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1. Introduction
[bookmark: _GoBack]The study item “Study on UE power saving in NR” has been agreed in RAN#80. The purpose of this SI is to study the UE power saving framework and solutions, and the objective includes the study on UE power consumption reduction in RRM measurement, so far, RAN1 has made lot of agreements on this topic. In this contribution, we mainly discussed this topic from RAN2 perspective. 
2. Discussion 
The UE power saving SI has been discussed in RAN1 for several meetings, lot of agreements were made in RRM measurements sub topic. During the ongoing email discussion, rapporteur tried to capture all the RAN1 agreements in draft TR38.840, from RAN2’s point of view, the study in RRM measurements can be split into following aspects:
· Aspect1: Identify UEs that can be benefit from power saving scheme;
· Aspect2: Study on measurement adaptation/relaxing solutions;
· Aspect3: Study on overall signalling procedures;
Observation 1:  In RAN2, the study on power saving in RRM measurement includes following aspects:
· Identify UEs that can be benefit from power saving scheme;
· Study on measurement adaptation/relaxation solutions;
· Study on overall signalling procedures.
For aspect1, according to the guideline from RAN1, the study on RRM power saving should consider RRC_IDLE，RRC_INACTIVE and RRC_CONNECTED states, and mainly focus on the stationary (e.g. 0km/h), pedestrian (e.g. 3km/h) and vehicular (e.g. 30km/h) scenarios. 
Observation 2 	Per RAN1’s guideline, the study on power saving in RRM measurements mainly focus on lower speed UEs (e.g. less than 30km/h), and all RRC states should be taken into consideration.
In the meantime, how to select the UE has also been discussed in RAN1, and companies brought a lot of potential solutions, such as UE speed estimation, RSRP threshold estimation, changing of beams/TCI states and so on. 
For aspect2, the RAN1 agreements which are related to RAN2 are copied as below:
	RAN1 agreements:
· [bookmark: _Hlk530059834]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

It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.



As we can see, RAN1 has listed all potential solutions for measurement adaptation and relaxation, however, the actual gain on power consumption and the corresponding (negative) impact to measurement performance are still under investigation in RAN1. In our understanding, so far, it is impossible to capture all solutions into specification, and it is hard for RAN2 to make decision on solutions without RAN1’s impact analysis. In our view, the down selection among solutions will be done by RAN plenary in next RAN meeting. So in RAN2, we suggest not to go further on the potential solutions listed by RAN1 unless RAN makes some down selection. 
For aspect3, the RAN1 agreements on overall signalling procedure are copied as below:
	RAN1 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.,
· 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



Similar to aspect2, in our opinion, the selection of overall procedure depends on the final adopted measurement adaptation/relaxation solution, and whether multiple solutions will be applied at the same time. But in RAN2, we suggest not to discuss it further until the final solution in aspect2 is clear. 
Observation 3: For Identification of the UEs that benefit from power saving and to study the corresponding measurement adaptation/relaxation solutions, RAN2 needs further input regarding the impact analysis that is being currently performed in RAN1. 
Proposal 1: RAN2 should study the RRM related aspects of the higher layer procedures for UE power saving after RAN/RAN1 completes the impact analysis and down selection of the solutions. 
But at the same time, considering the power consumption function is anyway an optional function, it more or less has impact to measurement performance, in our view, no matter which one or more solutions are selected in the end, the applicable of measurement adaptation/relaxing mechanism should be within the network control.
Proposal 2:  Whether to initiate power saving function in RRM measurement should be within network control. 
3. Consideration on MR-DC 
So far, CA/DC was slightly discussed in RAN1 and following agreements were made, but for RRM aspect, only the measurement on non-active SCell was mentioned.
	RAN1_94bis agreements:
· Triggering for UE frequency domain processing adaptation
· Trigger for the adaptation of BWP
· State transition during BWP switching
· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 
· UE assistance approach for network configuration 
· UE initiates the request to the network
· Network trigger UE feedback for the adaptation
· Trigger for the carrier adaptation in CA/DC 
· State transition in CA/DC activation/deactivation
· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation
· Adaptation among different cells with different power consumption charateristics
· Bundle adaptation among different cells
· UE assistance approach for network configuration 
· UE initiates the request to the network
· Network trigger UE feedback for the adaptation
RAN_95 Agreements:
The UE power power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell



From RAN2 perspective, for MR-DC UEs, both MN and SN can configure measurements on NR frequency, if MR-DC are expected to be studied under this SI, then following issues should be considered:
· Issue1: which node is responsible for triggering power saving in RRM measurement;
· Issue2: coordination between MN and SN on measurement adaptation/relaxation solutions;
In our understanding, MR-DC is usually configured for high data throughput, it is unlikely that UE can be benefit from power saving scheme due to the frequent data transmission. For measurement on non-active SCell, we think the similar mechanisms as in LTE (e.g. adapt measurement period) can be adopted here. These should be further analysed in RAN4. In addition, there is discussion on dormant state of SCell in DC/CA enhancement SI, which can also reduce UE’s power consumption, to avoid duplicated work, we suggest not to consider MR-DC UEs in this SI.
Proposal 3:  RAN2 will not take MR-DC UEs into consideration in this SI, the study on dormant state SCell can be considered in DC/CA enhancement SI. 
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Observation 1:  In RAN2, the study on power saving in RRM measurement includes following aspects:
· Identify UEs that can be benefit from power saving scheme;
· Study on measurement adaptation/relaxation solutions;
· Study on overall signalling procedures.
Observation 2 	Per RAN1’s guideline, the study on power saving in RRM measurements mainly focus on lower speed UEs (e.g. less than 30km/h), and all RRC states should be taken into consideration.
Observation 3: For Identification of the UEs that benefit from power saving and to study the corresponding measurement adaptation/relaxation solutions, RAN2 needs further input regarding the impact analysis that is being currently performed in RAN1. 
Proposal 1: RAN2 should study the RRM related aspects of the higher layer procedures for UE power saving after RAN/RAN1 completes the impact analysis and down selection of the solutions. 
Proposal 2:  Whether to initiate power saving function in RRM measurement should be within network control. 
Proposal 3:  RAN2 will not take MR-DC UEs into consideration in this SI, the study on dormant state SCell can be considered in DC/CA enhancement SI. 




