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1. [bookmark: _Toc120549591]Introduction
In 3GPP TSG RAN #80 meeting, a New SID: Study on UE Power Saving in NR was approved [1] with the following objectives,

	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,
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, power saving techniques and consideration on the power saving signal are discussed.
2. Discussion on NR power saving design
In NR R15, BWP adaption is one important feature, which can reduce power consumption for both loaded case and low activity case, where the active BWP can be adapted to the UE traffic according to UE capability. Enhancement schemes such Tx/Rx antenna adaption, UE processing timeline, cross-slot scheduling are also discussed in several contributions, and they can further reduce UE power consumption in R16 together with BWP adaption enhancement. Another direction for power saving is “Low energy consumption when there is no data”. It can be seen from [2][3] that according to LTE deployment test results large percent of PDCCH monitoring (more than 70%) turns out to be PDCCH only without any DL/UL scheduling. Therefore PDCCH monitoring reduction is an important direction for UE power saving.
2.1 UE adaption to traffic for power saving
BWP adaption is a good starting point for frequency domain adaption, and gNB can adjust UE’s working bandwidth according to traffic load, reducing power consumption when small data is transmitted and providing high data rate when needed. Considering the high data rate requirement for NR, CA is very likely to be used to improve UE throughput especially in FR1. Additional CCs mean doubled growth of power consumption. Therefore, power saving for CA mode such as fast cell activation and deactivation to allow for more flexible adaptation to traffic needs to be studied.
Proposal 1: Power saving for CA mode needs to be studied.
For UE traffic adaption in antenna domains, power saving gain comes from smaller number of Tx/Rx chains, but reducing Tx/Rx antenna number may result in lower spectral efficiency, which on the other hand increases power consumption. Therefore, it is necessary to carefully study on what conditions that decrease number of Tx/Rx chains can reducing the power consumption without loss of network’s spectral efficiency. And if such conditions are justified, it shall be the gNB that make decision on the adaption of UE’s Tx/Rx antenna number, based on UE’s traffic or power saving requirements information. 
Proposal 2: It is necessary to carefully study on what conditions that decrease number of Tx/Rx chains can reducing the power consumption without loss of network’s spectral efficiency.
2.2 PDCCH monitoring reduction
The following aspects can be considered for PDCCH monitoring reduction,
1) Reduce unnecessary PDCCH monitoring
This means PDCCH monitoring without efficient DL/UL scheduling shall be avoided as much as possible. C-DRX has been adopted for LTE and NR, which provides chances for UE to enter a low power consumption mode when there are no PDCCH scheduling. As shown in the observation of [3], there is not any DL/UL scheduling in a large percentage of C-DRX cycles. 
To improve this condition, on the one hand, more dynamic and flexible C-DRX configuration can be supported. UE can give a recommendation of the DRX configuration according to its traffic characteristics and power saving requirement, and gNB make decision and change the C-DRX configuration more dynamically by some specific signalling. In this way, the C-DRX configuration can be more suitable to the traffic and reducing unnecessary PDCCH monitoring.
On the other hand, as long as the UE traffic is not periodic, there will be PDCCH only monitoring case in on duration period. If the gNB has decided not to schedule UE in the following C-DRX cycle, it can indicate the UE by power saving signals to skip the upcoming on duration period. UE can keep on sleeping and reduce power consumption in the following C-DRX cycle.
2) Reduce PDCCH monitoring complexity 
PDCCH monitoring periodicity and offset are configured by high layer signalling, such as cell-specific or UE-specific RRC signalling, which has reduced PDCCH monitoring complexity. While for each monitoring slot, the following monitoring parameters can to be considered to further reduce monitoring complexity,
· Whether both CSS and USS are to be monitored,
· Whether both fallback and non-fallback are to be monitored,
· Whether all the search spaces need to be monitored,
· Whether all the PDCCH candidates need to be monitored,
To reduce monitoring complexity, gNB can inform UE some of the above monitoring parameters to help UE reducing the blind decoding complexity. For example, power saving signal dynamically indicates UE that only USS with fallback DCI format will be monitored in the follow N slots. In this way, those USS monitoring with non-fallback DCI will be skipped.
Proposal 3: For PDCCH monitoring reduction, both reduction of unnecessary PDCCH monitoring and PDCCH monitoring complexity can be considered.
2.3 Consideration on power saving signal
According to the above discussion, a power saving signal can be introduced to reduce unnecessary PDCCH monitoring and to reduce PDCCH monitoring complexity. The power saving signal can be sequence based or physical channel based with low detection complexity. Here we list some consideration on the time and frequency position of power saving signal.
Firstly, the power saving signal shall consider both TDD and FDD system, and for TDD, continuous DL and UL transmission cannot be guaranteed. It means that when it is used to inform C-DRX skipping, the signal shall be transmitted in the downlink part of each UL-DL periodicity, then the time offset between the power saving signal and begin slot of on duration may be flexible, so the time position of power saving signal need carefully design. 
Secondly, NR is a wide band system, the power saving signal will occupy only part of the BW to keep low detection complexity, and the frequency position allocation of the power saving signal should allow good coexistence with current NR signals, such as. SSB, CORESET, etc.
Proposal 4: A power saving signal is introduced to reduce PDCCH monitoring power consumption.

3. Conclusions
In this contribution, consideration of power saving techniques are discussed, and the following proposal is made.
· Proposal 1: Power saving for CA mode needs to be studied.
· Proposal 2: It is necessary to carefully study on what conditions that decrease number of Tx/Rx chains can reducing the power consumption without loss of network’s spectral efficiency.
· Proposal 3: For PDCCH monitoring reduction, both reduction of unnecessary PDCCH monitoring and PDCCH monitoring complexity can be considered.
· Proposal 4: A power saving signal is introduced to reduce PDCCH monitoring power consumption.
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