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Introduction
RAN1#106 reached the following agreements:

	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
·       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.



As a consequence of above compromise agreement (as WA), specification shall support the following features:

· PDCCH skipping only
· FFS: with up to 3 skipping durations
· 3 SSG switching 
· FFS: with up to 3 initial values of a default SSG timer
· Both features at the same time with some limitations

In this contribution we discuss the common specification framework for these features, however, we insist that each of above features should be a separate UE capability.
PDCCH skipping only
RRC can configure up to 3 skipping intervals, which can be indicated to UE. One state is reserved to “no skipping”. For example:
· 00: no skipping 
· 01: skipping duration 1
· 02: skipping duration 2
· 03: skipping duration 3

Proposal-1: When SSG switching is not configured: 
· a gNB may configure up to four rows, each contains 
· one from up to three skipping durations or “no skipping”
· DCI field indicates one of the rows 

For PDCCH skipping there is no application delay defined in specification, but UE does not expect to receive PDCCH in USS or TYPE-3 after PDCCH indicating skipping until the end of indicated duration. Such 3GPP can avoid further overhead in RAN4 and allow for maximum power saving based on UE implementation.
Proposal-2: UE does not expect to receive PDCCH in USS or TYPE-3 after PDCCH indicating skipping duration and until the end of that indicated duration.
SS group switching only
Support of 3 SSG 
To minimize the spec impact and implementation complexity, support 1 default SSG and up to two non-default groups. A non-default SSG can be empty or dormant. 
Proposal-3: When PDCCH skipping is not configured, support up to 3SSG
· one default SSG#0
· up to two non-default SSGs {#1,#2}
· Note: a non-default SSG may contain zero SS-sets or be dormant
Furthermore, similarly as for PDCCH skipping, it can be clarified that UE does not expect to receive any PDCCH in TYPE-3 CSS and USS after receiving indication of switching to SSG group with no/zero SS-sets. This will avoid any further discussion in RAN4 and maximize power saving gain based on implementation.
Proposal-4: When a UE receives a first PDCCH indication to switch to a non-default SSG containing zero SS-sets, UE does not expect to receive second PDCCH in USS or TYPE-3 after the first PDCCH and before the end of SSG switching application delay (defined in R16). 
When it comes to specification support, section 10.4 in TS 38.213 can be utilized as is for this feature, except, in licensed spectrum COT information cannot be configured and thus is not applicable. We provide simple TP to update the R16 specification in Appendix for TS38.213. 
Supporting re-transmissions with SS group switching
Re-transmission can be supported by SS group switching, where gNB may configure periodicity suitable for it re-tx scheduling. Firstly, UE monitors every slot in SS-set #3, when no new data are pending, gNB switches UE to SSG#1 containing SS-set#1. When UE transmits NACK (i.e. has pending re-transmission), UE monitors in SS-set#1 (long periodicity) in SSG#1. When no pending re-transmissions are left, UE stops monitoring even in SS-set#1. Dependency of monitoring on pending re-transmission may apply to all search-space-sets of active SSG, or only a subset of those.
[image: ]
Figure 2 SS group switching taking into account pending re-transmissions (Alt 1-2)

Proposal-5: Consider support for a dormancy SSG, the non-default SSG configured with sparse MOs, where monitoring of all or subset of group’s search-space sets is conditional on a pending re-transmission.  
DCI field design 
gNB may configure up to three initial values for default timer searchSpaceSwitchingTimer and one can be indicated when UE receives indication for non-default group, for example 
· 00: SSG#0 
· 01: SSG#1 + timer init value 1
· 02: SSG#2 + timer init value 2
· 03: SSG#2 + timer init value 3
Proposal-6: When PDCCH skipping is not configured 
· a gNB may configure up to four rows, each contains 
· one from up to three SSGs (field mandatory)
· one from up to three timer initial value for non-default SSG (field optional)
· DCI field indicates one of the rows.
PDCCH skipping and SSG switching
In case of gNB configures both PDCCH skipping and SSG(s), a gNB may configure table, for example 
· 00: SSG#0 
· 01: SSG#1 + timer init value 1
· 02: SSG#0 + skipping duration 1
· 03: SSG#1 + timer init value 2 + skipping duration 2 
In this case there should be certain limitations imposed on number of SSG, durations and timer values, which could be formulated by the following proposal.  
Proposal-7: When PDCCH skipping and SSGs are both configured 
· a gNB may configure up to four rows, each contains 
· one from up to two SSGs (field is mandatory)
· one from up to two timer initial value for non-default SSG (field is optional)
· one from up to two skipping durations or no skipping (field is optional)
· DCI field indicates one of the rows.

