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1. Introduction 
RAN1 is currently studying UE Power Saving and has captured the progress so far in the TR [1]. UE power saving while performing RRM measurements is studied by RAN1 as one of the topics and reducing RRM measurement activities has been captured in the TR as below:
	· It is observed that the following  
· For certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement
· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.


RAN2 should study reducing the RRM measurement activities and in this contribution we propose to study further the reduction in frequencies to be measured and relaxation of measurements.

2. Discussion
2.1 Conditional inter frequency measurements

Inter frequency measurements are performed by the UE based on its measconfig. For example, a UE may be configured to perform measurements on frequencies f2, f3, f4, f5 while camped on a cell on freq f1. UE will tune its receiver to these frequencies during the measurement gaps, which are configured by the network. In this case, UE will attempt to measure four frequencies, in addition to the serving cell frequency.
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Figure 1: Performing inter frequency measurements with multiple frequencies in the neighbourhood
The power saving evaluation methodology in RAN1 allows the power consumption of performing inter-frequency measurements to be evaluated. This evaluation has been performed in [2] and is outlined in the following (see [2] for a more detailed description).

The analysis assumes a UE behaviour where the SSB is not time-aligned with the DRX_ON duration. The power consumption analysis for this UE behaviour was analysed with a 40ms DRX cycle, 4ms DRX on duration, 30KHz SCS, 4ms SMTC duration (for both serving cell measurements and inter-frequency measurements), 20ms SMTC period, using the power model in [1].
The power consumption timeline assumed in this analysis is shown in Figure 2 for two inter-frequency measurement layers. The power consumption model applied for performing inter-frequency measurements is consistent with that in TR38.840 [2], including the switching times and transition energies associated with performing measurements on the different inter-frequency layers.
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Figure 2 - Power consumption timeline for inter-frequency measurements

The power consumption was analysed for various numbers of inter-frequency measurement layers assuming one set of inter-frequency measurements per DRX cycle. The results of this power consumption analysis are shown in Table 1.

Table 1 – Power consumption as a function of the number of inter-frequency layers

	Number of inter-frequency layers
	Power consumption 

	0
	42.4

	1
	58.4

	2
	73.9

	3
	86.3

	4
	99.6

	5
	112.9

	6
	126.2


Even for a small number of layers, there is significant power consumption reduction gain. For example, there is a 21% power reduction from measuring 1 inter-frequency layer compared to measuring 2 inter-frequency layers. A 24% power reduction is achieved by reducing the number of inter-frequency measurement layers from 4 to 2 (1-73.9/99.6 = 26%).

Observation 1: Reducing the number of inter-frequency layers from 2 to 1 reduces the power consumption by 21%. Reducing from 4 layers to 2 reduces the power consumption by 26%.
Now going back to Figure 1, there is no point for UE 1 to measure frequency f3 and f5. At the same time, there is no point for UE3 to measure freq f2 and f4.
The current RRM approach allows frequency specific priority. One approach could be that the network decides on appropriate inter frequency measurements for UE 1 and UE 3 in this example. However, the network can decide only based on UE measurement reports, which might lead to more power consumption. The other approach could be that frequencies to be measured are made conditional on the detected cell/frequency and their existence in the neighbourhood.
Proposal 1: RAN2 to study if there are enough tools to optimize inter frequency measurements in multi frequency scenario and the need to measure certain frequencies depending on detection of certain cells/frequencies.

2.2 Relaxed measurements

Relaxed measurements were specified in LTE for RRC_IDLE mode based on UE determining a reference signal level and signalled delta threshold value. If UE’s current measurement level and delta threshold are lower than a reference signal level then UE may skip performing RRM measurements. 

UE power saving is mainly intended for Connected mode UEs and the text below from the TR outlines the guidelines for RRM measurement reduction:
	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.




We believe that the LTE-based relaxed measurement approach should be considered as a baseline and then the UE should be permitted to skip measurements. As a starting point, relaxed measurements should be supported for NR IDLE/INACTIVE mode. There is an s-measure threshold for the serving cell in CONNECTED mode for the same purpose i.e. do not perform any measurements if serving cell quality is better than the s-measure threshold. However, if S-measure has been set conservatively by the network or s-measure is affected by the presence of number of beams and the UE consistently does not meet the s-measure criteria then the UE will keep on performing the measurements even if there is a small variation in the measured results. So, a delta threshold could also be useful in CONNECTED mode along with s-measure. If beam forming has been used then either TCI state remains unchanged or the number of beams for setting the delta threshold should be taken into account.

Proposal 2: RAN2 to study if LTE relaxed measurements could also be used for NR.
3. Conclusion
We propose RAN2 to discuss and agree on following observations and proposals:
Observation 1: Reducing the number of inter-frequency layers from 2 to 1 reduces the power consumption by 21%. Reducing from 4 layers to 2 reduces the power consumption by 26%.

Proposal 1: RAN2 to study if there are enough tools to optimize inter frequency measurements in multi frequency scenario and the need to measure certain frequencies depending on detection of certain cells/frequencies.
Proposal 2: RAN2 to study if LTE relaxed measurements could also be used for NR.
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