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1	Introduction
During RAN #78, the study of NR UE power saving and wakeup mechanism were proposed in [4].  Several motivation papers on the UE power saving in NR were also submitted [1], [2], and [3].  Following Chairman’s instruction, the scope of the NR UE power saving feature is under the [NR_Power_Consumption] Email discussion coordinated by CATT.  This contribution summarizes [NR_Power_Consumption] email discussion.
2.		Discussion
The email discussion is based on the draft SID in [4] with the note of standalone aspects to be discussed after March.   The objectives of the UE power saving and wakeup mechanism SID [4] in the following are the focus of email discussion with comments and suggestions of modifications.

The objective is to study UE power saving and UE wakeup mechanism in NR. Depending on the service requirement, the UE wakeup mechanism triggers UE network access with little or no power consumption from power efficient mode, such as deep sleep in DRX cycle or micro sleep.   The objective of the UE power saving study includes the following,
1. Study and identify the scenarios and evaluation methodology for UE power saving study. [RAN1]
1. Identify techniques and associated UE power savings of UE wakeup mechanism in RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE modes[RAN1/2/4]
a) Identify the design aspects for wakeup signal, which includes the transmitting signal and the waveform, physical channel structure and related procedure as the indication to trigger UE from the power efficient mode to “network access” mode. 
b) Study the UE receiver with low or no power consumption in receiving wakeup signals. 
c) Study the network-assistance mechanism for RRC_CONNECTED mode UE to enter the power efficient mode.
d) Study the latency and reliability of UE network access with UE wakeup mechanism taking the network overhead into consideration. 

1. Study the UE power consumption reduction in RRM measurements with network assistance [RAN1/2/4]
a) Study additional UE assistance information
1. Study the enhancement of paging procedure and DRX configuration with UE wakeup mechanism [RAN2]
a) Study the enhancement of  location registration and paging procedure with wakeup signals

The summary is based on each bullet of Objectives.   

2.1 Evaluation Methodology
The discussion is based on the draft objectives “The Study and identify the scenarios and evaluation methodology for UE power saving study. [RAN1]”.  
Several comments relatated to the evaluation methodology as follows,
· Impact to the network operation and network performance, such as impairment of synchronization, network energy consumption, co-existence to other system   
· Comments on the difficulty in modeling network energy consumption
· Comments on the necessity of co-existence with other system
· Quantitatively analysis of UE power saving and network should be provided for each power saving scheme. 
· Modeling of power consumption
· Prioritization of traffic model used for evaluation
· Proposal is to focus on eMBB traffic for the power saving
· The power saving might be different for other traffic 
· RAN2 should be included in the evaluation methodology

Moderator’s proposed modifications of Objective:
1) The Study and identify the scenarios and evaluation methodology for UE power saving study [RAN1/2]
a. The evaluation methodology should quantitatively evaluate UE power savings and impact on the network operation and performance, e.g., UE network synchronization, network energy consumption and resource consumption, and eo-existence with other system.


2.2 Power Saving and UE Wakeup mechanism

The discussion is based on the following objectives 
2) “Identify techniques and associated UE power savings of UE wakeup mechanism in RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE modes[RAN1/2/4]
a) Identify the design aspects for wakeup signal, which includes the transmitting signal and the waveform, physical channel structure and related procedure as the indication to trigger UE from the power efficient mode to “network access” mode. 
b) Study the UE receiver with low or no power consumption in receiving wakeup signals. 
c) Study the network-assistance mechanism for RRC_CONNECTED mode UE to enter the power efficient mode.
d) Study the latency and reliability of UE network access with UE wakeup mechanism taking the network overhead into consideration. 

Several comments related to the objectives of the UE power saving and UE wakeup mechanism techniques 
· Wide scope with generalized objectives - some companies showed concerns on the wide scope of the UE power saving study based on the current draft objectives and would like to focus on more specific aspects in the study.  However, most companies preferred to have generic description on the objective to allow all potential power saving schemes to be investigated during the study item.  

· Power saving scheme of UE states – some companies proposed to limit the scope of the NR UE power saving to UE in RRC_IDLE and RRC_INACTIVE modes only to align with LTE eMTC and NB-IoT wakeup signal study.  However, most companies consider that the UE power saving scheme for UE in RRC_CONNECTED mode would be significant and as important as that for UE in RRC_IDLE and RRC_INACTIVE modes.  

