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1 Introduction

In RAN1#104-e meeting, a common design supporting both search space set group (SSSG) switching and PDCCH skipping was adopted for DCI based PDCCH monitoring adaptation in active time for an active BWP. And two alternatives of the common design were agreed as follows [1].
	Agreements:
· Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 

· Details FFS

Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving

· Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration

· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching

Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded


Moreover, the potential triggering methods for both SSSG switching and PDCCH skipping were agreed as follows [1]. 

	Agreements:
For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,

· Explicit indication of PDCCH adaptation

· Scheduling DCI

· Format 1_1

· Format 0_1

· Format 0_2/1_2

· Non-scheduling DCI

· Format 2_6 in active time

· Format 2_0

· Format 1_1 (SCell dormancy case 2)

· additional indication mechanism

· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details

· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds

· DCI dynamically indicates a duration/periodic interval for skipping

· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX

· PDCCH skipping for a duration indicated by minimum scheduling offset

· Others are not precluded

Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,

· Explicit indication of PDCCH adaptation
· Scheduling DCI based

· Format 1_1,
· Format 0_1,

· Format 0_2/1_2

· Format 1_0

· Non-scheduling DCI supported by vivo, Samsung
·  Format 2_6 in active time

· Format 2_0

· Format 1_0

· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism

·  By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details

· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds

· DCI dynamically indicates a duration period for the switched SSSG, UE switch back to previous/default SSSG after duration endstimer expried
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.

· SSSG activation/deactivation

· FFS: Implicit SSSG switching

· SSSG switching triggered by SR

· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).

· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded


For the other aspects, the application delay and the impact on data scheduling for PDCCH adaptation indication are also agreed to be further studied [1].
	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


In this contribution, the potential schemes for the common design are discussed. The design details including the triggering methods, the application delay and whether/ how to minimize the impact to data scheduling for new transmissions and retransmissions are also discussed. 

2 Common design for PDCCH skipping and search space set group switching 
2.1 Analysis on Alt 1 and Alt 2a
According to the agreements in [1], each of the two alternatives supports the functionalities of both the SSSG switching and 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 2a 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 accounted for the common design. The analysis on SSSG switching and PDCCH skipping is provided as follows.

For Alt 2a, the PDCCH skipping is triggered by DCI explicitly with a skipping duration which would start right after the reception of triggering DCI. For example, the UE is provided a skipping duration=20ms and the other configured parameters are the same with those for FTP traffic model in A.1 in Appendix. The PDCCH skipping procedure during a DRX cycle in Figure 1 shows that the UE performs PDCCH skipping triggered by a DCI after data scheduling and the UE can fall in a deep sleep during the skipping duration. 
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Figure 1 PDCCH skipping with a skipping duration=20ms
Observation 1: For Alt 2a, 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.
For Alt 1, the PDCCH skipping can be implemented by a SSSG which has no PDCCH monitoring occasion configuration or implicitly triggered by a timer ( e.g. timer-based mechanism in Rel-16 SSSG switching) which UE does not monitor PDCCH during the running of the timer. 

For the case of PDCCH skipping implemented by a SSSG, though the SSSG is configured without any PDCCH occasion, UE implicitly performs PDCCH monitoring according to the search space sets of a SSSG. Therefore, the configuration of a SSSG simulating an implicit PDCCH skipping by pure network implementation cannot provide gNB a straightforward information of a proper power saving configuration. It may result in low probability of deployment of this implicit PDCCH skipping function. Without PDCCH skipping function, the UE power saving performance of the common design shall be degraded [2].
Observation 2: For Alt 1, the configuration of a SSSG simulating an implicit PDCCH skipping by pure network implementation cannot provide gNB a straightforward information of a proper power saving configuration. It may result in low probability of deployment of this implicit PDCCH skipping function.
Observation 3: For Alt 1, UE power saving gain may be degraded for hardly configuring the implicit PDCCH skipping function by gNB. 
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 shall stop monitoring SSSG0 and start running the timer after the UE detects a DCI format during the SSSG0 monitoring. Figure 2 shows an example of this case by reusing the timer-based mechanism in Rel-16 SSSG switching. Herein, the UE is provided two SSSGs and a timer used as the skipping duration, i.e. SSSG0 for PDCCH monitoring per slot, SSSG1 for PDCCH skipping with the timer=20ms. It can be seen that for the case of SSSG switching without DCI indication, the UE can only process one data scheduling during SSSG0 monitoring and the subsequent data packets have to be delayed after the timer expires or even be delayed to the next DRX cycle. 
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Figure 2 SSSG switching between two SSSGs with timer-based PDCCH skipping
Observation 4: For Alt 1, in the case that PDCCH skipping implemented by SSSG switch is triggered by the timer-based mechanism, the latency of data processing can be increased when DCI-based indication of SSSG switching is not supported according to Rel-16 specification. 

