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Introduction
RAN1#105 and 104-e discussed and reached the following agreements:

	RAN1#105
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

RAN1#104-e

Agreements:
· 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. 
· 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:
· 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
· Others not precluded



In this document we introduce a solution that can achieve harmonized design for PDCCH skipping and SS group switching.

On unified design of PDCCH skipping and SS group switching
On applicability of R16 SS group switching to licensed spectrum
In RAN1#105, two power saving functionalities were discussed: 
1) PDCCH skipping for a duration 
2) SS group switching between SS group with short and long periodicity with retransmissions
PDCCH skipping for duration functionality
Switching to empty SS-group for a period of time is fully equivalent to stopping/skipping monitoring for a period of time. Equivalence holds in terms of reliability, dynamic and RRC signaling overhead, as shown in Figure 1. The difference is that the existing timer to switch to SS group #1 -> #0 must be set 1 slot shorter than timer for PDCCH skipping. This due to applicable switching time currently specified. However, when a UE stops monitoring SS set #3 in SSG#0 is up to UE implementation irrespectively of search-group switching or PDCCH skipping. There will not be any requirements defined on when UE stops and start monitoring during the skipping period.     
When it comes to spec support, section 10.4 in TS 38.213 can be utilized as is, except, in licensed spectrum COT information cannot be configured and thus is not applicable. Furthermore, SSG switching field should be added to DCI format 1_1 and 1_2 in addition to GC-PDCCH. We provide simple TP to update the R16 specification in Appendix for TS38.213. 
Observation-1: PDCCH skipping can be achieved according to R16 specification by configuration of an empty SSG#1
Proposal-1: To enable user-specific PDCCH skipping for a duration, add SS group switching field to DCI format 1_1 and 1_2. Support Alt 1.
· Adopt the correspond TP in Appendix
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Figure 1  Comparison of PDCCH skipping and SS switching to empty SS group (Alt 1-1)
Supporting retransmissions with SS group switching
Re-transmission can be well 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.
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Figure 2 SS group switching taking into account pending re-transmissions (Alt 1-2)

It appears that power consumption can be reduced by PDCCH skipping or proper configuration of SSG#1 and introducing conditional monitoring within its search-space set(s). Particularly, if gNB has no data to be transmitted for a UE, it may not know whether new data will arrive and when, sending PDCCH skipping without scheduling data is a waste of resource. Therefore, switching to SS group with long-periodicity (corresponding to RTT) and monitoring conditional on pending re-transmission is clearly the best option when it comes to DL control overhead. DCI overhead is a single bit and gNB needs to transmit one PDCCH once default-group timer expires. 
Observation-2: SS group switching with additional re-transmission behavior may achieve the same as PDCCH skipping with less DL control overhead.
Proposal-2: Support a dormancy SSS group, a SS group configured with sparse MOs, where monitoring of all or subset of group’s search-space sets is conditional on a pending re-transmission.  
Whether to support additional search-space set group is one of open issues. We believe that gNB could choose to operate either PDCCH skipping for duration or SS group switching, depending on cell load and gNB decision. However, if there is consensus that there is benefit from operating both at the same time, a 3rd SSG could be considered. From our point of view, operating SS group switching and PDCCH skipping are two ways how to achieve the same in licensed spectrum. When it comes to unlicensed spectrum, UE-specific PDCCH within ongoing COT is questionable, COT does not follow frame structure and is typically shorter than 10ms. If gNB has no data for UE, it would be beneficial to inform UE to skip monitoring during COT, but outside of COT UE should monitor SS group #0. Thus, adding support for 3rd SSG would be the easiest way to support PDCCH skipping also in unlicensed spectrum. We provide text proposal for adding 3rd group into specification in Appendix. It can be seen that support of 3rd SS group does not require lots of specification effort. 
Observation-3: Support of 3rd SS group does not result in large specification changes. 
Proposal-3: Consider support of 3rd SS group  
On extension of SS group switching to enable PDCCH skipping for duration of time
If more than one timer value is configured for purpose of PDCCH skipping. support a DCI field in DCI format 1_1, 1_2, and 0_2 indicating upon reception of such DCI format
· Initialize timer to value X
· Initialize timer to value Y
· ….
Proposal-4: If more than one timer values is configured, DCI format 1_1,1_2 or 2_0 contains additional field indicating which timer value applies. 
· Initialize timer to value X
· Initialize timer to value Y
· …..
Regarding SS switching timelines, reuse the existing timelines for search-space switching in sub-clause 10.4 of TS 38.213. For switching to and from empty SSG, the time when UE stops and start monitoring again is up to UE implementation.  
Proposal-5: Reuse the existing timelines for search-space group switching form sub-clause 10.4 of TS 38.213. For switching to and from empty SSG, timelines are up to UE implementation. 
Conclusions 
In this contribution, we discussed PDCCH monitoring adaptation based on SS-group switching and we have the following observations and proposals:
Observation-1: PDCCH skipping can be achieved according to R16 specification by configuration of an empty SSG#1
Proposal-1: To enable user-specific PDCCH skipping for a duration, add SS group switching field to DCI format 1_1 and 1_2. Support Alt 1.
· Adopt the correspond TP in Appendix
Observation-2: SS group switching with additional re-transmission behavior may achieve the same as PDCCH skipping with less DL control overhead.
Proposal-2: Support a dormancy SSS group, a SS group configured with sparse MOs, where monitoring of all or subset of group’s search-space sets is conditional on a pending re-transmission.  
Observation-3: Support of 3rd SS group does not result in large specification changes. 
Proposal-3: Consider support of 3rd SS group  
Proposal-4: If more than one timer values is configured, DCI format 1_1,1_2 or 2_0 contains additional field indicating which timer value applies. 
· Initialize timer to value X
· Initialize timer to value Y
· …..
Proposal-5: Reuse the existing timelines for search-space group switching form sub-clause 10.4 of TS 38.213. For switching to and from empty SSG, timelines are up to UE implementation. 

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 1_1 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 not applicable to 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),
-	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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  Introduction   RAN 1# 105 and  104 - e  discussed and reached the following agreements :    

RAN1#105   Agreement:      PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH  skipping for a duration is supported.   o   At least DCI format(s) 1 - 1, 0 - 1, 1 - 2 and 0 - 2 ca n 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,    o   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,   o   Alt1 - 2: by a ‘dormant SSSG’ which may have ass ociated 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.   o   FFS details, including      e.g., joint / se parate 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     RAN1#104 - e     Agreements:   o   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.    o   Details FFS     Agreements:   -   Further study  whether and how to  minimiz e   the impact to data scheduling for new transmissions  and retransmissions.   o   FFS details   -   Further study the application delay for PDCCH adaptation indication   Agreements:   o   The following alternatives can be considered for DCI based PDCC H monitoring adaptation in active  time for an active BWP for power saving  

