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1 Introduction

In RAN1#105-e meeting, more details about triggering methods and the functionalities of search space set group (SSSG) switching and PDCCH skipping were agreed as follows. For SSSG switching functionality, at least two SSSGs switching triggered by scheduling DCI and/or timer was agreed [1]. For PDCCH skipping functionality, two alternatives were agreed. Supporting Alt 1 or Alt 2 as PDCCH skipping functionality shall be decided in this meeting.

	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 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

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


Except for scheduling PDCCH including DCI format(s) 1-1, 0-1, 1-2 and 0-2, the other potential triggering methods for PDCCH monitoring reduction were agreed to be considered in RAN1#104-e meeting [2], e.g. implicit PDCCH monitoring adaptation triggered by SR and RACH and so on. 

For the other aspects, the application delay and the impact on data scheduling for PDCCH adaptation indication which were agreed to be further studied in RAN1#104-e meeting [2].
In this contribution, the potential schemes for the PDCCH monitoring adaptation by SSSG switching and PDCCH skipping are discussed. The design details including the triggering methods, the application delay and whether/ how to minimize the impact on data scheduling for new transmissions and retransmissions are also discussed. 

2 PDCCH monitoring adaptation
2.1  Alt 1 and Alt 2 for PDCCH skipping
Comparing the two alternatives, we can find that Alt 1 is an enhancement of Rel-16 SSSG switching which the implementation of PDCCH skipping function depends on search space set configuration, and Alt 2 is an enhancement of DCI(s) utilized for Rel-16 power saving adaptation which both PDCCH skipping and SSSG switching can be triggered by DCI independently. To design a scheme with the best power saving gain, we need to identify the advantages and disadvantages of SSSG switching and PDCCH skipping so as to determine which function should be supported for the common design.

For Alt 1, the PDCCH skipping is implemented by a SSSG which has no PDCCH monitoring occasion (Alt 1-1) or occasionally monitors PDCCH (Alt 1-2). 

In the case of PDCCH skipping implemented by a SSSG, UE implicitly performs PDCCH skipping according to the SSSG configured without PDCCH occasion. However, the emulation of an implicit PDCCH skipping by pure network implementation cannot give gNB a straightforward information of a proper power saving configuration. The UE power saving gain from the common design will be degraded if the power saving features are not appropriately configured [3]. Without attractive power saving gain, there will be low probability to deploy this implicit PDCCH skipping function. 
Observation 1: The emulation of an implicit PDCCH skipping via SSSG switching by pure network implementation cannot give gNB a straightforward information of a proper power saving configuration.
Observation 2: For Alt 1, there will be low probability to deploy the implicit PDCCH skipping function if the UE power saving gain from the common design is degraded. 

With Rel-16 SSSG switching, the SSSG switch implementing PDCCH skipping can be triggered by the timer-based mechanism. However, according to Rel-16 SSSG switching procedure without DCI indication, the UE should stop monitoring SSSG0 and start running the timer after the UE detects a DCI format in the SSSG0. Figure 1 shows an example of this case by reusing the timer-based mechanism in Rel-16 SSSG switching. Herein, the UE is provided with two SSSGs and a timer is used as the skipping duration. It can be seen that in the case of SSSG switching without DCI indication, the UE can only process one data scheduling in SSSG0 and the subsequent data packets have to be delayed after the timer expiration or even be delayed to the next DRX cycle. 
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Figure 1 SSSG switching between two SSSGs with implicit PDCCH skipping
Observation 3: According to Rel-16 specification, the latency of data processing will be increased if DCI-based indication of SSSG switching is not supported with Alt 1. 

For Alt 2, the PDCCH skipping is explicitly triggered by DCI with a skipping duration which would start right after the reception of triggering DCI. The PDCCH skipping procedure during DRX active time is shown in Figure 2. Note there are multiple applications running at the smart phone simultaneously in real deployment scenarios, instead of a single traffic model assumed in the simulation assumption. With Alt 2, multiple PDCCH monitoring patterns can be configured by higher layer signaling, a dynamic and explicit PDCCH skipping can be further indication by scheduling DCI, which is more adaptive for different applications and achieves more power saving gain and flexibility.
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Figure 2 PDCCH skipping
Observation 4: For Alt 2, UE can perform PDCCH skipping right after the triggering DCI with data scheduling and the UE can fall in a deep sleep during the skipping duration.

According to the above analysis of the methods of PDCCH skipping implementation by Alt 1 and Alt 2, it can be observed that the PDCCH skipping implemented by Alt 1 may cost more UE power consumption due to the improper gNB configuration or timer-based mechanism in Rel-16 SSSG switching. It is necessary to support an explicit PDCCH skipping functionality to better serve the power saving purpose. 

