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Introduction
In RAN1#104e meeting, power saving techniques for connected-mode UE and the corresponding signaling design were discussed. In this contribution, we discuss the power saving techniques and the corresponding signaling design based on RAN1#104e conclusions. 
Power saving techniques
It is common understanding that there are two main power saving techniques, such as SSSG switching and PDCCH skipping for a duration.

SSSG switching
For SSSG switching, power saving gain comes from the sparse PDCCH monitoring occasions in the SSSG after indicating “go-to-sleep”.
The detailed signalling for SSSG switch was concluded as follows [1].
	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
· 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 details
· 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


It can be observed that SSSG switching can be supported by signalling design based on Rel-16 SSSG switching, Rel-16 power saving adaptation and new DCI field.

PDCCH skipping for a duration
For PDCCH skipping for a duration, power saving gain comes from skipping PDCCH monitoring occasions after indicating “go-to-sleep”. Skipping PDCCH monitoring occasions can be interpreted as monitoring PDCCH in a search space set group with sparse PDCCH monitoring occasions as well.
The detailed signalling for PDCCH skipping for a duration was concluded 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 details
· 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 preclude


It can be observed that PDCCH skipping for a duration can be supported by signalling design based on Rel-16 SSSG switching, Rel-16 power saving adaptation and new DCI field.

Power saving gain
It can be observed that these two techniques are similar. In our previous evaluation [2], these two techniques have the similar power saving gain. From the agreement in RAN1#104, these two techniques should be both supported with common design strived.

Signaling design
Striving common design
It was agreed to strive for a common design to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration [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


Then, it was agreed that two alternatives of signalling design can be considered [1].
	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


It should be noted that both Alt 1 and Alt 2a can support skipping PDCCH monitoring for a duration and SSSG switching.

Alt 1: Enhancement of Rel-16 SSSG switching
For Alt 1, it is based on the SS group switching mechanism defined in Rel-16 NR-U, and the enhancement can be applied. 

Triggering method
In Rel-16 NR-U, SSSG switching can be explicit triggering or implicit triggering. For explicit triggering, there is a bit in DCI format 2-0 to trigger SSSG switching. For implicit triggering, UE can autonomously switch SSSG upon detection of PDCCH of a search space set in a SSSG.
Explicit triggering
For explicit triggering, DCI format 2-0 is used for unlicensed operation. DCI format 2-0 may not be suitable for licensed operation, since the triggering bit in DCI format 2-0 is only used for unlicensed operation together with other bits like bits informing COT structure. It is general view that DCI format 2-0 is used for SFI in licensed operation, and gNB should transmit DCI format 2-0 only if SFI is changed. Moreover, the UE-specific like indication should be addressed in group common DCI to support indicating a specific UE, like DCI format 2-6.
Observation 1: For enhancement of Rel-16 SSSG switching, for explicit indication, DCI format 2-0 may not be suitable.
Moreover, for unlicensed operation, the purpose of SSSG switching in Rel-16 NR-U is to adapt different PDCCH monitoring characteristics inside COT and outside COT. Outside COT, UE can monitor the mini-slot level PDCCH to avoid missing scheduling or COT information when gNB gains the channel. Inside COT, UE can monitor the slot level PDCCH to reduce PDCCH monitoring. However, the purpose of SSSG switching for Rel-17 power saving is to control UE to monitor the light SSSG when packet is not arriving.
Observation 2: The purpose of SSSG switching for Rel-16 NR-U is different from that of SSSG switching for Rel-17 power saving.
Implicit triggering
For implicit triggering, UE can autonomously switch SSSG with assistance of a timer. Specifically, gNB can configure a timer by RRC signaling, and UE should switch to SSSG1 upon detection of PDCCH of a search space set in SSSG0, and after timer expired UE should switch back to SSSG0.
Proposal 1: For enhancement of Rel-16 SSSG switching, implicit triggering is prioritized.

