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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
 












[3] captures the discussion in RAN4 98e. To identify the beneficial scenarios from UE power saving gain perspective, the following agreements were captured: 
Further evaluate UE power saving gains for the following UE implementations:
· UE meets Rel-15 RRM measurement period and accuracy requirements
· Option 1:
· UE uses all L1 samples for RRM measurements based on Rel-15 assumptions
· Option 2: 
· How many L1 samples UE applies for RRM measurements is up to UE implementation (e.g. UE can use lower number of measurement samples for RRM measurements)
· Further discuss how many samples to use for evaluations
· Companies shall evaluate RRM measurements accuracy for the proposed number of samples. 
· FFS whether Option 2 can be considered for requirements definition	
· Further assess impact on PDCCH monitoring due to relax UE measurements for RLM/BFD 














Evaluation assumption for mobility impact analysis and power saving benefit analysis is summarized in [4]. 
 
In this paper, we discuss the power saving benefit, and potential schemes RLM/BFD measurement relaxation. 
2	Discussion
2.1 Potential power saving gain with R16 baseline  

Evaluation methodology for UE power consumption is based on the power model in annex of TR 38.840 [2]. Additional evaluation parameters are discussed and captured in section 3 of [4]. We focus on FR1 power evaluation with detailed evaluation parameters listed in Table I.

For RRM measurement activity, option 2 listed in WF was used. Since RLM/BFD relaxation is targeted for high SNR UE, RRM measurement does not need to measurement every DRX cycle. In order to simplify the modeling, we perform RRM measurement every time UE wake up to perform RLM measurement.  
   
Table I Evaluation assumptions for power saving gain of RLM/BFD relaxation
	Parameters
	FR1

	longDRXCycle
	160ms for FTP model 3
Or 40ms for FTP model 3  

	OnDurationTimer
	8ms with 160ms long DRX cycle for FTP Model 3
5ms with 40ms long DRX cycle for FTP Model 3

	DRX_InactivityTimer
	40ms with 160ms long DRX cycle for FTP Model 3
20ms with 40ms long DRX cycle for FTP Model 3 

	Slot length
	0.5ms

	Relaxation factor (X)
	2, 4, 8 

	PDCCH-WUS configuration
	Yes
WUS offset: 4 slot
No wake-up if WUS is missed
 

	PDCCH cross slot scheduling 
	Enabled

	Traffic Model
	FTP Model 3
0.5Mbytes packet size
200ms mean inter-arrival time (Note: Other options are not precluded)
 

	RLM-RS periodicity
	SSB: 20 ms
 

	RLM-RS location 
	SSB configuration is outside of DRX ON duration  




The power consumption performance evaluation is shown in Table II for 160ms DRX cycle, and Table III for 40ms DRX cycle. As expected, RLM/BFD relaxation achieve higher power saving gain with smaller DRX cycle.  

Table II Power evaluation with 160ms DRX cycle.

	
	No relaxation 
	2x relaxation 
	4x relaxation 

	Average power per slot 
	20.21
	19.21(4.95%)
	18.71(7.42%)




Table III Power evaluation with 40ms DRX cycle.

	
	No relaxation 
	2x relaxation 
	4x relaxation 

	Average power per slot 
	34.29
	 30.49 (11.08%)
	28.61 (16.56%)



Observation 1: With R16 UE baseline, with 160ms DRX cycle, up to 7.42% UE power saving gain is observed with 4x RLM/BFD relaxation. With 40ms DRX cycle, up to 16.56% UE power saving gain is observed with 4x RLM/BFD relaxation.     
  
2.2 Potential power saving gain with R17 DCI-based UE power saving  

In RAN1 104-e, it has been agreed that “a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration”.

Here we perform additional power saving evaluation of RLM/BFD relaxation, with PDCCH skipping or SS switching feature in R17. PDCCH skipping and SS switching both explore time domain adaptation to traffic pattern to save UE power. For PDCCH skipping, DCI based triggering is sent if there is no DL and UL traffic expected for a period of duration. UE can skip PDCCH monitoring after receiving the DCI triggering. For SS switching, different search space configuration with short or long periodicity can be configured, and dynamically switched using DCI signaling. It has been shown in RAN1 study that if SS periodicity configuration is set to be similar to skipping step, then power saving performance is quite similar compared to PDCCH skipping. Therefore, evaluation done below only shown for PDCCH skipping, but can equally apply to search space group switching method as well. 

