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Introduction

To ensure that the power efficiency of NR UE is not worse than that of LTE, the study item description of UE power saving in NR was agreed, and the objectives are as follows[1]:
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  
It can be observed that the power saving techniques in different RRC modes and different domains are included in the SID. In section 2, it is suggested that potential technologies for UE power saving is configurable. In Section 3, some suggestions are introduced for the plan of technology evolution for UE power saving. In Section 4, potential technology candidates for UE power saving are introduced. 
Potential technologies for UE power saving is configurable
The introduction of potential technologies of PS(power saving) not only brings the benefit of lower power consumption, it is possible that these potential technologies will lead to both the performance degradation of the legacy Release 15 NR network and the issue of backward compatibility with the legacy Release 15 NR system. For example, the reduction of the number of receiver antennas may affect the coverage of cell edge UE, the application of power saving signals may leads to larger network latency, the reduction of the number of blind decoding of NR-PDCCH may lead to high block probability, and so on.

Proposal 1: the study of potential technologies of PS should consider the influence to Release 15 NR system, such as performance degradation and backward compatibility.  

In order to mitigate influence to legacy NR system, gNodeBs should have the flexibility to select some suitable PS technologies out of all candidates according to the current situation. Furthermore, in order to adapt to traffic, channel and interference variation, gNodeBs also should have the capability to select suitable parameters for different potential technologies of PS. Therefore, some suitable potential technologies should be selected flexibly and conditionally by gNodeBs to minimize the influence to the legacy system.

Proposal 2: potential power saving technologies should provide enough flexibility and configurability so that gNodeBs can adapt to minimize the influence to existing system.

 As we all know, in Release 15 NR system, the functionality of DRX is one technology to reduce power consumption, and the functionality of DRX is configured by gNodeBs, that is to say, gNodeBs can decide whether perform DRX functionality. Naturally and similarly, the potential technologies of PS should also obey the rule. Therefore, the functionality of Release 16 potential technologies should be configurable for gNodeBs, and gNodeBs have the capability to decide whether these potential technologies are used or not. From our understanding, the scope of potential PS technologies can be wider if the above rule is agreed because the rule can minimize the influence to the legacy NR system, otherwise the scope of potential PS technologies should be focused on reducing the risk of the negative influence and few potential technologies of PS which play main roles are standardized for Release 16 NR.     
Suggestion to the plan of technology evolution for UE power saving
According to the information related to PS from most companies, the potential PS technologies are dispersal and various, some PS technologies intersect with other ongoing work, eg MIMO and CA/DC. Hence we would like to ask for clarification whether the MIMO-related power consumption issues should be discussed in power saving or MIMO session. In our view, the discussion of power saving issue related to MIMO in MIMO session would be more efficient and comprehensive.

Proposal 3: Because several potential technologies in PS are also the technologies in other ongoing work, e.g. MIMO and CA/DC, it is preferred that these intersection technologies should be discussed in other ongoing topics instead of PS topic for better efficiency.
In order to identify some really useful PS technologies, firstly we should draw a conclusion of power model and simulation assumption, secondly we can discussed all kind of candidates and evaluate these candidates based on the agreed power model and simulation assumption, thirdly several key and really useful technologies can be identified by comparison and down-selection, finally more effort can be made for standardization. In the recent two meetings, the priority of discussion should be given to power model and simulation assumption to form agreements. 
Proposal 4: It is preferred that the priority of discussion can be given to power model and simulation assumption to evaluate these technologies in the future in the recent two meetings.
Proposal 5: Firstly, power model and simulation assumption is agreed. Secondly, various technology candidates can be discussed and evaluated based on the agreed power model and simulation assumption. Thirdly, Merits and shortcomings of these technologies should be identified, and down-selection can be considered. 
Potential technologies for UE power saving
The potential technologies for power saving are included and listed in table 1. 

Firstly, adaptation for PS to reduce power consumption has been discussed most, furthermore it includes time domain adaptation, spatial domain adaptation and frequency domain adaptation as following:

Frequency domain adaptation includes BWP enhancement and CA/DC enhancement. In detail, faster BWP adaptation, smaller default BWP for PS can be studied for BWP enhancement, cross cell scheduling, faster cell switching etc can be studied for CA/DC enhancement. 

Time domain adaptation includes DRX enhancement, PDCCH monitoring enhancement and scheduling timeline enhancement. Dynamic parameters indication, DRX with L1 signaling, traffic matched DRX parameters may be studied for DRX enhancement. PDCCH monitoring triggered by a compact DCI/two-stage DCI/CSI-RS/WUS/L1 signal, the reduction of the number of blind decoding etc can be studied by for PDCCH monitoring enhancement. Cross-slot scheduling, traffic matched scheduling, centralized scheduling can be studied for scheduling timeline enhancement. 

Spatial domain adaptation includes multi-panel CSI-RS measurement enhancement, multi-layer DL transmission enhancement and multi-layer/port UL transmission enhancement. Activating/de-activating some UE antenna panels/ports/layers in CSI-RS/SRS measurement, DL data reception and UL transmission can be considered for power saving.

