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Introduction
Power saving adaptation during DRX Active Time was discussed in RAN1 #104-e and the following was agreed [1]:
Agreements:
1. 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. 
0. Details FFS
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

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

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

In this contribution, we propose a common design to support the functionalities of both SS set group switching and PDCCH skipping. 

PDCCH-based power saving signal
[bookmark: _Ref47683963]Search space set group switching
Search space set group switching is supported in Rel-16 NR-U. The goal of this feature is for the UE to save power by monitoring PDCCH in relatively sparse monitoring occasions and switch to more frequent monitoring occasions when a data packet arrives.
The specified mechanism uses both explicit and implicit signaling. In the explicit signaling, the UE is indicated the index of the SSSG to use for PDCCH monitoring via the searchSpaceSwitchTrigger-r16 field of DCI format 2_0. In the implicit signaling, the UE switches from SSSG0 to SSSG1 if a PDCCH is received. UE may switch back to SSSG0 when an associated timer expires, or an explicit trigger is received.
Common design
The existing SSSG switching mechanism utilizes group-common signaling (DCI format 2_0) for explicit indication since the spectrum and COT are shared by multiple UEs. However, similar to the cross-slot scheduling specified in Rel-16 for UE power saving, further reducing PDCCH monitoring during Active Time should take into account a UE’s specific traffic conditions; therefore, utilizing the scheduling DCI for explicit indication is more appropriate. In addition, monitoring a new group common DCI format during Active Time would unnecessarily increase blind decoding, and hence power consumption. So, we propose:
Proposal 1: Scheduling DCI is used for explicit indication of PDCCH monitoring reduction in Active Time.
In the following, two potential schemes to achieve a common design are analysed in which both schemes support the functionalities of both SSSG switching and PDCCH skipping. 

SSSG switching based mechanism with null SSSG
In this scheme, the SSSG switching mechanism specified for NR-U is extended to support the functionalities of both SSSG switching and PDCCH skipping. One solution that has been previously raised is to emulate PDCCH skipping by defining a null SSSG and indicating to the UE to switch to the null SSSG when PDCCH skipping is desired. In this scheme, the UE can be indicated explicitly to monitor the PDCCH according to the null SSSG and can switch to another SSSG upon expiry of a timer where the timer determines the skipping duration. A sample state diagram illustrating this mechanism is provided in Figure 2‑1 and the corresponding state transition table is given in Table 1. In this example, three SSSGs including one null SSSG and two DCI bits for explicit indication are assumed.
Transitions between SSSGs are triggered by corresponding trigger bits in the scheduling DCI. If more than one codepoint indicates transition to the null SSSG, these codepoints can map to different skipping durations. For example, in the example below, codepoint 10 may switch the UE to the null SSSG 0 and start a first timer (T0 or T0’) and codepoint 11 may switch the UE to the null SSSG and start a second timer (T1 or T1’). Once the skipping duration ends, the UE may switch back to the previous SSSG unless the DRX Active time is over.
Note that although transition from both SSSG 00 and 01 to the null SSSG is allowed in this example, in general such a transition from only one SSSG can be possible. If SSSG 0 is configured for sparser PDCCH monitoring and SSSG 1 is configured for more frequent PDCCH monitoring, then it would not be necessary to perform PDCCH skipping while the UE is using SSSG 0.



[bookmark: _Ref71559444]Figure 2‑1 State diagram of unified scheme 1 (with Null SSSG)

[bookmark: _Ref71559991]Table 1 State transition table of unified scheme 1
	Current state
	DCI bits
	Next state

	00
	00
	00

	00
	01
	01

	00
	10
	10 (Timer value T0) or N/A

	00
	11
	10 (Timer value T1) or N/A

	01
	00
	00

	01
	01
	01

	01
	10
	10 (Timer value T0’)

	01
	11
	10 (Timer value T1’)




 Unified design with SSSG switching and PDCCH skipping
Another candidate scheme is to support both SSSG switching and PDCCH skipping without necessarily defining an additional null SSSG. To achieve this, one straightforward option is to configure one set of DCI bits to indicate SSSG switching and one set of bits to indicate PDCCH skipping. However, this approach would unnecessarily increase the DCI size and is not necessary as elaborated next. For SSSG switching, it is likely that two groups will be defined: first with reduced PDCCH monitoring and second with more frequent PDCCH monitoring. PDCCH skipping while monitoring according to the first SSSG is not necessary since the first SSSG is already configured for reduced PDCCH monitoring. So, it would be better to support skipping only when the UE is monitoring PDCCH according to the second SSSG. 
Based on the above, the same DCI bits can indicate to the UE whether to perform SSSG switching or PDCCH skipping, and the interpretation of the bits could be determined by the current SSSG. An example is illustrated in Figure 2‑2. The DCI bits trigger SSSG switching when they are received while the UE is monitoring PDCCH according to SSSG 0, and the same bits trigger PDCCH skipping when they are received while the UE is monitoring PDCCH according to SSSG 1. The state transition tables for 2 DCI bits and 1 DCI bit are given in Table 2 and Table 3, respectively. 



