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1. Introduction
At the RAN1 AH1901 meeting, potential techniques and scenario on UE power saving in RRM measurement were discussed and RAN1 made agreements [1].
	Agreements:
· For IDLE/INACTIVE state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· FFS: The power value for loop convergence /time-frequency tracking is as the same as SSB processing.
· Paging 
· SIB1 decoding (PDCCH+PDSCH)
· Neighbor cell search (within SMTC), if any
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Sleep
· For CONNECTED state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation,
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· Based on SSB and/or TRS(if configured)
· PDCCH-only monitoring during active time
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Neighbor cell search (within SMTC), if any
· Sleep

Agreements:
· Update the table format as follow for capturing the results in TR38.840 section 5.3 “Power consumption reduction in RRM measurements” for
· Adapting/Relaxing RRM measurement in time domain
· Adapting/Relaxing intra-frequency measurements
· Additional resources for RRM measurement
· Other categories of techniques is not precluded and can be further incorporated if available.
· Note: for RRC CONNECTED, the ‘measurement period’ in the table and agreements refers to the measurement period in TS38.133
· Companies are encouraged to report the following additional assumption if applicable for each scheme,
· DRX configuration
· Offset between paging occasion and SSB/CSI-RS
· For evaluation of adapting/relaxing RRM measurement in time domain, the following is recommended to be provided
· Impact to measurement accuracy, e.g., RSRP accuracy
· Impact to mobility performance, e.g., handover failure rate
· For evaluation of reducing intra-frequency measurement
· Number of cells for measurement
· For evaluation of additional resource
· Resource type, e.g., CSI-RS, SSB or others
· Others are not precluded
Note: companies are encouraged to report assumptions for synchronous or asynchronous deployments/case
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Agreements:
For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers/reselections for certain period.
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.

Agreements:
· The followings can be considered as the usage of additional resource for RRM measurement,
· CSI-RS, including TRS
· SSS only
· SSB
· PSS, SSS and wake-up signaling/paging
· E.g., including transmitted in SFN (single frequency network) manner
· DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc.
· Companies report in which of the following RRC state(s) the additional resource can be used,
· RRC IDLE
· RRC INACTIVE
· RRC CONNECTED


In this contribution, potential techniques for UE power consumption reduction in RRM measurement are discussed.

2. Discussion
TS38.133 specifies NR measurement requirements, e.g., measurement accuracy and measurement delay. However, applying the same UE measurement behavior based on the requirements may not always be necessary considering the condition on UE, e.g., mobility and measurement result. Hence, the relaxing RRM measurement based on some conditions for UE power saving could be studied. The relaxing RRM measurement needs to be carefully studied taking into account Rel-16 NR UE performance compared with Rel-15 NR UE. If the requirements for Rel-16 is just relaxed for all cases, i.e., for all Rel-16 NR UE without any condition, measurement performance for Rel-16 NR UE would be degraded. Basically, such the measurement performance degradation should be avoided. What we should focus on is reducing non-essential RRM measurement in some conditions. In other words, the relaxing RRM measurement in appropriate conditions would not affect to the mobility management, e.g., when the measurement result does not meet the condition for event trigger reporting, the measurement might be non-essential and could be relaxed. Then, system performance can be almost kept, while UE power consumption can be saved. We should further study on what conditions for relaxing RRM measurement are acceptable.
Observation 1: Relaxing non-essential RRM measurement in appropriate conditions would not affect to the mobility management and system performance.
Proposal 1: Appropriate condition for Relaxing non-essential RRM measurement should be focused on so that a degradation of the mobility and system performances can be avoided.

Whether RRM measurement on certain condition can be considered as non-essential depends on NW deployment/configuration and so on. Thus, UE should not be allowed to determine the behaviour for relaxing RRM measurement, and relaxing RRM measurement should be fully controllable by NW in order to keep system performance, i.e., NW can configure whether/how RRM measurement can be relaxed for Rel-16 NR UE, and default RRM measurement behaviour would be almost same as behaviour based on Rel-15 requirement.
Proposal 2: Relaxing RRM measurement should be fully controllable by NW.

UE performs RRM measurement basically just according to measurement configuration by NW. However, the appropriate measurement period/accuracy for RRM measurement would vary depending on the condition on UE, deployment scenario and so on. For example, UE measurement result can be referred to determine the appropriate measurement period/accuracy. In other words, if UE measurement result is close to the threshold/condition for event-triggered measurement report, e.g., at the cell edge, the higher measurement period/accuracy would be required in order to send accurate measurement report as soon as possible once actually exceeding the threshold. On the other hand, if UE measurement result continues for a while far away from the threshold/condition for event-triggered measurement report, e.g., at the cell center with low mobility, the relaxed measurement period/accuracy would be enough since the measurement result is unlikely to vary drastically. When measurement period/accuracy are relaxed, the number of RRM measurement attempts in time domain UE needs to do will be reduced, and UE power consumption can be saved. Thus, for power consumption reduction, we think that a relaxing of RRM measurement based on measurement result should be studied. In addition, the condition on relaxing of RRM measurement should be configurable, since it is also related to deployment scenario. Therefore, the relaxing the number of RRM measurement attempts in time domain based on the configured conditions regarding measurement result should be studied. 
Proposal 3: Relaxing the number of RRM measurement attempts in time domain based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM.
· NW can fully control whether/how the above conditions can be applied for relaxing the number of RRM measurement attempts in time domain.

