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Introduction
In 3GPP TSG RAN1#106-e meeting, the conclusion of PDCCH monitoring adaptation was reached as follows [1].
	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
Select either package 1 or package 2
Package 1
·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.

Package 2 (Alt 1 and Alt 2)
......
Agreement 
Package 1 in above agreement is selected.


In this contribution, the details design about PDCCH monitoring adaptation including the triggering methods, the 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
According to the agreements in 3GPP TSG RAN1 #106-e meeting, the common design of PDCCH skipping and SSSG switching is supported. And many details of the common design still need further discussion. In this section, the general design is discussed. 

UE behavior after receiving PDCCH indication of monitoring adaptation
There are 5 behaviors agreed in the last meeting.
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· 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)
These five behaviors comprise PDCCH skipping and SSSG switching. Configuring both features will complicate UE implementation, hence, whether supporting PDCCH skipping function or SSSG switching function should be determined by UE capability. 
[bookmark: _Toc1267]Whether UE supports PDCCH skipping function and/or SSSG switching function should be determined by UE capability.
To implement PDCCH skipping, if Beh 1 is not supported, UE will have to skip PDCCH monitoring after each scheduling DCI. It will increase the latency of data transmission and degrade user experience. Furthermore, when large data packets need to be transmitted, the frequent PDCCH skipping operation will also decrease the power saving gain [2]. Therefore, the Beh 1 should be supported. 
[bookmark: _Toc1604][bookmark: _Toc7976][bookmark: _Toc18979][bookmark: _Toc23603][bookmark: _Toc13745][bookmark: _Toc3182][bookmark: _Toc17564][bookmark: _Toc6688][bookmark: _Toc2560][bookmark: _Toc21430]The working assumptions about Beh 1 should be confirmed.
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. In this sense, it doesn’t need to configure UE with a duplicated function of both Beh 1A and Beh 2B at the same time. 
Switching between two SSSGs is to enable PDCCH monitoring adaptation between sparse PDCCH monitoring occasions and dense PDCCH monitoring occasions. However, the benefits of supporting 3 SSSGs has not been verified, especially considering the case when both PDCCH skipping and SSSG switching are supported, the function of Beh 2B can be realized through Beh 1A. In addition, more SSSGs will increase signaling overhead, as well as implementation complexity. Hence, if the working assumption about Beh 2B is confirmed, whether more than 2 SSSGs is supported should be determined by UE capability.
[bookmark: _Toc32667]If the working assumption about Beh 2B is confirmed, whether more than 2 SSSGs is supported should be determined by UE capability.
For RRC connected-mode UE, the data arrival pattern is not fixed in the real deployment. One pre-determined PDCCH skipping duration cannot achieve the best power saving gain for multiple on-going applications. For example, if PDCCH skipping duration is too conservative, the power saving gain will be limited in the case of sparse PDCCH monitoring occasions. If PDCCH skipping duration is too aggressive, it may lead to large scheduling delay. Therefore, to better adapt to different services and obtain a large power saving gain, multiple PDCCH skipping durations should be supported. With multiple skipping durations, an appropriate PDCCH skipping period can be dynamically indicated by DCI in adaptation to traffic.
[bookmark: _Toc3166][bookmark: _Toc4110][bookmark: _Toc14441]Support multiple PDCCH skipping durations. The multiple durations can be configured by RRC signaling and indicated by DCI dynamically.

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. At most 2 bits can be used in self-scheduling DCIs for triggering the PDCCH monitoring adaptation in a single cell. Therefore, a maximum of four states can be indicated. Herein, the mapping between the four codepoints in DCI and PDCCH monitoring behaviors are discussed.
· PDCCH skipping only 
When the data arrival is sporadic, a DCI can be used to indicate PDCCH skipping operation. For PDCCH skipping indication, the relationship between the indicated bits and the skipping durations can be described as Table 1.

