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1 Introduction
The objectives of the UE power saving study was made in [1] as following:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i)     Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

This contribution considers UE power consumption reduction in RRM measurements..
2 Discussion on UE power saving in RRM measurement
2.1 RRM measurement in NR

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. 

SSB based measurement
In [2], SSB based measurement is defined as below: 
· SSB based intra-frequency measurement: a measurement is defined as an SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs is also the same.
· SSB based inter-frequency measurement: a measurement is defined as an SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs is different.
Figure 1 illustrates the SSB measurement clasification based on the above definition.
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Figure 1. SSB based measurement classification
For SSB based measurement, the UE is configured SMTC by higher layer signaling to identify measurement window. SMTC periodicity, duration, and offset are configured. Within SMTC window duration, gNB indicates the set of SSBs to measure (SSB-ToMeasure) for CONNECTED mode, and there is no indication for IDLE mode. The UE shall measure indicated SSBs within the SMTC window.
CSI-RS based measurement
In [2], CSI-RS based measurement is defined as below:
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same
·  CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.
Measurement gap

Whether a measurement is non-gap-assisted or gap-assisted depends on the capability of the UE, the active BWP of the UE and the current operating frequency [2]. In non-gap-assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap-assisted scenarios, the UE cannot be assumed to be able to carry out such measurements without measurement gaps.
In NR, measurement gap of {3, 4, 6}ms and {1.5, 3.5, 5.5}ms are supported for FR1 and FR2, respectively. In addition, RF retuning times are defined as 0.5ms for FR1 and 0.25ms for FR2, respectively. If the UE needs to do measurement after RF retuning, the effective measurement duration would be shorter than the configured gap due to RF retuning time as shown in Figure 2. 
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Figure 2. Measurement gap
2.2 UE power consumption reduction in RRM measurement
Some of the RRM measurements are not necessary but consumes a lot of UE power [1]. For example, the RSRP/RSRQ would not be changed that fast for the low mobility UEs, but the UE can do measurement frequently based on the gNB configuration. If the gNB can realized that the UE’s mobility is very low, the gNB can re-configure RRM measurement for that UE. However, it would be very difficult and inefficient to adapt the RRM measurement configuration according to the UE’s velocity by using RRC signaling. Therefore, more dynamic adaptation mechanism for RRM measurement should be studied for UE power saving.

In NR Rel-15, a part of dynamic cancellation in RRM measurement can be realized by using dynamic SFI. When the UE is configured by higher layers to receive CSI-RS in a set of symbols configured by flexible, if the dynamic SFI indicates the set of symbols as uplink or flexible, the measurement is cancelled. Refer to below description in TS 38.213 [3].

	For a set of symbols of a slot indicated to a UE as flexible by higher layer parameters TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, when provided to the UE, or when higher layer parameters TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
· if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink


Regarding RRM measurement cancellation, following working assumption was also made in RAN1#94 meeting:
	Working assumption:

· In frequency range 1 unpaired spectrum, UE is not required to perform intra-frequency neighbor cell RRM measurement over SSB or CSI-RS for mobility when UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 triggering the UE to transmit in UL in at least one of the symbols where the SSB or CSI-RS for RRM measurement on neighbor cell is transmitted.
· Note: this is not intended to have any impact on existing overlapping/overwriting rules related to SFI


During the power saving SI, it should be discussed and clarified how to further enhance the dynamic adaptation in RRM measurement for UE power saving. Both network-assisted and UE-assisted mechanism can be considered.
Observation 1: Dynamic RRM measurement cancellation is supported in NR Rel-15.
Proposal 1: Study further enhanced dynamic RRM measurement adaptation in Rel-16.
3 Conclusion

This contribution considered UE power saving in RRM measurement . Following observation and proposal were made:
Observation 1: Dynamic RRM measurement cancellation is supported in NR Rel-15.

Proposal 1: Study further enhanced dynamic RRM measurement adaptation in Rel-16.
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