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1. Introduction
[bookmark: _GoBack]At the RAN#88e meeting, the Revised WID on UE power saving enhancements was approved with following objectives [1]. 
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



In this contribution, we discuss on the extension to Rel-16 DCI-based power saving adaptation.

2. Discussion
2.1. Extension to DCI-based power saving adaptation
According to the WID, the objective of the WI includes studying and specify extension(s) to Rel-16 DCI-based power saving adaptation. As the enhancement(s) will be provided based on existing Rel-16 DCI-based power saving adaptation, it should be discussed first on what Rel-16 function(s) the enhancements will be considered.

Proposal 1: It should be discussed first on what Rel-16 DCI-based power saving adaptation(s) the enhancements will be considered.

Considering that reducing PDCCH monitoring on top of Rel-16 DCI-based power saving adaptation(s) would be possible and effective since PDCCH monitoring would occupy most of power consumption in connected-mode UE, we think the candidates of Rel-16 DCI-based power saving adaptation(s) are at least:
· Rel-16 cross-slot scheduling enhancements, i.e., minimum scheduling offset of K0/K2
· Search space set group switching

Proposal 2: Consider following Rel-16 DCI-based power saving adaptation(s) as the candidates for enhancements to reduce PDCCH monitoring.
· Rel-16 cross-slot scheduling enhancements, i.e., minimum scheduling offset of K0/K2
· Search space set group switching

2.2. Enhancements on Rel-16 cross-slot scheduling enhancements
In Rel-16, a minimum scheduling offset of K0/K2 was introduced for enhancement on cross-slot scheduling, and the minimum scheduling offset can be indicated by DCI from RRC configured candidate values. Also, the actual scheduling offset K0/K2 equal to or larger than the corresponding minimum scheduling offset can be indicated by DCI from RRC configured candidate values. Cross-slot scheduling provides power saving gain by ensuring the sufficient time for PDCCH processing before starting the subsequent PDSCH reception, i.e., parallel processing can be avoided and UE can sleep without starting PDSCH reception when PDCCH with scheduling for the UE is not detected. Basically, cross-slot scheduling would be applied on the condition that power saving is prioritized, e.g., low traffic amount for the UE. Thus, it would be beneficial to consider PDCCH skipping in some slot(s) when cross-slot scheduling is applied in order to achieve further power saving gain.
Observation 1: It would be beneficial to consider PDCCH skipping in some slot(s) when cross-slot scheduling is applied in order to achieve further power saving gain.

2.3. Enhancements on search space set group switching 
In Rel-16, a search space set group switching by DCI format 2_0 was introduced. Based on the scheme, the parameters related to PDCCH monitoring, e.g., periodicity, can be dynamically changed.
Regarding CDRX state, basically the UE can enter CDRX state in a timer-based manner, and then the UE would perform PDCCH monitoring only within DRX on-duration, while PDCCH monitoring configuration within the on-duration is based on the search space set configuration same as in non-CDRX state. Although the DRX on-duration is configurable, it would be beneficial if PDCCH monitoring periodicity within the on-duration is extended with entering CDRX so that UE power saving gain can be achieved even without short on-duration. Based on the search space set group switching, it would be possible to change the PDCCH monitoring periodicity with entering/leaving CDRX state.
Observation 2: Based on the search space set group switching, it would be possible to change the PDCCH monitoring periodicity with entering/leaving CDRX state.

In Rel-16 scheme, switching between only two search space set groups is supported. In order to provide more flexibility on the adaptation of the parameters related to PDCCH monitoring, some mechanism such as indication of activation/deactivation per each search space set in a group of search space set would be beneficial.
Observation 3: Some mechanism providing more flexibility on adaptation of the parameters related to PDCCH monitoring can be considered.

3. Conclusion
In this contribution, the extension to Rel-16 DCI-based power saving adaptation was discussed. Based on the discussion, the following observations and proposals were made:
Proposal 1: It should be discussed first on what Rel-16 DCI-based power saving adaptation(s) the enhancements will be considered.
Proposal 2: Consider following Rel-16 DCI-based power saving adaptation(s) as the candidates for enhancements to reduce PDCCH monitoring.
· Rel-16 cross-slot scheduling enhancements, i.e., minimum scheduling offset of K0/K2
· Search space set group switching
Observation 1: It would be beneficial to consider PDCCH skipping in some slot(s) when cross-slot scheduling is applied in order to achieve further power saving gain.
Observation 2: Based on the search space set group switching, it would be possible to change the PDCCH monitoring periodicity with entering/leaving CDRX state.
Observation 3: Some mechanism providing more flexibility on adaptation of the parameters related to PDCCH monitoring can be considered.
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