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Introduction
In 3GPP TSG RAN1#106b-e meeting, the conclusion of PDCCH monitoring adaptation was reached as follows [1].
	Agreement
For Beh 1A,
· The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among multiple RRC configured values by scheduling DCIs indicating PDCCH schedules data
· The bits for indicating PDCCH monitoring adaptation also indicating skipping duration. Details FFS

Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2  (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· 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]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· 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 when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2

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
 
Agreement
· If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
-         If the UE monitors PDCCH according to SSSG#2 and the timer expires,
o    Alt 1: the UE monitoring PDCCH according to Beh 2
o    Other alternatives are not precluded
-         Timer can be optionally configured.
 
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 this contribution, the detailed designs about PDCCH monitoring adaptation including the bit mapping of DCI based PDCCH monitoring adaptation, timer for SSSG, application delay and whether/ how to minimize the impact on data scheduling for new transmissions and re-transmissions are further discussed.

General design of PDCCH monitoring adaptation
In 3GPP TSG RAN1 #106b-e meeting, some agreements were reached for the common design of PDCCH skipping and SSSG switching. In this section, further discussions are given. 

The bit mapping of DCI indication PDCCH monitoring adaptation in scheduling DCI
In 3GPP TSG RAN1 #106b-e meeting, the bit mapping of DCI based PDCCH monitoring adaptation was discussed. The bit mapping for the PDCCH skipping only and SSSG switching only were agreed. For the case 4, i.e., 2 SSSG switching and PDCCH skipping are supported at the same time, the detailed bit mapping of the 2-bit indication in scheduling DCI is shown as follows.
When both PDCCH skipping and SSSGs switching are support, to provide a unified bit-field design for PDCCH adaptation among SSSGs and PDCCH skipping, a flag field used to indicate one of SSSG switching and PDCCH skipping can be introduced. Because the UE cannot perform SSSG monitoring and PDCCH skipping at the same time, the SSSG switching indication and PDCCH skipping indication can be selected by one indication field as shown in Figure 1.  
[image: ]
Figure 1 Example of DCI-based PDCCH adaptation indication
For example, if the PDCCH skipping is enabled by the 1-bit flag field, the bit following the flag filed is used to indicate PDCCH skipping for a skipping duration selected from the configured values. When the PDCCH skipping is not enabled by the 1-bit flag field, the bit following the flag filed is used to indicate SSSG switching. The relationship between the indication bits and the skipping durations can be described as follows. 
                        Table 1   The bit mapping for SSSG switching and PDCCH skipping
	Flag bit
	Indicator
	Operation

	0
	0
	SSSG 0

	
	1
	SSSG 1

	1
	0
	Skipping duration 1

	
	1
	Skipping duration 2 or Beh 1



[bookmark: _Toc86845608][bookmark: _Toc29403][bookmark: _Toc87033078]A flag field used to enable one of SSSG switching and PDCCH skipping can be introduced.
The Beh 2B is used to emulate the PDCCH skipping function so that the UE can stop PDCCH monitoring for a period in the framework of SSSG switching. When the PDCCH skipping is supported, the function of Beh 2B can be realized through Beh 1A. In this sense, it is not needed to configure UE with a duplicated function of both Beh 1A and Beh 2B at the same time. Therefore, the case 5, i.e., 3 SSSG switching and PDCCH skipping indicated by the scheduling DCI is not needed.
[bookmark: _Toc86845609][bookmark: _Toc769][bookmark: _Toc87033079]The case 5, i.e., 3 SSSG switching and skipping, indicated by 2 bits in scheduling DCI, is not supported.
 
Triggering method of PDCCH monitoring adaptation
In previous meetings, the PDCCH monitoring adaptation triggered by scheduling DCIs (i.e., DCI format 1-1/ 0-1/ 1-2/ 0-2) is agreed. To increase the flexibility of PDCCH monitoring adaptation, other triggering methods should also be considered.
· Timer based SSSG switching
In 3GPP TSG RAN1 #106b-e meeting, the agreements about the SSSG switching timer are shown as follows. 
	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.


For SSSG switching, timer-based triggering method can help UEs return to SSSG #0 without DCI scheduling indication. Especially for UE in SSSG #2, the introduction of SSSG switching timer can prevent the UE from staying in the non-PDCCH-monitoring state because it cannot receive any DCI. 
However, the benefits of supporting separate timer value(s) for different SSSGs has not been verified. In addition, more SSSG switching timers will increase signaling overhead, as well as implementation complexity. Therefore, Alt 3 can be supported, the timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 can be configured per BWP. 
[bookmark: _Toc86845610][bookmark: _Toc87033080][bookmark: _Toc3791]The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 should be common and configured per BWP. 