· The UE power saving study for UE in RRC_CONNECTED mode – Several companies proposed to have one bullet item to incorporate the UE power saving study during network access, such as dynamic BWP switching, reduction of PDCH monitoring, received antenna adaptation, dynamic carrier activation in CA/DC, and other access scheme during active data transmission/reception.  The scope of the study should include any power saving scheme discussed and supported in Rel-15 and other potential schemes for later Release.  


· The latency and reliability of UE network access would not only apply to the UE power saivng with wakeup mechanism but also with other power saving scheme during network access.  Thus, it is proposed to move the sub-bullet item to be another bullet item without the condition of the UE wakeup mechanism.  

· Coverage and reliability of UE wakeup mechanism – The coverage and reliability of wakeup signals and the procedure in the wakeup mechanism should be addressed.  The coverage and the reliability would be part of wakeup signal and UE receiver studies.   

Moderator’s proposed modifications of Objective:
2) Identify techniques and associated UE power savings of UE wakeup mechanism in RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE modes[RAN1/2/4]
a) Identify the design aspects for wakeup signal, which includes the transmitting signal and the waveform, physical channel structure and related procedure as the indication to trigger UE from the power efficient mode to “network access” mode [RAN1/2]. 
b) Study the UE receiver with low or no power consumption in receiving wakeup signals [RAN1/4]. 
c) Study the network-assistance mechanism for RRC_CONNECTED mode UE to enter the power efficient mode.
3) Study the network-assistance mechanism for enhancing power saving of RRC_CONNECTED mode UE in network access mode and power efficient mode, [RAN1/2/4]
a) Evaluate UE power saving and enhancement of existing UE power saving techniques, e.g. dynamic BWP adaptation, reducing PDCCH monitoring, and cross-slot scheduling. 
b) Study UE power saving schemes during network access, e.g., dynamic carrier activation/deactivation in CA/DC and adaptation of Tx/Rx antenna
4) Study the latency, reliability of UE network access and the trade-off [RAN1/2] 

2.3 Power Saving on RRM Measurements
The discussion of the UE power saving study on RRM measurements is based on the following objectives 
“Study the UE power consumption reduction in RRM measurements with network assistance [RAN1/2/4]”
a. Study additional UE assistance information
Most companies agree the importance of studying the power saving on RRM measurements.  The aspects to consider in the study are the network assistance method and potential relaxation of RRM measurements requirements to enable UE power saving on performing RRM measurements.  No change is needed on the bullet item.

Moderator’s proposal of Objective:
5) Study the UE power consumption reduction in RRM measurements with network assistance [RAN1/2/4]
a. Study additional UE assistance information

2.4 Enhancement Higher Layer Procedures 
The discussion of the UE power saving study on the enhancement of procedures is based on the following objectives 
“Study the enhancement of paging procedure and DRX configuration with UE wakeup mechanism [RAN2]”
a) Study the enhancement of location registration and paging procedure with wakeup signals

Several comments related to the objectives of the enhancement of procedures and configuration are as follows,
· Enhancments of procedures and configuration should not only include the paging procedure and DRX configuration for UE in RRC_IDLE and RRC_INACTIVE mode but also access procedures for UE in RRC_CONNECTED mode.   Most companies believes that the access procedure enhancment should be investigated along with power saving scheme in physical layer for UE in RRC_CONNECTED mode. 
 
· There is a question on the intention of sub-bullet item ”Study the enhancement of location registration and paging procedure with wakeup signals”.  The enhancement of location registration and paging procedure would be studied with the UE-specific wakeup signal and the coverage of wakeup signals (UE wakeup area).  The enhancement of paging procedure is to limit the study of paging procedure enhancement for power saving but not for efficiency in multi-beam configuration.   

· DRX configuration with adaptation to traffic arrival for DL and UL only traffic – The proposal is speifically targeting the dynamic DRX configuration with special traffic arrival type, such as DL or UL only traffic.  This should be one of the area to study for UE in RRC_CONNECTED mode.  

· RAN1 should be included in the study since some procedure enhancement would relate to the physical layer design.   

Moderator’s proposed modification of Objectives
6) Study the enhancement of paging procedure in RRC_IDLE/RRC_INACTIVE mode and DRX configuration and DL/UL access procedure in RRC_CONNECTED mode [RAN1/2]
a) Study the enhancement of location registration and paging procedure with wakeup signals
b) Study the enhancement of access procedure, e.g., enhancement of DRX procedures with adaptation to traffic patterns, such as DL and UL only traffic



3	Conclusion
The email discussion on the scope of NR UE power saving and wakeup mechanism [NR_Power_Consumption] is summarized.  Based on the discussion and comments on the draft SID, the revised scope with track change mark is enclosed for further discussion.  
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