In addition, measurement result may also be used as the condition for relaxing the number of measured cells/frequencies for neighbor cells. For example, assuming measurement for handover, if measurement result on a cell, i.e., cell A, is significantly larger than measurement result on another cell, i.e., cell B, since measurement result on cell A may be more important for measurement reporting, measurement on cell B can be considered as non-essential measurement during certain time. Thus, relaxing the number of measured cells/frequencies for neighbor cells based on the conditions on measurement result, i.e., suspending measurement for non-essential cell/frequency based on some conditions, should be studied. 

Proposal 4: Relaxing the number of measured cells/frequencies for neighbour cells based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM. 
· NW can fully control whether/how the above conditions can be applied for relaxing the number of measured cells/frequencies for neighbour cells.

For Proposal 3 and 4, it needs to be determined which measurement quantity including other than RSRP e.g., RSRQ, SINR, is used as the measurement result threshold. In the description of TR 38.840 based on the agreements, only RSRP as the measurement quantity for the measurement result threshold will be described. However, RSRP, RSRQ or SINR can be selected as trigger quantity or report quantity for event-triggered measurement report. RRM measurement relaxing should be triggered in the condition where the event for measurement reporting is unlikely to be triggered for a sufficient time duration. Thus, the measurement quantity which triggers RRM measurement relaxing/adapting should be same as that which triggers measurement reporting.

Proposal 5: The measurement quantity which triggers RRM measurement relaxing should be same as that which triggers measurement reporting.
· Section 5.3.1 in TR 38.840, i.e., “Adapting/Relaxing RRM measurement in time domain,” should include RSRQ and SINR as measurement quantity of the threshold for RRM measurement relaxing/adapting.

For proposal 3, the example of procedure is following:

· Step1: gNB configures measurement configuration, e.g., including measurement event, and optionally configures the threshold of measurement result for RRM measurement adapting/relaxing.
· Step2: UE performs measurement activity, e.g., measurement and reporting, based on the configured measurement configuration, and compares the measurement result to the threshold for RRM measurement adapting/relaxing if configured.
· The measurement quantity of compared measurement result is same as that which triggers measurement reporting.
· Step3: If the measurement result exceeds the threshold for RRM measurement adapting/relaxing if configured, UE can relax RRM measurement, e.g., increasing measurement period.
· Step4: If Step3 is performed,
· if the measurement result falls below the threshold for RRM measurement adapting/relaxing, UE turns back RRM measurement as before Step3, e.g., decreasing measurement period as before Step3.

Table 1 and 2 shows the power saving gain in an example. Assuming that the RSRP threshold for RRM measurement relaxing configured by gNB is 12dB less than that which triggers measurement reporting, and the condition is 3km/h pedestrian and FR1. In that case, the probability that RSRP varies by more than 12dB during measurement period less than 7680ms would be almost zero, according to the evaluation result shown in the contribution by a company [2]. For example, in case that C-DRX cycle is 40ms and normal measurement period (according to TS38.133) is 300ms, i.e., C-DRX cycle multiplied by 7.5, the measurement period (according to TS38.133) can be multiplied by 25 for RRM measurement relaxing, i.e., 7500ms. In order to measure 5 samples in each measurement period (according to TS38.133), UE needs to measure a sample once per 1480ms. Table 2 shows power saving gain assuming measurement sample, i.e., SSB, and DRX on duration are aligned, i.e., power consumption by additional wakeup is not included. If misalignment between SSB and DRX on duration is taken into account, power saving gain would become more than 10.1%.

Table 1. Assumption for the calculation of power saving gain
	C-DRX cycle
	40ms

	C-DRX on duration
	4ms

	The number of samples in each measurement period
	5

	UE speed
	3km/h pedestrian



Table 2. Example of power saving gain
	
	
	
	Power consumption per 7500ms

	
	Measurement interval between samples
	Measurement period (according to TS38.133)
	RRM measurement
	PDCCH-only monitoring
	Additional transition energy (Deep sleep)
	Total

	Normal case
	60ms
	300ms
	18750
	75000
	84375
	178125

	Relaxed case
	1500ms
	7500ms
	750
	75000
	84375
	160125

	Gain
	
	10.1%



Observation 2: Based on the assumption in Table 1 and 2, power saving gain is at least 10.1%, assuming the measurement sample, i.e., SSB, and DRX on duration are fully aligned. If misalignment between SSB and DRX on duration is taken into account, power saving gain would become more than 10.1%.

3. Conclusion
In this contribution, potential techniques for UE power consumption reduction in RRM were discussed. Based on the discussion, the following observations and proposals were made:

Observation 1: Relaxing non-essential RRM measurement in appropriate conditions would not affect to the mobility management and system performance.
Proposal 1: Appropriate condition for Relaxing non-essential RRM measurement should be focused on so that a degradation of the mobility and system performances can be avoided.
Proposal 2: Relaxing RRM measurement should be fully controllable by NW.
Proposal 3: Relaxing the number of RRM measurement attempts in time domain based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM.
· NW can fully control whether/how the above conditions can be applied for relaxing the number of RRM measurement attempts in time domain.
Proposal 4: Relaxing the number of measured cells/frequencies for neighbour cells based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM. 
· NW can fully control whether/how the above conditions can be applied for relaxing the number of measured cells/frequencies for neighbour cells.
Proposal 5: The measurement quantity which triggers RRM measurement relaxing should be same as that which triggers measurement reporting.
· Section 5.3.1 in TR 38.840, i.e., “Adapting/Relaxing RRM measurement in time domain,” should include RSRQ and SINR as measurement quantity of the threshold for RRM measurement relaxing/adapting.
Observation 2: Based on the assumption in Table 1 and 2, power saving gain is at least 10.1%, assuming the measurement sample, i.e., SSB, and DRX on duration are fully aligned. If misalignment between SSB and DRX on duration is taken into account, power saving gain would become more than 10.1%.
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