Table 1 Mapping of PDCCH skipping indicator value to PDCCH skipping durations 
	PDCCH skipping indicator
	PDCCH skipping operation

	1 bit
	2 bit
	

	0
	00
	No skipping

	1
	01
	Skipping duration 1

	
	10
	Skipping duration 2

	
	11
	Skipping duration 3



[bookmark: _Toc29723][bookmark: _Toc19519]Support the mapping method for PDCCH skipping in Table 1.

· SSSG switching only 
For Rel-16 SSSG switching, timer-based triggering method is also supported as shown in Figure 1. And the timer-based triggering method can be reused for Rel-17 SSSG switching to simplify the specification workload. 
[bookmark: _Toc5380][bookmark: _Toc6016][bookmark: _Toc4413][bookmark: _Ref20825]For SSSG switching, timer-based triggering mechanism for SSSG switching can be reused to simplify the specification work. 
[image: ]
Figure 1 SSSG switching mechanism in Rel-16

· Both PDCCH skipping and SSSG switching
When both features are configured, the mechanisms of switching between PDCCH skipping and SSSG switching should be considered.
In the case that UE switches from SSSG monitoring to PDCCH skipping, a timer based triggering method (denoted as a skipping timer) can help UE to adapt PDCCH monitoring without indication of scheduling DCI. For example, when UE monitors PDCCH according to a sparse SSSG, the UE switches to PDCCH skipping after the skipping timer expires. The skipping timer is only used to trigger the PDCCH adaptation from a SSSG monitoring to PDCCH skipping.
[bookmark: _Toc10226][bookmark: _Toc927][bookmark: _Toc20228][bookmark: _Ref20835]A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping should be considered in the cases of PDCCH monitoring adaptation without DCI indication. 
In the case that UE switches from PDCCH skipping to SSSG monitoring, UE shall start to monitor PDCCH according to a default SSSG after the end of the skipping duration. For the traffic model with a sparse data arrival, the UE can start to monitor PDCCH according to a sparse SSSG after the end of PDCCH skipping to save more power consumption. However, there are many deployment scenarios corresponding to different traffic models in NR. To adapt to various traffic models, it is necessary to configure the default SSSG by RRC signaling. For example, if SSSG1 is set as the default SSSG, the UE should switch to monitoring SSSG1 after the end of PDCCH skipping duration. 
[bookmark: _Toc26656][bookmark: _Toc17771][bookmark: _Toc17179][bookmark: _Ref20838]UE should switch to a default SSSG after the end of PDCCH skipping duration, wherein the default SSSG should be configured by RRC signaling to adapt to various traffic models. 
A simple PDCCH adaptation procedure between PDCCH skipping and SSSG monitoring is shown in Figure 2. Herein, two SSSGs (where SSSG0 which has sparser PDCCH monitoring occasions is configured as the default SSSG) and PDCCH skipping with two available skipping duration values are considered. The SSSG switching mechanism between two SSSGs in Figure 1 is omitted in Figure 2. The PDCCH adaptation from SSSG monitoring to PDCCH skipping is triggered by DCI indication or a skipping timer in black lines. The PDCCH adaptation from PDCCH skipping to SSSG monitoring is triggered by the end of skipping duration as shown in blue lines. The UE sets the skipping timer and falls back to monitor PDCCH according to SSSG0 after the end of PDCCH skipping duration. 
[image: ]
Figure 2 PDCCH monitoring adaptation

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 multiplex one indication field as shown in Figure 3.  
[image: ]
Figure 3 Example of DCI-based PDCCH adaptation indication

For example, if the PDCCH skipping is enabled by the 1-bit flag field, the bit after 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 after the flag filed is used to indicate SSSG switching. The relationship between the indication bits and the skipping durations can be described as follows. 

