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Introduction
In RAN1#107-e and #107bis-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 remaining issues of the common design of search space set group (SSSG) switching and PDCCH skipping. 

Discussion
On Case 5 for PDCCH monitoring adaptation
In the different cases agreed for PDCCH monitoring adaptation, Case 3 and 5 share most of the bit mapping except the state ‘11’. In our view, having 3 SSSGs configured does not necessarily mean the PDCCH skipping can not be used for the PDCCH adaptation. The specification effort is straight forward such that the Case 3 and Case 5 should both be supported as a single case, where the state ‘11’ behaviour is RRC configurable, which can be NULL as reserved according to the agreement as case 3 or a skipping duration for Beh 1A.
Proposal 1: On bit mapping design of DCI indicated PDCCH monitoring adaptation, Case 5 should be supported, where the state ‘11’ UE behaviour is RRC configurable between reserved or skipping.

On the PDDCH skipping values and SSSG switching timer values for 480kHz and 960kHz SCS
Due to that we still need to settle the values for 480kHz and 960kHz SCS, only the below working assumption was agreed in the last meeting [2].
	Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS



As only multiple-slot PDCCH monitoring for 480/960kHz is supported, using scaled step for PDCCH skipping value is reasonable. Therefore,
Proposal 2: Confirm the working assumption that the bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS. In additional, for the candidate skipping values, use scaled values for PDCCH skipping. We are open to discuss 4 or other values.
Regarding the SSSG switching timer, the agreement in NR from 52.6GHz to 71GHz still keeps using unit of slot. However, in the context for UE power saving, we see it is beneficial to keep the principle of aligning the unit of PDDCH skipping and SSSG switching, which is as the cases of 15/30/60/120kHz SCS. Thus,
Proposal 3: The candidate values for SSSG switching timer could be same with that of the PDDCH skipping for 480kHz and 960kHz SCS.

On 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, it is still FFS on whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/0A/1/2 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 4: PDCCH scrambled by C-RNTI is monitored in Type 0/0A/1/2 CSS.
Proposal 5: 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.

On the resetting timer for SSSG switching
Regarding the condition of resetting the timer configured for SSSG switching, below agreement lists three alternatives:
	Agreement
If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot



In our view, UE should monitor PDCCH in Type 0/0A/1/2/3 CSS, and also the USS set not configured with any SSSG ID. Once UE detects a DCI format in any of them, timer should be reset. Between Alt 2b and 2c, considering we support the PDCCH monitoring in also other CSSs besides Type 3, our preference is Alt 2c, which is able to cover all the possible cases. In this sense, Alt 2b is our second preference.
Proposal 6: UE resets the timer configured for SSSG switching after a slot when UE detects a DCI format in a PDCCH reception in the slot with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI. Our second preference is UE resets the timer after detecting a DCI format in a slot for the Type3-PDCCH CSS set or the USS set.

Regarding FFS on the UE behaviour when the timer expires, it is related to the last FFS bullet in the below agreement [1]:
	Agreement
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , one of the following is supported
· Alt a: 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· If M = 1, then 
· ‘00’ is Beh 2 
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A (stay in current SSSG)
· [‘11’ is reserved]
· If M = 2, then 
· ‘00’ is Beh 2
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A for duration T1  (stay in current SSSG)
· ‘11’ is Beh 1A for duration T2  (stay in current SSSG)
· Note: for  ‘00’ and ‘01’, UE performs Beh 1(i.e., does not perform PDCCH skipping )
· Note: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
· FFS SSSG switching timer behavior, and timer value related to the value of T1/T2 



Our view is UE should switch to SSSG#0 after the timer expires, no matter whether the slot of expiration is within an indicated PDCCH skipping duration or not. If it is the case, UE just needs to continue skipping PDCCH for finish the duration.
Proposal 7: When SSSG timer expires, UE switches to SSSG#0. If this happens within PDCCH skipping duration, UE performs SSSG fallback switching firstly. Then PDCCH skipping continues until the end of PDCCH skipping duration.

On how to determine bit width for Case 2/3
When only SSSG switching is configured by network without PDCCH skipping, one or two bits in the DCI needs to be determined. During the email discussion in the previous meeting, below options were discussed:
	For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
Option 1: 
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupList-r17 with search space set(s) with group index 2.
Option 2: 
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2;
Option 3: 
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
Option 4: 
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-  Note: numOfSSSG is per BWP configured



Except Option 3, all the other options may imply and allow network to configure empty/dormancy SSSG to emulate PDCCH skipping, which had been controversial and not been able to get agreed. Thus, we think it is more reasonable to keep the current agreed framework to support common design for PDCCH skipping and SSSG switching. Therefore,
Proposal 8: For DCI format 0_1/1_1/0_2/1_2, the bit width for PDCCH adaptation indication is:
· 1 bit if UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
· 2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;

