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Introduction
In this contribution, we provide our views on remaining issues on DCI-based power saving adaptation during DRX active time, based on the latest agreements drawn in RAN1#106bis-e [1]:

Discussion
DCI bit mapping and timer behaviour
	Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2 (i.e., 2 SSSG switching), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching), the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
· FFS Timer behavior when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2



There are some remaining issues regarding the new DCI field for PDCCH monitoring adaptation indication. In our view, given that Case 4 is already agreed and up to 3 SSSGs can be configured, it is natural to adopt Case 5 as well to provide increased flexibility. With two bits, three codepoints can be used to for Beh2/2A/2B and one remaining codepoint can be assigned for Beh 1A. For Case 4, two codepoints can be assigned for Beh2 and Beh 2A, and one or two remaining ones can be assigned for Beh 1A with up to two skipping durations. For Case 3, the use of the codepoint ‘11’ is less motivated since it was agreed not to support SSSG timer indication by DCI. Thus ‘11’ can be reserved for future usage.
Proposal 1: Adopt the followings for the new DCI field indicating PDCCH monitoring adaptation:
· For Case 3 (i.e., 3 SSSG switching)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is reserved
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 1A with skipping duration 1
· ‘11’ is Beh 1A with skipping duration 2 (if M=2)
· For Case 5 (i.e., 3 SSSG switching with PDCCH skipping)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A

Another issue is interaction between the SSSG timer and the skipping operation for Case 4 and Case 5. Assuming a case that Beh 1A is indicated during Beh 2A, several mechanisms can be considered.
· Alt. 1: Always fallback to the default SSSG at the end of the skipping duration.
· Alt. 2: Pause the timer for SSSG#1 during the skipping duration and resume it after the skipping duration ends.
· Alt. 3: Keep running the timer for SSSG#1 regardless of the skipping operation. If the timer expires during the skipping duration, fallback to the default SSSG. Otherwise, monitor the SSSG#1.
Alt. 1 forces UE to go back to the default SSSG whenever the skipping operation finishes even when it is not needed, which may bring an additional SSSG switching indication. Therefore, Alt. 1 is not desirable. Between Alt. 2 and Alt. 3, Alt. 3 is preferred because it is simple as the timer behaviour is independent of the skipping operation.
Proposal 2: For Case 4 and Case 5, the SSSG timer runs independently with the PDCCH skipping duration. If the timer of the prior SSSG has expired at the end of the skipping duration, UE monitors the default SSSG. Otherwise, UE monitors the prior SSSG.

	Agreement
Select one of the alternatives from the following:
· Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
· Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
· Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.



Given that the empty/dormant SSSG for the PDCCH skipping will not be introduced, the role of the SSSG timer is limited to the legacy fallback mechanism. Therefore, separate timer values for different SSSGs need not necessarily be supported. For the per-cell vs. per-BWP issue, we think that it should be available to configure different timer values for different BWPs considering different numerologies and different use cases.
Proposal 3: The timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and is configured per BWP (Alt. 3).

PDCCH monitoring adaptation based on non-scheduling DCI or RRC signalling
Regarding non-scheduling DCI and relation with DRX operation, the following proposals were discussed in the past meetings [2].
	Proposal 7-1:
· 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 7-2:
· 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 9-3:
· 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.



The PDCCH monitoring adaptation should also be available when there is no data to transmit, and still in that case use of UE-specific DCI is more suitable than group-common DCI in the licensed spectrum. Thus, Proposal 7-1 can be supported. An 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 in Rel-16 SCell dormancy indication. However, considering that misunderstanding on the SSSG between gNB and UE is a critical problem, reporting HARQ-ACK when Type 1 codebook is configured or when the indication is based on DCI format 2_6 can also be considered.
Regarding the C-DRX operation, Proposal 7-2 (first bullet) and Proposal 9-3 are beneficial to properly set the PDCCH monitoring behaviour for the beginning of the next DRX cycle.
Proposal 4: 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 5: 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 6: 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.

