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1. Introductions
In RAN #80, the new Rel-16 study item on NR UE power saving was approved [1] with the following objectives
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
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
In this contribution, we discuss the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics in RRC CONNECTED mode (Objective 1-b)) and RRC IDLE mode (objective 3-a)).  
2. Power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
This section focuses on power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics in connected mode. 
2.1 
Design considerations for triggering signalling in RRC CONNCTED mode
As discussed in our companion paper [2], the following functionalities should be studied for UE adaptation based on traffic and power consumption characteristics. 
· Time domain adaptation
· Adaptive PDCCH monitoring parameter configuration
· Decoupling the DCI format 0-1 and 1-1 monitoring

· DRX enhancements
· Frequency adaptation

· Faster BWP switching

· Faster Scell activation/deactivation
· Adaptation of number of Rx and Tx antennas at the UE side
· Processing timeline adaptation
The signaling methods should be studied for triggering of these UE adaptations. Depending on the expected time scale, the adaptation can be signaled by physical layer or higher layers. 
PDCCH based triggering
The PDCCH based solution can be considered as UE is expected to continuously monitor PDCCH in non-DRX slots. As one example, PDCCH can be used to trigger the UE from the power efficient operation to a normal monitoring operation (i.e. full monitoring). The design should allow the UE to monitor PDCCH based triggering signaling with lower complexity and power consumption compared to the full monitoring. Therefore, the blind decoding of UE to monitor the PDCCH based triggering signaling should be minimized. 
Two-step PDCCH, as discussed in Rel-14 NR study item, can be considered as a way for PDCCH based monitoring adaptation, where the first step DCI is used to trigger/stop the UE monitoring of the second step DCI.
The following aspects should be studied for PDCCH based triggering signaling.
· DCI format 
· DCI payload information, which depends on the required functionality, i.e. just triggering the stop/start regular PDCCH monitoring, or convey some additional information to control the monitoring behavior. 

· DCI type, use of ether scheduling DCI, or non-scheduling DCI for the triggering

· The monitoring configuration for the PDCCH based triggering, e.g. periodicity, CORESETs
· Performance evaluation, e.g., SNR-BLER curve and overhead
· Details of  performance evaluation for PDCCH can be found in [3]
· Complexity and power consumption of monitoring PDCCH based triggering 
· E.g., Minimize the bandwidth, minimize the decoding candidates, etc
· Interaction with DRX operation

· Use of the PDCCH based triggering signaling to change the DRX configuration
· The UE should not be required to monitor PDCCH based triggering signaling during DRX OFF
Sequence based triggering
As specified for NB-IoT/eMTC wake up signal, sequence based signaling can also be considered to trigger the adaptation of PDCCH monitoring behavior. 

The following need to be studied for sequence based signaling triggering for adaptive PDCCH monitoring parameter configuration in NR.
· Sequence design
· Existing sequence (e.g., SSS, CSI-RS, etc.) 
· New sequence and relevant sequence generation and resource mapping
· Performance evaluation, e.g., sensitivity, false alarm ratio, misdetection ratio, etc. and overhead
· Details of  performance evaluation for sequence can be found in [3]
· Complexity and power consumption of monitoring Sequence based signaling need to be minimized

· E.g, Sequence with loose pre-synchronization requirements, low power receiver design, etc.
MAC layer signaling

MAC layer signaling can also be considered to trigger the UE adaptation in a faster time scale compared with the RRC reconfiguration which was supported in Rel-15. The MAC layer signaling could be more robustness than L1 signaling as retransmission is allowed. The MAC layer signaling is also simple in terms of specification and implementation complexity. 
Proposal 1: Study the following signaling mechanisms for triggering UE adaptation based on traffic and power consumption characteristics

· L1 signaling, including PDCCH based signaling and sequence based signaling

· MAC signaling
2.2 Design considerations for triggering signalling in RRC IDLE mode
In IDLE mode, how to reduce the unnecessary paging monitoring is to be studied in the SI. Paging indication is considered as one candidate solution to skip the unnecessary paging monitoring thus save UE power. UE is required to decode the paging message only when positive paging indication signaling is detected. Having a common triggering mechanism between RRC connected mode and IDLE mode paging is beneficial in terms of standardization efforts and implementation complexity. Different triggering mechanism design for RRC IDLE mode, if any, compared with RRC connected mode design, should be justified with significant power saving gain. Therefore, the physical layer signaling mechanisms as recommended for RRC connected mode should be reused for IDLE mode paging indication as much as possible.
Proposal 2: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE mode paging indication as much as possible.
3. Conclusions
In this contribution, we discuss the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics, and have following proposals:
Proposal 1: Study the following signaling mechanisms for triggering UE adaptation based on traffic and power consumption characteristics

· L1 signaling, including PDCCH based signaling and sequence based signaling

· MAC signaling
Proposal 2: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE mode paging indication as much as possible.
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