On application delay
We think gNB should make sure the PDCCH skipping and SSSG switching indication do not impact the performance of any ongoing transmission. The L1 indication already provides sufficient flexibility to facilitate gNB achieving this. Therefore, we do not think introducing any interaction with retransmission is needed.
Proposal 9: Regarding the application delay for both PDCCH skipping and SSSG switching, no interaction with retransmission is needed. The application delay could be:
· With a fixed or zero gap. Or
· The application delay for PDCCH processing of Rel-16 minimum application delay for K0min/K2min indication is reused/extended

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: On bit mapping design of DCI indicated PDCCH monitoring adaptation, Case 5 should be supported, where the state ‘11’ UE behaviour is RRC configurable between reserved or skipping.
Proposal 2: Confirm the working assumption that the bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS. In additional, for the candidate skipping values, use scaled values for PDCCH skipping. We are open to discuss 4 or other values.
Proposal 3: The candidate values for SSSG switching timer could be same with that of the PDDCH skipping for 480kHz and 960kHz SCS.
Proposal 4: PDCCH scrambled by C-RNTI is monitored in Type 0/0A/1/2 CSS.
Proposal 5: 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 6: UE resets the timer configured for SSSG switching after a slot when UE detects a DCI format in a PDCCH reception in the slot with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI. Our second preference is UE resets the timer after detecting a DCI format in a slot for the Type3-PDCCH CSS set or the USS set.
Proposal 7: When SSSG timer expires, UE switches to SSSG#0. If this happens within PDCCH skipping duration, UE performs SSSG fallback switching firstly. Then PDCCH skipping continues until the end of PDCCH skipping duration.
Proposal 8: For DCI format 0_1/1_1/0_2/1_2, the bit width for PDCCH adaptation indication is:
· 1 bit if UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
· 2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
Proposal 9: Regarding the application delay for both PDCCH skipping and SSSG switching, no interaction with retransmission is needed. The application delay could be:
· With a fixed or zero gap. Or
· The application delay for PDCCH processing of Rel-16 minimum application delay for K0min/K2min indication is reused/extended
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Appendix: 
Agreements achieved in RAN1#107bis-e meeting:
Agreement
Remove the bracket from following agreement made in RAN1#106bis-E
Agreement (extracted from RAN1#106bis-E)
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
·  ‘11’ is reserved


Agreement
Confirm the following working assumption (extracted from RAN1#107-bis agreements)
Agreement
· For value X in Beh 1A, candidate skipping values are
· Up to [100ms] length is supported,
· The X is configured and indicated in the unit of slot.
· Working assumption for candidate values for X
· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
· FFS: Equal to or longer than the applicable minimum scheduling offset
· FFS: additional symbol level / PDCCH monitoring period level skipping duration


Agreement
· The initial timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
· The PDCCHSkippingDurationList-r17 is configured per BWP.


Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS


Agreement
PDCCH monitoring adaptation is only applied to the individual scheduling cell (including self-scheduling and cross-carrier scheduling)  

Conclusion
For Rel-17 PDCCH monitoring adaptation, the case where single DCI indicates monitoring adaptation for multiple cells is not supported.


Agreement
For PDCCH monitoring adaptation case 1, support at most M = 3 for PDCCH skipping with 2 bits indication.

Agreement
The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, neither Alt 1 nor Alt 2 is agreed,
· Alt 1: Support RRC parameter configured for the PDCCH monitoring adaptation indication field presence/absence in DCI format x-2.
· Alt 2:  The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, except skipping duration for DCI format x-2 (i.e., PDCCHSkippingDurationList-r17-x-2 for DCI format x-2). The PDCCH monitoring adaptation indication field for DCI format x-2 is dependent on PDCCHSkippingDurationList-r17-x-2 if configured.

Conclusion
No consensus to introduce non-scheduling DCI based PDCCH monitoring adaptation for Rel-17.



Agreements achieved in RAN1#107-e meeting:
Agreement
The following agreement in RAN1#106-E is updated as follows,
Agreement(extracted from RAN1#106-E)
· 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
· A new indication field in scheduling DCI is used for indicating PDCCH monitoring adaptation


Agreement
Confirm the working assumptions with the following updates (extract from RAN1#106-bis agreements)
· The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group is 
· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1,2,3,…,40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS


Agreement
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , one of the following is supported
· Alt a: 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· If M = 1, then 
· ‘00’ is Beh 2 
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A (stay in current SSSG)
· [‘11’ is reserved]
· If M = 2, then 
· ‘00’ is Beh 2
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A for duration T1  (stay in current SSSG)
· ‘11’ is Beh 1A for duration T2  (stay in current SSSG)
· Note: for  ‘00’ and ‘01’, UE performs Beh 1(i.e., does not perform PDCCH skipping )
· Note: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
· FFS SSSG switching timer behavior, and timer value related to the value of T1/T2 


Agreement
If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot


Agreement
-            For value X in Beh 1A, candidate skipping values are
o    Up to [100ms] length is supported,
o    The X is configured and indicated in the unit of slot.
o    Working assumption for candidate values for X
o    {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
o    {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
o    {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
o    {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
[bookmark: _Hlk90893976]o    FFS: Equal to or longer than the applicable minimum scheduling offset
o    FFS: additional  symbol level / PDCCH monitoring period level skipping duration
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