	Flag bit
	Indicator
	Operation

	0
	0
	SSSG 0

	
	1
	SSSG 1

	1
	0
	Beh 1

	
	1
	Skipping duration 1



[bookmark: _Toc1153][bookmark: _Toc9088]A flag field used to enable one of the indication information of SSSG switching and PDCCH skipping can be introduced.

Impact on new transmission and retransmission
Some potential solutions to minimize the impact on data scheduling for new transmissions and retransmissions are discussed as follows in RAN1#105-e meeting [3]:
	After being indicated to skipping PDCCH monitoring and/or switched to ‘dormant’/’empty’ SSSG, the UE still performs PDCCH monitoring for HARQ retransmission at least during a ‘retransmission period’.
· FFS How to enable PDCCH monitoring during the retransmission period
· UE switch to another SSSG, e.g., default SSSG or a SSSG specially configured only for retransmission period.
· UE suspends or stops PDCCH skipping.
· Others not precluded
· FFS ‘retransmission period’ 
· Alt 1: When triggered by DL DCI, the start and end of ‘retransmission period’ is defined as HARQ-ACK condition is satisfied
· FFS HARQ-ACK condition
· Alt 2-1: the start and end of ‘retransmission period’ is defined as the start of drx-RetransmissionTimerDL(UL) and expiration of drx-RetransmissionTimerDL(UL) respectively
· Alt 2-2, i.e. the duration of the running of drx-RetransmissionTimerDL(UL) during the indicated PDCCH skipping period can be supported.
· others not precluded



It is obvious that if a larger delay window due to HARQ-ACK feedback is imposed on the UE or the UE is only allowed to perform PDCCH adaptation after the data of all the HARQ process are received successfully, it will degrade the UE power saving gain. On the contrary, if the UE does not monitor the PDCCH scheduling retransmission data during skipping duration, the latency for the retransmission data may increase significantly. Therefore, as shown in Figure 4, the UE should be allowed to monitor PDCCH scheduling retransmission data during the PDCCH skipping period to handle the retransmission data. To serve the purpose of reducing UE power consumption, the UE does not need to monitor PDCCH scheduling an initial-transmission data during the PDCCH skipping period. When DRX is configured, the duration for monitoring PDCCH scheduling retransmission data (no initial transmission) can be determined by the drx-RetransmissionTimerDL and drx-RetransmissionTimerDL. 
[image: ]
Figure 4 PDCCH scheduling retransmission data during PDCCH skipping period

[bookmark: _Ref20848][bookmark: _Toc662][bookmark: _Toc347][bookmark: _Toc14468][bookmark: _Toc13283][bookmark: _Toc26725][bookmark: _Toc13553][bookmark: _Toc15746]The UE should monitor PDCCH for retransmission data, but it does not monitor PDCCH for an initial transmission data during the PDCCH skipping period.
Except for the cases of data retransmission, other events, e.g. scheduling request (SR) indicated by the UE is in pending state, beam failure detection, or random access procedure in RRC connected mode due to out-of sync, should be considered. According to the above analysis, we think that if these events during a skipping duration occur, the 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 a default SSSG. 
[bookmark: _Ref20854][bookmark: _Toc2435][bookmark: _Toc28376][bookmark: _Toc7744][bookmark: _Toc26227][bookmark: _Toc7594][bookmark: _Toc32251][bookmark: _Toc10844]The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or search space sets in a default SSSG when the following events occur during a skipping duration.
[bookmark: _Toc21927][bookmark: _Toc27073][bookmark: _Toc23885][bookmark: _Toc27006][bookmark: _Toc11744]SR indicated by the UE,
[bookmark: _Toc29169][bookmark: _Toc26506][bookmark: _Toc15101][bookmark: _Toc4606][bookmark: _Toc5387]beam failure detection, or 
[bookmark: _Toc22158][bookmark: _Toc3329][bookmark: _Toc23376][bookmark: _Toc23191][bookmark: _Toc23189]random access procedure in RRC connected mode due to out-of sync, etc. 