Application timing in relation to HARQ/retransmission
	Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
· For PDCCH skipping,
· Option b
· Option f
· Option d for downlink grant and Option c for uplink grant
· Option i
· Option j
· Note: down-select based on the options in RAN1#107-E
· For SSSG switching,
· Option a
· Option d for downlink grant and Option c for uplink grant
· Option h
· Option b
· Option d for downlink grant and Option g for uplink grant
· Note: down-select based on the options in RAN1#107-E
· The Options a – j is defined as follows,
· Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
·  for SCS configuration , FFS X = 25 or 39
· FFS: 
· Option b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
· Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
· Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
· Option e: after successfully decoding TB.
· Option f: Application delay should be “ZERO” for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
· Option g: Application delay(s) are configured via RRC signaling
· Option h: Application delay applies after drx-RetransmissionTimerUL expires
· Option i: Leave up to implementation
· Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g (application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
· Other options not precluded.
· FFS reference points for the application delay,
· FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
· FFS non-scheduling DCI if supported



Regarding the application timing of the DCI indication, two issues related to HARQ have been discussed in the past meetings. The first one is timing relationship with HARQ-ACK feedback or PUSCH in response to the scheduling DCI. As illustrated in Fig. 1(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, there is a delay vs. robustness trade-off. In our view, avoiding the ambiguity on the monitored SS sets has higher priority than starting the power saving operation a few slots earlier. Therefore, at least for the case where ACK/NACK to the DCI is fed back, application time can be configured to be after the HARQ-ACK transmission timing, plus some margin for gNB’s HARQ-ACK decoding processing time. The same approach can be applied for UL DCI.
Proposal 7: For DL scheduling DCI, at least in case where ACK/NACK is fed back, application timing of SSSG switching and PDCCH skipping comes after HARQ-ACK transmission timing + margin for gNB’s HARQ-ACK decoding processing time (Option d).
Proposal 8: For UL scheduling DCI, application timing of SSSG switching and PDCCH skipping comes after PUSCH transmission timing + margin for gNB’s PUSCH decoding processing time (Option c).
Proposal 9: The application timing is configured by RRC signalling separately with HARQ-ACK or PUSCH transmission timing, with referenced to a slot where the monitoring adaptation indication DCI is transmitted.



Fig. 1. Application timing of SSSG switching with/without interaction with HARQ-ACK feedback

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 to resolve the issue based on configuration, 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 not expected to be critical.
[bookmark: _GoBack]Proposal 10: When the retransmission period, i.e., time period while DRX retransmission timer for PDSCH/PUSCH is running, is expected to occur, the application timing of SSSG switching and PDCCH skipping is configured to be after the retransmission period.

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: Adopt the followings for the new DCI field indicating PDCCH monitoring adaptation:
· For Case 3 (i.e., 3 SSSG switching)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is reserved
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 1A with skipping duration 1
· ‘11’ is Beh 1A with skipping duration 2 (if M=2)
· For Case 5 (i.e., 3 SSSG switching with PDCCH skipping)
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
Proposal 2: For Case 4 and Case 5, the SSSG timer runs independently with the PDCCH skipping duration. If the timer of the prior SSSG has expired at the end of the skipping duration, UE monitors the default SSSG. Otherwise, UE monitors the prior SSSG.
Proposal 3: The timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and is configured per BWP (Alt. 3).
Proposal 4: 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 5: 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 6: 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 7: For DL scheduling DCI, at least in case where ACK/NACK is fed back, application timing of SSSG switching and PDCCH skipping comes after HARQ-ACK transmission timing + margin for gNB’s HARQ-ACK decoding processing time (Option d).
Proposal 8: For UL scheduling DCI, application timing of SSSG switching and PDCCH skipping comes after PUSCH transmission timing + margin for gNB’s PUSCH decoding processing time (Option c).
Proposal 9: The application timing is configured by RRC signalling separately with HARQ-ACK or PUSCH transmission timing, with referenced to a slot where the monitoring adaptation indication DCI is transmitted.
Proposal 10: When the retransmission period, i.e., time period while DRX retransmission timer for PDSCH/PUSCH is running, is expected to occur, the application timing of SSSG switching and PDCCH skipping is configured to be after the retransmission period.
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