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Introduction
In RAN1#106-e, there were agreements on UE PDCCH monitoring operation to support DCI-based power saving adaptation during DRX active time as follows [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
Package 1
· 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, 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 applied to USS and type-3 CSS.

In this contribution, we discuss remaining issues on the DCI-based PDCCH monitoring adaptation. This tdoc is a revision of R1-2107476.

Discussion
PDCCH monitoring behavior
[bookmark: _GoBack]Based on the Package 1 agreement, given that Beh 1A is supported, even without Beh 2B we have already two SSSGs for switching and one PDCCH skipping behaviour which are the minimum set of essential operations. Therefore, Beh 2B is not necessary and it is suggested not to support Beh 2B (revert the working assumption). Still a pending issue is how to implement Beh 1A, i.e., which alternative to take between to use empty SSSG (Alt. 1) and to introduce explicit PDCCH skipping indication (Alt. 2). If Alt. 1 is adopted, anyway SSSG#2 needs to be introduced, but it is for Beh 1A, not Beh 2B.
Proposal 1: Do not support Beh 2B (revert the working assumption).

In Fig. 1, PDCCH monitoring operation based on Alt. 1 is illustrated. DCI can indicate one of the three SSSGs (i.e., SSSG#0, SSSG#1, SSSG#2 (empty SSSG)) for switching. If the indicated SSSG is a normal one (i.e., SSSG#0 or SSSG#1), UE may monitor the SSSG until the timer expires or another SSSG switching indication is received. If the indicated SSSG is the empty SSSG (i.e., SSSG#2), UE stops PDCCH monitoring until the timer expires. When the timer expires, UE may switch back to the default SSSG (i.e., SSSG#0).


Fig. 1. Alt. 1 with 2 normal SSSGs (#0 and #1) and one empty SSSG (#2)
Fig. 2 depicts an operation for Alt. 2. The overall operation is very similar to Alt. 1. DCI can indicate either PDCCH skipping (Beh 1A) or SSSG switching (Beh 2/2A). If PDCCH skipping is indicated, UE may stop PDCCH monitoring until the skip duration ends (or the timer expires), which is equivalent to the empty SSSG monitoring of Alt. 1. Alt. 2 may necessitate one less SSSG than Alt. 1, but it is not a big difference from specification point of view.


Fig. 2. Alt. 2 with 2 normal SSSGs (#0 and #1)
Yet another difference in Alt. 2 is that there are more degrees of freedom in the design of UE behaviour when entering and leaving the skipping period. For example, the options in the following table can be considered.
Table 1. Options for UE behaviour related to PDCCH skipping
	
	When entering the skip period
	When leaving the skip period

	Opt. 1
	Stop the timer of the prior SSSG (e.g., #1 in Fig. 2)
	Monitor a default SSSG (e.g., #0 in Fig. 2)

	Opt. 2
	Pause the timer of the prior SSSG (#1) during the skip period
	Resume the timer and monitor the prior SSSG (#1)

	Opt. 3
	Keep counting the timer of the prior SSSG (#1) during the skip period
	If the timer expires, monitor a default SSSG (#0). Otherwise, monitor the prior SSSG (#1).



The operations of Alt. 1 and Alt. 2 are fundamentally the same and the main difference is how to implement the configuration or indication of PDCCH skipping operation in the specification. In that sense, either alternative can be acceptable. Noting that Alt. 2 needs a new DCI field to indicate PDCCH skipping and it may have an issue addressed in Table 1, Alt. 1 may require less specification effort.
Observation 1: Noting that Alt. 2 needs a new DCI field to indicate PDCCH skipping and it may have an issue addressed in Table 1, Alt. 1 may result in less specification change.
Proposal 2: For Beh 1A, the PDCCH skipping behaviour is implemented based on SSSG switching by using the empty SSSG (e.g., SSSG#2).
Proposal 3: When the timer expires at a SSSG (e.g., SSSG#1 or empty SSSG), UE switches back to the default SSSG (e.g., SSSG#0).
Proposal 4: Confirm the following working assumption with a revision: “Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported”.

Regarding the non-scheduling DCI, the following proposals were discussed in the last meetings [2].
	Proposal 2a:
· PDCCH does not schedules data and indicates SSSG switching or PDCCH skipping for an active BWP in active time is supported by
· DCI Format 1_1 (SCell dormancy case 2 like)
Proposal 2b:
· DCI format 2_6 outside active time is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time when DRX is configured.
· DCI format 2_6 being received in active time is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time when DRX is configured.
Proposal 3c:
· For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.



