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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 agreements in the past meetings and ongoing discussions.

Discussion
DCI bit mapping
Regarding the DCI bit-width for case 2/3, the following options were discussed in the last meeting [1]:
	Proposal 1-2 (v1) from [1]:
For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
Option 1:
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupList-r17 with search space set(s) with group index 2.
Option 2:
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2;
Option 3:
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
Option 4:
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-  Note: numOfSSSG is per BWP configured



From our interpretation, it is clear that in Rel-16 if UE is provided SearchSpaceSwitchTrigger for a serving cell, the SSSG switching operation based on two SSSGs is applicable on that serving cell regardless of whether each of the SSSGs is an ‘empty’ SSSG or not. Actually TS 38.331 does not mandate every SSSG to include SS set(s).
This principle can be kept the same for Rel-17 SSSG switching operation unless clear motivation for change is identified, and we see no critical reason specific to Rel-17 to preclude possibility of configuring the empty SSSG. Among options, Option 2 is preferred since it is the best aligned with the Rel-16 behaviour and does not require to add more RRC parameter. It was pointed out that this option may not prevent a case that the SSSG #0 to be configured as an empty SSSG, which is problematic when SSSG #0 serves as the default SSSG. However, the issue is there from Rel-16 and such situation can be avoided by gNB implementation.
Proposal 1: For DCI format 0_1/0_2/1_1/1_2, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured, the PDCCH monitoring adaptation bit field is
· 1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2.
· 2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2.

There is a remaining issue on support of case 5. Case 5 may provide better flexibility than case 3/4, but the gain from the added flexibility is assessed to be small. Considering that the WI is in the maintenance phase, we prefer not to introduce case 5.
Proposal 2: Do not support case 5 for Rel-17 DCI-based power saving adaptation.

SSSG timer behaviour
The SSSG timer behaviour is not determined yet. The relevant discussion is found in [1]:
	Proposal 3-1 from [1]:
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
- resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o Alt 2a-modified: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o Alt 2b: for the Type3-PDCCH CSS set or the USS set
o Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI 
- otherwise,
o Alt 3a: decrease the timer value by one after each slot.
o Alt 3a-modified: decrease the timer value by one after each slot, if UE does not apply PDCCH skipping
o Alt 3c: decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
When the timer expires in a slot:
· Alt 1a: the UE monitors PDCCH on the serving cell according to search space sets with group index 0
· Alt 1b:
· If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0;
· If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the serving cell according to search space sets with group index 0.



The SSSG monitoring duration needs extension usually when there is a remaining unicast data. Therefore, it is reasonable that UE resets the timer when it detects a DCI format with CRC scrambled by C/CS/MCS-C-RNTI (Alt 2c). For the decrement of the timer, one remaining issue is interaction with the PDCCH skipping operation. When UE receives a PDCCH skipping indication, UE can simply keep decrementing the SSSG timer rather than pausing it. If the timer expires during the PDCCH skipping duration, the fallback to the default SSSG should be delayed to after the skipping duration. This behaviour corresponds to Alt 3a + Alt 1b.
Proposal 3: UE resets the SSSG timer when the UE detects a DCI format with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI (Alt 2c).
Proposal 4: UE decreases the SSSG timer by one after each slot irrespective of the PDCCH skipping indication (Alt 3a).
Proposal 5: When the timer expires in a slot,
· If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0;
· If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the serving cell according to search space sets with group index 0. (Alt 1b)

Application timing in relation to HARQ
Since the DCI indicating the power saving adaptation is a normal scheduling DCI (not a compact one), it would not be possible to make sure to always deliver the DCI successfully to UE. Therefore, if a SSSG switching or PDCCH skipping indication is applied before gNB receives ACK/NACK for the DCI, the uncertainty on UE’s PDCCH monitoring behaviour would negatively impact the reliability and the latency performance. We believe that the simplest solution is to delay the application timing to after the HARQ-ACK or PUSCH transmission or corresponding gNB’s decoding timing. For the case of PDCCH skipping indication, it can also provide an opportunity of retransmission scheduling. The delay for a couple of slots may not be a big concern compared to the ambiguity. It is preferred to apply the same principle to the SSSG switching and the PDCCH skipping without introducing a UE capability.
Proposal 6: The PDCCH monitoring adaptation indication including SSSG switching and PDCCH skipping is applied after the HARQ-ACK or the PUSCH transmission (or corresponding gNB’s decoding timing).
Proposal 7: 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.

Conclusion
In this contribution, we discuss remaining issues on the DCI-based PDCCH monitoring adaptation, from which the following proposals are drawn:
Proposal 1: For DCI format 0_1/0_2/1_1/1_2, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured, the PDCCH monitoring adaptation bit field is
· 1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2.
· 2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2.
Proposal 2: Do not support case 5 for Rel-17 DCI-based power saving adaptation.
Proposal 3: UE resets the SSSG timer when the UE detects a DCI format with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI (Alt 2c).
Proposal 4: UE decreases the SSSG timer by one after each slot irrespective of the PDCCH skipping indication (Alt 3a).
Proposal 5: When the timer expires in a slot,
· If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0;
· [bookmark: _GoBack]If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the serving cell according to search space sets with group index 0. (Alt 1b)
Proposal 6: The PDCCH monitoring adaptation indication including SSSG switching and PDCCH skipping is applied after the HARQ-ACK or the PUSCH transmission (or corresponding gNB’s decoding timing).
Proposal 7: 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.
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