BFD relaxation

LS on final RRC parameters to RAN2

	Q1/2022
	RAN2#116bis
	0.5
	· Remaining stage-3 details

Progress on running CRs

	
	RAN4#101bis
	0.25
	· Finalize RRM core part change

	
	RAN2#117
	0.5
	CR Approval

	
	RAN4#102
	0.25
	· Finalize RRM core part change


2.3. Power saving gain for RLM/BFD relaxation

In our understanding, Rel-17 power saving should be discussed on top of Rel-16 power saving features. For connected mode UE in Rel-16, the following features was introduced and specified.

· DCP to indicate whether UE need to wake-up before next DRX

· Cross-slot scheduling

· Per-BWP MIMO layer adaptation

Taking the above power saving features into 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. However, for some traffic type in which data packet arrives with interval of around 100ms to 200ms, relatively short DRX cycle can be configured to save UE power consumption, e.g. 40ms. When DCP is configured, RLM/BFD measurement takes a great portion of the total power consumption. It is agreed in RAN1#102e in August that the UE may perform RLM measurement every DRX cycle, as in the LS [3]. Hence, RLM power consumption heavily impacts the total UE battery life, which is illustrated in the below Table 2. If RLM measurement is configured, additional significant +44% power is consumed. 

Table 2 Illustration of RLM power consumption

	Scheme
	w/ RLM
	w/o RLM

	State
	total
	Deep sleep
	Light sleep
	Micro sleep
	PDCCH
	PDCCH+PDSCH

	Power
	6.614

(+44%)
	4.57 (100%)

	
	
	53%
	0.08%
	9.25%
	36.29%
	1.3%

	Note : 

· longDRXCycle: 

160ms

· onDurationTimer: 

8ms

· drx_InactivityTimer: 

40ms

· slot length: 


0.5ms

· drxStartOffset relative to RLM-RS: -4 slot

· RLM-RS periodicity: 
20ms

· FTP Model 3, 0.1 Mbytes, Mean inter-arrival time=2000ms

· WUS is configured, wus_offset relative to DRX 4 slot

· PDCCH is monitored in every slot in Active Time


Observation 1: When DCP is configured, RLM/BFD measurement takes a great portion of the total power consumption.

A more detailed power saving gain is evaluated and provided in below Table 3, while the power consumption is evaluated based on different DRX start offsets relative to RLM-RS. Since the RLM/BFD offset is not necessarily aligned with DRX, additional 15%~27% power saving gain can be achieved if DCP is configured and RLM/BFD is relaxed from 1x to 5x.

Table 3 Illustration of power saving gain for RLM relaxation
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38.72
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40.15

22.01% 27.37%

16

39.86
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Observation 2: To optimize the case where data packet arrives with interval of around 100ms to 200ms, relaxation of RLM/BFD may further achieve power saving gain on top of Rel-16 power saving features. If DCP is configured and relaxing RLM measurement from 1x to 5x, about 15 ~ 27% additional gain can be achieved.

Regarding the RSs for RLM/BFD and RRM in the connected state, we have the following observations:

· As stated in TS 38.213, for RLM/BFD, the RSs used for RLM and/or BFD, should be the RSs providing QCL information for active TCI states of PDCCH, by default. Moreover, as stated in TS 38.214, for TCI-states of dedicated CORESETs, the QCL source configured should be CSI-RS configured in a NZP-CSI-RS-ResourceSet.

· As stated in TS 38.331, serving cell measurement is indicated in the servingcellMO.

· As stated in TS 38.133, for at least SSB based RRM, which is mandatory for UE, serving cell measurement is done in the procedure of intra-frequency measurement, and measurement period requirement is also specified.

Thus, in most cases, RLM-RSs or BFD-RSs are different from the RSs used for RRM. That means for each DRX cycle that needs measurement, UE needs to measure different RSs with different frequency/time location, and if necessary, perform filtering on these results. This would lead to unnecessary power consumption, which can be optimized.

Observation 3: By default, RLM/BFD RSs are different from the RSs that used for RRM, and UE is required to perform unnecessary measurement and filtering on these RSs for RLM/BFD.

Besides, more simulation results on mobility performance impact for RLM/BFD relaxation have been also evaluated and provided in our RAN4 contribution [4]. Based on above observation evaluation, we see the necessity and motivation for Rel-17 RLM/BFD relaxation. And it seems feasible to relax RLM/BFD measurement in some scenarios, e.g. when SINR is above a threshold and low mobility. Anyway, this feasibility should be discussed and determined in RAN4. RAN2 could just wait for more progress on this part from RAN4. 

Proposal 6: RAN2 to consider the above power saving gain in the following work on RLM/BFD measurement relaxation. 
3. Conclusion

In this contribution, we discuss the potential RAN2 impacts on RLM and/or BFD relaxation for UE power saving. Based on the discussion, we have the following observations and proposals:
Proposal 1: RAN4 to mainly discuss the relaxation approaches and how far it could be relaxed for RLM/BFD measurement. RAN2 to mainly discuss the relaxation criteria and corresponding configurations. 

Proposal 2: Further discussion on the mapping between criteria and relaxation approaches could be based on RAN4 progress on relaxation approaches and RAN2 progress on criteria.  

Proposal 3: Accordingly, the relaxation approaches well as the corresponding requirements for relaxed RLM/BFD measurement should be captured in RAN4 specification, while the relaxation criteria as well as the configurations should be captured in RAN2 specification. 

Proposal 4: RAN2 could initiate the study on relaxation criteria for RLM/BFD measurement as early as possible, e.g. based on the existing criteria defined for RRM relaxation in Rel-16 power saving and NB-IoT, and potential RAN4 progress on relaxation scenario. 

Proposal 5: RAN2 to consider the following work plan for RLM/BFD relaxation in RAN2 and RAN4.

Observation 1: When DCP is configured, RLM/BFD measurement takes a great portion of the total power consumption.

Observation 2: To optimize the case where data packet arrives with interval of around 100ms to 200ms, relaxation of RLM/BFD may further achieve power saving gain on top of Rel-16 power saving features. If DCP is configured and relaxing RLM measurement from 1x to 5x, about 15 ~ 27% additional gain can be achieved.

Observation 3: By default, RLM/BFD RSs are different from the RSs that used for RRM, and UE is required to perform unnecessary measurement and filtering on these RSs for RLM/BFD.

Proposal 6: RAN2 to consider the above power saving gain in the following work on RLM/BFD measurement relaxation. 
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