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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
UE battery life is an important aspect of the user’s experience, which will influence the adoption of 5G handsets and/or services. The UE power saving feature is an important one which has been extensively discussed and studied in Rel-16 timeframe. Rel-16 studies were more focused on PDCCH monitoring reduction, RRM relaxation, cross/same-slot adaptation and MIMO layer adaptation. A PDCCH-based WUS is introduced in Rel-16 in order to indicate UE starting/skipping DRX onDuratinTimer.

However, during RRC CONNECTED state, link quality related procedure, such as Radio link monitoring and beam failure detection also consumes quite a lot of powers. Therefore, Rel-17 Power saving WID[1] includes the followings tasks, and this contribution provides initial results for RLM/BFD relaxation

	
   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



2. Discussion
2.1 Power consumptions for RLM/BFD
Resources used for RLM
The NR UE shall monitor the downlink link quality based on the reference signal in the configured RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3]
RLM-RS resource: A resource out of the set of resources configured for RLM by higher layer parameter RLM-RS-List as defined in TS 38.213
The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM outside the active DL BWP.
How frequently UE performs RLM measurement
It is described in TS 38.133 that the UE may perform RLM measurement at least TIndication_interval . And it can be seen the UE has to perform RLM almost every DRX cycle. Hence RLM power consumption heavily impacts the total UE battery life. Table 1 is an illustration. If RLM measurement is configured, additional significant +44% power is consumed. 
	8.1.6	Minimum requirement for L1 indication
…
The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause 5 in TS 38.213 [3]. Two successive indications from Layer 1 shall be separated by at least TIndication_interval.
…
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. Upon start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the no DRX mode until the expiry or stop of T310 timer.




Table 1.illustration of RLM power comsuption
	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 PDCCH WUS is configured, RLM/BFD measurement take a great portion of the total power consumption.
2.2 power saving gain for RLM/BFD relaxation
Consequently,  in order to save power, it is natural to relax the RLM/BFD measurement when certain conditions are satisfied. For example, extend the measurement period from 1 DRX cycle to N DRX cycle.
FTP Mode 3 is considered and the assumptions including power model follows TR38.840[2]. 
	DRX configurations
	WUS configuration
	Traffic Model

	· longDRXCycle: 	40ms
· onDurationTimer: 	4ms
· drx_InactivityTimer: 	4ms
· slot length: 	               0.5ms
	· wus_error_prob:     1%
· wus_offset:             4 slot
· Not wake up if miss WUS

	· FTP Model 3
· 0.1Mbyte Packet size
· 200ms mean inter-arrival time

	Note: SSB is present every 20ms, UE performs RLM/BFD based on SSB measurement


The following 3 schemes are considered in comparison:
[image: ]
Scheme 1: Rel-16 Wake-up signal (WUS) is configured, RLM is performed every 5 DRX cycles.
[image: ]
Scheme 2: Rel-16 Wake-up signal (WUS) is configured, RLM is performed every 1 DRX cycle.
[image: ]
Scheme 3: Rel-16 Wake-up signal (WUS) is NOT configured, RLM is performed every 1 DRX cycle.

Table 2.illustration of power comsuption for RLM relaxation


The following Table 2 illustrates power saving gain considering different DrxStartOffset.  Wake-up signal is beneficial for UE power saving by reducing power 20 ~ 30 %. Furthermore, when PDCCH WUS is configured, relaxing RLM-RS measurement is beneficial from UE power consumption perspective by reducing power 15 ~ 27 %. 
Observation 2: when PDCCH WUS is configured and relaxing RLM-RS measurement from 1x to 5x,
· 15 ~ 27% power saving gain can be achieved for FTP model 3 with 200ms mean inter-arrival time (DRX activated rate=20%)
For low mobility deployment/UE speed/favorable RSRP conditions, the relaxation of  RLM-RS measurement may not have much impact to the mobility performance.
Proposal 1: RLM/BFD relaxation should be specified in Rel-17 Power saving WI.
2.3 Update of Rel-16 Power saving evaluation methodology
[bookmark: _GoBack]In Rel-16 UE power saving, 1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle). In additional to that, considering RLM/BFD, we propose to add SSB measurement every DRX Cycle into consideration for CONNECTED mode UE.
Proposal 2: UE power saving evaluation should consider SSB measurement every DRX Cycle into consideration for CONNECTED mode UE. 

3. Conclusion
This contribution addresses the power consumption aspects for RLM/BFD. And it is observed that,
Observation 1 : when PDCCH WUS is configured, RLM/BFD measurement take a great portion of the total power consumption.
Observation 2: when PDCCH WUS is configured and relaxing RLM-RS measurement from 1x to 5x,
· 15 ~ 27% power saving gain can be achieved for FTP model 3 with 200ms mean inter-arrival time (DRX activated rate=20%)
Proposal 1: RLM/BFD relaxation should be specified in Rel-17 Power saving WI.
Proposal 2: UE power saving evaluation should consider SSB measurement every DRX Cycle into consideration for CONNECTED mode UE. 
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		32		200		11.7 / 15.31		38.72		54677.68		23.59%

		36		200		11.69 / 14.99		40.15		44898.03		22.01%
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