Furthermore, to avoid any further interaction between skipping and SSG functionality, UE expects that in the same row of configured table, a timer initial value is always greater than the skipping duration.
Proposal-8: UE expects that in indicated row, a timer initial value is always greater than skipping duration.
Discuss the case where single DCI field applies to multiple cells only after the single-cell self-scheduling design is agreed.
Proposal-9: Focus on finalizing single-cell case before discussing CA
Conclusions 
In this contribution, we discussed PDCCH monitoring adaptation based on SS-group switching and we have the following observations and proposals:
Proposal-1: When SSG switching is not configured: 
· a gNB may configure up to four rows, each contains 
· one from up to three skipping durations or “no skipping”
· DCI field indicates one of the rows 
Proposal-2: UE does not expect to receive PDCCH in USS or TYPE-3 after PDCCH indicating skipping duration and until the end of that indicated duration
Proposal-3: When PDCCH skipping is not configured, support up to 3SSG
· one default SSG#0
· up to two non-default SSGs {#1,#2}
· Note: a non-default SSG may contain zero SS-sets or be dormant
Proposal-4: When a UE receives a first PDCCH indication to switch to a non-default SSG containing zero SS-sets, UE does not expect to receive second PDCCH in USS or TYPE-3 after the first PDCCH and before the end of SSG switching application delay (defined in R16). 
Proposal-5: Consider support for a dormancy SSG, the non-default SSG configured with sparse MOs, where monitoring of all or subset of group’s search-space sets is conditional on a pending re-transmission.  
Proposal-6: When PDCCH skipping is not configured 
· a gNB may configure up to four rows, each contains 
· one from up to three SSGs (field mandatory)
· one from up to three timer initial value for non-default SSG (field optional)
· DCI field indicates one of the rows.
Proposal-7: When PDCCH skipping and SSGs are both configured 
· a gNB may configure up to four rows, each contains 
· one from up to two SSGs (field is mandatory)
· one from up to two timer initial value for non-default SSG (field is optional)
· one from up to two skipping durations or no skipping (field is optional)
· DCI field indicates one of the rows.
Proposal-8: UE expects that in indicated row, a timer initial value is always greater than skipping duration.
Proposal-9: Focus on finalizing single-cell case before discussing CA
Appendix – Text proposal
TP for the case of supporting 3 SSGs and flexible timer length indication, enabling SSG switching and PDCCH skipping and handling of re-transmissions within the single framework.
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A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.
If a UE is provided cellGroupsForSwitchList, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList.
When a UE is provided searchSpaceGroupIdList, the UE resets PDCCH monitoring according to search space sets with group index 0, if provided by searchSpaceGroupIdList.
A UE can be provided by searchSpaceSwitchDelay a number of symbols  where a minimum value of   is provided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS configuration . UE processing capability 1 for SCS configuration  applies unless the UE indicates support for UE processing capability 2.
Table 10.4-1: Minimum value of  [symbols]
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22



A UE can be provided, by searchSpaceSwitchTimer, a timer value for a serving cell that the UE is provided searchSpaceGroupIdList or, if provided, for a set of serving cells provided by cellGroupsForSwitchList. The UE decrements the timer value by one after each slot based on a reference SCS configuration that is the smallest SCS configuration  among all configured DL BWPs in the serving cell, or in the set of serving cells. The UE maintains the reference SCS configuration during the timer decrement procedure. 
If a UE is provided by SearchSpaceSwitchTrigger a location of a search space set group switching flag field for a serving cell in a DCI format 2_0 or in any of DCI formats 0_1, 1_1, 0_2 or 1_2, as described in clause 11.1.1 and 10.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1 other than 0, the UE starts monitoring PDCCH according to search space sets with group index 1 other than 0, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchTimer or indicated in the DCI if more than one value is configured in searchSpaceSwitchTimer. If search space set group other than 0 does not contain any search space set, UE is not expected to receive a PDCCH after the DCI and before the first slot. 
-	(This part is not applicable to licensed spectrum, no occupancy duration configured in licensed spectrum) if the UE monitors PDCCH for a serving cell according to search space sets with group index 1 other than 0, the UE starts monitoring PDCCH for the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1 other than 0, for the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger for a serving cell (This part not applicable to licensed spectrum because in license spectrum SearchSpaceSwitchTrigger is always provided),
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH for a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH for the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a serving cell that the UE is provided searchSpaceGroupIdList or, if cellGroupsForSwitchList is provided, for a set of serving cells, based on the smallest SCS configuration  among all configured DL BWPs in the serving cell or in the set of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format 2_0 triggering the start or stop of PDCCH monitoring according to search space sets.
When a search-space set is configured with MonitorPendingRestransmission. the UE monitors such search space set only when monitoring search-space group other than 0 and the UE has a pending re-transmission. 
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