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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 remaining details on RLM/BFD measurement relaxation scheme.  

2	Discussion  
Different design options for RLM/BFD relaxation schemes have been discussed and captured in WF [3]. We further discuss the pros and cons of the options in each sub-topic. 

Relaxation applicability 

In [3], it has been agreed that when neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply. It is still under discussion whether low mobility criterion and good serving cell criteria is necessary to be configured. Since there was an early agreement that RLM/BFD measurement relaxation can be applied when both serving cell quality criteria or low mobility criteria are met, therefore only if we have a pre-defined threshold in the specification, network needs to configure the criterion.     
Proposal 1: Network needs to configure the mobility criterion and good serving cell criterion unless a default criterion is specified in the specification.    


Good serving cell quality criteria 

On good serving cell quality criteria, it was agreed to use SINR for RLM/BFD to determine whether the serving cell quality criteria is fulfilled or not. The SINR definition is FFS. Two options have been captured in [3]. 
· Option 1: reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD. 
· Option 2: L3-SINR. RSRQ and RSRP can also be used as serving cell quality metric for UE that does not support the optional L3-SINR measurement. 






The issue with option 1 is that legacy definition for radio link quality evaluation of RLM is defined by hypothetical BLER. In addition, for BFD evaluation, the Qin_LR is indicated by higher layer parameter rsrp-ThresholdSSB, while Qout_LR is defined by hypothetical BLER. Overall, there is no SINR definition for legacy RLM/BFD. It is up to UE implementation whether to use effective SINR as a PHY abstraction to map the measured RS to the hypothetical BLER, and the mapping is entirely UE implementation which related to number of Rx, type of receiver such as MMSE or MLD etc.   

On the other hand, SS-SINR or CSI-SINR defined in 38.215 is clear without ambiguity. As RRM measurement is not relaxed, it is natural for UE to reuse the serving cell RRM measurement to evaluate whether RLM/BFD can be relaxed. Using L3 measurement as criterion also avoid the potential ping-pong effect. 

In current specification L3-SINR measurement is an optional feature and signaled by UE capability. RSRP can also be used as serving cell quality metric for UE that does not support the capability. It should be noted that RSRP is used as Qin_LR in current specification for BFD. Similar to R16 idle mode measurement relaxation for UE power saving, the exact threshold for RSRP or SINR can be signaled through RRC signaling.  

If legacy RLM definition is used to define serving cell relaxation criterion, legacy hypothetical BLER definition can be used. For example, the good serving cell criterion can be defined as 1% BLER with PDCCH parameters for Qin evaluation.  

Proposal 2: L3-SINR, RSRP and/or RSRQ can be used as serving cell quality criteria for RLM/BFD.  

Proposal 3: The relaxation threshold for RSRP, RSRQ or SINR can be configured by RRC signaling.  

Proposal 4: If legacy definition is to be used, define the good serving cell quality using hypothetical BLER, e.g., [1]% BLER with PDCCH parameters define for in-sync evaluation.    

Existing criteria of RLM relaxation  

For existing criteria, the following discussion has been captured in [3]. 
· Background: 
· Agreement in RAN4 98-e-Bis meeting:
· 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).
· Agreement in RAN4 99-e-Bis meeting:
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode.
· Note1: Whether the exit condition for serving cell quality is explicitly specified or not is up to issue 2-3-2.
· Note2: FFS the details of the exit condition of low mobility’
Additional criteria are discussed below.
· Option 1: Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined. 
· Option 2: Reuse Qout as the radio link quality threshold. Exit relaxation mode when the radio link quality is worse than Qout 
· Option 3: Introduce a radio link quality threshold higher than Qout. Exit relaxation mode when the radio link quality is worse than a SINR threshold (Thexit ). 
· Option 3a: Thexit = SINRenter with a hysteresis value 
· Option 3b: Thexit = SINRenter – 3dB 
· Option 3c: Thexit > Qout
· Option 3d: Thexit = Qout+7dB or Qin 
· Option 4: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient. 



































Option 1 provides details of previous agreement. It is a simple and effective way to exit the relaxation mode. Option 4 is very similar approach, with only difference of 1 or multiple out-of-sync indication. This also aligned with the low mobility criterion we agreed, .e. UE exit low mobility state as long as the entering condition is not met.
  

Proposal 5: Support option 1 for exit criterion. Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined.
 

During relaxation

On the relaxed evaluation period of RLM/BFD, it has been agreed that RAN4 specify the new evaluation period based on Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)). 

On whether to apply the relaxation factor on lower bound of relaxed evaluation period, we do not see the need due to the max operation. The scaling factor can be different for FR1 and FR2 and based on DRX cycle configuration.    

Proposal 6: Different scaling factor based on DRX cycle for FR1 and FR2 respectively.   
3	Summary
This contribution has provided our views on RLM/BFD relaxation for UE power saving. 

Proposal 1: Network needs to configure the mobility criterion and good serving cell criterion unless a default criterion is specified in the specification.    

Proposal 2: L3-SINR, RSRP and/or RSRQ can be used as serving cell quality criteria for RLM/BFD.  

Proposal 3: The relaxation threshold for RSRP, RSRQ or SINR can be configured by RRC signaling.  

Proposal 4: If legacy definition is to be used, define the good serving cell quality using hypothetical BLER, e.g., [1]% BLER with PDCCH parameters define for in-sync evaluation.    
 
Proposal 5: Support option 1 for exit criterion. Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined.
 
Proposal 6: Different scaling factor based on DRX cycle for FR1 and FR2 respectively.   
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