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1. Introduction
In RAN1#105 e-meeting [1], the following were agreed:

Agreement:
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported.
· At least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the indication(s)
Agreement:
· At least one of  Alt 1 and Alt 2 is supported, to be decided in RAN1#106,
· Alt 1: Supporting SSSG  switching to emulate PDCCH skipping functionality, 
· Alt 1-1: by an ‘empty’ SSSG which no SS set(s) is configured for the ‘empty’ SSSG, UE does not monitoring PDCCH on the ‘empty’  SSSG,
· Alt1-2: by a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· Alt 2: PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· FFS details, including
· e.g., joint / separate indication of SSSG switching and PDCCH skipping
· Determination of the duration(s) for PDCCH skipping, e.g., 
· by RRC signaling, 
· by DCI indication
· Implicitly, to the end of C-DRX active time
Agreement:
At least SSSG#0 and SSSG#1 switching is supported for Rel-17 SSSG switching indicated by PDCCH scheduling data and/or timer.
· FFS: support of more than 2 SSSGs

In this contribution, we discuss the enhancements on DCI-based power saving techniques for connected-mode UE during DRX Active Time. 

2. Enhancements on DCI-based power saving techniques for connected mode within DRX Active Time
2.1 A common design for search space set group switching and PDCCH skipping
In RAN1#105e meeting [1], it was agreed to support PDCCH monitoring adaptation by SSSG switching and PDCCH skipping triggered by DCI format(s) 1-1, 0-1, 1-2 and 0-2. 
2.1.1 Search space set group switching 
SSSG switching is supported in Rel-16, the same principle can be reused, where each applicable search space set can be associated with a SSSG and a DCI format indicates a SSSG for PDCCH monitoring. However, the main functionality of Rel-16 SSSG switching scheme is not UE power saving. In Rel-16, SSSG switching is supported for NR-U triggered by a group common PDCCH outside of COT. UE has to monitor PDCCH with a short PDCCH periodicity outside of a COT in order to get access of unlicensed band. Once the UE receives a PDCCH providing information of a COT, the short PDCCH monitoring periodicity is not necessary for data reception or transmission within the COT. Therefore, some enhancements on top of Rel-16 SSSG switching scheme should be considered to achieve the goal of UE power saving based on SSSG switching in Rel-17.

In addition to PDCCH monitoring periodicity, SSSG switching can achieve power saving gain by adapting PDCCH monitoring in many other aspects, such as DCI formats, CCE ALs, and PDCCH beam directions. For one use case, gNB can trigger UE to monitor search space sets associated with DCI format 1_X when there is only DL traffic. For another use case, gNB can trigger UE to monitor search space sets configured with low CCE ALs when the channel condition is good. For yet another use case, gNB can trigger UE to monitor search space sets associated with a sub set of TRPs the UE prefers. In general, UE can achieve higher power saving gain if finer adaptation granularity and wider adaptation aspects can be supported. In this way, gNB can trigger more precise PDCCH monitoring behaviour to avoid unnecessary PDCCH blind decodes. 

Proposal 1: Support more than 2 SSSG for PDCCH monitoring adaptation in a finer adaptation granularity and wider adaptation aspects.

2.1.2 PDCCH skipping for a duration
In RAN1#105e meeting [1], the following two alternatives regarding how to trigger PDCCH skipping were proposed for down-selection in this meeting. 
· Alt 1: Supporting SSSG, switching to emulate PDCCH skipping functionality.
· Alt 2: PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.

There are no much differences between Alt1 and Alt2, the main issue is how many PDCCH skipping states to support and corresponding codebook needed in DCI. For both alternatives, we need to discuss how to determine the PDCCH skipping duration. For Alt1, one PDCCH skipping state is necessary, the PDCCH skipping state can be emulated based on ‘empty’ SSSG. When a UE is indicated to switch to ‘empty’ SSSG, the UE can skip PDCCH monitoring for a predetermined time duration. The time duration can be configured via RRC signalling. For Alt2, it’s possible to support multiple PDCCH skipping states. However, unlike SSSG switching with many adaptation variables (e.g. PDCCH monitoring duration, PDCCH candidates, DCI formats), skipping duration is the only variable that can be adapted by triggering PDCCH skipping. So, we don’t see strong motivation to support multiple PDCCH skipping states. Both alternatives can support the function of PDCCH skipping for a duration, Alt1 is better than Alt2 for the benefit of simplicity.  