· Switching from PDCCH skipping to SSSG monitoring 
Since the UE cannot receive a DCI-based indication in the PDCCH skipping duration, UE behavior after the end of the skipping duration should be clarified. When there is no SSSG configured, UE switches to Beh 1 after the end of the skipping duration. When both PDCCH skipping and SSSG switching are configured, UE can switch to SSSG #0 after the end of the skipping duration, which also resolves the issue of potential miss detection before the PDCCH skipping indication. 
[bookmark: _Toc26656][bookmark: _Toc86845612][bookmark: _Toc17771][bookmark: _Toc15346][bookmark: _Toc87033081][bookmark: _Ref20838]UE switches to SSSG #0 after the end of PDCCH skipping duration if both PDCCH skipping and SSSG switching are configured. 

· Other triggering method
Some events, such as scheduling request (SR) indicated by UE, beam failure detection, or random access procedure in RRC connected mode due to out-of sync, should be considered to trigger UE to a behavior with PDCCH monitoring.
For example, if these events during a skipping duration occur, UE should monitor PDCCH in response to these events according to all of search space sets configured in the DL active BWP or search space sets in SSSG#0. 
[bookmark: _Toc86845613][bookmark: _Toc7873][bookmark: _Toc87033082]The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or SSSG#0 when the following events occur during a skipping duration.
[bookmark: _Toc86845614][bookmark: _Toc8893][bookmark: _Toc87033083]SR indicated by the UE,
[bookmark: _Toc7358][bookmark: _Toc86845615][bookmark: _Toc87033084]beam failure detection, or 
[bookmark: _Toc15180][bookmark: _Toc86845616][bookmark: _Toc87033085]random access procedure in RRC connected mode due to out-of sync, etc. 

Application delay for PDCCH monitoring adaptation
When DCI indicating PDCCH monitoring adaptation is detected, UE should be provided with an application delay to allow UE to decode the DCI and update PDCCH monitoring behavior during the delay. The following agreements about application delay were agreed in RAN1#106bis-e meeting.
	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.
      [image: image002(10-21-17-33-12)] for SCS configuration [image: image003(10-21-17-33-12)], FFS X = 25 or 39
      FFS: [image: image004(10-21-17-33-12)]
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


[bookmark: _GoBack]According to the agreements in previous RAN1 meetings, both PDCCH skipping and SSSG switching can be triggered by a scheduling DCI. In addition, SSSG switching can be triggered by a timer. Different requirements for application delay should be considered for different triggering methods. For example, the PDCCH decoding time doesn’t need to be considered if the PDCCH monitoring adaptation is triggered by a timer. However, the decoding time and other factors should be considered when the PDCCH monitoring adaptation is triggered by a DCI. Therefore, the application delay for different triggering methods should be considered separately.
[bookmark: _Toc86845617][bookmark: _Toc7839][bookmark: _Toc87033086]The application delay for different triggering methods should be considered separately.
Application delay for PDCCH monitoring adaptation triggered by timer
The specified application delay for SSSG switching for μ=0/1/2 in TS 38.213 [2] copied in Table 2 can be reused as the application delay for SSSG switching triggered by a timer. Therefore, the application delay for μ=3 should be studied. 
Table 2 Minimum application delay for SSSG switching [symbols]
	μ
	Minimum application delay for
 UE processing capability 1 [symbols]
	Minimum application delay for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22



Discussions on the processing time for Rel-16 SSSG switching in RAN1#100b-e can be found in [3]. It mentioned that the minimum application delay for SSSG switching is defined by considering the Cap.1 processing time for responding DL SPS release in CA. Herein, the minimum delay for PDCCH adaptation for μ=3 should also include the processing time of responding DL SPS PDSCH release as shown in Table A.1 in Appendix. Therefore, 25 symbols can be used as the one application delay for μ=3 for PDCCH adaptation.
[bookmark: _Toc86845605][bookmark: _Toc87033076]For PDCCH adaptation, the processing time for responding DL SPS PDSCH release needs to be considered.
[bookmark: _Toc86845618][bookmark: _Toc18852][bookmark: _Toc87033087]The application delay for SSSG switching triggered by a timer is:
[bookmark: _Toc86845619][bookmark: _Toc21454][bookmark: _Toc87033088]reuse the application delay of SSSG switching in Rel-16 for μ=0/1/2;
[bookmark: _Toc86845620][bookmark: _Toc13585][bookmark: _Toc87033089]the value of application delay of SSSG switching for μ=3 can be 25 symbols. 