Therefore, Alt 2 should be supported for the common design of SSSG switching and PDCCH skipping

Proposal 1: Alt 2 should be supported for the common design of SSSG switching and PDCCH skipping for the following advantages: 

· explicit PDCCH skipping function for UE and gNB; 
· more flexibility;

· better power saving gain;

· less latency. 
2.2  Potential schemes for common design  
· Number of search space set group switching
The agreements about the number of SSSGs can be found as below. It is obvious that more SSSGs will increase the signaling overhead, as well as the implementation complexity to switch among the SSSGs. Meanwhile, the benefits are not clear for this additional cost. Hence, we suggest to support two SSSGs for Rel-17 SSSG switching.

Proposal 2: Supporting two SSSGs for Rel-17 SSSG switching.
	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


· Skipping duration 
For RRC connected-mode UE, the data arrival is not a fixed pattern. Therefore, it is necessary to dynamically indicate PDCCH skipping duration among multiple candidate values. 

Proposal 3: It should support to configure multiple candidate values of skipping duration by RRC signaling and use DCI to dynamically indicate one of the configured skipping durations.
· Triggering method of PDCCH monitoring adaptation

According to the analysis in section 2.1, the triggering method of Alt 2 is discussed in this section.
	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)


For Rel-16 SSSG switching, the SSSG switching is triggered by DCI format 2-0 which is a group-common DCI. A group-common DCI doesn’t fit in all of the UEs’ traffic pattern in active time to achieve the best power saving gain. Therefore, in RAN1#105-e, scheduling DCI, i.e. DCI format 0-1 and 1-1, and DCI 0-2 and 1-2, was agreed to be used for PDCCH monitoring adaptation.

For Rel-16 SSSG switching, timer-based triggering method is also supported as shown in Figure 3. And the timer-based triggering method can be reused for Rel-17 SSSG switching to simplify the specification workload. 

Proposal 4: For SSSG switching of Alt 2, timer-based triggering mechanism for SSSG switching can be reused to simplify the specification work. 

[image: image3.png]1. DCI indication and set timer; or
2. decode a PDCCH and set timer

1. DCI indication; or
2. timer expires




Figure 3 SSSG switching mechanism in Rel-16
In the case that the 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.

Proposal 5: A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping should be considered in the cases of PDCCH adaptation without DCI indication. 

In the case that the UE switches from PDCCH skipping to SSSG monitoring, the 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. 

Proposal 6: 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 4. Herein, two SSSGs (where SSSG0 which has a sparser PDCCH monitoring period 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 3 is omitted in Figure 4. 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. 
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Figure 4 PDCCH monitoring adaptation
To provide a unified bit-field design for PDCCH adaptation among SSSGs and PDCCH skipping, an enabling field used to enable one of the indication information 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 5. For example, if the PDCCH skipping is enabled by the 1-bit enabling field, the bit(s) after the enabling filed is used to indicate PDCCH skipping for a skipping duration selected from the configured values. 
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Figure 5 Example of DCI-based PDCCH adaptation indication
3 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:

	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 6, 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. 
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Figure 6 PDCCH scheduling retransmission data during PDCCH skipping period
Proposal 7: 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 corresponding to these events according to all of search space sets configured in the DL active BWP or search space sets in a default SSSG. 

Proposal 8: 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. 
4 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 1 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 1 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.
Observation 5: For PDCCH adaptation, the processing time for responding DL SPS PDSCH release needs to be considered.

Proposal 9: 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. 
Observation 6: 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.

5 Conclusion

In this contribution, we discuss some aspects on extension(s) to Rel-16 DCI-based power saving adaptation for connected-mode UE. We have the following observations and proposals.

Observation 1: The emulation of an implicit PDCCH skipping via SSSG switching by pure network implementation cannot give gNB a straightforward information of a proper power saving configuration.
Observation 2: For Alt 1, there will be low probability to deploy the implicit PDCCH skipping function if the UE power saving gain from the common design is degraded. 

Observation 3: According to Rel-16 specification, the latency of data processing will be increased if DCI-based indication of SSSG switching is not supported with Alt 1. 

Observation 4: For Alt 2, UE can perform PDCCH skipping right after the triggering DCI with data scheduling and the UE can fall in a deep sleep during the skipping duration.

Observation 5: For PDCCH adaptation, the processing time for responding DL SPS PDSCH release needs to be considered.

Observation 6: 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: Alt 2 should be supported for the common design of SSSG switching and PDCCH skipping for the following advantages: 

· explicit PDCCH skipping function for UE and gNB; 
· more flexibility;

· better power saving gain;

· less latency. 
Proposal 2: Supporting two SSSGs for Rel-17 SSSG switching.
Proposal 3: It should support to configure multiple candidate values of skipping duration by RRC signaling and use DCI to dynamically indicate one of the configured skipping durations.
Proposal 4: For SSSG switching of Alt 2, timer-based triggering mechanism for SSSG switching can be reused to simplify the specification work. 

Proposal 5: A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping should be considered in the cases of PDCCH adaptation without DCI indication. 

Proposal 6: 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 7: 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 8: 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 9: 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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