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Introduction
In RAN1#104-e and #105-e meeting, the agreements [1][2] in the appendix were achieved regarding extensions to Rel-16 DCI-based power saving adaptation.
In this contribution, we share our views on the common design of search space set group (SSSG) switching and PDCCH skipping. This contribution is updated from [3].

Discussion

On common design of SSSG switching and PDCCH skipping for a duration
It has been agreed in the last meeting that one of the below two alternatives will be supported:
	· 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



As we emphasized in the contribution of last meeting, for a common design to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration, we prefer the design is able to operate either one of the features or both of them simultaneously. In addition, if this can be achieved by clear and simple signaling design, there is no need to emulate PDCCH skipping by using SSSG switching. Therefore, we support the Alt2. This has advantages to utilize the merit of both depending on the use case. The control overhead is notincreased even both of them are utilized simultaneously by indicating the index of the operation of search space and PDCCH monitoring. Hence what we propose can indicate:
a) A UE switches from monitoring PDCCH in a first SSSG to a different SSSG. Optionally, UE switches back to the first SSSG Or
b) A UE skips PDCCH monitoring for a certain duration and starts to monitor PDCCH in the original SSSG. Or
c) A UE skips PDCCH monitoring for a certain duration and starts to monitor PDCCH in an indicated SSSG.

Therefore, as an example, the RRC signaling can configure a list of the PDCCH monitoring adaptation behaviors as following:
	PDCCH monitoring  configuration
 index
	Configurations corresponds to the index

	0
	· A list of search spaces to be monitored in index 0. 
· The timer value to switch back to original list of search spaces (optional configuration).

	1
	· A list of search spaces to be monitored in index 1. 
· The timer value to switch back to original list of search spaces (optional configuration).

	2
	· A duration or timer value that UE may skip the PDCCH monitoring. 
· After PDCCH skipping, UE starts to monitor PDCCH in the list of search spaces in index 2. (Optional configuration)

	3
	· A duration or timer value that UE may skip the PDCCH monitoring.
· After PDCCH skipping, UE starts to monitor PDCCH in the list of search spaces in index 3. (Optional configuration)

	Comments
	If the supported number of SSSG is only 2, the lists of search spaces in index 2/3 should be same with index 0/1. If not, they can be differently configured.



Then DCI (format1_1, 0_1, 1_2 or 0_2) informs which index of PDCCH adaptation operation by an index of the above list. Above shows 4 index case but it should be up to RRC configuration based on the use cases.
The most critical merit of this unified framework is that it allows network to balance the control flexibility for both features depending on the applicable scenario and traffic arrival characteristics. This framework is also sufficiently inclusive to support any detailed schemes with performance gain worthy to specify, where the standardization efforts should concentrate. 
Proposal 1: Support Alt 2 to specify a unified framework supporting SSSG switching and PDCCH skipping by RRC configuration + DCI indication. Following design is considered:
· gNB configures by RRC a list of PDCCH monitoring adaptation behaviours, including which search space to be monitored with/without timer. DCI indicates which index in the list the UE should follow.


Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Support Alt 2 to specify a unified framework supporting SSSG switching and PDCCH skipping by RRC configuration + DCI indication. Following design is considered:
· gNB configures by RRC a list of PDCCH monitoring adaptation behaviours, including which search space to be monitored with/without timer. DCI indicates which index in the list the UE should follow.
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Appendix: 

Agreements achieved in RAN1#105-e meeting:
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


Agreements achieved in RAN1#104-e meeting:
Agreements:
1. Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
0. Details FFS
Agreements:
· Further study whether and how to minimize the impact to data scheduling for new transmissions and retransmissions.
· FFS details
· Further study the application delay for PDCCH adaptation indication

Agreements:
For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI
· Format 1_1
· Format 0_1
· Format 0_2/1_2
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration/periodic interval for skipping
· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX
· PDCCH skipping for a duration indicated by minimum scheduling offset
· Others are not precluded
 
Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI based
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2
· Format 1_0
· Non-scheduling DCI supported by vivo, Samsung
·  Format 2_6 in active time
· Format 2_0
· Format 1_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
·  By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration period for the switched SSSG, UE switch back to previous/default SSSG after duration endstimer expried
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.
· SSSG activation/deactivation
· FFS: Implicit SSSG switching
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).
· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded

Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
· Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching
· Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded
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