According to the above illustrations on the methods of PDCCH skipping implementation for Alt 1 and Alt 2a, it can be observed that the PDCCH skipping implemented by a SSSG or a timer for Alt 1 may cost more UE power consumption caused by the implicit configuration of PDCCH skipping function due to the improper gNB configuration and timer-based mechanism in Rel-16 SSSG switching. It is necessary for the UE to be provided with an explicit PDCCH skipping functionality to better serve the power saving purpose. Note in real deployment scenarios, there would be multiple applications running at the smart phone simultaneously, instead of a single traffic model assumed in the simulation assumption. With Alt 2a, more combinations of power saving configurations including a dynamic and explicit PDCCH skipping, multiple PDCCH monitoring patterns via the two SSSG specified in Rel-16 can be supported to adapt to the different applications, which achieves more power saving gain and flexibility.  

Therefore, according to the above analysis, Alt 2a should be supported for the common design including SSSG switching and PDCCH skipping for the following advantages: 

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

· better power saving performance;

· less latency. 
Proposal 1: Alt 2a should be supported for the common design including SSSG switching and PDCCH skipping for the following advantages: 

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

· better power saving performance;

· less latency. 
2.2 Potential schemes for common design  
According to the analysis in section 2.1, the scheme of Alt 2a for common design is discussed as follows.
· Triggering method for SSSG switching 
For SSSG switching, the DCI-based and timer-based triggering method for Rel-16 SSSG switching shown in Figure 3 can be reused for RRC connected-mode UE to simplify the specification workload. 
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 may not fit in all of the UEs’ traffic requirements in active time to achieve the best power saving performance. Therefore, for NR Rel-17 UE power saving in DRX active time, scheduling DCI, i.e. DCI format 0-1 and 1-1, and DCI 0-2 and 1-2, is more suitable for the UE-specific traffic requirements and is proposed to trigger SSSG switching and PDCCH skipping for a duration.
Proposal 2: For SSSG switching of Alt 2a, DCI-based and timer-based triggering mechanism for Rel-16 SSSG switching can be reused to simplify the specification work. 
Proposal 3: To adapt to various UEs’ data traffic, UE-specific DCI format can be used to trigger PDCCH adaptation. 
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Figure 3 SSSG switching mechanism in Rel-16
· PDCCH adaptation between PDCCH skipping and SSSG monitoring 
In the case that the UE switches from SSSG monitoring to PDCCH skipping, except for the DCI indication, a timer based triggering method (denoted as a skipping timer) can help the UE to adapt PDCCH monitoring between SSSG monitoring and PDCCH skipping without scheduling DCI indication. 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 for triggering the PDCCH adaptation from a SSSG monitoring to PDCCH skipping for a skipping duration value, and the value of skipping timer may be associated with the skipping duration value.

Proposal 4: A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping for a duration should be considered for 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 monitoring 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 that the default SSSG is configured by RRC signaling, e.g. if the SSSG1 is set as the default SSSG, the UE shall switch to SSSG1 monitoring after the end of PDCCH skipping duration. 

Proposal 5: For the case of switching PDCCH skipping to a default SSSG after the end of skipping duration, the default SSSG can be configured by RRC signaling to adapt to various traffic models. 

