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1	Introduction
In Rel-17 UE power saving WI [1], additional enhancement in CONNECTED state is proposed: · Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]. 

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 paper, we discuss the feasibility and performance impact of RLM/BFD relaxation. 
2	Discussion
2.1 Potential power saving gain 

Evaluation methodology for UE power consumption have been extensively discussed in RAN1 [2]. In last RAN1 102e meeting, it was agreed RLM measurement can be optionally modelled. In [3], the potential power saving gain is evaluated using the agreed power model, DRX configuration and FTP 3 traffic model. A few observations are summarized below based on results in [3].  

Observation: Overlapping RLM-RS configuration with DRX on duration by network can use UE power saving  

Observation: Roughly 11% to 13% power saving gain is observed with 2x relaxation. Roughly 16% to 20% power saving gain is observed when 4x relaxation is used.   
 
2.2 Feasibility of relaxing RLM/BFD 
 
38.133 define RLM requirements based on two key value: Tindication_interval and Tevaluation. In case DRX is used, TIndication_interval is Max(10ms, 1.5 × DRX_cycle_length, 1.5 × TRLM-RS,M)  if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms. When no DRX is used, TIndication_interval is Max(10ms, TRLM-RS,M) .  Tevaluation is the evaluation window averaging over a set M value of L1 indication. For out of sync evaluation in FR1, Mout = 20 for CSI-RS based evaluation, or Mout =10 for SSB based evaluation. For in sync evaluation in FR1, Min = 10 for CSI-RS based evaluation and Min = 5 for SSB based evaluation.  The procedure for BFD is similar to RLM. 

UE power consumption is related to RLM-RS configuration, DRX configuration, Tindication_interval and Tevaluation.  When short DRX cycle is used, a UE will wake up more often for RLM/BFD evaluation, such consume a lot of power. Furthermore, when a UE is in low mobility and/or not-cell edge condition, UE channel changes slowly and risk of radio link failure is low. Therefore, it is possible to relax RLM/BFD measurement in such scenario.  

2.3 Performance impact of RLM/BFD relaxation  

RLM/BFD measurement relaxation should not sacrifice the measurement accuracy and network performance. UE should also fall back to normal RLM measurement when relaxation criterion does not meet. R16 RRM measurement relaxation defined different criterions, such as not cell edge criterion, low mobility criterion, or both. These criterions can be used as a starting point for RLM/BFD measurement relaxation.  
   

Proposal 1:  RLM/BFD relaxation should be studied for short DRX cycles. R16 RRM relaxation criterion can be used as a starting point. 

3	Summary
 
Observation: Overlapping RLM-RS configuration with DRX on duration by network can use UE power saving  

Observation: Roughly 11% to 13% power saving gain is observed with 2x relaxation. Roughly 16% to 20% power saving gain is observed when 4x relaxation is used.   

Proposal 1:  RLM/BFD relaxation should be studied for short DRX cycles. R16 RRM relaxation criterion can be used as a starting point. 
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