[bookmark: _Ref71609036]Figure 2‑2 State diagram of unified scheme 2 (without Null SSSG)

[bookmark: _Ref71609310][bookmark: _Hlk71648129]Table 2 State transition table of unified scheme 2 with 2 DCI bits
	Current state
	DCI bits
	Next state

	00
	00
	00

	00
	01
	01

	00
	10
	N/A

	00
	11
	N/A

	01
	00
	01 (Skipping duration T0)

	01
	01
	01 (Skipping duration T1)

	01
	10
	01 (Skipping duration T2)

	01
	11
	01 (Skipping duration T3)



[bookmark: _Ref71609312]Table 3 State transition table of unified scheme 2 with 1 DCI bit
	Current state
	DCI input
	Next state

	0
	0
	0

	0
	1
	1

	1
	0
	1 (Skipping duration T0)

	1
	1
	1 (Skipping duration T1)



Proposal 2: To support a common design, down-select one of the following unified schemes:
· Unified scheme 1: DCI indicates a next state with null SSSG definition.
· Unified scheme 2: DCI indicates either a next state or PDCCH skipping duration based on current state without null SSSG definition.
Retransmission handling
When there is a pending or potential HARQ retransmission, performing PDCCH skipping may result in data loss. This issue is studied below for DL and UL retransmission.
DL retransmission:




[bookmark: _Ref71003664]Figure 2‑3 Sample timeline for DL transmission

Figure 2‑3 illustrates a sample timeline for the DL transmission of a corresponding HARQ process. In this figure, each vertical represents an OFDM symbol where the OFDM symbol may be the last symbol of a transmission when applicable (e.g., the last symbol of the transmission carrying the DL HARQ feedback). In DL transmission, the drx-HARQ-RTT-TimerDL for the corresponding HARQ process is started in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback and the drx-RetransmissionTimerDL is stopped. If a drx-HARQ-RTT-TimerDL expires, and if the data of the corresponding HARQ process was not successfully decoded, the drx-RetransmissionTimerDL for the corresponding HARQ process is started in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
If the skipping indication is received in the initial grant, then the UE should monitor the PDCCH for a possible retransmission grant. Since the retransmission grant is expected while the retransmission timer is running, the UE should monitor the PDCCH in the interval from when the DL retransmission timer starts until the last symbol of the transmission carrying the retransmission grant plus a time offset where the time offset is needed for decoding latency. In this time interval, the UE may monitor the PDCCH according to a reduced set of search spaces, e.g., a single preconfigured SS, or the SS according to which the initial downlink grant was received.
Proposal 3: PDCCH skipping indication (including monitoring the PDCCH according to a null SSSG) is not applied in an interval when the DL retransmission timer is running.

UL retransmission:
Figure 2‑4 illustrates a sample timeline for the UL transmission of a corresponding HARQ process. If the PDCCH indicates a UL transmission, the drx-HARQ-RTT-TimerUL for the corresponding HARQ process is started in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission, and the drx-RetransmissionTimerUL for the corresponding HARQ process is stopped. If the drx-HARQ-RTT-TimerUL expires, the drx-RetransmissionTimerUL for the corresponding HARQ process is started in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
Like the downlink case, the UE should monitor the PDCCH from the first symbol when the UL retransmission timer is started until the last symbol of the transmission carrying the grant plus a time offset. 



[bookmark: _Ref71005348]Figure 2‑4 Sample timeline for UL transmission

Proposal 4: PDCCH skipping indication (including monitoring the PDCCH according to a null SSSG) is not applied in an interval when the UL retransmission timer is running.

Summary
In this contribution, PDCCH monitoring reduction in Active Time was discussed and the following have been proposed:
Proposal 1: Scheduling DCI is used for explicit indication of PDCCH monitoring reduction in Active Time.
Proposal 2: To support a common design, down-select one of the following unified schemes:
· Unified scheme 1: DCI indicates a next state with null SSSG definition.
· Unified scheme 2: DCI indicates either a next state or PDCCH skipping duration based on current state without null SSSG definition.

Proposal 3: PDCCH skipping indication (including monitoring the PDCCH according to a null SSSG) is not applied in an interval when the DL retransmission timer is running.
Proposal 4: PDCCH skipping indication (including monitoring the PDCCH according to a null SSSG) is not applied in an interval when the UL retransmission timer is running.
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