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1. Introduction
RAN 2 and RAN 4 are leading RRM relaxation and RLM/BFD relaxation studies for the purpose of power saving. While RAN1 is evaluating power saving gain. Considering RLM/BFD relax and RRM relax has large impact to the power saving gain, it is proposed that RAN 1 power saving evaluation should take RLM/BFD relaxation for CONNECT mode and RRM relaxation for all modes into account.
This contribution provides background of these works in RAN2 and RAN4 and provide justifications for supporting RRM relaxation and RLM/BFD relaxation.
2. RLM/BFD relaxation
In RAN#88-e, a new Rel-17 work item on UE power saving enhancement for NR was approved and revised in [1]. One objective of the UE power saving enhancements WID is related to RLM/BFD relaxation as below:
	1. [bookmark: _GoBack]Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
0. Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
1. NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
0. 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]
1. NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



This topic is lead by RAN4 and related to RAN2. However, RAN 1 power saving evaluation is related to the RLM/BFD relaxation. Thus it is proposed that RAN1 evaluation should consider this.
This section provide background information of RAN2/4 related RLM/BFD relaxation.
2.1 Power consumptions for RLM/BFD relaxation
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 Workplan for RLM/BFD relaxation in RAN2/4
Considering the limited TU and the whole time plan for power saving WI, we think RAN2 should start the work on RLM/BFD measurement relaxation at least in RAN2#113 or RAN#114 meeting in Q1 or Q2 2021, and it is better for RAN4 to provide the progress on scenario and relaxation approaches as early as possible, at latest in RAN4#98 to RAN4#99 in Q1 or Q2 2021. Detailed work plan we preferred is shown in the below Table 1. 
Detailed proposal on RAN2/4 workplan is provided in [4].
3. RRM relaxation
In 3GPP TSG RAN #86, a new SID on supporting of reduced capability NR devices (RedCap) was agreed in [5]. One of the objectives in the SID is following:
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
1. Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
1. Extended DRX for RRC Inactive and/or Idle [RAN2]
1. RRM relaxation for stationary devices [RAN2]



This topic is lead by RAN2. However, RAN 1 power saving evaluation is related to the RRM relaxation. Thus it is proposed that RAN1 evaluation should consider this.
This section provide background information of RAN2 related RRM relaxation, especially for IDLE mode.
3.1 Serving cell RRM Relaxation Enhancement for idle/inactive UE
According to our statistics for 4G smart phones and 4G smart watches, their time ratio of idle state is 80% and 90%, respectively. The difference in time ratio of idle state is because of the user habits and services types supported by different devices. We expect the time ratio of idle/inactive state for industrial wireless sensors are much higher than wearables since their batteries need to last at least a few years. Therefore, to improve the battery life for industrial wireless sensors and wearables, power saving enhancements for idle/inactive state is critical. 
Observation 3: To improve the battery life, power saving enhancements for idle/inactive state are critical, since the industrial wireless sensors and wearables are in idle/inactive state for more than 90% of the time.
In Rel-16, RRM relaxation for different scenarios were evaluated and discussed in the study phase. Finally, the RRM relaxation for neighboring cells (both inter-/intra-frequency) is specified for NR UEs which are not at cell edge and/or in low mobility state in Rel-16 Power Saving WI. However, no relaxation for serving cell RRM measurement was allowed. Actually, the RRM relaxation for serving cell has been evaluated and discussed in Rel-16 [2], but not been specified due to limited scope. 
Observation 4: In Rel-16 NR, RRM relaxation for neighboring cells is already specified while for serving cell has not been specified yet due to limited scope. 
In Rel-15, RRM relaxation for serving cells is specified for idle NB-IoT UEs, given regular RRM measurement for cell reselection is somehow considered as unnecessary for the devices which have limited mobility or stationary. With the enhancement, an idle NB-IoT UE is allowed to skip serving cell measurements and use WUS for synchronization up to at most 10.24 seconds, if it is configured with Wake-Up Signal (WUS), and the serving cell S criterion is met with at least 2 dB margin and the relaxed monitoring criteria for neighbor cells is fulfilled [3].
Observation 5: In Rel-15 NB-IoT, RRM relaxation for the serving cell has been introduced for limited mobility or stationary idle UE.
In many use cases of low-end RedCap (e.g. industrial wireless sensor), the UEs are stationary. In another RedCap use case (e.g. wearable), the UEs are in low mobility at least in some time duration such as when the user is at home at night or in the office during the day. In these use cases, the measurement relaxation for serving cell can be further considered for power saving as we have done for NB-IoT. Rel-16 RRM relaxation and the mechanism in NB-IoT can be considered as the baseline. 
Some initial evaluation of serving cell RRM relaxation in idle mode can be found in [6]. The simulation results show it is possible for RedCap UEs to process SSBs in serving cell once per 5.12 seconds and about 10% power saving gain can be achieved (details can be found in [6]).
[bookmark: _Ref40349698]Proposal 2: RRM relaxation for serving cell should be studied and specified for idle/inactive industrial wireless sensors/wearables which are stationary or in low mobility.
3.2 RRM Relaxation Enhancement for Connected UE
For RRC connected UEs, it is required for the UE to derive one L3 sample per 200ms at the maximum. It is obvious that such frequent measurement may not be always necessary for stationary or low mobility UEs, e.g. some RedCap sceanrios, like industry sensors. Power saving enhancement to reduce the measurement samples has been widely discussed in LTE NB-IoT design which is proofed to be effective. In the study phase of Rel-16 Power Saving, RRM relaxation in connected state has also been studied and evaluated. The details of the simulation assumption can be found in Annex [8]. The conclusion for power saving benefit due to RRM measurement relaxation in the TR [3]of Rel-16 Power Saving study phase is copied below for reference and the gain related to connected state is highlighted in yellow.
	For adapting/relaxing RRM measurement in time domain
1. 11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and 2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively. 
1. For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).

