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Introduction
DCI-based power saving adaptation during DRX ActiveTime was discussed in RAN1 #106-e and the following were agreed [1]:
Agreement
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case
Agreement
· UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed) and monitoring of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2 (if confirmed)
· Note: The number of supported SSSG is left to UE feature discussion.
· FFS: UE capability of supported UE behaviors
· Indication of Beh 1A when SSSG(s) are not configured is supported.
· Working assumption: Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported
· FFS: Indication of Beh 1A when three SSSG(s) (if supported) are configured
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
· Note: at most Y = 2
· Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
· FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
· FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
· FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
· FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
· PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.

In this contribution, a DCI-based design approach is proposed for power saving adaptation during DRX ActiveTime. 
DCI-based power saving signal
According to the agreement in [1], PDCCH skipping is supported as a working assumption in the current search space set group (SSSG) when two SSSGs are configured. According to this agreement, both SSSG switching between two configured SSSGs and PDCCH skipping within a SSSG can be supported. This method combines the benefits of PDCCH skipping and legacy SSSG switching and should be supported for UE power saving. On the other hand, in case the gNB does not want to implement PDCCH skipping, then it should have the capability not to activate PDCCH skipping. So, the following are proposed:
Proposal 1: Confirm the following working assumptions: 
· Working assumption: Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported.
· Working Assumption: Beh 1: PDCCH skipping is not activated.

To support both SSSG switching and PDCCH skipping, 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, providing higher flexibility.

[bookmark: _Ref79077147]Table 1 Example of codepoint based scheme to implement SSSG switching and PDCCH skipping 
	Current SSSG
	DCI bits
	Next SSSG
	Action

	0
	00
	0 
	switching

	0
	01
	1
	switching

	0
	10
	0 (skip T0)
	skipping

	0
	11
	0 (skip T1)
	skipping

	
	
	
	

	1
	00
	0
	switching

	1
	01
	1
	switching

	1
	10
	1 (skip T2)
	skipping

	1
	11
	1 (skip T3)
	skipping



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 gains 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 Example of codepoint based scheme to implement SSSG switching and PDCCH skipping (skipping is configured for one SSSG)
	Current SSSG
	DCI bits
	Next SSSG
	Action

	0
	00
	0
	switching

	0
	01
	1
	switching

	0
	10
	0 (Skip T0)
	skipping

	0
	11 
	0 (Skip T1)
	skipping

	
	
	
	

	1
	00
	1 (Skip T2)
	skipping

	1
	01
	1 (Skip T3)
	skipping

	1
	10
	1 (Skip T4)
	skipping

	1
	11
	1 (Skip T5)
	skipping



Based on the above discussion, the following are proposed:

Proposal 2: Codepoints in the DCI can be configured per SSSG to indicate SSSG switching, PDCCH skipping.
Proposal 3: PDCCH skipping duration(s) indicated by the codepoint(s) can be configured per SSSG.

According to the agreement [1], as a working assumption, a third SSSG can be configured. The main objective of the additional SSSG is to emulate PDCCH skipping by defining this SSSG as a null SSSG. 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.



[bookmark: _Ref71559444]Figure 2‑1 Example of state diagram for 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 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 ActiveTime is over.

[bookmark: _Ref71559991]Table 3 Example of null SSSG based scheme 
	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)




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 first scheme offers higher flexibility by enabling the gNB to configure PDCCH skipping and/or SSSG switching functionality per SSSG with the desired skipping granularity. 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. The null SSSG based method may also suffer from latency due to the switching operation. Nevertheless, it would be useful to provide the gNB with the full flexibility on which scheme to configure. Therefore, we propose the following.

Proposal 4: Confirm the following working assumptions:
Working Assumption: Beh 2B (if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2 (if confirmed)
Working Assumption: At most 3 SSSGs is supported to be configured.

To emulate skipping with null SSSG, timer value per SSSG is needed:
Proposal 5: The timer(s) is configured per SSSG.

When three SSSGs are supported, the 2-bit indication may not be sufficient to also support PDCCH skipping if switching from SSSG0 and SSSG1 (and vice versa) and from these SSSGs to SSSG2 is indicated with codepoints. This, however, may not be a big problem since the null SSSG may be used to emulate PDCCH skipping. If some of these switches are configured to be indicated with an implicit trigger, then free code points can be used to indicate PDCCH skipping. For example, if switch from SSSG0 to SSSG1 is triggered with PDCCH reception only instead of a codepoint in the DCI, then the free codepoint can be used to indicate PDCCH skipping. This can be handled by configuring what codepoint(s) indicate per SSSG as discussed before.
[bookmark: _Hlk79134498]
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 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 6: 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 Timeline for UL transmission

Proposal 7: 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, DCI-based power saving adaptation during DRX ActiveTime was discussed and the following have been proposed:
Proposal 1: Confirm the following working assumptions: 
· Working assumption: Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported.
· Working Assumption: Beh 1: PDCCH skipping is not activated.
Proposal 2: Codepoints in the DCI can be configured per SSSG to indicate SSSG switching, PDCCH skipping.
Proposal 3: PDCCH skipping duration(s) indicated by the codepoint(s) can be configured per SSSG.
Proposal 4: Confirm the following working assumptions:
Working Assumption: Beh 2B (if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2 (if confirmed)
Working Assumption: At most 3 SSSGs is supported to be configured.

Proposal 5: The timer(s) is configured per SSSG.
Proposal 6: 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 7: 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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