· Skipping duration 
For RRC connected-mode UE, the data does not always arrive according to a fixed traffic model and the DRX configuration can be also changed by RRC configuration/reconfiguration. Therefore, it is necessary to have various candidate values of skipping duration and the value of skipping duration for the UE can be changed by RRC configuration or reconfiguration when the traffic model or DRX configuration is changed.  

Proposal 6: Multiple candidate values of skipping duration configured by RRC signaling should be adopted for RRC connected-mode UE.
A simple PDCCH adaptation procedure between PDCCH skipping and SSSG monitoring is shown in Figure 4. Herein, two SSSGs (where SSSG0 has a more sparse PDCCH monitoring behavior and is configured as the default SSSG) and PDCCH skipping with two available skipping duration values are considered. The SSSG switching mechanism between two SSSGs which can be found 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 event in black lines. The PDCCH adaptation from PDCCH skipping to SSSG monitoring is triggered by the end of skipping duration 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 DCI based PDCCH adaptation
To provide a unified bit-field design for PDCCH adaptation among a number of SSSGs and PDCCH skipping for various duration values, 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 some candidate values. 
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Figure 5 Example of DCI based PDCCH adaptation indication
3 Impact to data scheduling for 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#104-e meeting:

· Alt 1: PDCCH monitoring adaptation after HARQ-ACK condition is satisfied

· Alt 2: skipping command applies after PUSCH transmission if triggered by UL DCI

· Alt 3: monitoring PDCCH for retransmission data, but it does not monitor PDCCH for an initial transmission data during skipping period

· Alt 4: allowing discontinuous monitoring of PDCCH during skipping period based on a roundtrip timer and retransmission timer.

· Alt 5: PDCCH monitoring can be only after PDCCH-PDSCH-HARQ-ACK timing and in few consecutive monitoring occasions in a delay window for retransmission

It is obvious that if a larger delay window for HARQ-ACK report 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 may beyond the gNB’s prediction ability and degrades the UE power saving benefits. 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, the above solutions of Alt 3 and Alt 4 as shown in Figure 6 are preferred. If the UE is allowed to monitor PDCCH scheduling retransmission data during the PDCCH skipping period, the retransmission data can be processed normally. When DRX is configured, it is easy to determine the duration for monitoring PDCCH scheduling retransmission data by the configured drx-RetransmissionTimerDL and drx-RetransmissionTimerDL. To serve the purpose of reducing UE power consumption, the UE does not expect to monitor PDCCH scheduling an initial-transmission data during the PDCCH skipping period.
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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 and new transmission, 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 upon these events during a skipping duration, 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 are happened 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 [3], the application delay for SSSG switching for μ=0/1/2 has been already specified as shown in Table 1 which 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 for PDCCH adaptation. 
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 processing time for Rel-16 SSSG switching in RAN1#100b-e can be found in [4]. It mentioned that the minimum application delay for SSSG switching is defined by considering the worst case CA and reusing Cap.1 processing time for responding DL SPS release. Herein, for NR connected-mode UE, the minimum delay for PDCCH adaptation for μ=3 should also consider the processing time for responding DL SPS PDSCH release as shown in Table A.2 in Appendix. Therefore, 25 symbols for SPS PDSCH release processing time 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 NR-U. The minimum value of application delay for PDCCH adaptation for μ=3 can be 25 symbols. 

Under 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 time lines. Besides, the most power saving gain from cross-slot scheduling be obtained by a smaller minimum scheduling offset, e.g., K0=1 or 2. 
For 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: For Alt 2a, 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 2: For Alt 1, the configuration of a SSSG simulating an implicit PDCCH skipping by pure network implementation cannot provide gNB a straightforward information of a proper power saving configuration. It may result in low probability of deployment of this implicit PDCCH skipping function.
Observation 3: For Alt 1, UE power saving gain may be degraded for hardly configuring the implicit PDCCH skipping function by gNB. 
Observation 4: For Alt 1, in the case that PDCCH skipping implemented by SSSG switch is triggered by the timer-based mechanism, the latency of data processing can be increased when DCI-based indication of SSSG switching is not supported according to Rel-16 specification. 

