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1. Introduction

According to the WID for Study on UE Power Saving in NR [1], one of the major objectives of the study item is to identify the UE power consumption reduction in RRM measurements:
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]
This paper presents our views on UE power consumption reduction in RRM measurements.
2. Potential techniques for power consumption reduction in RRM measurements
RRM measurements is one of the major power consumption factor for UE both in RRC ilde/inactive states and RRC connected states. During release 15 NR standerization procedure, some power saving schemes have been adopted, such as indicating the SS/PBCH locations within the configured SMTC window to the UE using one bitmap to reduce the UE’s blindly detection of the measurements cells and when the neighboring cells are synchoronous to the serving cells, the UE can UE the detected SS/PBCH indexes of the serving cell to derive the  SS/PBCH indexes of the neighboring  cells.

In the following,we presents some additional methods that have the potential to reduce the power consumption for RRM measurements.
2.1. Power saving mechanisms for RRC idle/inactive states
For UEs in RRC idle/inactive states, the major power consuming task for the UEs are performing RRM measurement for the purpose of cell selection /re-selection and paging reception. 
RRM measurement in RRC idle states and RRC inactive states includes intra-frequency measurement and inter-frequency measurement. Within the SMTC window configured by system information, the UE can perform RRM measurement periodically for each frequency layer. The essential procedures for measurements include：
· Cell detection
For each frequency layer, before performing RRM measurements, the UE needs to detect the target measurement cells. Cell detection would consume much UE’s power since the UE needs to search  the SS/PBCH blocks within the SMTC window and at the meantime try to blindly detect PSS/SSS with at most 1008 hypothetical physical cell IDs,which are twice that of LTE. Though as pointed above, for synchronous network and with the high layer indicated SS/PBCH block measurement locations, the cell detection complexity for the UE in the time domain could be reduced.   But for each SS/PBCH time location, without any prior information, the UE’s searching for the cell ID of the target measurement cells is still very power consuming. Therefore, one potential direction for power saving may be providing some information of the target measurements cells to the UE.
· RRM Measurement
The RRM measurement include RSRP measurements and RSRQ measurements. Since multiple-beam deployment would be the typical operation for NR, the UE needs to generate the measurement results based on the measurements on multiple SS/PBCH blocks which would increase the UE’s power consumption.  Furthermore, for NR there is no “always on ” reference signals avialable like CRS in LTE, for UE’s in RRC idle/inactive states, the UE needs to utilize SS/PBCH to do RRM measurements. For UEs in bad channels conditions, it is necessary to accumulate several SS/PBCH samples to achieve good enough measurement performance thus the UE would remain awake for serveral SS/PBCH periods to complete the measurement. Therefore, one method to improve the RRM measurement power efficiency may be enhancing the measurement reference signals for UEs in idle and inactive states.
Therefore, based on the above discussions, for UEs in RRC idle and inactive states, the following can be studied for UE’s power consumption reduction for RRM measurements.

Proposal 1: Study network assisted RRM measurements for UEs in RRC idle and inactive states

· Potential assistance information include the physical cell IDs of the target measurement cells.
Proposal 2: Study enhanced reference signals for RRM measurements for UEs in RRC idle and inactive states.
2.2. Power saving mechanisms for RRC connected states

For UEs in RRC connected states, the UE also needs to perform both intra-frequency and inter-frequency RRM  measurements as configured in the measurement objects. And the UE would be configured the corresponding SMTC within which the measurements reference signals would be transmitted.

Similar as the UE in RRC idle and RRC inactive states. If the network could provide some assistance information such as physical cell IDs of the target measurement cells, the UE’s power consumption would be reduced.     
Proposal 3: study network assisted RRM measurements for UEs in RRC connected state
· Potential assistance information include the physical cell IDs of the target measurement cells.
Another aspects can be considered for connected UEs is adaptation of the measurement configuration based on UE’s actural states such as its moving states and channel conditions. For example, for UEs with high-speed velocity, the UE’s large scale channel would fluctuate very fast. In this case, it would be beneficial to configure the UE to measure more frequently to capture the fast change of the channel condition. On the other hand, for UE in low-mobility states and for UE that seldom moves(such as static users in the offices), the UE’s channel condition would change very slowly. Thus for those cases it is better to configure the UE with large meaurement period and measurement result reporting period for power saving.Similarily, for cells with good channel condition, the UE can measure with less measurement samples for each measurment period since it would be easier for UE to achive accurate enough measurement performance with good channel condition. For cell with bad channel condition, it needs the UE to accumulate more meaurement samples to guarantee the mereasurement performance.
In order to achive the adaptation of the measurement configuration, how to get to know the UE’s state needs to be studied. One potential way would be based on the network’s sensing,e.g., the network can measure the UE’s velocity based on UE’s uplink signal such as SRS, PRACH, UL DMRS for PUCCH or PUSCH. Alternatively, another way would be based on the UE’s reporting, i.e., the UE can report its detailed velocity or channel conditions to the network and based on the reporting, the network set proper RRM measurement configuration.

Based on the above discussion, for UEs in RRC connected states, we propose the following:

Proposal 4: Study the adaptation of the measurement configurations based on UE’s actural states .

Proposal 5:Study the benefits of the UE’s reporting of its state.

3. Conclusions
In this contribution, the power saving mechnisms for UEs in RRC Idle/inactive states and RRC connected states were discussed, and the followings are proposed:

Proposal 1: Study network assisted RRM measurements for UEs in RRC idle and inactive states

· Potential assistance information include the physical cell IDs of the target measurement cells.
Proposal 2: Study enhanced reference signals for RRM measurements for UEs in RRC idle and inactive states.

Proposal 3: study network assisted RRM measurements for UEs in RRC connected state
· Potential assistance information include the physical cell IDs of the target measurement cells.
Proposal 4: Study the adaptation of the measurement configurations based on UE’s actural states .

Proposal 5:Study the benefits of the UE’s reporting of its state.
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