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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.
[bookmark: _GoBack]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. This contribution provides such analysis on these parts including power consumption results related to relaxation of RLM/BFD.

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, UL is not modeled.



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.
Two traffic models are considered in the analysis. And the other assumtions are as the same in section 2.1. The rest of the assumptions including power model follows TR38.840[1].
	
	FTP Model 3 - sparse
	FTP Model 3 - dense

	Model
	FTP model 3
	FTP model 3

	Packet size
	0.1 Mbytes
	0.1 Mbytes

	Mean inter-arrival time
	2000 ms
	200 ms


According to the analysis as shown in Annex 1 Table 2 and 3, when PDCCH WUS is configured, relaxing RLM-RS measurement is beneficial from UE power consumption perspective. 
Observation 2: when PDCCH WUS is configured and relaxing RLM-RS measurement from 1x to 5x,
1. 15 ~ 27% power saving gain can be achieved for dense FTP model (DRX activated rate=20%)
1. 17 ~ 31% power saving gain can be achieved for sparse FTP model (DRX activated rate =2%)
For low mobility deployment/UE speed/favorable RSRP conditions, the relaxation of  RLM-RS measurement may not have much impact to the mobility performance.

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,
1. 15 ~ 27% power saving gain can be achieved for dense FTP model (DRX activated rate=20%)
1. 17 ~ 31% power saving gain can be achieved for sparse FTP model (DRX activated rate =2%)

References
1. 3GPP TR 38.840: Study on UE Power Saving (Rel-16)


Annex :evaluation results for RLM relaxation
Table 2. power saving gain for FTP Model 3 (dense)- comparison for 1x and 5x RLM measurement
	drxStartOffset relative to RLM RS(slot)
	arrival
	meas_period (DRX cycle)
	average_power
	avg_packet_delay/ms
	avg_UPT[bps]
	Power saving gain

	-2
	200
	1x
	14.63 
	20.67
	107879.6
	

	-2
	200
	5x
	11.58 
	20.67
	107879.6
	20.85%

	4
	200
	1x
	13.06 
	20.44
	115155.42
	

	4
	200
	5x
	11.16 
	20.44
	115155.42
	14.51%

	8
	200
	1x
	13.02 
	20.365
	121810.12
	

	8
	200
	5x
	11.18 
	20.365
	121810.12
	14.11%

	12
	200
	1x
	14.87 
	20.665
	110444.12
	

	12
	200
	5x
	11.63 
	20.665
	110444.12
	21.82%

	16
	200
	1x
	16.65 
	19.93
	136529.48
	

	16
	200
	5x
	12.00 
	19.93
	136529.48
	27.92%

	20
	200
	1x
	14.88 
	19.185
	144670.84
	

	20
	200
	5x
	11.59 
	19.185
	144670.84
	22.11%

	24
	200
	1x
	15.46 
	18.75
	135783.62
	

	24
	200
	5x
	11.73 
	18.75
	135783.62
	24.14%

	28
	200
	1x
	15.85 
	18.91
	111418.24
	

	28
	200
	5x
	11.84 
	18.91
	111418.24
	25.30%

	32
	200
	1x
	15.31 
	19.36
	109355.36
	

	32
	200
	5x
	11.70 
	19.36
	109355.36
	23.59%

	36
	200
	1x
	14.99 
	20.075
	89796.06
	

	36
	200
	5x
	11.69 
	20.075
	89796.06
	22.01%




Table 3. power saving gain for FTP Model 3 (sparse)- comparison for 1x and 5x RLM measurement
	drxStartOffset relative to RLM RS(slot)
	arrival
	meas_period (DRX cycle)
	average_power
	avg_packet_delay
	avg_UPT
	Power saving gain

	-2
	2000
	1x
	13.36
	21.875
	66317.3
	

	-2
	2000
	5x
	9.69
	21.875
	66317.3
	27.45%

	4
	2000
	1x
	11.12
	20.95
	137037.42
	

	4
	2000
	5x
	9.22
	20.95
	137037.42
	17.04%

	8
	2000
	1x
	11.06
	22.165
	72176.5
	

	8
	2000
	5x
	9.22
	22.165
	72176.5
	16.62%

	12
	2000
	1x
	12.88
	21.03
	115567.24
	

	12
	2000
	5x
	9.64
	21.03
	115567.24
	25.18%

	16
	2000
	1x
	14.72
	19.89
	117046.62
	

	16
	2000
	5x
	10.07
	19.89
	117046.62
	31.59%

	20
	2000
	1x
	12.93
	18.755
	131204.62
	

	20
	2000
	5x
	9.65
	18.755
	131204.62
	25.42%

	24
	2000
	1x
	13.71
	18.4
	146707.46
	

	24
	2000
	5x
	9.83
	18.4
	146707.46
	28.27%

	28
	2000
	1x
	14.45
	17.265
	141693.46
	

	28
	2000
	5x
	10.01
	17.265
	141693.46
	30.73%

	32
	2000
	1x
	14.20
	19.265
	73354.56
	

	32
	2000
	5x
	9.88
	19.265
	73354.56
	30.42%

	36
	2000
	1x
	13.62
	19.695
	97049.24
	

	36
	2000
	5x
	9.74
	19.695
	97049.24
	28.48%