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 2a should be supported for the common design including SSSG switching and PDCCH skipping for the following advantages: 

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

· better power saving performance;

· less latency. 
Proposal 2: For SSSG switching of Alt 2a, DCI-based and timer-based triggering mechanism for Rel-16 SSSG switching can be reused to simplify the specification work. 
Proposal 3: To adapt to various UEs’ data traffic, UE-specific DCI format can be used to trigger PDCCH adaptation. 

Proposal 4: A skipping timer used for PDCCH adaptation from SSSG monitoring to PDCCH skipping for a duration should be considered for the cases of PDCCH adaptation without DCI indication. 

Proposal 5: For the case of switching PDCCH skipping to a default SSSG after the end of skipping duration, the default SSSG can be configured by RRC signaling to adapt to various traffic models. 

Proposal 6: Multiple candidate values of skipping duration configured by RRC signaling should be adopted for RRC connected-mode UE.
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 are happened 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 NR-U. The minimum value of application delay for PDCCH adaptation for μ=3 can be 25 symbols. 

References

[1] Draft Minutes report RAN1#104-e v0.3.0.
[2] R1-2104225, “Further discussion on potential power saving schemes for RRC connected UEs”, RAN1#105-e, ZTE.

[3] 3GPP TS 38.213 V16.5.0, 2021-03.

[4] R1-2002786, “Summary of email discussion [100b-e-NR-unlic-NRU-DL_Signals_and_Channels-01] on SS group sets”, RAN1#100b-e, Moderator (Lenovo).

[5] 3GPP TS 38.214 V16.5.0, 2021-03.
Appendix

A.1: Simulation assumptions
In this contribution, only FR1 is evaluated. The following Rel-15 / 16 features of the power saving solutions are used as the baseline. 
· DRX

· C-DRX cycle 40msec for Data-intensive traffic
· 10ms IAT, 8ms On-duration

· C-DRX cycle 40msec for VoIP

· 10ms IAT, 8ms On-duration

· C-DRX cycle 160msec for FTP 3

· short DRX

· 20 ms IAT, 8ms On-duration

· 20 ms for short DRX cycle, 4 cycles

· DCP for DRX adaptation for baseline with DCP,

· The minimum time gap before DRX OnDuration is 1 slot for FR1
· Power unit is 50 for WUS.
· BWP switching, including

· BWP for power saving:

· Bandwidth: 20MHz

· Max # of MIMO layer: 2 layer
· Scheduling technique: cross-slot scheduling(Minimum K0 is 1)
· PDCCH monitoring period: per 2 slots
· BWP for data scheduling: 

· Bandwidth: 100MHz

· Max # of MIMO layer: 4 layer
· Scheduling technique: same-slot scheduling(Minimum K0 is 0)
· PDCCH monitoring period: per slot
· Note: 

· BWP for power saving is a default BWP without data scheduling and BWP for data scheduling is used for data transmission. For example, when data packet arrives, UE is indicated by DCI to switch to BWP for data scheduling to perform DL/UL data transmission. UE will fall back to BWP for power saving after BWP inactivity timer expires
· Type 2 BWP switch delay is assumed

· BWP switching is Y (ms) after last packet/data burst.

· Y is 30 for FTP and 20 for VoIP 

· The CSI-RS measurement and reporting are also considered in the simulation assumption.
·  For CSI-RS measurement, the periodicity is equal to max (C-DRX cycle, 160ms). The CSI-RS measurement duration is one slot.
·  The UE performs CSI-RS measurement in the active BWP.

A.2: Traffic models
In this contribution, FTP 3 and VoIP traffic models are used. 

Table A.1 Traffic model
	Traffic model
	FTP3
	VOIP
	Data-intensive traffic 

	Model
	FTP model 3
	As defined in R1-070674.

Assume max two packets bundled.
	FTP model 3

	Mean arrive time
	200ms
	
	50ms

	Payload
	0.5Mbytes
	
	0.1Mbytes


A.3: SPS PDSCH release processing time [5]
Table A.2 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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