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1. Introduction
In the RAN#84 plenary meeting, Rel-16 NR power saving WID was approved [1]. The related RAN1 work was accomplished in the RAN1#99 meeting. In this contribution, a summary on Rel-16 power saving techniques and views on the Rel-17 power saving scope are provided.
2. Rel-16 power saving techniques
According to the WID approved in RAN #84, the power saving techniques specified in Rel-16 include power saving signal/channel, enhancement on the cross-slot scheduling, DL maximum MIMO layer adaptation, RRM measurement relaxation for the neighbor cell and UE assistance information[1]. 
(1) PDCCH based power saving signal/channel
To convey power saving information for one or more UE, PDCCH based power saving signal/channel, i.e., DCI format 2_6, was introduced in Rel-16. The DCI format 2_6 scrambled by PS-RNTI can be used to convey wake-up indication and/or SCell dormancy indication.
(2) Enhancement on the cross-slot scheduling
To reduce the power consumed by PDCCH monitoring, cross-slot scheduling with K0/K2 larger than 0 was specified in Rel-15. However, there are up to 16 entries with different or same K0/K2 values to be configured by RRC signalling. In some cases, it is not clear for UE whether the current slot is same-slot scheduled or cross-slot scheduled before the PDCCH is successfully decoded. In Rel-16, an explicit indication of minimum applicable K0/K2 value in DCI format 0_1 or DCI format 1_1 is introduced to guarantee that UE knows whether it is cross-slot scheduled or not in advance.
(3) DL maximum MIMO layer adaptation 
In Rel-15, the DL maximum MIMO layer is configured per serving cell and it is applied to the PDSCH scheduling of all BWPs of the serving cell. A new higher layer parameter ,i.e., DL maximum MIMO layer, can be configured to a particular BWP in Rel-16. With this enhancement, the number of DL MIMO layers can be adapted by BWP switching.
(4) RRM measurement relaxation for the neighbor cell
To save UE power consumption in idle mode, not-at-cell-edge and low-mobility are identified as the scenarios that RRM measurement for neighbour cell can be relaxed. And the measurement relaxation criteria is evaluated based on cell quality.  
(5) UE assistance information
More UE assistance information is considered in Rel-16 power saving. UE can report the assistance information, such as C-DRX parameters, RRC state transition, maximum number of SCells, maximum aggregated BW, maximum MIMO layer and minimum K0/K2, to assist network to configure proper parameters.
Observation 1: The power saving techniques specified in Rel-16 include power saving signal/channel, enhancement on the cross-slot scheduling, DL maximum MIMO layer adaptation, RRM measurement relaxation for the neighbor cell and UE assistance information.
3. Potential Rel-17 power saving techniques
NR UEs can benefit from further enhancement on power saving techniques in time domain, frequency domain, and spatial domain, and so on.  Considering the limited time budget in Rel-17, the first priority is to identify the main contributors in UE power consumption. Then specify corresponding techniques to reduce the power consumption. In Rel-16 SI phase, a useful power consumption model is developed. Based on the model, potential power saving gain from different techniques is evaluated and captured in TR 38.840. In Rel-17, for those power saving techniques that have not been studied or discussed in Rel-16, the power consumption mode should be provided, based on which the evaluation should be performed. From this perspective, the discussion on Rel-17 NR power saving enhancement should be led by RAN1.
Observation 2: In Rel-17, the power consumption model and evaluation methodology should be also provided for those power saving techniques that have not been studied or discussed in Rel-16.
Proposal 1: The discussion on Rel-17 NR power saving enhancement should be led by RAN1.
(1) Power saving techniques in RRC connected mode
· [bookmark: OLE_LINK1]PDCCH monitoring reduction
PDCCH monitoring without data transmission (i.e., PDCCH-only state) is a major consumer of UE power. To reduce the power consumed by PDCCH-only, wake-up indication conveyed by DCI format 2_6 outside Active Time is introduced in Rel-16. In Rel-17, the L1 based PDCCH monitoring reduction within Active Time can be considered to further reduce the power consumption.
Proposal 2: The L1 based PDCCH monitoring reduction within Active Time can be considered to further reduce the power consumption in Rel-17.
· CSI reporting
The wake-up indication conveyed by DCI format 2_6 would impact the DRX onduration Timer, which means, if UE is indicated with wake-up, UE starts the DRX onduration Timer; otherwise, UE does not start the DRX onduration Timer. In this sense, UE is not required to measure CSI when it is indicated with not-wake-up. The basic radio link adaptation cannot be guaranteed without CSI measurement/reporting. To obtain the CSI, UE may be frequently woken up. It is not beneficial to UE power saving.
To resolve this issue, two methods can be considered. One is triggering CSI reporting by DCI format 2_6 and the corresponding power saving gain is studied and captured in TR38.840. The other one is allowing CSI measurement/reporting not to be impacted by wake-up indication. 
