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1 Introduction
In RAN1 #95 [1], the following were agreed: 
Agreements:

· For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance

· Increasing measurement period

· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)

· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement

· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact

Agreements:

To further study the following adaption mechanism of RRM measurement activities for UE power saving:

· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)

· channel condition (e.g. change in serving RS/signal)

· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,

· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

This contribution considers UE power consumption reduction in RRM measurements.
2 UE power saving in RRM measurement
As long as the measurement requirement is satisfied, the gNB can freely relax the RRM measurement as much as possible for the power saving purpose. However, this is conversely saying that the gNB cannot relax the RRM measurement under the specified measurement requirement. Therefore, three approaches can be considered for the study on power saving for RRM measurements as below:

Approach 1) Define a new requirement on RRM measurement which can be utilized for the power saving purpose. For example, the UE can request the lower level of requirement to the gNB as a reduced capability, so that the gNB can relax the RRM measurement more than before.

Approach 2) Introduce a new adaptation signaling for RRM measurement which is faster than RRC re-configuration. For example, a UE can be provided multiple RRM measurement configurations and one of them can be activated/indicated by MAC CE or L1 signaling (e.g., WUS/DCI). According to the channel/speed conditions, the power saving gain can be achieved opportunistically.

Approach 3) The existing RRC parameters regarding SSB-based measurement can be updated to have more flexibility in configuration. For example, more values for the periodicity and duration having finer granularity for SMTC window can be introduced to resolve the possible misalignment between SMTC and DRX on duration.

Proposal 1. For UE power saving in RRM measurement, take into account following aspects:
· Defining a new requirement on RRM measurement

· Introducing a new adaptation schemes

· Extending existing RRC parameters

2.1 Multiple SSB based RRM measurement

Relaxing the number of measurements in time domain (i.e., increasing measurement period) can be beneficial in terms of UE power saving. On the other hand, the measurement accuracy can be degraded. To reduce the number of measurements in time without accuracy loss, we can increase the number of measurements in frequency. For this aspect, we can consider multiple SSB based RRM measurement as illustrated in Figure 1. 
The gNB can transmit one or more SSBs within a system bandwidth. If more than one SSB is transmitted, one of them is defined as a cell-defining SSB which includes the PBCH delivering correct system information such as CORESET#0/SS#0 configuration. During initial access procedure, a UE may search SSB first. If the UE detects the cell-defining SSB, the UE can perform random access at that frequency region. If the UE detects a SSB other than cell-defining SSB, the UE can know the location of the cell-defining SSB by decoding the PBCH of the detected SSB, so that the UE can detect the cell-defining SSB. 
Currently, the UE measures the cell-defining SSB within the configured SMTC window. If the transmitted SSBs are aligned in time, these SSBs can be used for RRM measurement together. This may help to reduce the number of measurements in time by increasing the number of measurement in frequency. For this purpose, the locations of other SSBs to be used for RRM measurement need to be known to the UE.
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Figure 1. Multiple SSB based RRM measurement
Proposal 2: Support multiple SSB based RRM measurement.
2.2 Triggering-based RRM measurement
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. 
One candidate solution can be configure additional RS for RRM measurement outside C-DRX on duration. The candidate RS can be CSI-RS or WUS if supported, with monitoring periodicity associated with C-DRX cycle. 
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Figure 2. 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/WUS outside C-DRX on duration.
2.3 UE Adaptation on RRM measurement 
The power efficiency of RRM measurement can be further increased considering dynamic scaling on RRM measurement. A scaling factor, for example, a value out from a predefined list, i.e., {20%, 50%, 75%} can be used for triggering UE adaptation on RRM measurements configuration related parameters. The adaptation can be triggered by UE according to conditions, such as UE mobility status, channel condition, and UE battery status.  
The relevant adaptive parameters from RRM measurement can include the periodicity of SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources, and etc.
Proposal 4: Support dynamic adaptation on RRM measurement.
2.4 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 time offset per group of associated cells, 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 3. An example of time resoruce(s) within the duration of SMTC in asynchronous network
Proposal 5: Support cell-group based measurement based on NW assistance information.
3 Conclusion

This contribution considered UE power saving in RRM measurement. Following proposals were made:
Proposal 1. For UE power saving in RRM measurement, take into account following aspects:
· Defining a new requirement on RRM measurement

· Introducing a new adaptation schemes

· Extending existing RRC parameters

Proposal 2: Support multiple SSB based RRM measurement.
Proposal 3: Support RRM measurement triggered by CSI-WUS outside C-DRX on duration.
Proposal 4: Support dynamic adaptation on RRM measurement.
Proposal 5: Support cell-group based measurement based on NW assistance information.
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