Simulation setting follows Table I, with additional PDCCH skipping of 8 slots or 16 slots for 160ms DRX cycle and 40ms DRX cycle.  

It can be seen that with DCI based UE power saving, the power spend on PDCCH monitoring is further reduced. Therefore, the percentage of UE power spend on RLM measurement become higher. With RLM relaxation, higher UE power saving gain can be observed. 

Table IV Average power per slot with 160ms DRX cycle.

	
	No relaxation 
	2x relaxation 
	4x relaxation 

	R16 baseline (with WUS + Cross slot) 
	20.21
	19.21(4.95%)
	18.71(7.42%)

	R16 baseline + skipping 8 slots when no traffic 
	17.71
	16.72 (5.59%)
	16.22 (8.41%)

	R16 baseline + skipping 16 slots when no traffic 
	14.53
	13.53 (6.88%)
	13.03 (10.32%)



Table III Average power per slot with 40ms DRX cycle.

	
	No relaxation 
	2x relaxation 
	4x relaxation 

	R16 baseline (with WUS + Cross slot) 
	34.29
	 30.49 (11.08%)
	28.61 (16.56%)

	R16 baseline + skipping 8 slots when no traffic 
	32.40
	28.63 (11.64%)
	26.77(17.38%)

	R16 baseline + skipping 16 slots when no traffic 
	30.84
	27.05(12.29%)
	25.17 (18.39%)



Observation 2: With R17 DCI based adaptation for UE power saving, with 160ms DRX cycle, up to 10.32% UE power saving gain is observed with 4x RLM/BFD relaxation. With 40ms DRX cycle, up to 18.39% UE power saving gain is observed with 4x RLM/BFD relaxation.  


2.3 Scheme of RLM/BFD measurement relaxation  
 
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 not-cell edge condition, channel changes slowly and risk of radio link failure is low. Therefore, it is possible to relax RLM/BFD measurement in such scenario. Using a scaling factor to define the relaxed RLM/BFD evaluation period and indication intervals is a straightforward way to go. The relaxation factor depends on various factors including DRX cycle configuration, RLM-RS configuration, mobility and SINR conditions etc.  

On relaxation criterion, since RLM/BFD is procedure for RRC-connected mode UEs, performance should be ensured when relaxation is activated. RLM/BFD relaxation criterion need to include both mobility criterion and serving cell quality criterion. Network can configure the mobility criterion and the cell quality criterion through RRC signalling, and UE can evaluate whether the criterion is met and apply relaxation correspondingly. For cell quality criterion, additional SINR based criterion can be configured through RRC signalling. For mobility criterion, similar to R16 mobility criterion, delta-RSRP or delta-RSRQ over delta-time can be considered.  

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. In addition, UE should fall back to normal RLM measurement when N310 starts to count. 


Proposal 1: RLM/BFD relaxation through scaling on DRX cycle is supported.
 
Proposal 2: Relaxation factor depends on various factor including DRX cycle configuration, RLM-RS configuration, mobility and channel conditions etc. 

Proposal 3: RLM/BFD relaxation criterion include both mobility criterion and serving cell quality criterion. Relaxation criterion can be configured by the network and determined by the UE whether relaxation criterion is fulfilled.  

Proposal 4: UE revert back to normal operation when criterion is not met, or when N310 start to count.  
3	Summary
Observation 1: With R16 UE baseline, with 160ms DRX cycle, up to 7.42% UE power saving gain is observed with 4x RLM/BFD relaxation. With 40ms DRX cycle, up to 19.34% UE power saving gain is observed with 8x RLM/BFD relaxation.     
 
Observation 2: With R17 DCI based adaptation for UE power saving, with 160ms DRX cycle, up to 10.32% UE power saving gain is observed with 4x RLM/BFD relaxation. With 40ms DRX cycle, up to 21.47% UE power saving gain is observed with 8x RLM/BFD relaxation.  

Proposal 1: RLM/BFD relaxation through scaling on DRX cycle is supported.
 
Proposal 2: Relaxation factor depends on various factor including DRX cycle configuration, RLM-RS configuration, mobility and channel conditions etc. 

Proposal 3: RLM/BFD relaxation criterion include both mobility criterion and serving cell quality criterion. Relaxation criterion can be configured by the network and determined by the UE whether relaxation criterion is fulfilled.  

Proposal 4: UE revert back to normal operation when criterion is not met, or when N310 start to count.  
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