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Introduction
In RAN1 #104-e, there are discussions on the impact on data scheduling caused by PDCCH adaptation and the potential PDCCH adaptation triggering schemes/DCI format for connected mode UE power saving.
In this contribution, we first show the potential solution that can minimize the impact to data scheduling when adopted PDCCH adaptation in section 2 . In section 3, we further provide the comparison of the potential triggering schemes in different traffic model, and the analysis of trigging DCI format in section 4.

Before starting to discuss about these issues, we simply introduce same notations first. Take Figure 1 for example. There are multiple colour blocks. The pink one means UE should monitor PDCCH. In contrast, the green one with diagonal stripes means UE will skip PDCCH monitoring in that period. The dark green outside frame represents a configured power saving duration. UE will adopt power-saving setting in that duration. Power-saving setting can be combined with the pink and green colour blocks. It means that UE will monitor PDCCH periodicity in that power saving duration.  
 
[bookmark: _Ref71532435]Discussion of Minimizing the Impact to Data Scheduling
In RAN1 #104-e, there are discussion about whether and how PDCCH adaptation indication impact data scheduling as the following agreement. 

	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 section 2.1, we provide the analysis of the impact caused by PDCCH skipping adaptation in different situation and the solution to minimize the impact. In section 2.2, we will discuss the application delay for PDCCH adaptation indication.

[bookmark: _Ref71477134]The Impact of Skipping PDCCH Monitoring and Solution
Skipping PDCCH monitoring not only achieves power saving but also impacts the flexibility of data scheduling. As long as the skipping indication of network is not align with the behaviour of a UE, the impact to data scheduling becomes larger. For example, the UE will switch to power-saving setting as it receives DCI that indicate PDCCH monitoring reduction. However, if the HARQ outcome is invalid, gNB cannot schedule UE during the period of power-saving setting as illustrated in Figure 1. 
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[bookmark: _Ref71477734]Figure 1. PDCCH adaptation has impact on data scheduling 


[bookmark: _Ref71530862]It is necessary to identify solution to resolve the impact to data scheduling.

[bookmark: _Ref71660341]Observation 1: It is necessary to resolve the impact to data scheduling caused by PDCCH skipping adaptation

One simple solution is that: the behaviour of UE can depend on HARQ processing. If HARQ processing outcome is valid (situation 1), UE switches to power-saving setting after receiving scheduling DCI that indicates PDCCH monitoring reduction. If not (situation 2), UE waits for a configured delay switch duration for ReTXs. UE will switch back to data-efficiency setting at the end of the configured power saving duration. As illustrated in Figure 2.

[image: ]
Figure 2: Illustration of UE power saving adaptive depends on HARQ processing.


Situation 1 includes about 90% of downlink data scheduling. The benefit of the behaviour in situation 1 has been discussed in [1]. UE can achieve significant power saving because switching to power-saving setting earlier as shown in Figure 3 and Table 1.
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[bookmark: _Ref71533310]Figure 3: Illustration of power saving adaptive (a) Rel-16 (b) Rel-17 enhanced
[bookmark: _Ref71509368]
Table 1 Performance comparison for (a) Rel-16 and (b) Rel-17 enhanced
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[bookmark: _Ref71530907]Observation 2: If UE switches to power-saving setting ONLY when the outcome of HARQ processing is valid, PDCCH adaptation can still achieve significant power saving gain while causing less impact to data scheduling.

As for situation 2, it corresponds to around 10% of downlink and uplink data scheduling. It is reasonable to have a configured delay switch duration before UE switches to power-saving setting. In downlink part, UE has to wait for retransmission if the data is decoded unsuccessfully. In uplink part, UE has to wait for a possible retransmission request from netwok because UE cannot get the information whether gNB decodes successfully or not. If UE does not receive any indication in that duration for retransmission, it is likely gNB has no further request. Thus, for situation that HARQ process is invalid or unknown, a configured delay switch duration for UE waits for possible data retransmission or retransmission request is useful.

In addition, UE will not expect to receive indication in round-trip time. If RTT timer of drx is configured, UE can also switches to power-saving setting. This can be left for UE implementation.
[bookmark: _Ref71657642]Observation 3: If the HARQ processing outcome is invalid or unknown, a configured delay switch duration can accommodate possible data retransmission or retransmission request. 

[bookmark: _Ref71530943]Proposal 1: Adaptation of UE PDCCH monitoring can depend on HARQ processing outcome after receiving the scheduling DCI that indicate the adaptation. 
· If HARQ processing outcome is valid, UE switches to power-saving setting. 
· If HARQ processing outcome is invalid or unknown, UE waits for a configured time duration for ReTXs. 
· Whether UE switches to power-saving setting in RTT time left for UE implementation. 