Proposal 3: To save UE power consumption, CSI reporting is needed when wake-up indication conveyed by DCI format 2_6 is deployed.
· Reliability of DCI format 2_6
If UE is indicated with not-wake-up for several DRX cycles, there is no chance to update the information like TCI states of PDCCH, especially for decoding DCI format 2_6. In this case, the detection performance of DCI format 2_6 would be deteriorated. Considering the functionalities conveyed by DCI format 2_6 are crucial, the reliability of DCI format 2_6 should be enhanced.
Proposal 4: Considering the functionalities conveyed by DCI format 2_6 are crucial, the reliability of DCI format 2_6 should be enhanced.
· Measurement relaxation
Except for CSI measurement, other measurements, such as RLM and BFD, etc., are also performed in RRC connected mode. It needs to be noted that the potential power saving gain and impact on the system have not been evaluated in Rel-16. Therefore, we should first reach a consensus that the measurement relaxation has minimal impact on the network and significant power saving gain after proper evaluations. 
Observation 3: The potential power saving gain and impact of RLM and BFD measurement relaxation have not been evaluated in Rel-16.
Proposal 5: The measurement relaxation should target minimal impact on the system and significant power saving gain.
(2) Power saving techniques in RRC idle/inactive mode
In NR, the “always on” cell specific reference signal (CRS) is not supported. The acquisition of AGC, tracking and measurement for idle mode UE is based on SSB. UE needs to wake up several times for multiple SSB to meet the measurement requirement. Considering that network needs to transmit TRS or CSI-RS for other RRC connected mode UEs in the same cell, it would be beneficial for the idle mode UE to take the advantage of those reference signals. Hence, we propose to inform the idle mode UE with the potential TRS and CSI-RS. To avoid negative impact on network energy, network is not required to guarantee that the TRS and CSI-RS indicated to idle mode UE is “always on”.
Proposal 6: It is proposed to inform the idle mode UEs with the potential TRS and CSI-RS.
[bookmark: OLE_LINK2][bookmark: _GoBack]The RRM measurement relaxation for neighbour cell has not been finished yet in RAN2/RAN4. To decide whether the scope of Rel-17 includes further RRM measurement relaxation, the significant gain we can have based on Rel-16 measurement relaxation should be taken into account. For example, the criteria of neighbour cell relaxation is based on the quality evaluation of serving cell. If serving cell measurement was relaxed in Rel-17, neighbour cell measurement relaxation would be impacted. Furthermore, the assistance information of TRS and CSI-RS from network can also be used for AGC, tracking and measurement for idle mode UE to reduce power consumption. Hence the gain from further RRM relaxation based on Rel-16 relaxation needs to be justified. From these perspectives, the RRM measurement relaxation for serving cell should not be considered in Rel-17.
Proposal 7: Further RRM measurement relaxation for neighbour cell or serving cell should not be considered in Rel-17 power saving enhancement.
The assistance information reported by UE  in time, frequency and spatial domain is specified in Rel-16 power saving. The necessity to introduce more assistance information is not clear. Reporting UE assistance information in a frequent manner is also detrimental to UE power consumption. It is proposed that no more UE assistance information is needed in Rel-17 power saving.
Proposal 8: No more UE assistance information is needed in Rel-17 power saving.
4. Conclusions 
In this contribution, our views on the scope of NR power saving in Rel-17 are provided. The observations and proposals are as follows.
Observation 1: The power saving techniques specified in Rel-16 include power saving signal/channel, enhancement on the cross-slot scheduling, DL maximum MIMO layer adaptation, RRM measurement relaxation for the neighbor cell and UE assistance information.
Observation 2: In Rel-17, the power consumption model and evaluation methodology should be also provided for those power saving techniques that have not been studied or discussed in Rel-16.
Observation 3: The potential power saving gain and impact of RLM and BFD measurement relaxation have not been evaluated in Rel-16.

Proposal 1: The discussion on Rel-17 NR power saving enhancement should  be led by RAN1.
Proposal 2: The L1 based PDCCH monitoring reduction within Active Time can be considered to further reduce the power consumption in Rel-17.
Proposal 3: To save UE power consumption, CSI reporting is needed when wake-up indication conveyed by DCI format 2_6 is deployed.
Proposal 4: Considering the functionalities conveyed by DCI format 2_6 are crucial, the reliability of DCI format 2_6 should be enhanced.
Proposal 5: The measurement relaxation should target minimal impact on the system and significant power saving gain.
Proposal 6: It is propose to inform the idle mode UEs with the potential TRS and CSI-RS.
Proposal 7: Further RRM measurement relaxation for neighbour cell or serving cell should not be considered in Rel-17 power saving enhancement.
Proposal 8: No more UE assistance information is needed in Rel-17 power saving.
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