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Introduction
In RAN1#106-e meeting, the agreements [1] in the appendix were achieved regarding extensions to Rel-16 DCI-based power saving adaptation.
In this contribution, we share our views on more details on the common design of search space set group (SSSG) switching and PDCCH skipping. 

Discussion

SSSG number at most to support
Current working assumption is at most 3 SSSG can be configured by specification. For individual UEs, how many SSSGs can be supported depends on the UE feature discussion. For better flexibility, we are open to support the 3rd SSSG. However, the below two FFS bullets regarding the 3rd SSSG need to be clarified:
	· FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
· Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)


In our opinion, the PDCCH skipping and SSSG switching can either be separately or jointly supported and configured in this common framework. However, it is not necessary to only support SSSG switching without PDCCH skipping when 3 SSSGs are configured. Because even if 3 SSSGs are configured, 3 states of the 2 bits indication is sufficient to support the flexible switching. It is up to gNB implementation to use the last state for PDCCH skipping, more flexible timer for SSSG switching or just reserve the state.
Proposal 1: In the condition that when 3 SSSGs are configured, Beh 1A on PDCCH skipping is also supported and configurable, confirm the working assumption on support at most 3 SSSGs.
In addition, for the second FFS bullet, the conditionally monitoring is not necessarily to be supported and even associated with any of the SSSG. Because the gNB should take the responsibility to take care of the ongoing traffic scheduling before triggering the adaptation.

Exceptional PDCCH monitoring
It has been agreed that the PDCCH based monitoring adaptation is applied to USS and type-3 CSS. When PDCCH skipping is indicated, there is still FFS bullet on whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not.
For UE power saving aspect, allowing UE to continue monitoring PDCCH will lower the power saving gain. From the network side, some opportunity to schedule UE even in the skipping period has benefit to stability of system operation. Thus this can be up to gNB implementation and the level of monitoring activity should be sufficiently low. 
When SSSGs are configured, for a search space not associated with any SSSGs, the default UE behaviour should be always monitor the search space regardless of the SSSG switching indication. A search space not associated with any SSSGs is possible because the SSSG ID is optionally configured by RRC. Thus, gNB may make use of this type of search space to make UE continue monitor PDCCH no matter which kind of PDCCH adaptation is indicated. This has low specification impact, network control flexibility and follows the principles of legacy UE behaviour. If network wants UE to strictly skip the PDCCH monitoring, it will not configure a search space without SSSG ID.
Proposal 2: PDCCH scrambled by C-RNTI is monitored in Type 0/1/1A/2 CSS.
Proposal 3: When a search space is not configured with any SSSG ID, UE continues monitoring PDCCH in this search space without being impact by the DCI-based PDCCH monitoring adaptation.

Whether Beh 1 is supported
Regarding the working assumption of Beh 1: PDCCH skipping is not activated, it might be interpreted by two ways. 
If Beh 1 is interpreted as “PDCCH skipping is not activated and all SSSGs are monitored”, it can be achieved by 
· One of SSSGs contains all SS, which can be indicated to enable monitoring all SSSGs. 
If Beh 1 is interpreted as “PDCCH skipping is not activated and UE monitors the current SSSG”, it can be achieved by 
· Option 1: Beh 1A by configuring one of values for X as 0. 
· Option 2: Indicating SSSG switching with the entry pointing to the current SSSG. 
Regardless of what understanding of Beh 1, the functionality of "the working assumption of Beh 1: PDCCH skipping is not activated" can be achieved without any new agreement or at most by supporting X = 0. The explicit state of "the working assumption of Beh 1: PDCCH skipping is not activated" is not required.. 
Proposal 4: The explicit state of "the working assumption of Beh 1: PDCCH skipping is not activated" is not required.


On DCI bits for PDCCH skipping and SSSG switching
Firstly, we think the below working assumption should be confirmed:
· Working assumption: Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported
Proposal 5: Confirm the working assumption that Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported.

Regarding whether and how to support more than one skipping duration(s), we think it can be related to how many bits indicating adaptation and how many SSSGs are configured.
If two SSSGs and 2 bits for adaptation are configured, below table can be configured by RRC. 
Table.1 PDCCH adaptation with 2 bits indication and 2 SSSGs configured
	PDCCH adaptation index
	UE behavior by configuration

	0
	· UE may skip the PDCCH monitoring for a duration X0. 

	1
	· UE may skip the PDCCH monitoring for a duration X1. 

	2
	· Stop monitoring SS sets associated with SSSG#1 and monitoring of SS sets associated to SSSG#0

	3
	· Stop monitoring SS sets associated with SSSG#0 and monitoring of SS sets associated to SSSG#1


Thus, at least two PDCCH skipping durations larger than 0 can be supported. The UE behavior of no PDCCH skipping can be supported by either index #2 or #3 depending on which is the current SSSG being monitored.
Proposal 6: More than one PDCCH skipping duration can be supported depending on the RRC configuration.

If only 1 bit indication is configured, below several options are possible by RRC configuration. 
Table.2 PDCCH adaptation with 1 bit indication and 2 SSSGs configured, which supports PDCCH skipping only
	PDCCH adaptation index
	UE behavior by configuration

	0
	· UE may skip the PDCCH monitoring for a duration X0. 

