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1 Introduction
In RAN1-AH-1901 [1], the followings were agreed:
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
This contribution discusses UE power consumption reduction in RRM measurements. 
2 UE power saving in RRM measurement
2.1 Dynamic RRM measurement sample adjustment

It has been agreed to study reducing the number of samples within a measurement period as a possible approach for UE power saving in time domain e.g., the number of SSB/CSI-RS measurement occasions. In high SNR situations and/or static/low mobility conditions, lower number of measurement samples are sufficient to determine the received signal. Therefore, based on channel and mobility conditions, UE can dynamically decide to stop measurement for other samples in time domain by implementation. On top of this, a threshold configured by gNB can be further used to decide whether to reduce the number of measurement samples or not by the UE. 
Proposal 1: Autonomous reduction in number of measurement samples dynamically for RRM measurement based on SNR and/or mobility state of the UE is supported.
Furthermore, this early completion of measurement can be facilitated by gNB by dynamically adjusting the density of CSI-RS measurement resources within measurement window. For instance, it is feasible with existing CSI-RS configuration to configure individual resources with specific density [2]. Such adjustments by gNB are based on UE channel and mobility status information derived from UE’s measurements or explicit indication provided by UE.
Proposal 2: It is supported that gNB facilitates the operation with dynamically adjusting the density of measurement resources based on UE inputs.
As one of the candidate solutions from the gNB assisted way, it can be considered to configure additional RS for RRM measurement outside C-DRX on duration. In Rel-15, UE is only configured to perform CSI-RS based measurement confined in the active time of C-DRX and over RB resources within the associated DL active BWP. However, if it is determined that measurement results for serving cell after waking up is not good or beam tracking for neighboring cell is needed, it might be beneficial that UE have more flexibility on mobility measurement based on RS resources associated with C-DRX but not confined strictly within the active time and active DL BWP. For this purpose additional RS such as CSI-RS based power saving signal can be configured outside C-DRX on duration with monitoring periodicity associated with C-DRX cycle. 
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Figure . Illustration of CSI-RS/WUS as additional RS outside C-DRX on duration for RRM measurement
Proposal 3: Support RRM measurement triggered by CSI-RS based power saving signal outside C-DRX on duration.
2.2 Dynamic adjacent beam/cell selection for measurement
In static/ low mobility states, UE can maintain the history of the strong adjacent beams and use the information for choosing and measuring only the relevant adjacent beams for future measurement opportunities, provided measurement results are observed above threshold. This way UE could reduce the number of beams for measurement operation and thereby, reduce the power consumption. Alternatively, UE may choose the beams/cells in such a manner that they are concentrated in time domain w.r.t. each other. This way the awake time required for serving/ neighbor cell measurements is reduced benefitting the power saving. To assist UE in choosing adjacent beams and/or time domain concentrated measurement resources, gNB may signal additional assistance information (e.g. time offsets-absolute/indexed values) through L1 signaling /MAC CE signaling. 
Proposal 4: Dynamic selection of beams and/or cells by UE is allowed with the help of historical data and/or gNB assistance information (e.g. time offsets –absolute/indexed values) through L1 signaling/MAC CE signaling. 
2.3 Cell-group based measurement
A SMTC window is configured per frequency layer for SS/PBCH based RRM measurment, and associated with a list of target cells to meaure. In synchronous network, the SS/PBCH block index can be derived explicitly from a reference cell, such as Pcell/PScell; otherwise UE  may need to detect SSS and decode PBCH or identify PBCH-DMRS sequence for timing synchronization and SS/PBCH block index identification within the configured measurement duration. 

Figure 2 illustrates the time domain location of SS/PBCH burst sets from two target cells within the measurement duration of SMTC relative to a reference cell in asynchronous network. The measurement duration may need to be increased in order to capture all configured SS/PBCH block instances from all associated targets. For example, SMTC duration need increase from 2ms to 4ms in the example shown in Figure 2. In addition, more power consumption would be wasted due to increased complexity on locating and identifying the measurement time resource(s) within the duration of SMTC given the random and unknown time offsets among target cells. 
The similar issue also applies to CSI-RS based measurement. UE may spend additional energy on locating the CSI-RS resources to measure. More specifically, UE may need to derive time offset of any target cell from associated SSB first. 
In this case, assistance information from NW, such as list of cell groups, where each cell group contains a sub-list of cells with close time offsets of SMTC window or candidate SS block locations , can be signaled to UE. UE can perform cell-group based measurement in order to reduce the power consumption in RRM measurement in asynchronous network. 
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Figure 2. An example of time resoruce(s) within the duration of SMTC in asynchronous network
Proposal 5: Support cell-group based measurement based on gNB assistance information.
3 Conclusion

This contribution considered UE power saving in RRM measurement. Following proposal were made:
Proposal 1: Autonomous reduction in number of measurement samples dynamically for RRM measurement based on SNR and/or mobility state of the UE is supported.
Proposal 2: It is supported that gNB facilitates the operation with dynamically adjusting the density of measurement resources based on UE inputs.
Proposal 3: Support RRM measurement triggered by CSI-RS based power saving signal outside C-DRX on duration.
Proposal 4: Dynamic selection of beams and/or cells by UE is allowed with the help of historical data and/or gNB assistance information (e.g. time offsets –absolute/indexed values) through L1 signaling/MAC CE signaling.
Proposal 5: Support cell-group based measurement based on gNB assistance information.
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