[bookmark: _Ref71477152]The application delay for PDCCH adaptation indication
Application delay for PDCCH adaptation indication relates to UE processing time. Thus, it should depends on which setting UE currently applies. As illustrated in Figure 4, application delay 1 is the delay time from data-efficient setting to power-saving setting; application delay 2 is the delay time from power-saving setting to data-efficient setting. Application delay 2 should be longer than application delay 1 because it takes more time for UE to switch to more intensive monitoring. 
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[bookmark: _Ref71525218]Figure 4: Based on the setting UE stays and switches to, the application delay should be different

[bookmark: _Ref71530933]Observation 4: Application delay should depend on whether UE is in power saving or not.

However, in TS 38.213[2], there is no difference between two application delays in current NR-U specification. As an extension, which is also analogous to cross-slot scheduling, application delay can be modified for Rel-17 enhancement.

[bookmark: _Ref71530966]Proposal 2: Different application delays can be specified for Rel-17 enhancement as an extension for Rel-16 SSSG switching and analogous to cross-slot scheduling.

[bookmark: _Ref71531357]SSSG Switching Can Support More Traffic Types
In RAN1 104-e, two major alternatives are considered for DCI based PDCCH monitoring adaptation as in the following agreement.

	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
· Others not precluded



In this section, we will provide the analysis of above Alts in different traffic types, and show that Alt 1 (enhancement of Rel-16 SSSG switching) can support more traffic types than Alt 2a. In section 3.1, we compare both alternatives over FTP traffic. In section 3.2, the comparison over XR traffic will be provided.

[bookmark: _Ref71527041]Comparison over FTP Traffic
In a less frequent traffic model, such as FTP traffic, it does not have significant difference between Alt 1 and Alt 2a. Both of them can achieve equivalent power saving with the settings shown in Figure 5.
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[bookmark: _Ref71527622]Figure 5: Both alternatives achieve equivalent power saving gain in FTP traffic

For Alt 2a, network configures a skip duration which UE will not monitoring PDCCH in that duration. This behaviour can be fully modelled by extending SSSG switching frame work in Alt 1. By setting SSSG 1 associated to no SSS and SSSG timer value same as the skip duration, UE will switch to SSSG 1 after receiving PDCCH that indicate UE power saving. Because there is no SSS in SSSG 1, UE will switch back to SSSG 0 per SSSG timer expiration.

Alt 1 can reuse Rel-16 SSSG switching specification 1 instead of creating a new specification. It has less specification effort by using Alt 1 to achieve the same power saving.

[bookmark: _Ref71530955]Observation 5: Alt 1 can reuse R16 SSSG switching specification and achieve the same power saving gain as Alt 2a over FTP traffic.

Comparison over XR Traffic
In a frequent traffic model, such as XR traffic modelled in RAN1 #104-bis-e, there is frequent data in both uplink and downlink direction. In uplink direction, the pose control packets comes frequently and has a stringent latency requirement. (e.g., 4-msec periodicity, 10-msec PDB) It requires UE PDCCH monitoring for potential UL ReTXs because UE cannot get the information about HARQ process. Thus, for Alt 2a, network can only configure a short skip duration (e.g. 2-msec) to avoid long UL ReTX delay. This limitation will cause inferior power saving as depicted in Figure 6.
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[bookmark: _Ref71530173]Figure 6: Alt 2a can support XR traffic well by setting appropriate SSSG.

However, Alt 1 is has more flexibility to support different traffic type by setting different SSS in SSSG 1. By setting SSSG 1 with SSS which monitoring PDCCH sparsely, UE can still monitor PDCCH periodically in power saving duration. If the HARQ process is valid, UE switch to SSSG 1 after receiving DCI indicate power saving. Because UE maintains periodic PDCCH monitoring in power saving duration, network can still transmit uplink retransmission request if needed. Thus, Alt 1 can confine retransmission latency while achieving more power saving gain than Alt 2a.

[bookmark: _Ref71530975][bookmark: _Ref71665248][bookmark: _Ref71530980]Observation 6: Alt 1 can achieve better power saving than Alt 2a for XR traffic with frequent UL.

[bookmark: _Ref71665292]Proposal 3: Alt 1 (based on SSSG switching) is recommend.
 