	1
	· UE may skip the PDCCH monitoring for a duration X1. 



Table.3 PDCCH adaptation with 1 bit indication and 2 SSSGs configured, which supports SSSG switching only
	PDCCH adaptation index
	UE behavior by configuration

	0
	· Stop monitoring SS sets associated with SSSG#1 and monitoring of SS sets associated to SSSG#0

	1
	· Stop monitoring SS sets associated with SSSG#0 and monitoring of SS sets associated to SSSG#1



Depending on RRC configuration, one state for PDCCH skipping and one state for SSSG switching is also possible.

If 3 SSSGs and 2 bits for adaptation are configured, 3 states out of 4 need to be used as SSSG switching triggering and 1 state is used for PDCCH skipping, which is same as described in the current agreement.
Table.5 PDCCH adaptation with 1 bit indication and 2 SSSGs configured, which supports both PDCCH skipping and SSSG switching
	PDCCH adaptation index
	UE behavior by configuration

	0
	· UE may skip the PDCCH monitoring for a duration X0. 

	1
	· Stop monitoring SS sets associated with SSSG#1/#2 and start monitoring of SS sets associated to SSSG#0

	2
	· Stop monitoring SS sets associated with SSSG#0/#2 and start monitoring of SS sets associated to SSSG#1

	3
	· Stop monitoring SS sets associated with SSSG#0/#1 and start monitoring of SS sets associated to SSSG#2



Proposal 7: By RRC configuration, either individual or joint support for PDCCH skipping and SSSG switching can be flexibly supported. 
Proposal 8: The timer for SSSG switching and the duration for PDCCH skipping should be configured by RRC for each state for DCI indication.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: In the condition that when 3 SSSGs are configured, Beh 1A on PDCCH skipping is also supported and configurable, confirm the working assumption on support at most 3 SSSGs.
Proposal 2: PDCCH scrambled by C-RNTI is monitored in Type 0/1/1A/2 CSS.
Proposal 3: When a search space is not configured with any SSSG ID, UE continues monitoring PDCCH in this search space without being impact by the DCI-based PDCCH monitoring adaptation.
Proposal 4: The explicit state of "the working assumption of Beh 1: PDCCH skipping is not activated" is not required.
Proposal 5: Confirm the working assumption that Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported.
Proposal 6: More than one PDCCH skipping duration can be supported depending on the RRC configuration.
Proposal 7: By RRC configuration, either individual or joint support for PDCCH skipping and SSSG switching can be flexibly supported. 
Proposal 8: The timer for SSSG switching and the duration for PDCCH skipping should be configured by RRC for each state for DCI indication.
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Appendix: 

Agreements achieved in RAN1#106-e meeting:
Agreement
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case
Agreement
Select either package 1 or package 2
Package 1
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.
 
Package 2 (Alt 1 and Alt 2)
· If alt 1 is supported,
· supporting SSSG  switching to emulate PDCCH skipping functionality by an ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating SSSG index.
· FFS dynamic indication of initial timer value(s)
· FFS details
· At most [3] SSSGs is supported to be configured.
· Note: including‘empty’ SSSG or ‘dormant’ SSSG
· FFS support of single timer to switch to default SSSG#0  or support of multiple timers between SSSGs
· FFS whether one or more of the following timer(s) is supported for switching between
· Option 1: Non-default SSSG to default SSSG (i.e., SSSG#0)
· Option 2: Non-default SSSG to another non-default SSSG
· Option 3: Default SSSG (i.e., SSSG#0) to non-default SSSG(s)
· FFS: down selection between ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· FFS: whether ‘empty’ SSSG and ‘dormant’ SSSG, can be looked as a skipping duration and whether to introduce a SSSG state.
· FFS: whether the timer is configured per SSSG, per BWP, or other approaches.
· FFS: whether multiple timer duration(s) can be configured by RRC, and DCI dynamically indicates a timer duration
· FFS: do we need to define default SSSGs and for what purpose?
· Note: description of ‘empty’ SSSG and ‘dormant’ SSSG has been provided in RAN1#105-E
· If alt 2 is supported,
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH monitoring adaptation (including  SSSG index, and/or PDCCH skipping duration(s))
· Alt 2-1:
· FFS: Determination of the duration for PDCCH skipping, e.g.,
· One skipping duration configured by RRC signaling,
· Multiple candidate values of skipping duration configured by RRC signaling and use DCI to dynamically indicate one of the configured skipping duration
· by specification
· FFS: possible value(s) of the duration
· FFS: joint or separate indication with SSSG switching
· Alt 2-3:
· FFS: whether introduce SSS/SSSG specific skipping indication via e.g. bitmap, codepoint, joint indication with a minimum scheduling offset value
· FFS: whether the skipping duration is configured per SSSG, per BWP, or other approaches.
· FFS: PDCCH skipping indicated by non-scheduling DCI
· FFS: interaction with SSSG switching (when configured), e.g. impact to skipping when SSSG timer expires, which SSSG after PDCCH skipping is monitored, etc.

Agreement 
package 1 in above agreement is selected.
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