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1. Introduction
In this contribution, we further discuss the remaining issues for completion of the PDCCH monitoring adaptation.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Remaining issues for PDCCH monitoring adaptation
1. 
2. 
2.1. UE Behaviours and UE capability support
FFS for indication of Beh 1A when three SSSG(s) are configured
For indication of Beh 1A when three SSSG(s) (if supported) are configured, in the last meeting, the following is considered for further study,
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 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 Beh 1A
· FFS Timer behavior (e.g., reset timer value) for PDCCH monitoring adaptation indication when Beh 1A is indicated
For example, for the 3SSSG one of the SSSG can be configured to emulate ‘empty’ monitoring of PDCCH, how much additional benefit for Beh1A with 3 SSSGs configured might be uncertain.  Also, considering only 2 bit is supported for PDCCH adaptation, but we might have 5 UE behaviors, therefore additional specification efforts are needed to solve this. It is expected to postpone this or not support in Rel-17.
	Proposal 1: Indication of Beh 1A when three SSSG(s) (if supported) are configured is not supported.


2.2. Monitoring Type 0/1/1A/2 CSS
[bookmark: _Hlk83821019]The main use case as argued in the discussion from previous meetings is that when the UE has not been provided a Type3-PDCCH CSS set or a USS set and the UE has received a C-RNTI and has been provided a, e.g., Type1-PDCCH CSS set, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the Type1-PDCCH CSS set. 
If we do not allow skipping Type1-PDCCH CSS set, then in such case, the power saving benefit cannot been provided.
However, it seems further clarification is needed on the use case why the network does not provide a Type3-PDCCH CSS set or a USS set. If it is provided, then UE does not need to monitoring the Type 0/1/1A/2 CSS so frequently.
	Proposal 2: Type0/0A/1/2-PDCCH CSS monitoring is not impacted by Rel-17 PDCCH monitoring adaptation


2.3. Timer triggered for SSSGs switching
Whether the timer is configured per SSSG, per BWP, or other approaches.
It is agreed in RAN1#106bis-E that,
Agreement
Select one of the alternatives from the following:
-         Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
-         Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
-         Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
In Rel-16, searchSpaceSwitchingTimer is configured on a cell basis. In Rel-17, considering 3 SSSGs cases, at least two timers are needed, timer from SSSG#2 to SSSG#0 and timer for SSSG#1 to SSSG#0 respectively. For example, if PDCCH monitoring for SSSG#2 is very dense and SSSG#1 is very sparse, configuring a small value of timer for SSSG#2 to SSSG#0 and a large value for SSSG#1 to SSSG#0 is more appropriate from power saving perspective.
Hence, we expect separate timer value can be configured for different SSSG and propose Alt 1.

Possible values for timers
It is agreed in RAN1#106bis-E that,
Agreement
-         The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as
o    {[1...20,40,60,80,100]} for 15 kHz SCS,
o    {[1...40, 80,100,160,200]} for 30 kHz SCS,
o    {[1...80, 160,200,320,400]} for 60kHz SCS,
o    {[1...160,320,400,640,800]} for 120kHz SCS

We think extending the timer values loner in Rel-17 is helpful to some long DRX scenarios. Some of the values to be aligned with the DRX cycle settings, e.g., inactivity timer is preferred. Hence, we propose the following updates,
-         The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as
o    {1...20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
o    {1...40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
o    {1...80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
o    {1...160, 240, 320,400, 480, 640,800} for 120kHz SCS

Timer behaviors
Upon reception of the scheduling DCI indicating, the SSSG timer should be reset. And the timer should be decremented after UE does not detect a scheduling DCI. It can be further discussed whether the condition for reset/decrement timer is more broadly such as all type 3 CSS and USS or any DCIs.

	Proposal 3
· 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...20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1...40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
· {1...80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1...160, 240, 320,400, 480, 640,800} for 120kHz SCS
· Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.



2.4. PDCCH skipping duration
Possible values for skipping durations
Skipping current DRX is useful for PDCCH monitoring adaption, which has shown power saving gain during the study phase. Thus, in addition to specific number of skipped slots, an entry for skipping current DRX is preferred. And it is also simulated in the study phase, such operation has power saving benefits (Table 1-4 Page 15, R1-2101894 ).
And whether the X is equal to or longer than the applicable minimum scheduling offset can be configured by gNB and the UE may be not to expect the X is less than the applicable minimum scheduling offset
	Proposal 4
· For value X in Beh 1A, candidate skipping values are 
· X is in the unit of slot
· Candidate skipping values: 
· For 15 kHz SCS, {1...20}
· For 30 kHz SCS, {1…40}
· For 60kHz SCS, {1…80}
· For 120kHz SCS, {1…160}
· skipping current DRX




And whether skipping duration is configured per BWP or DCI format is discussed in last meeting. It seems quite natural that the skipping duration is configured per BWP. However, some companies think skipping duration per SSSG is preferred. Others think different scheduling schemes (e.g., slot-based or mini-slot based scheduling) would require different skipping interval in an Active BWP. 