[bookmark: _Ref61277981][bookmark: _Ref71657590]Specification of DCI-based SSSG Switching
	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
· 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 associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration for the switched SSSG, UE switch back to previous/default SSSG after duration ends
· 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




The candidates of triggering schemes can be categorized into 4 types: scheduling DCI based, non-scheduling DCI-based, additional indication mechanism, timer-based. Considering the signalling overhead and widely supported in Rel-15/16 power saving techniques including BWP switch, SCell dormancy and cross-slot scheduling, “scheduling DCI based” solution can be prioritized for triggering Rel-17 power saving enhancement(s).Thus, we have the following observation:

[bookmark: _Ref71657654][bookmark: _Ref61016935]Observation 7:  “scheduling DCI based” triggering scheme has been widely used in Rel-15/16 power saving techniques including BWP switch, SCell dormancy and cross-slot scheduling. In addition, compared to “non-scheduling DCI based” solution, its signalling overhead is small. Therefore, for the triggering scheme of Rel-17 power saving enhancement, “scheduling DCI based” solution can be prioritized.
[bookmark: _Ref71657800][bookmark: _Ref71665316]
Proposal 4: Support the scheduling DCI format for DCI for Rel-17 SSSG switching enhancement, including 
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2

Since there can be power saving indications from UL grant and DL grant, the UE behaviour for such case should be further specified.

[bookmark: _Ref71665371][bookmark: _Ref71657805]Proposal 5: Specify the UE behaviour when receiving power saving indications from both UL grant and DL grant. 

Conclusion
In this work, we first provide the analysis of impact to data scheduling caused by PDCCH adaptation and the potential solution in section 2.1. And the suggested extension for application delay in section 2.2. In section 3, we provide the comparison of Alt 1 and Alt 2a in different types of traffic model. In section 4, we support scheduling DCI. Based on the discussions above, we have the following observations and proposals.

Observation 1: It is necessary to resolve the impact to data scheduling caused by PDCCH skipping adaptation

Observation 2: If UE switches to power-saving setting ONLY when the outcome of HARQ processing is valid, PDCCH adaptation can still achieve significant power saving gain while causing less impact to data scheduling.

Observation 3: If the HARQ processing outcome is invalid or unknown, a configured delay switch duration can accommodate possible data retransmission or retransmission request.

Proposal 1: Adaptation of UE PDCCH monitoring can depend on HARQ processing outcome after receiving the scheduling DCI that indicate the adaptation.
· If HARQ processing outcome is valid, UE switches to power-saving setting. 
· If HARQ processing outcome is invalid or unknown, UE waits for a configured time duration for ReTXs. 
· Whether UE switches to power-saving setting in RTT time left for UE implementation. 
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Figure 2: Illustration of UE power saving adaptive depends on HARQ processing.


Observation 4: Application delay should depend on UE processing time.

Proposal 2: Different application delay can be specified for Rel-17 enhancement as an extension for Rel-16 SSSG switching and analogous to cross-slot scheduling.

[image: ]
Figure 4: Based on the setting UE stays and switches to, the application delay should be different

Observation 5: Alt 1 can reuse R16 SSSG switching specification and achieve the same power saving gain as Alt 2a over FTP traffic.
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Figure 5: Both alternatives achieve lots of power saving gain in frequent-less traffic


Observation 6: Alt 1 can achieve better power saving than Alt 2a for XR traffic with frequent UL.
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Figure 6: Alt 2a can support XR traffic well by setting appropriate SSSG.


Proposal 3: Alt 1 (based on SSSG switching) is recommend.

Observation 7:  “scheduling DCI based” triggering scheme has been widely used in Rel-15/16 power saving techniques including BWP switch, SCell dormancy and cross-slot scheduling. In addition, compared to “non-scheduling DCI based” solution, its signalling overhead is small. Therefore, for the triggering scheme of Rel-17 power saving enhancement, “scheduling DCI based” solution can be prioritized.

Proposal 4: Support the scheduling DCI format for DCI for Rel-17 SSSG switching enhancement, including
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2

Proposal 5: Specify the UE behaviour when receiving power saving indications from both UL grant and DL grant.
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Table 2. Evaluation setting based on [3] 
	Traffic model (Follow TR 38.840)
	VoIP
	FTP

	DRX setting 
(DRX cycle, on-duration, IAT) 
	(40 ms, 8ms, 10ms)
	(160 ms, 8 ms, 20 ms)

	Rel-15 & Rel-16 power saving features
	Common setting
	· WUS/DCP offset to DRX ON: 2ms
· Type 2 BWP switch delay
· BWP switching is 8 ms after last packet/data burst

	
	Data-efficient setting
	PCell & SCell
· FR1: 100 MHz/CC, 4-layer MIMO, same-slot scheduling, per-slot PDCCH monitoring
FR2: 100 MHz/CC, 2-layer MIMO, same-slot scheduling, per-slot PDCCH monitoring

	
	Power-saving setting
	PCell
· FR1: 20 MHz/CC, 2-layer MIMO, cross-slot scheduling (K0=1), PDCCH monitoring period of  1 ms (2slot)
· FR2: 100 MHz/CC. 1-layer MIMO, cross-slot scheduling (K0=4), PDCCH monitoring period of 1 ms (8 slot)
SCell
SCell dormancy with 160 ms periodic CSI meas. and reporting

	CC number
	FR1: 1 CC, FR2: 1CC
	FR1: 1 CC, FR2: 4 CC
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