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Introduction
In RAN1 #105-e, the potential enhancements for connected mode UE power saving were discussed as the following agreements.
	Agreements:
· 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




One of the alternatives should be supported in RAN1 #106-e. In this contribution, we first provide the comparison of Alt 1 and Alt 2 in section 2. In section 3 and section 4, we further provide the suggested enhancement for handling retransmission and application, respectively.

[bookmark: _Ref79110327]Design Considerations with Alt 1 and Alt 2
In Rel-17, at least three monitoring behaviours are needed. One is per-slot monitoring, another is PDCCH skipping for a duration, and the other is periodical PDCCH monitoring, as shown in Figure 1. They can be used to trade off data efficiency and UE power saving gain in different scenarios:

· Per-slot monitoring:
It should be the default monitoring behaviour during the scheduling of data packets to maximize network data efficiency.

· PDCCH skipping for a duration: 
If there is no downlink data for the UE, gNB can indicate the UE to switch to this behaviour after the last TB scheduling. It is very useful for power saving with downlink centric traffic/service, such as FTP.

· Periodical PDCCH monitoring:
For some use cases, keeping periodical PDCCH monitoring is useful. Take AR/VR traffic for example, the uplink packet delay budget is only 30 msec, and skipping a long duration is not practical. Also, UE needs to monitor potential scheduling of uplink retransmission. Consequently, periodical PDCCH monitoring is preferred.

[bookmark: _Ref79075308]Observation 1: At least three PDCCH monitoring behaviours are needed for Rel-17 power saving adaptation. 
· Per-slot monitoring: The default monitoring behaviour during scheduling of data packets
· PDCCH skipping for a duration: Switch to this behaviour after the last TB scheduling
· Periodical PDCCH monitoring: Switch to this behaviour when there is potential timing critical data scheduling (e.g., for AR/VR UL traffic)
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[bookmark: _Ref78862430][bookmark: _Ref79075415]Figure 1. The Rel-17 PDCCH adaptation for reducing PDCCH monitoring


To support the above three monitoring behaviours, both Alts should have the corresponding enhancements. For Alt 1, we can add one additional group to Rel-16 SSSG framework, addressing the FFS of the following agreement.

	Agreements:
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




However, adding more SSSGs will increase the complexity of SSSG feature as shown in Figure 2. The state transition design should be further discussed. E.g., which SSSG should UE switch to when the timer expires? The complicate state machine also introduces the complicate error handling. Adding one additional SSSG makes the spec effort of Alt 1 not less than that of Alt 2.
[bookmark: _Ref78945194][bookmark: _Ref78881910][bookmark: _Ref78961365][bookmark: _Ref78945199]Observation 2: In Alt 1, to support at least 3 monitoring behaviours, at least 1 additional SSSG is needed. However, there will also introduce more complicate state transition design and error handling.
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[bookmark: _Ref78960391][bookmark: _Ref78945288]
[bookmark: _Ref79112966][bookmark: _Ref79109758]Figure 2. The state machine of Alt 1 becomes complex after adding one SSSG


Compared to Alt 1, one of the possible enhancements of Alt 2 is to jointly indicate SSSG framework and PDCCH skipping for a duration as shown in Figure 3. Periodical PDCCH monitoring can be implemented by the existing Rel-16 SSSG framework with added explicit indication in scheduling DCIs. PDCCH skipping for a duration can be specified to the simplest version with only one skip duration. In this regard, the specification change can be minimized. 

[bookmark: _Ref79075312][bookmark: _Ref78945201][bookmark: _Ref78881940]Observation 3: Alt 2 requires minimum extension to Rel-16 SSSG switching and addition of simple PDCCH skipping behaviour. 
[bookmark: _Ref78945344]Proposal 1: Support Alt 2 for reusing 2 SSSG framework and skipping for one duration.
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[bookmark: _Ref78967062][bookmark: _Ref78945414]Figure 3. The state machines of Alt 2 



[bookmark: _Ref78789533] Retransmssion Handling for PDCCH skipping in Alt 2
As illustrated in Figure 4, UE can skip PDCCH monitoring after receiving Rel-17 power saving indication in the scheduling DCI. In order not to block the possible retransmission, a mechanism on retransmission handling is needed. 
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[bookmark: _Ref79071483][bookmark: _Ref79109761]Figure 4. PDCCH adaptation has impact on data scheduling


One simple solution is that: UE should resume a short term PDCCH monitoring during the indicated PS duration, depending on the HARQ processing outcome. If HARQ processing outcome is valid (situation 1, about 90% of DL data scheduling), the UE does not have to wake up for the retransmission. If not (situation 2, about 10% of DL and UL data scheduling), the UE monitors the possible retransmission scheduling in a configured duration. As illustrated in Figure 5.