We think that it is more reasonable to use DCI format 1_1 rather than using group-common signalling even when there is no data to transmit. Thus, Proposal 2a can be supported. Proposal 2b (first bullet) and Proposal 3c are beneficial to properly set the PDCCH monitoring behaviour for the beginning of the next DRX cycle. Another issue with non-scheduling DCI is HARQ-ACK feedback. For DCI format 1_1, HARQ-ACK can be fed back based on at least Type 2 codebook as it was in Rel-16 SCell dormancy indication. Considering that SSSG misunderstanding between gNB and UE is a critical problem, reporting HARQ-ACK for Type 1 codebook or for DCI format 2_6 can also be considered.
Proposal 5: PDCCH which does not schedule data and indicate SSSG switching or PDCCH skipping for an active BWP in active time is supported by DCI Format 1_1 (SCell dormancy case 2 like)
Proposal 6: DCI format 2_6 outside active time is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time when DRX is configured.
Proposal 7: For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.

Interaction with HARQ/retransmission
Two issues related to HARQ have been identified in the past meetings. The first one is timing relationship between HARQ-ACK reporting corresponding to the power saving indication DCI and its application timing. As illustrated in Fig. 3(b), if the indicated SSSG switching or PDCCH skipping is directly applied before gNB receives ACK/NACK for the DCI, gNB may suffer from an ambiguity on UE’s PDCCH monitoring behaviour until the ACK/NACK decoding. Thus delay vs. robustness trade-off exists in there. In our view, avoiding the SS set ambiguity is more important than obtaining power saving gain for a couple of additional slots. Therefore, at least for the case where ACK/NACK for the DCI is fed back, application time can be configured to be after the HARQ-ACK transmission timing + some margin for gNB’s HARQ-ACK decoding processing time.
Proposal 8: At least for the case where ACK/NACK for the DCI is present, application time of SSSG switching or PDCCH skipping is configured to be after the HARQ-ACK transmission timing + some margin for gNB’s HARQ-ACK decoding processing time.



Fig. 3. Application time of SSSG switching with/without interaction with HARQ-ACK

The second issue is PDCCH monitoring for potential PDSCH/PUSCH retransmission within a PDCCH skipping period. For example, UE may need to monitor some SS sets while DRX retransmission timer is running. During the ‘retransmission period’, UE can monitor one of already configured SSSGs, e.g., a default SSSG, in order to avoid introducing additional SS set or SSSG configurations. A different approach is simply to remove the issue at all, for example, the application time of the PDCCH monitoring adaptation can be configured to be after the retransmission period. This may incur additional application delay, however, its impact on UE power consumption is expected to be marginal.
Proposal 9: Application time of SSSG switching or PDCCH skipping is configured to be after the potential retransmission period, i.e., time period while DRX retransmission timer for PDSCH/PUSCH is running.

Conclusion
In this contribution, we discuss remaining issues on the DCI-based PDCCH monitoring adaptation, from which the following proposals and an observation are drawn:
Proposal 1: Do not support Beh 2B (revert the working assumption).
Observation 1: Noting that Alt. 2 needs a new DCI field to indicate PDCCH skipping and it may have an issue addressed in Table 1, Alt. 1 may result in less specification change.
Proposal 2: For Beh 1A, the PDCCH skipping behaviour is implemented based on SSSG switching by using the empty SSSG (e.g., SSSG#2).
Proposal 3: When the timer expires at a SSSG (e.g., SSSG#1 or empty SSSG), UE switches back to the default SSSG (e.g., SSSG#0).
Proposal 4: Confirm the following working assumption with a revision: “Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported”.
Proposal 5: PDCCH which does not schedule data and indicate SSSG switching or PDCCH skipping for an active BWP in active time is supported by DCI Format 1_1 (SCell dormancy case 2 like)
Proposal 6: DCI format 2_6 outside active time is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time when DRX is configured.
Proposal 7: For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
Proposal 8: At least for the case where ACK/NACK for the DCI is present, application time of SSSG switching or PDCCH skipping is configured to be after the HARQ-ACK transmission timing + some margin for gNB’s HARQ-ACK decoding processing time.
Proposal 9: Application time of SSSG switching or PDCCH skipping is configured to be after the potential retransmission period, i.e., time period while DRX retransmission timer for PDSCH/PUSCH is running.
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