1   Application delay for SSSG switching and PDCCH skipping
The application delay for SSSG switching mainly considers the following aspects:
· processing time for responding DL SPS PDSCH release indicated by a PDCCH, 
· PDCCH monitoring adaptation after related PUCCH/PUSCH transmission, or
· PDCCH processing time with cross-slot scheduling configuration, etc.
According to TS 38.213 [4], the specified application delay for SSSG switching for μ=0/1/2 shown in Table 2 can be reused as the application delay for PDCCH adaptation including SSSG switching and PDCCH skipping. Therefore, for RRC connected-mode UE in NR, only 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 [5]. 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, for NR connected-mode UE, the minimum delay for PDCCH adaptation for μ=3 should also consider 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 minimum application delay for μ=3 for PDCCH adaptation.
[bookmark: _Ref20704][bookmark: _Toc3637][bookmark: _Toc23738][bookmark: _Toc17165][bookmark: _Toc24323]For PDCCH adaptation, the processing time for responding DL SPS PDSCH release needs to be considered.
[bookmark: _Toc4639][bookmark: _Toc24152][bookmark: _Toc24739][bookmark: _Toc28908][bookmark: _Toc26689][bookmark: _Ref20861]The application delay for PDCCH adaptation for μ=0/1/2 can reuse that of SSSG switching in Rel-16. The minimum value of application delay for PDCCH adaptation for μ=3 can be 25 symbols. 
In the cross-slot scheduling mode, whether PDCCH processing time can be relaxed or not was discussed in Rel-16. However, there is no consensus considering the significant impacts on other processing timelines. Besides, the most power saving gain from cross-slot scheduling can be obtained by a smaller minimum scheduling offset, e.g., K0=1 or 2. 
In the case of SSSG switching, the minimum application delay can be 25 symbols which is larger than 2 slots to completely cover the potential PDCCH relaxation. Therefore, the delay for applying the PDCCH adaptation does not need to consider the minimum scheduling offset when cross-slot scheduling is applied. 
[bookmark: _Ref20707][bookmark: _Toc16635][bookmark: _Toc23753][bookmark: _Toc15898][bookmark: _Toc6913]When cross-slot scheduling is applied for the UE, the delay for applying the PDCCH adaptation does not need to consider the minimum scheduling offset.
[bookmark: _Toc19439][bookmark: _Toc22563]
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: When cross-slot scheduling is applied for the UE, the delay for applying the PDCCH adaptation does not need to consider the minimum scheduling offset.

Proposal 1: Whether UE supports PDCCH skipping function and/or SSSG switching function should be determined by UE capability.
Proposal 2: The working assumptions about Beh 1 should be confirmed.
Proposal 3: If the working assumption about Beh 2B is confirmed, whether more than 2 SSSGs is supported should be determined by UE capability.
Proposal 4: Support multiple PDCCH skipping durations. The multiple durations can be configured by RRC signaling and indicated by DCI dynamically.
Proposal 5: Support the mapping method for PDCCH skipping in Table 1.
Proposal 6: For SSSG switching, timer-based triggering mechanism for SSSG switching can be reused to simplify the specification work.
Proposal 7: A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping should be considered in the cases of PDCCH monitoring adaptation without DCI indication.
Proposal 8: UE should switch to a default SSSG after the end of PDCCH skipping duration, wherein the default SSSG should be configured by RRC signaling to adapt to various traffic models.
Proposal 9: A flag field used to enable one of the indication information of SSSG switching and PDCCH skipping can be introduced.
Proposal 10: The UE should monitor PDCCH for retransmission data, but it does not monitor PDCCH for an initial transmission data during the PDCCH skipping period.
Proposal 11: The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or search space sets in a default SSSG 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 12: The application delay for PDCCH adaptation for μ=0/1/2 can reuse that of SSSG switching in Rel-16. The minimum value of application delay for PDCCH adaptation for μ=3 can be 25 symbols.
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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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