Observation 1: One PDCCH skipping state associated with a PDCCH skipping time duration is sufficient to achieve UE power saving from PDCCH skipping.

Proposal 2: Support an “empty” SSSG associated with a RRC configured time duration for PDCCH skipping.

2.1.3 Others
An application delay should be considered for applying any new indication in a scheduling DCI format, i.e. DCI format 1-1, 0-1, 1-2 or 0-2. If the application delay is too short, there may be negative impact to retransmission when UE is triggered to relax PDCCH monitoring. For example, gNB may not able to schedule a retransmission in time if UE is triggered to skip PDCCH monitoring before HARQ-ACK/NACK feedback. If the application delay is too long, we lose the benefit of fast adaptation based on L1 signalling. Since application delay doesn’t impact much to power saving gain of PDCCH monitoring adaptation. It’s fine to support an application delay that is longer compared with the application delay for adaptation on minimum scheduling offsets supported in Rel-16.  For one method, the application delay can be configured by higher layers to provide some flexibility on gNB side. Alternatively, application delay can be determined according to the timing of HARQ-ACK feedback to avoid impact to retransmission. 

Proposal 3: Support application delay for PDCCH monitoring adaptation triggered by scheduling DCI format, based on one of the following alternatives:
· Alt1: configured by higher layer
· Alt2: after HARQ-ACK feedback 

The adaptation can also be triggered by UEs based on feedback from UEs. In Rel-16, UE assistance information for power saving is introduced. It’s straightforward to extend the UE assistance information to support power saving schemes developed in Rel-17. The assistance information can be UE’s preference of search space set group and/or PDCCH skipping duration for PDCCH monitoring adaptation. 

Propose 4: Support UE assistance information for PDCCH monitoring adaptation, including
· preferred search space set group, 
· PDCCH skipping duration.


2.2 PDCCH skipping based on minimum scheduling offset
PDCCH skipping for a certain duration or DRX cycle was discussed as another candidate solution for adaptation on PDCCH monitoring. As mentioned in 2.1, DCI-based PDCCH skipping can be achieved by a common design based on SS set group switching. Other than DCI-based solution, there is one case PDCCH skipping could be beneficial. In Rel-16, cross-slot scheduling based power saving technique has been specified. By adapting minimum scheduling offset value, a UE can achieve power saving gain by means of 1) no PDSCH buffering, 2) micro-sleep after receiving PDCCH, 3) relaxing PDCCH processing timeline, etc. However, if the PDCCH monitoring periodicity is less than the minimum scheduling offset, UE cannot fully achieve these power saving benefits. This is because of that (i) a UE has to start buffering PDSCH samples due to the accumulated PDCCH monitoring occasions over time as illustrated in Figure 1 and (ii) the micro-sleep duration after receiving PDCCH is limited by the next PDCCH monitoring occasions other than the minimum scheduling offset. Therefore, joint adaptation on PDCCH skipping should be considered to achieve the power saving gain properly for cross-slot scheduling. In other words, the UE can skip the PDCCH monitoring occasions for the time duration indicated by minimum scheduling offset. This implicit mechanism does not require any additional L1 signaling as well as much specification effort.



Figure 1. Example of cross-slot scheduling based power saving technique in Rel-16

Proposal 5: Support PDCCH skipping for a duration indicated by minimum scheduling offset.

3. Conclusion
This contribution discussed potential enhancements for DCI-based power saving techniques during DRX Active Time and following observation and proposals were made:

Observation 1: One PDCCH skipping state associated with a PDCCH skipping time duration is sufficient to achieve UE power saving from PDCCH skipping.

Proposal 1: Support more than 2 SSSG for PDCCH monitoring adaptation in a finer adaptation granularity and wider adaptation aspects.

Proposal 2: Support an “empty” SSSG associated with a RRC configured time duration for PDCCH skipping.

Proposal 3: Support application delay for PDCCH monitoring adaptation triggered by scheduling DCI format, based on one of the following alternatives:
· Alt1: configured by higher layer
· Alt2: after HARQ-ACK feedback 

Propose 4: Support UE assistance information for PDCCH monitoring adaptation, including
· preferred search space set group, 
· PDCCH skipping duration.

Proposal 5: Support PDCCH skipping for a duration indicated by minimum scheduling offset.
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