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1. Introduction
At the RAN1 AH1901 meeting, potential UE power saving schemes were discussed and RAN1 made agreements [1]. The table is omitted.
	Agreements:
Update the TR as follows (with change marks):
The UE BWP adaptation  is to dynamically switch the BWP by gNB based on e.g. the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on e.g. the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· The assistance may also include CSI measurements (UE processes one BWP at a time)
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX
· UE assistance information could be considered
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Including cross carrier scheduling
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell
· UE assistance information could be considered

· The following table is subject to further update, particularly regarding evaluation results/assumptions



In this contribution, some potential power saving schemes are discussed.

2. Discussion 
2.1. Start of PDCCH monitoring based on CC deactivation
For CA case, cross carrier scheduling can be used for UE power saving, i.e., minimizing the number of CCs where UE monitors PDCCH. When UE is configured to monitor PDCCH on a CC, and if the CC is deactivated, UE stops PDCCH monitoring on the CC. Then, although gNB can provide PDCCH configuration on another CC, the time to change CC for PDCCH monitoring is very long since RRC reconfiguration is needed. It is necessary to keep PDCCH monitoring on at least one CC even in case of deactivation of some CC(s). Then, one possible solution is to monitor PDCCH on both CCs from the beginning, but such solution would increase power consumption compared with monitoring PDCCH on either one of the CCs. Another possible solution is to delay deactivation of some CC(s) until complete of RRC configuration to change CC for PDCCH monitoring, but it would also increase power consumption since time duration when some CC(s) is with active state is prolonged. Also, since the selection of deactivated CC can be based on congestion situation and channel state of each CC at that timing, it would be difficult to configure PDCCH monitoring on an appropriate CC in advance. Therefore, in order to maximum power saving gain, we propose that UE starts PDCCH monitoring on a CC based on deactivation of another CC. For example, it is assumed that UE monitors PDCCH on CC#1 which indicates scheduling to CC#1 or CC#2 and the UE does not monitor PDCCH on CC#2. When gNB indicates deactivation of CC#1 and UE receives the indication, UE starts PDCCH monitoring on CC#2 based on deactivation of CC#1. gNB can preliminarily provide PDCCH configuration for PDCCH monitoring on CC#2 as well as for that on CC#1, and UE does not monitor PDCCH on CC#2 based on the PDCCH configuration before deactivation of CC#1. Since deactivation can be indicated at least by MAC CE, it enables faster change of CC for PDCCH monitoring at the appropriate timing compared with RRC reconfiguration, and UE power consumption can be reduced by limiting the number of CCs for PDCCH monitoring and by quickly deactivating CC(s).

Proposal 1: UE starts PDCCH monitoring on a CC based on deactivation of another CC.

Proposal 2: In TR 38.840, the section of “UE power saving scheme in achieving reducing PDCCH Monitoring” should include “CORESET/search space ON/OFF based on CC activation/deactivation.”

If L1 based CC activation/deactivation, e.g., by DCI or power saving signal/channel, is supported, above proposal 1 can achieve further faster change of CC for PDCCH monitoring in addition to the benefit of faster CC activation/deactivation itself. Accordingly, UE power consumption can be further reduced.

Proposal 3: L1 based CC activation/deactivation should be supported.

2.2. Power saving for EN-DC operation
Considering the realistic commercial network in the first stage for 5G, EN-DC operation would be major and important. Thus, study of power saving scheme for EN-DC should be important as well. For EN-DC, UE is always RRC connected for NR cell after NR cell addition. Since UE performs PDCCH monitoring, CSI measurement/report and time/frequency tracking on the NR cell in addition to those on LTE cell(s), UE power consumption would become high during EN-DC operation compared with that in current LTE operation. Thus following aspects for power saving for EN-DC operation should be important and further studied.
· Suitable reduction of the time duration when NR cell is serving cell
· C-DRX enhancement
First, suitable reduction of the time duration when NR cell is serving cell should be considered. By avoiding unnecessary NR cell addition and adding/removing NR cell at appropriate timing, UE power consumption can be reduced. Also, in order to reduce UE power consumption after NR cell addition, C-DRX enhancement should be important and further studied.

Proposal 4: Following aspects should be studied considering EN-DC operation. 
· Suitable reduction of the time duration when NR cell is serving cell
· E.g., by avoiding unnecessary NR cell addition,  by adding/removing NR cell at appropriate timing
· C-DRX enhancement
Proposal 5: In TR 38.840, the section of “Assistance information for UE adaptation for further study” should include “UE assistance/feedback on the NR cell addition/removal.”

2.3. Design of power saving signal/channel
For the candidates of the power saving signal/channel for UE adaptation, existing signal/channel based power saving signal/channel and new power saving signal/channel were discussed. The new power saving signal/channel seems more difficult to be introduced into commercial network compared with the existing signal/channel considering implementation/operation complexity, and also specification effort will be high. In addition, for new power saving signal/channel, additional resource should be inevitably needed, while additional resource may not be needed if the existing signal/channel is used for UE adaptation. The existing signal/channel should be enough since there are already a wide variety of signal/channels, e.g., PDCCH, TRS in Rel-15. The best candidate signal/channel depends on the power saving scheme considering the required feature for the power saving signal/channel and impact on resource efficiency.
Proposal 6: The power saving signal/channel should be studied based on the existing signal/channel. 
· Impact on resource efficiency should be considered.

3. Conclusion
In this contribution, potential power saving schemes were discussed. Based on the discussion, the following proposals were made:
Proposal 1: UE starts PDCCH monitoring on a CC based on deactivation of another CC.
Proposal 2: In TR 38.840, the section of “UE power saving scheme in achieving reducing PDCCH Monitoring” should include “CORESET/search space ON/OFF based on CC activation/deactivation.”
Proposal 3: L1 based CC activation/deactivation should be supported.
Proposal 4: Following aspects should be studied considering EN-DC operation. 
· Suitable reduction of the time duration when NR cell is serving cell
· E.g., by avoiding unnecessary NR cell addition,  by adding/removing NR cell at appropriate timing
· C-DRX enhancement
Proposal 5: In TR 38.840, the section of “Assistance information for UE adaptation for further study” should include “UE assistance/feedback on the NR cell addition/removal.”

Proposal 6: The power saving signal/channel should be studied based on the existing signal/channel. 
· Impact on resource efficiency should be considered.
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