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1. Introduction
In this contribution, we give the RAN2 work plan on UE power saving.
1. 
2. Discussion
1. 
2. 
2.1. Objectives of UE Power Saving
The objectives of UE power saving are [1]:
· The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following, 
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2] 
· 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) 
· Network and/or UE assistance information 
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme 
· Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics 
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2] 
·  Study the enhancement of higher layer procedures for UE power saving   [RAN2] 
· Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure 
· Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

The progresses of RAN1 UE power saving study are highlighted in the annex as the reference for RAN2’s study on UE power saving.  The detailed description, the assistance information, the procedure and the evaluation results of the power saving schemes are captured in updated TR38.840 [2].  .
2.2. Work plan for RAN2
Based on the objectives and current RAN1 progress, we suggest the following work plan for RAN2.
· RAN2 #105
· Identify higher layer signaling and procedure associated with the power saving schemes
· Identify timer based power saving schemes
· Identify the higher layer  signaling and control procedure 
· Power saving scheme with UE adaptation  to the DRX operation and in time/frequency/antenna domain
· Power saving schemes for the reduced PDCCH monitoring
· Configuring power saving signal/channel
· Power saving schemes for RRM measurements
· Identify the enhancement of UE paging procedure with Power saving signal/channel
· Association of paging and power saving coverage area
· Network specific or UE-specific configuration of power saving signals/channel
· Identify the issues and solutions of fast dormant state –
·  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
· Network assistant information
· Optimized Dormant Timer setting with power saving signals 
· RAN2 #105bis 
· Details in the higher layer signaling and procedure associated with the power saving schemes
· Details in description and procedure of  timer based power saving schemes
· Details of the higher layer  signaling and control procedure 
· Power saving scheme with UE adaptation  to the DRX operation and in time/frequency/antenna domain 
· Power saving schemes for the reduced PDCCH monitoring
· Configuring power saving signal/channel
· Details in DRX configuration associated with power saving signal/channel
· Power saving schemes for RRM measurements
· Details in enhanced UE paging procedure with Power saving signals
· Paging indication association with indication from power saving signals
· Paging occasion with power saving signals
· UE Location update of power saving coverage area
· Associate with RAN1 UE power saving signal design
· Details in the procedures of fast dormant state  
· Triggering  criteria of fast dormant state.  
· Network/UE assistant information for UE to transition to dormant state 
· RAN2 #106
· Finalize and conclude on the alternatives in higher layer signaling and procedure associated with the power saving schemes
· Finalize the details of the timer based power saving schemes
· Finalize the higher layer  signaling and control procedure 
· Power saving scheme with UE adaptation  to the DRX operation and in time/frequency/antenna domain
· Power saving schemes for the reduced PDCCH monitoring
· Configuring power saving signal/channel
· Power saving schemes for RRM measurements
· Finalize the analysis and the performance results of enhanced UE paging procedure with Power saving signals
· Minimizing the false alarm of paging indication with the assistance power saving signals
· Design of Paging occasion with power saving signals
· Configuration for the UE Location update of power saving coverage area 
· Finalize the details of fast dormant state solutions 
· Finalize the design of the triggering  mechanism to achieve fast dormant state.  
· Configuration and signaling for network/UE assistance information for UE to transition to dormant state 
Proposal: RAN2 is kindly asked to consider the work plan outlined in section 2.2 for RAN2’s work plan of the UE power saving study in NR.
3. Conclusion
In this contribution, RAN2 work plan of the UE power saving study in NR is outlined based on the objectives of the SID [1] and current RAN1 progress. And we propose:
Proposal: RAN2 is kindly asked to consider the work plan outlined in section 2.2 for RAN2’s work plan of the UE power saving study in NR.
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5. Annex
RAN1 Progress after RAN1 AH#1901
· Complete the evaluation assumptions
· Including all UE power model
· All calibration results were well aligned
· Most results of Power saving schemes with power saving gain
·  Power saving  schemes with adaptation in frequency domain
· BWP switching
· Fast activation of CA/DC.  
· Power saving  schemes with adaptation in time domain – TDRA with K0>0
· Cross-slot scheduling
· Same slot scheduling
· Multi-slot scheduling 
· Power saving schemes with adaptation to DRX operation
· UE adaptation to the DRX operation
· Dynamic  DRX configuration
· Power saving scheme for reducing PDCCH monitoring
· Dynamic Triggering 
· Skipping through signaling 
· Multiple CORESET search space configuration
· L1 signaling triggering blind decoding reduction
· Reduced SCell PDCCH monitoring
· Power saving scheme with reduction of No. of Tx/Rx antenna
· UE assistant information
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values 
· UE preferred BWP information/configuration 
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information 
· UE assistance/feedback on the DRX configurations/parameters 
· UE preferred BWP provided to assist network in BWP switching 
· UE request on SCell/SCG activation/de-activation/configuration 
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
· Power Saving Signal/Channels
· Existing signal/channel based power saving signal/channel 
·  PDCCH channel 
· TRS, CSI-RS type  RS, SSS-like and DMRS 
· PDSCH channel carried MAC CE and/or RRC signaling 
· New power saving signal/channel – sequence based 
· Power saving procedures – power saving signal/channel triggering UE power saving
· Power saving signal/channel triggering DRX operation
· Power saving signal/channel triggering PDCCH monitoring
· Power saving signal/channel triggering adaptation in frequency domain
· Power saving signal/channel triggering adaptation in UE processing
· UE processing time
· No of Tx/Rx antenna  
· Additional RS – RS in addition to Rel-15 existing RS to assist UE in performing channel/beam tracking, CSI/RRM measurements
· For certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), 
· the number of RSRP measurement samples for a given duration can be relaxed with negligible impact on accuracy 
· reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.
· Power saving for RRM measurements 
· 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
· Power saving schemes for RRM  
· UE assistant
· Network control
· Network configured condition e.g., threshold
· Power saving for reduced number of candidates in RRM measurements
· For IDLE/INACTIVE state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation 
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking 
· Paging 
· SIB1 decoding (PDCCH+PDSCH) 
· Neighbor cell search (within SMTC), if any 
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any) 
· Sleep 
· For CONNECTED state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation, 
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking 
· PDCCH-only monitoring during active time 
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any) 
· Neighbor cell search (within SMTC), if any 
· Sleep 
· For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered, 
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings, 
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period. 
· The number of handovers/reselections for certain period. 
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources. 
· The followings can be considered as the usage of additional resource for RRM measurement, 
· CSI-RS, including TRS 
· SSS only 
· SSB 
· PSS, SSS and wake-up signaling/paging 
· E.g., including transmitted in SFN (single frequency network) manner 
· DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15 
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource 
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc. 
· Companies report in which of the following RRC state(s) the additional resource can be used, 
· RRC IDLE 
· RRC INACTIVE 
· RRC CONNECTED 
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