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Introduction
Power saving adaptation during DRX Active Time was discussed in RAN1 #105-e and the following were agreed [1]:
Agreement:
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported.
· At least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the indication(s)

Agreement:
· At least 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 monitor 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 signalling, 
· by DCI indication
· Implicitly, to the end of C-DRX active time
Agreement:
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

In this contribution, we propose a 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
Codepoint based method
It has been agreed to support indication to the UE by DCI to adapt PDCCH monitoring SSSG switching and PDCCH skipping. To achieve this, one straightforward method is to configure codepoints in the DCI to indicate SSSG switching and/or PDCCH skipping. A sample design is shown in Table 1 in which two codepoints are allocated to indicate SSSG switching and two codepoints are allocated to indicate PDCCH skipping. Note that in this method, the skipping durations configured to be used within each SSSG can have different values, resulting in significant flexibility.

[bookmark: _Ref79077147]Table 1 Sample codepoint based scheme to implement SSSG switching and PDCCH skipping (switching and skipping configured for both SSSGs)
	Current SSSG
	DCI bits
	Next SSSG

	0
	00
	0

	0
	01
	1

	0
	10
	0 (skip duration T0)

	0
	11
	0 (skip duration T1)

	
	
	

	1
	00
	0

	1
	01
	1

	1
	10
	1 (skip duration T2)

	1
	11
	1 (skip duration T3)



One flexibility of this approach is that the indications provided by the codepoints can be configured separately for each SSSG. As an illustrative example, consider two SSSGs where the first SSSG is configured to have reduced PDCCH monitoring and the second one is configured to have more frequent PDCCH monitoring. PDCCH skipping while monitoring according to the first SSSG may not be bring meaningful power saving gain since the first SSSG is already configured for reduced PDCCH monitoring. So, it may be more beneficial to support skipping with a higher granularity of skipping durations only when the UE is monitoring PDCCH according to the second SSSG. A sample design for this case is provided in Table 2 in which all four codepoints are allocated to indicate PDCCH skipping within SSSG#1. Switching from SSSG#1 to SSSG#0 can be achieved with a timer expiry.

[bookmark: _Ref71609310]Table 2 Sample codepoint based scheme to implement SSSG switching and PDCCH skipping (skipping configured for one SSSG with higher skipping duration granularity)
	Current SSSG
	DCI bits
	Next SSSG

	0
	00
	0

	0
	01
	1

	0
	10
	0 (skip duration T0)

	0
	11 
	0 (skip duration T1)

	
	
	

	1
	00
	1 (skip duration T2)

	1
	01
	1 (skip duration T3)

	1
	10
	1 (skip duration T4)

	1
	11
	1 (skip duration T5)




Null SSSG based method
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 3. In this example, three SSSGs including one null SSSG and two DCI bits for explicit indication are assumed.



[bookmark: _Ref71559444]Figure 2‑1 State diagram of sample scheme null SSSG based scheme 
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 T2) and codepoint 11 may switch the UE to the null SSSG and start a second timer (T1 or T3). Once the skipping duration ends, the UE may switch back to the previous SSSG unless the DRX Active time is over.

[bookmark: _Ref71559991]Table 3 Sample null SSSG based scheme to implement SSSG switching and PDCCH skipping
	Current state
	DCI bits
	Next state

	00
	00
	00

	00
	01
	01

	00
	10
	10 (timer value T0)

	00
	11
	10 (timer value T1)

	
	
	

	01
	00
	00

	01
	01
	01

	01
	10
	10 (timer value T2)

	01
	11
	10 (timer value T3)




Discussion
It can be observed (e.g., by comparing Table 1 and Table 3) that both schemes can obtain similar UE behaviour, however, there are some clear differences between the operational aspects of the two schemes. The codepoint based scheme offers a clear advantage of higher flexibility. In this scheme, the gNB can configure PDCCH skipping and/or SSSG switching functionality per SSSG with the desired skipping granularity. Codepoints can be configured to indicate joint SSSG switching and PDCCH skipping, e.g., skipping followed by switching. In addition, the UE may be configured to monitor a reduced set of SSs even during the skipping duration, for example to monitor retransmission requests, and skipping may apply to only a subset of SSs only instead of all SSs. Besides the above, the spec impact of the codepoint based scheme is smaller whereas the null SSSG based scheme has to rely on numerous timers to emulate different skipping durations. The null SSSG based method also suffers from latency due to the switching operation.

Based on the above discussion, we propose the following:
[bookmark: _Hlk79134498]Proposal 1: Support configuration of codepoints per SSSG to indicate SSSG switching and/or PDCCH skipping.
Proposal 2: Support indication of skipping a subset of SSs in a SSSG.

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 2‑2 Sample timeline for DL transmission

Figure 2‑2 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 2‑3 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 2‑3 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. The codepoint based and null SSSG based methods were compared. As a result of the discussion, the following have been proposed:

Proposal 1: Support configuration of codepoints per SSSG to indicate SSSG switching and/or PDCCH skipping.
Proposal 2: Support indication of skipping a subset of SSs in a SSSG.
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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