Support of the two power saving techniques
Alt 1 should support the two power saving techniques, i.e. skipping PDCCH monitoring for a duration and SSSG switching.
For skipping PDCCH monitoring for a duration, a “skipping SSSG” needs to be introduced. The skipping SSSG can be configured with no PDCCH monitoring occasions to realize PDCCH skipping function, and the “skipping” duration depends on a timer, e.g. a RRC configured timer, and UE should switch back to the normal SSSG after timer expired. 
For SSSG switching, the skipping SSSG may not be introduced, and the switched SSSGs can be configured same as Rel-16 NR-U.

Interaction with HARQ/retransmission
For enhancement of Rel-16 SSSG switching, there was no issue on interaction with HARQ/retransmission raised in Rel-16 NR-U, even for implicit triggering by scheduling DCI, because retransmission can be completed by the switched SSSG. However, for skipping PDCCH monitoring for a duration, the skipping SSSG should be introduced, and thus retransmission may not be completed by the skipping SSSG. Hence, interaction with HARQ/retransmission should be considered.
According to 38.321, if a drx-HARQ-RTT-TimerDL expires and	data of the corresponding HARQ process is not successfully decoded, UE should start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL. When the drx-RetransmissionTimerDL is running, UE should perform PDCCH monitoring. We think this UE behavior should not be changed even if UE is in a skipping duration.
Proposal 2: For skipping PDCCH monitoring for a duration, when the drx-RetransmissionTimerDL is running, UE should perform PDCCH monitoring even if UE is in a skipping duration.

Application delay
For enhancement of Rel-16 SSSG switching, there was no issue on application delay raised in Rel-16 NR-U, even for implicit triggering by scheduling DCI, because the pipeline of UE processing is not adjusted.

Alt 2: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation
For Alt 2a, it is  based on the DCI(s) or DCI field(s) designed in Rel-16 power saving, including wakeup indication, SCell dormancy indication and cross-slot scheduling indication.

Triggering method
In DCI based Rel-16 power saving adaptation, only explicit triggering is supported.
Wakeup indicationg
For wakeup indication, Rel-16 only support 1 bit wakeup indication in DCI format 2-6. In our view, the 1 bit wakeup indication is important, because it will inform MAC layer to start or stop onDurationTimer for all CCs. Hence, reusing the 1 bit wakeup indication is not feasible.
SCell dormancy indication
For SCell dormancy indication, Rel-16 support the up to 5 bits SCell dormancy indication in DCI format 2-6 and the up to 5 bits SCell dormancy indication in scheduling DCI or non-scheduling DCI (SCell dormancy case 2). Reusing the up to 5 bits SCell dormancy indication in DCI format 2-6 or scheduling DCI is feasible.
Cross-slot scheduling indication
For cross-slot scheduling indication, Rel-16 support 1 bit minimum scheduling offset indication in scheduling DCI. In general, cross-slot scheduling means the tolerance of scheduling delay, and thus skipping PDCCH monitoring can be assisted. Hence, reusing the 1 bit minimum scheduling offset indication is feasible.
Observation 3: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, the following methods are feasible:
· Reusing the up to 5 bits SCell dormancy indication in DCI format 2-6 or scheduling DCI
· Reusing the 1 bit minimum scheduling offset indication
Reusing SCell dormancy indication or cross-slot scheduling indication can reduce overhead in DCI.
Proposal 3: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, reusing SCell dormancy and/or cross-slot scheduling indication are prioritized.

Support of the two power saving techniques
Alt 2a should support the two power saving techniques, i.e. skipping PDCCH monitoring for a duration and SSSG switching.
For skipping PDCCH monitoring for a duration, one or more candidates of skipping duration can be configured by RRC signaling and the gNB can indicate the skipping duration in the DCI field defined for Rel-16 power saving adaptation. 
For SSSG switching, one or more candidates of SSSG can be configured by RRC signaling and the gNB can indicate the SSSG in the DCI field defined for Rel-16 power saving adaptation.