In our view, time domain adaptation is the first important due to its contribution to PS, spatial domain adaption is the second important, and frequency domain adaptation is not so important since Release 15 NR also can support frequency domain adaptation for PS. Therefore, the priority of adaptation for PS is time domain adaptation, spatial domain adaptation and frequency domain adaptation.

Proposal 6: It is preferred that the priority of adaptation for PS is time domain adaptation, spatial domain adaptation and frequency domain adaptation.

    Secondly, triggering adaptation for PS is another important topic for power saving. In eMTC and NB-LTE, a dedicated WUS has been introduced for power saving in the idle mode. In Release 16 NR, a new dedicated power saving signal, like WUS/GTS (Go to sleep) also can be studied to reduce power consumption. Then the ssequence generation for WUS /GTS, rresource location for WUS/GTS and carried contents for WUS/GTS can be studied for WUS/GTS design. A new compact DCI can have the same functionality as WUS of waking up UE, maybe we can called it as “WUD”. If WUS/WUD/GTS are supported in Release 16, the combination design with the enhancement of DRX/BWP/CA/PDCCH monitoring also should carefully considered and studied to attain the best efficiency for power saving. Whether WUS/WUD/GTS are supported in Release 16 NR should be decided by simulation and evaluation as soon as possible. If WUS/WUD/GTS are not supported in Release 16 NR, WUS/WUD/GTS also could be considered as enhancement of power saving topic in the next release version. If new WUD is considered for PDCCH in Release 16, some traditional problems such as PDCCH dropping and PDCCH blocking may need to be reconsidered. 

  Proposal 7: For triggering adaptation for power saving, a new WUS signal can be studied for power saving, and the WUS signal may be the existing reference signal or a new designed signal.
  Proposal 8: For triggering adaptation for power saving, a new compact DCI can be studied for power saving, which can be named as “WUD”.

  Proposal 9: If WUS/WUD/GTS signals are supported in Release 16 NR, the combination design with the aforementioned enhancement of DRX/BWP/CA/PDCCH monitoring also can be studied to attain the best efficiency for power saving.
Proposal 10: Whether WUS/WUD/GTS is supported in Release 16 NR should be decided by simulation and evaluation as soon as possible.                      

 Table 1 summary of potential technologies for PS
	Technical branches for power saving
	Detailed potential technologies for power saving

	Adaptation
	Time domain 

adaptation
	DRX enhancement

	
	
	PDCCH monitoring enhancement

	
	
	Slot Scheduling enhancement

	
	Spatial domain 
adaptation
	Multi-panel CSI-RS measurement enhancement

	
	
	Multi-layer DL transmission enhancement

	
	
	Multi-layer/port UL transmission enhancement

	
	Frequency domain adaptation
	BWP enhancement

	
	
	CA/DC enhancement

	Triggering adaptation
	Power saving signal /channel design
	Sequence generation for WUS /GTS

	
	
	Resource location for WUS/GTS/WUD

	
	
	Carried contents for WUS/GTS/WUD

	
	Combination 

design
	DRX with WUS/GTS/WUD

	
	
	PDCCH monitoring with WUS/GTS

	
	
	BWP/CA with WUS/GTS/WUD


Conclusion
In this contribution, we discuss some aspects on UE power saving. We have the following proposals:
Proposal 1: the study of potential technologies of PS should consider the influence to Release 15 NR system, such as performance degradation and backward compatibility.  

Proposal 2: potential power saving technologies should provide enough flexibility and configurability so that gNodeBs can adapt to minimize the influence to existing system.

Proposal 3: Because several potential technologies in PS AI also are also the technologies in other ongoing work, eg MIMO and CA/DC, it is preferred that these intersection technologies should be discussed in other ongoing topics instead of PS topic for better efficiency.

Proposal 4: It is preferred that the priority of discussion can be given to power model and simulation assumption to evaluate these technologies in the future in the recent two meetings.
Proposal 5: Firstly, power model and simulation assumption is agreed. Secondly, various technology candidates can be discussed and evaluated based on the agreed power model and simulation assumption. Thirdly, Merits and shortcomings of these technologies should be identified, and down-selection can be considered. 
Proposal 6: It is preferred that the priority of adaptation for PS is time domain adaptation, spatial domain adaptation and frequency domain adaptation. 
Proposal 7: For triggering adaptation for power saving, a new WUS signal can be studied for power saving, and the WUS signal may be the existing reference signal or a new designed signal.
Proposal 8: For triggering adaptation for power saving, a new compact DCI can be studied for power saving, which can be named as “WUD”.

Proposal 9: If WUS/WUD/GTS signals are supported in Release 16 NR, the combination design with the aforementioned enhancement of DRX/BWP/CA/PDCCH monitoring also can be studied to attain the best efficiency for power saving..

Proposal 10: Whether WUS/WUD/GTS is supported in Release 16 NR should be decided by simulation and evaluation as soon as possible.
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