2.5. Application delay and interaction with other procedure
Many options had been discussed in previous meetings regarding the application delay of the PDCCH monitoring adaptation indication.
Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
-         For PDCCH skipping,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
       for SCS configuration , FFS X = 25 or 39
      FFS: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
-         FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
-         FFS non-scheduling DCI if supported

Application time is also related to other procedures such as ACK/NACK, as mentioned in our previous contributions [R1-2108988].
As a whole, the definition of the application time is related to the following two aspects,
· Definition#1: Defining the application delay when the UE explicitly received a DCI indicating PDCCH monitoring adaptation
· Definition #2: Defining the condition and application delay when UE implicitly applies the PDCCH monitoring adaptation.

Definition#1
For definition#1, considering different UE behaviors for PDCCH skipping and SSSG switching, we think different application delay can be considered. 
For example, the PDCCH skipping is applied so that UE does not monitoring type 3 CSS and USS, so it can be flexible to UE implementation when UE applies the indication. Either f or i is preferred.
For SSSG switching, extending the Rel-16 application delay for SSSG switching with supporting of 120kHz is preferred.
Definition#2
For definition #2, in RAN1#104-E, it was agreed to study the followings and we think the main scenarios is for retransmission.
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
Note for uplink grant based scheduling for allcase1-4, considering no ACK/NACK is delivered for PUSCH, it is not easier for UE to determine whether it needs to keep in ‘skipping’ states or recover to ‘normal/dense’ PDCCH monitoring states for the potential retransmission.
	               Application delay
Category 
	Definition#1:
Explicit indication
	Definition#2:
Conditionally implicitly adaptation

	PDCCH skipping 
(case 1)
	DL grant
	Zero application delay or by implementation 
(i.e. option f or option i)
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 1 is applied in the slots after the NACK transmission. 
(i.e., option j)

	
	UL grant
	Zero application delay or by implementation or by RRC configured application delay
(i.e. option f or option i or option j)
	N/A

	SSSG switching 
(case 2,3,4)
	DL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search space group switching for unlicensed band form is reused. 	And  for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 2A or 2B is applied in the slots after the NACK transmission. 


	
	UL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused. 	 for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	N/A




	Proposal 5: for PDCCH monitoring adaptation case 1-4, the following application delay is supported for UE, 
	               Application delay
Category 
	Definition#1:
Explicit indication
	Definition#2:
Conditionally implicitly adaptation

	PDCCH skipping 
(case 1)
	DL grant
	Zero application delay or by implementation 
(i.e. option f or option i)
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 1 is applied in the slots after the NACK transmission. 
(i.e., option j)

	
	UL grant
	Zero application delay or by implementation or by RRC configured application delay
(i.e. option f or option i or option j)
	N/A

	SSSG switching 
(case 2,3,4)
	DL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search space group switching for unlicensed band form is reused. 	And  for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 2A or 2B is applied in the slots after the NACK transmission. 


	
	UL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused. 	 for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	N/A









3. Conclusion
In this contribution, the following are proposed,
Proposal 1: Indication of Beh 1A when three SSSG(s) (if supported) are configured is not supported.
Proposal 2: Type0/0A/1/2-PDCCH CSS monitoring is not impacted by Rel-17 PDCCH monitoring adaptation
Proposal 3
· 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...20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1...40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
· {1...80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1...160, 240, 320,400, 480, 640,800} for 120kHz SCS
· Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
Proposal 4
· For value X in Beh 1A, candidate skipping values are 
· X is in the unit of slot
· Candidate skipping values: 
· For 15 kHz SCS, {1...20}
· For 30 kHz SCS, {1…40}
· For 60kHz SCS, {1…80}
· For 120kHz SCS, {1…160}
· skipping current DRX
Proposal 5: for PDCCH monitoring adaptation case 1-4, the following application delay is supported for UE, 
	               Application delay
Category 
	Definition#1:
Explicit indication
	Definition#2:
Conditionally implicitly adaptation

	PDCCH skipping 
(case 1)
	DL grant
	Zero application delay or by implementation 
(i.e. option f or option i)
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 1 is applied in the slots after the NACK transmission. 
(i.e., option j)

	
	UL grant
	Zero application delay or by implementation or by RRC configured application delay
(i.e. option f or option i or option j)
	N/A

	SSSG switching 
(case 2,3,4)
	DL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search space group switching for unlicensed band form is reused. 	And  for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	If the UE fails to decode the associated PDSCH and/or transmits a NACK, Beh 2A or 2B is applied in the slots after the NACK transmission. 


	
	UL grant
	The application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused. 	 for SCS configuration , FFS X = 25 or 39
(i.e. option a)*
	N/A
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