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1. [bookmark: _Toc120549591]Introduction
The first version of Rel-17 UE power saving enhancements physical layer specification was approved by RAN plenary [1]. In this contribution, some remaining issues of PDCCH monitoring reduction during DRX active time in FL’s summary [2] will be discussed.
2. Discussion
[bookmark: _Hlk86525406]2.1 Support of case 5 
In last several meetings, four cases have been agreed for PDCCH monitoring adaptation, the only FFS part is Case 5. Considering the additional UE complexity will not be increased if UE have already supported Case 3 and the Case 5 will provide gNB more flexibility to configure the PDCCH monitoring adaptation behaviour, we think Case 5 can also be supported. 
Proposal 1. PDCCH monitoring adaptation case 5 (i.e., 3 SSSG switching and skipping) is supported.
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
2.2 UE behaviour related to SSSG switching timer 
In the last meeting, the following agreement has been achieved, one FFS is how UE resets the timer.
Agreement
If a UE is provided with 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 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, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot

There were also some discussions of UE’s behaviour when timer expires in last meeting, some companies proposed to optimize it with the interaction of PDCCH skipping, but the current spec version captures that UE switches to the default SSSG (SSSG 0) in this case. From our point of view, the current spec description is enough and simple and don’t need to optimize the time between timer expires and the end of PDCCH skipping duration.
As how UE resets the timer, since when the timers expires, UE will switch to SSSG#0, it makes no sense that UE resets the timer when UE detects the DCI format in SSSG#0 if UE has already monitoring it, that is Alt 2b and Alt 3 can not be supported.
Therefore, Alt 2a should be supported as the condition UE resets the timer, and when the timer expires in a slot, UE switches to the default SSSG (SSSG 0).
Proposal 2. If a UE is provided with 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 for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2;
· UE switches to the default SSSG (SSSG 0) when the timer expires in a slot.

In addition, the agreement says that UE decreases the timer value by one after each slot, but the current spec doesn’t reflect it, which should also be modified and the whole suggested text proposal is as the following:
Proposal 3. The TP suggestion for TS 38.213 section 10.4 is as the following:
<Unchanged text is omitted>
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
-	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 TBD
-	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 for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2TBD
-	otherwise, decrements the timer after a slot of an active DL BWP of the serving cell
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged text is omitted>
2.3 PDCCH monitoring adaptation in CA
Another issue is the PDCCH monitoring adaptation on multiple cells in CA case. There are three alternatives in FL’s summary [2], which Alt 0 is the adaptation is only applied to the scheduled cell, Alt 1 is the adaptation can be applied to all CCs within a RRC configured CC group and Alt 2 is extending dormancy indication field in scheduling DCI to indicate PDCCH monitoring adaptation when multiple cell are configured.
From our point of view, we think Alt 0 should be supported. Alt 3 needs more spec impact to repurpose the SCell dormancy indication filed, e.g., the bit mapping of difference cell groups, especially considering the SSSG or PDCCH skipping duration configuration on different cells are also different. In addition, new RNTI may also be needed for DCI format 1_1 to distinguish whether it is used as SCell dormancy indication or PDCCH monitoring adaptation indication. In comparison between Alt 0 and Alt 1, we think Alt 0 is more reasonable, since the traffic arrival on different cells are various, it is too rough to indicate all CCs with the same PDCCH adaptation scheme. In addition, each CC has its own scheduling DCI which can already satisfy applying PDCCH monitoring adaptation per CC, thus we propose the PDCCH monitoring adaptation is only applied to the scheduled cell.
Proposal 4. For Rel-17 DCI based PDCCH monitoring adaptation, and when UE is configured CA, PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and cross-carrier scheduling).
[bookmark: _Hlk91777579]2.4 Non-scheduling DCI signalling for PDCCH monitoring adaptation 
Whether to use DCI format 2_6 and DCI format 1_1 (Scell dormancy case 2) as the non-scheduling DCI signalling for PDCCH monitoring adaptation was discussed in last meeting.
DCI format 2_6 out of active time is used to indicate UEs whether to wake up for PDCCH monitoring during the next DRX cycle, and it can also realize SCell dormancy indication. When it is used for active time for PDCCH monitoring adaption, both the wake up indication and SCell dormancy indication are not needed and information bits for SSSG switching should be introduced in DCI format 2_6, then DCI format 2_6 will be a new format different from DCI format 2_6 introduced for WUS in R16. In addition, DCI size budget will also be increased if it is not aligned with scheduling DCI or other DCI format 2_x series.
As for DCI format 1_1 (SCell dormancy case 2), the advantage of it is without additional DCI size alignment issue. What’s more, UE specific search space is more suitable for the motivation of dynamic PDCCH monitoring adaptation, which is per UE specific rather than UE group specific. Last, the introduction of DCI format 1_1 (SCell dormancy case 2) can give gNB more opportunity to adapt the PDCCH monitoring on the PCell, even there is no traffic in current moment, So DCI format 1_1 (SCell dormancy case 2) is preferred as non-scheduling DCI indication.
Proposal 5. DCI format 2_6 is not supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time.
Proposal 6. Format 1_1 (SCell dormancy case 2) is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time.
The following TP is suggested to reflect the proposal 4 and proposal 6.
Proposal 7. The TP suggestion for TS 38.213 section 10.4 is as the following:
<Unchanged text is omitted>
A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
<Unchanged text is omitted>
A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
<Unchanged text is omitted>
A UE can be provided a set of durations by PDCCHSkippingDurationList and group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 2 bits. 
<Unchanged text is omitted>
3. Conclusions
In this contribution, remaining issues of PDCCH monitoring reduction during DRX active time are discussed, and the following proposals are made.
Proposal 1. PDCCH monitoring adaptation case 5 (i.e., 3 SSSG switching and skipping) is supported.
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
Proposal 2. If a UE is provided with 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 for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2;
· UE switches to the default SSSG (SSSG 0) when the timer expires in a slot.
Proposal 3. The TP suggestion for TS 38.213 section 10.4 is as the following:
<Unchanged text is omitted>
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
-	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 TBD
-	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 for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2TBD
-	otherwise, decrements the timer after a slot of an active DL BWP of the serving cell
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged text is omitted>
Proposal 4. For Rel-17 DCI based PDCCH monitoring adaptation, and when UE is configured CA, PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and cross-carrier scheduling).
Proposal 5. DCI format 2_6 is not supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time.
Proposal 6. Format 1_1 (SCell dormancy case 2) is supported to indicate SSSG switching or PDCCH skipping for an active BWP in active time.
Proposal 7. The TP suggestion for TS 38.213 section 10.4 is as the following:
<Unchanged text is omitted>
A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
<Unchanged text is omitted>
A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
<Unchanged text is omitted>
A UE can be provided a set of durations by PDCCHSkippingDurationList and group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception on the serving cell or indicates SCell dormancy can include a PDCCH monitoring adaptation field of 2 bits. 
<Unchanged text is omitted>
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