Interaction with HARQ/retransmission
For skipping PDCCH monitoring for a duration, retransmission may not be completed due to lack of PDCCH in the active time. Hence, interaction with HARQ/retransmission should be considered.
The interaction with HARQ/retransmission can be referred to Section 3.2.3.
Furthermore, HARQ feedback for SCell dormancy indication has been supported in Rel-16 power saving adaptation as shown below (TS 38.213).
	A UE is expected to provide HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy after  symbols from the last symbol of a PDCCH providing the DCI format 1_1.



Application delay
For reusing cross-slot scheduling indication, because the pipeline of UE processing is adjusted, application delay needs to be considered. 
The application delay should be no less than the PDCCH processing time. According to the study of Rel-16 cross-slot scheduling, if cross slot scheduling is enabled, the PDCCH processing time may be relaxed (e.g. up to K0min). In this case, the application delay can be K0min.
Proposal 4: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, for reusing cross-slot scheduling indication, the application delay can be K0min.

Alt 3: New DCI field
As agreements in RAN1#104e, other alternatives than Alt 1 and Alt 2 are not excluded. As the other alternatives, new DCI field in the existing DCI format not related to Rel-16 SSSG switching or Rel-16 power saving adaptation can be introduced.

Triggering method
Triggering method for new DCI field belongs to explicit triggering.
In general, gNB can RRC configure one or two candidates of skipping duration, and gNB can use 1 bit in DCI to trigger the skipping duration. Hence, the new DCI field with small number of bits is feasible. As a benefit, the new DCI field can provide more flexibility when combined with other power saving schemes, e.g.  SCell dormancy and cross-slot scheduling.
Proposal 5: New DCI field can be considered as new signaling different from enhancement of Rel-16 SSSG switching and enhancement of DCI(s) utilized for Rel-16 power saving adaptation.

Support of the two power saving techniques
New DCI field can support the two power saving techniques, i.e. skipping PDCCH monitoring for a duration and SSSG switching.
For skipping PDCCH monitoring for a duration, one or more candidates of skipping duration can be configured by RRC signaling and the gNB can indicate the skipping duration in the new DCI field. 
For SSSG switching, one or more candidates of SSSG can be configured by RRC signaling and the gNB can indicate the SSSG in the new DCI field.

Interaction with HARQ/retransmission
For skipping PDCCH monitoring for a duration, retransmission may not be completed due to lack of PDCCH in the active time. Hence, interaction with HARQ/retransmission should be considered.
The interaction with HARQ/retransmission can be referred to Section 3.2.3.

Application delay
Because the pipeline of UE processing is not adjusted, application delay does not need to be considered.

[bookmark: _Ref494215420]Conclusion
Based on the analyses and discussions, we have the following observations and proposals:
Observation 1: For enhancement of Rel-16 SSSG switching, for explicit indication, DCI format 2-0 may not be suitable.
Observation 2: The purpose of SSSG switching for Rel-16 NR-U is different from that of SSSG switching for Rel-17 power saving.
[bookmark: _GoBack]Observation 3: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, the following methods are feasible:
· Reusing the up to 5 bits SCell dormancy indication in DCI format 2-6 or scheduling DCI
· Reusing the 1 bit minimum scheduling offset indication
Proposal 1: For enhancement of Rel-16 SSSG switching, implicit triggering is prioritized.
Proposal 2: For skipping PDCCH monitoring for a duration, when the drx-RetransmissionTimerDL is running, UE should perform PDCCH monitoring even if UE is in a skipping duration.
Proposal 3: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, reusing SCell dormancy and/or cross-slot scheduling indication are prioritized.
Proposal 4: For enhancement of DCI(s) utilized for Rel-16 power saving adaptation, for reusing cross-slot scheduling indication, the application delay can be K0min.
Proposal 5: New DCI field can be considered as new signaling different from enhancement of Rel-16 SSSG switching and enhancement of DCI(s) utilized for Rel-16 power saving adaptation.
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