[bookmark: _Ref78945203][bookmark: _Ref71657642]Proposal 2: To avoid blocking retransmission scheduling during the skipping duration, UE should resume a short term PDCCH monitoring during a configured duration, depending on the HARQ processing outcome. 
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[bookmark: _Ref78875725][bookmark: _Ref78878097]Figure 5. Illustration of UE power saving adaptation for retransmission handling
[bookmark: _Ref71530966][bookmark: _Ref71530943][bookmark: _Ref78882047][bookmark: _Ref78945347]
[bookmark: _GoBack]The behaviour in the configured duration can refer to the RTT and retransmission timer of DRX configuration. The UE resumes monitoring PDCCH during the run time of retransmission timer for the possible retransmission scheduling.  In RTT timer, because the UE does not expect to receive data in that period, it can skip monitoring PDCCH. And configured duration can be set as the time length of RTT timer and retransmission timer. e.g., drx-HARQ-RTT-TimerDL + drx-RetransmissionTimerDL for downlink scheduling.

[bookmark: _Ref78945349][bookmark: _Ref79075326][bookmark: _Ref79109734]Proposal 3: The configured time duration for DL/UL can be set to the sum of RTT and retransmission timer of DRX configuration.
· drx-HARQ-RTT-TimerDL + drx-RetransmissionTimerDL for downlink scheduling.
· drx-HARQ-RTT-TimerUL + drx-RetransmissionTimerUL for uplink scheduling.
· Note: UE is not required to monitoring PDCCH during the first RTT timer
· FFS: UE behaviour when receiving DL and UL indications of different configured time durations


[bookmark: _Ref78879843]Discussion on Application Delay for Alt 2
For PDCCH skipping, there is no need of special specification on application delay, and we can specify network will stop scheduling in the next slot after indicating the PDCCH skipping.
[bookmark: _Ref79109736]Proposal 4: Application delay is only one slot for PDCCH skipping, aiming for the minimum specification change.  

Regarding SSSG switching, for the case that scheduling DCI is also used to indicate cross-slot scheduling change. How to identify the application delay can be further discussed.

[bookmark: _Ref78882168][bookmark: _Ref78945351][bookmark: _Ref79109737]Proposal 5: Application delay for SSSG switching triggered by scheduling DCI should be further discussed since the scheduling DCI can also trigger cross-slot scheduling adaptation.



Conclusion
Observation 1: At least three PDCCH monitoring behaviours are needed for Rel-17 power saving adaptation.
· Per-slot monitoring: The default monitoring behaviour during scheduling of data packets
· PDCCH skipping for a duration: Switch to this behaviour after the last TB scheduling
· Periodical PDCCH monitoring: Switch to this behaviour when there is potential timing critical data scheduling (e.g., for AR/VR UL traffic)
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Figure 1. The Rel-17 PDCCH adaptation for reducing PDCCH monitoring


Observation 2: In Alt 1, to support at least 3 monitoring behaviours, at least 1 additional SSSG is needed. However, there will also introduce more complicate state transition design and error handling.
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Figure 2. The state machine of Alt 1 becomes complex after adding one SSSG


Observation 3: Alt 2 requires minimum extension to Rel-16 SSSG switching and addition of simple PDCCH skipping behaviour.

Proposal 1: Support Alt 2 for reusing 2 SSSG framework and skipping for one duration.
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Figure 3. The state machines of Alt 2
Proposal 2: To avoid blocking retransmission scheduling during the skipping duration, UE should resume a short term PDCCH monitoring during a configured duration, depending on the HARQ processing outcome.
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Figure 5. Illustration of UE power saving adaptation for retransmission handling



Proposal 3: The configured time duration for DL/UL can be set to the sum of RTT and retransmission timer of DRX configuration.
· drx-HARQ-RTT-TimerDL + drx-RetransmissionTimerDL for downlink scheduling.
· drx-HARQ-RTT-TimerUL + drx-RetransmissionTimerUL for uplink scheduling.
· Note: UE is not required to monitoring PDCCH during the first RTT timer
· FFS: UE behaviour when receiving DL and UL indications of different configured time durations



Proposal 4: Application delay is only one slot for PDCCH skipping, aiming for the minimum specification change.

Proposal 5: Application delay for SSSG switching triggered by scheduling DCI should be further discussed since the scheduling DCI can also trigger cross-slot scheduling adaptation.
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