For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, 
1. By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
1. In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 
1. The corresponding performance impact was not reported and summarized

For additional resource for RRM measurement 
1. For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving gain is 19%~38%. Analysis on network architecture impact, higher-layer/PHY-layer signaling overhead and network energy consumption is not provided. Two sources report 1.6% of SSB overhead for 160ms additional reference signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS) for connected mode UEs can be reused as additional resource for RRM, reference signal overhead may not increase. 
1. For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM, the UE power saving gain is 11.8%~20.7% by assuming that CSI-RS overhead of baseline is identical to CSI-RS overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.  
For reducing the number of measured inter-frequency layers
1. 2 sources show that reducing the number of measured inter-frequency layers can provide 21%~38% power saving gain for RRC CONNECTED states, and 1 source shows 14%~35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.
It is noted that for RRM evaluation, PDCCH-only monitoring without data is assumed for RRC CONNECTED state.


Observation 6: The power saving benefit by reducing RRM measurement for connected state has been well studied and concluded in the TR of Rel-16 power saving SI[3].
3.3 Workplan for RRM relaxation
As the target for this objective is to study UE power saving and battery lifetime enhancement for RedCap UEs in applicable use cases (e.g. delay tolerant), power saving gain should be evaluated in the study item. The corresponding simulation should be based on the common power consumption modeling. As we know, RAN1 had extensive discussion on the power modeling in Rel-16 power saving during study item and work item phase. Thus, the modeling could be used as the baseline. In this way, RAN1 is more appropriate to evaluate the power saving gain for any potential power saving enhancement identified by both RAN1 and RAN2. Meanwhile, the performance impacts on mobility (assuming there is no mobility impact for stationary use cases) or latency should be considered. Thus, RAN2 could also make some evaluations based on the modeling extracted in RAN1. Therefore it is proposed that evaluation of power saving gain for RRM relaxation could be considered in RAN1 or RAN2 in study item phase. 
4. Conclusion
In this contribution,  the following observation and proposals are presented,
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.

Observation 3: To improve the battery life, power saving enhancements for idle/inactive state are critical, since the industrial wireless sensors and wearables are in idle/inactive state for more than 90% of the time.
Observation 4: In Rel-16 NR, RRM relaxation for neighboring cells is already specified while for serving cell has not been specified yet due to limited scope. 
Observation 5: In Rel-15 NB-IoT, RRM relaxation for the serving cell has been introduced for limited mobility or stationary idle UE.
Proposal 2: RRM relaxation for serving cell should be studied and specified for idle/inactive industrial wireless sensors/wearables which are stationary or in low mobility.
Observation 6: The power saving benefit by reducing RRM measurement for connected state has been well studied and concluded in the TR of Rel-16 power saving SI[3].

Finally, RAN1 is evaluating power saving gain. Considering RLM/BFD relax and RRM relax has large impact to the power saving gain, it is proposed that,
Proposal 3: RAN 1 power saving evaluation should take RLM/BFD relaxation for CONNECT mode and RRM relaxation for all modes into account.
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		1) WUS + RLM 5X		8		11.18		40.73		60905.06		14.11%		37.26%				1) WUS + RLM 5X		8		11.18		40.73		14.11%		37.26%

		2) WUS + RLM 1X				13.02												2) WUS + RLM 1X				13.02

		3) no WUS				20.76		34.75		121488.89								3) no WUS				20.76		34.75

		1) WUS + RLM 5X		16		12.00		39.86		68264.74		27.92%		31.84%				1) WUS + RLM 5X		16		12.00		39.86		27.92%		31.84%

		2) WUS + RLM 1X				16.65												2) WUS + RLM 1X				16.65

		3) no WUS				24.43		32.18		146315.27								3) no WUS				24.43		32.18

		1) WUS + RLM 5X		24		11.73		37.50		67891.81		24.14%		34.61%				1) WUS + RLM 5X		24		11.73		37.50		24.14%		34.61%

		2) WUS + RLM 1X				15.46												2) WUS + RLM 1X				15.46

		3) no WUS				23.64		32.26		118767.13								3) no WUS				23.64		32.26

		1) WUS + RLM 5X		32		11.70		38.72		54677.68		23.59%		19.21%				1) WUS + RLM 5X		32		11.70		38.72		23.59%		19.21%

		2) WUS + RLM 1X				15.31												2) WUS + RLM 1X				15.31

		3) no WUS				18.95		33.51		105923.09								3) no WUS				18.95		33.51

		1) WUS + RLM 5X		36		11.69		40.15		44898.03		22.01%		27.37%				1) WUS + RLM 5X		36		11.69		40.15		22.01%		27.37%

		2) WUS + RLM 1X				14.99												2) WUS + RLM 1X				14.99

		3) no WUS				20.63		34.12		106056.85								3) no WUS				20.63		34.12
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