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1 Introduction
In RAN1 #94bis [1], the following were agreed: 
Agreement:

· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Agreements:

· Further study on relaxing/adapting RRM measurement for UE power saving, 

· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 

· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed

· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.

· FFS impact on measurement/mobility performance

· Relaxed/adapting measurement report (if any)

· Other solutions are not precluded.

Agreements:

· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 

· The schemes proposed should at least include the following aspects:

· The signals/channels used as additional resource

· Procedure on how to use additional resources.

· Overhead from network perspective should be considered.
Agreements:

· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,

· Further studies UE power saving for RRM measurement by considering the following issues

· Multi-beam/multi-cell related RRM measurement issues.

· Possible misalignment between SSB(s)/SMTC and DRX ON duration

This contribution considers UE power consumption reduction in RRM measurements.
2 Discussion on UE power saving in RRM measurement
In NR, load balancing can be achieved with handover, redirection mechanisms upon RRC release and through the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters [2]. Measurements to be performed by a UE for connected mode mobility are classified in at least three measurement types – intra-frequency measurement, inter-frequency measurement, and inter-RAT measurement. For each measurement type, one or several measurement objects can be defined and for each measurement object one or several reporting configurations can be defined. 

Basically, NR UE in connected mode measures multiple beams of a cell and the measurements results are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. In NR, SSB and CSI-RS based measurements are supported. 
2.1 Power saving scheme for SSB based RRM measurement
In REL-15, relaxation of the SSB-based RRM measurement is supported by several ways as below:

1) SMTC window configuration

- SMTC window can be configured to relax the measurement window. Periodicities of {5, 10, 20, 40, 80, 160}ms and durations of {1, 2, 3, 4, 5}ms are supported. If not configured, the UE assumes the periodicity is 5ms for intra-frequency cells. For the power saving purpose, longer periodicity and shorter duration can be configured.

2) Set of SSBs to measure configuration

- A set of SSBs to measure within the SMTC measurement duration can be configured by higher layer parameter SSB-ToMeasure. If the field is absent the UE measures all SSBs. For low mobility UE, very limited number of SSBs can be configured for measurement for power saving purpose.

3) DRX configuration. 

-  DRX is configured, the required number of RRM measurements can be relaxed based on the DRX cycle. As described in [2], the UE shall measure the SS-RSRP and SS-RSRQ for a serving cell at least once every M1 DRX cycle, where M1=2 if SMTC periodicity is larger than 20ms and DRX cycle is less than 0.64 second, otherwise M1=1. For relaxing the RRM measurement, the gNB can configures SMTC periodicity and DRX cycle properly.

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.

Both of approaches can be considered together. 

As a minor thing, 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. Study UE power saving for RRM measurement with approaches as follows:
· Defining a new requirement on RRM measurement

· Introducing a new adaptation schemes

· Extending existing RRC parameters

2.2 Power saving scheme for CSI-RS 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 1: Illustration of CSI-RS/WUS as additional RS outside C-DRX on duration for RRM measurement.

Proposal 2: Study unified solution for additional reference sequence for RRM measurement and wake-up triggering 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 3: Study dynamic scaling on RRM measurement in Rel-16.
2.4 Potential issues on multi-beam/multi-cell related RRM measurement
Increased power consumption in asynchrous network

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. 
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Figure 2. An example of time resoruce(s) within the duration of SMTC in asynchronous network
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. 
Proposal 4: Study enhancement on RRM measurement for power consumption reduction in asynchronous network.
3 Conclusion

This contribution considered UE power saving in RRM measurement. Following observation and proposal were made:
Proposal 1. Study UE power saving for RRM measurement with approaches as follows:
· Defining a new requirement on RRM measurement

· Introducing a new adaptation schemes

· Extending existing RRC parameters

Proposal 2: Study unified solution for additional reference sequence for RRM measurement and wake-up triggering outside C-DRX on duration.
Proposal 3: Study dynamic scaling on RRM measurement in Rel-16.
Proposal 4: Study enhancement on RRM measurement for power consumption reduction in asynchronous network.
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