Application delay for PDCCH monitoring adaptation indicated by scheduling DCI
If the PDCCH monitoring adaptation is indicated by scheduling DCI, the required application delay for SSSG switching and PDCCH skipping is similar. Therefore, a common design of application delay for the two PDCCH monitoring adaptations can be considered.
According to the agreements in RAN1#106bis-e meeting, Option b and Option c+d are two alternatives considered in both SSSG switching and PDCCH skipping. Hence, these two alternatives are discussed in this section.
	· Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
· Option c+d: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI. PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).


[bookmark: _Toc86845606][bookmark: _Toc86845607][bookmark: _Toc87033077]According to the agreements in RAN1#106bis-e, Option b and Option c+d are the two alternative application delay considered in both SSSG switching and PDCCH skipping.
In Rel-16, cross-slot scheduling was enhanced by a dynamic indication of K0min/K2min via DCI. Furthermore, the potentially relaxed PDCCH processing timeline was considered in application delay of K0min/K2min adaptation. Therefore, the impact of cross-slot scheduling is considered in Option b to ensure UE can finish PDCCH decoding before applying the PDCCH monitoring adaptation if K0min/K2min is configured. However, if K0min/K2min is not configured, the application delay should also be discussed. As to SSSG switching, the application delay triggered by timer can be reused. As to PDCCH skipping, using zero as the application delay can be considered.
For Option c+d, the motivation is to make sure that UE can decode the DCI successfully and reduce the latency for potential re-transmission. Since the HARQ-ACK decoding time which depends on implementation is not clear, there is no need to take the margin of HARQ-ACK decoding into consideration.
[bookmark: _Toc86845621][bookmark: _Toc86845622][bookmark: _Toc28080][bookmark: _Toc87033090]For application delay for PDCCH monitoring adaptation indicated by scheduling DCI, down-select from the following two options:
[bookmark: _Toc86845623][bookmark: _Toc23440][bookmark: _Toc87033091]Option 1: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI. PDCCH monitoring adaptation command applies after HARQ-ACK transmission if triggered by DL DCI.
[bookmark: _Toc86845624][bookmark: _Toc1002][bookmark: _Toc87033092]Option 2: Reuse the application delay for K0min/K2min indication if K0min/K2min is configured. Otherwise, the application delay is “ZERO” for PDCCH skipping, and the application delay triggered by timer can be reused for SSSG switching.

Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1:	For PDCCH adaptation, the processing time for responding DL SPS PDSCH release needs to be considered.
Observation 2:	According to the agreements in RAN1#106bis-e, Option b and Option c+d are the two alternative application delay considered in both SSSG switching and PDCCH skipping.

Proposal 1:	A flag field used to enable one of SSSG switching and PDCCH skipping can be introduced.
Proposal 2:	The case 5, i.e., 3 SSSG switching and skipping, indicated by 2 bits in scheduling DCI, is not supported.
Proposal 3:	The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 should be common and configured per BWP.
Proposal 4:	UE switches to SSSG #0 after the end of PDCCH skipping duration if both PDCCH skipping and SSSG switching are configured.
Proposal 5:	The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or SSSG#0 when the following events occur during a skipping duration.
•	SR indicated by the UE,
•	beam failure detection, or
•	random access procedure in RRC connected mode due to out-of sync, etc.
Proposal 6:	The application delay for different triggering methods should be considered separately.
Proposal 7:	The application delay for SSSG switching triggered by a timer is:
reuse the application delay of SSSG switching in Rel-16 for μ=0/1/2;
the value of application delay of SSSG switching for μ=3 can be 25 symbols.
Proposal 8:	For application delay for PDCCH monitoring adaptation indicated by scheduling DCI, down-select from the following two options:
•	Option 1: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI. PDCCH monitoring adaptation command applies after HARQ-ACK transmission if triggered by DL DCI.
•	Option 2: Reuse the application delay for K0min/K2min indication if K0min/K2min is configured. Otherwise, the application delay is “ZERO” for PDCCH skipping, and the application delay triggered by timer can be reused for SSSG switching.
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Appendix

Table A.1 Processing time N for responding DL SPS PDSCH release [symbols]
	μ
	N [symbols], 
if processingType2Enabled of PDSCH-ServingCellConfig is set to enable
	N [symbols], 
otherwise

	0
	5
	10

	1
	5.5
	12

	2
	11
	22

	3
	
	25
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