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1. [bookmark: _Toc120549591]Introduction
During RAN1 #104 e-meeting [1], the following agreement about dynamic PDCCH monitoring adaptation in active time were agreed,
Agreements:
· Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
· Details FFS
Agreements:
· Further study whether and how to minimize the impact to data scheduling for new transmissions and retransmissions.
· FFS details
· Further study the application delay for PDCCH adaptation indication
Agreements:
· For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI
· Format 1_1
· Format 0_1
· Format 0_2/1_2
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS details
· DCI dynamically indicates a duration/periodic interval for skipping
· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX
· PDCCH skipping for a duration indicated by minimum scheduling offset
· Others are not precluded
Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI based
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2
· Format 1_0
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS details
· DCI dynamically indicates a duration for the switched SSSG, UE switch back to previous/default SSSG after duration ends
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.
· SSSG activation/deactivation
· FFS: Implicit SSSG switching
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).
· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded
Decision: As per email posted on Feb 5th,
Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
· Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching
· Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded
In this contribution, the alternatives are discussed and proposals are made.
2. Discussion on dynamic adaption schemes
According the agreements, a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP will be specified. SSSG switching framework can be reused to realize both PDCCH skipping and different PDCCH monitoring density.
By defining three SSSGs, such as the following,
· SSSG0: Search space sets with sparse PDCCH monitoring periodicity
· SSSG1: Search space sets with dense PDCCH monitoring periodicity
· SSSG2: no search space set needs to be monitored.
SSSG2 is used to realize PDCCH skipping, and a timer can be semi-statically configured for SSSG2, which means the duration of no PDCCH monitoring. Since three SSSGs anyway will need 2 bits for dynamic indication, another code point can be extended to further indicate one of the two semi-statically configured skipping timer. That is for SSSG2, two indication state can be defined to realize dynamic skipping duration switching.
· SSSG2: no search space set needs to be monitored
· State 1: shorter PDCCH skipping timer
· State 2: longer PDCCH skipping timer

Proposal 1: Support Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration.
Proposal 2: Three SSSGs can be defined to support PDCCH monitoring adaptation including skipping for a duration.

For the retransmission issue, if both scheduling DCI based and non-scheduling DCI are supported, the issue can be solved by gNB implementation. When the skipping duration is short, for example, several slots, since UE may need to monitor PDCCH for HARQ retransmission, if gNB finds there will be no scheduling for following short duration, it can indicate UE switching to a sparse SSSG for possible retransmission scheduling, as shown in Figure.1. 
When the skipping duration is long, gNB can first indicate a switch to sparse SSSG along with the last scheduling DCI, and when it receives HARQ-ACK or successfully decoded a PUSCH, it can then indicate SSSG2 for no PDCCH monitoring by a non-scheduling DCI on monitoring occasions within SSSG0
[image: ]
Figure.1 SSSG switching to realize short PDCCH skipping duration for possible HARQ retransmission
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Figure.2 SSSG switching to realize long PDCCH skipping duration for possible HARQ retransmission
Besides the explicit indication of SSSG switching, implicit SSSG switching can also be supported, a default SSSG monitoring can be configured and applied for the following cases,
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· When the timer for SSSG2 expires.
Proposal 3: A default SSSG can be configured and applied for the following cases,
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· When the timer for SSSG2 expires.
3. DCI design for PDCCH adaptation techniques
We think both scheduling DCI and non-scheduling DCI can be supported for dynamic PDCCH monitoring adaptation in active time, similar as Scell dormancy scheme supported in R16, where both scheduling DCI such as format 0_1 and format 1_1 and non-scheduling DCI repurposed from DCI format 1_1 can be used to indicate dormancy/non-dormancy behaviour for SCells.
Proposal 4: Both scheduling DCI and non-scheduling DCI can be supported for dynamic PDCCH monitoring adaptation in active time.
Scheduling DCI based indication
As to the DCI format for adaption indication, for scheduling DCI, two bits can be added to DCI format 0_1 and DCI format 1_1 for SSSG switching indication if configured. Since 0_2 and 1_2 are mainly used by latency critical service, SSSG switching is not friendly to such services due to sudden arriving of data traffic, it is not preferred to support SSSG switching by DCI format 0_2 and 1_2.
Proposal 5: For scheduling DCI based SSSG switching in active time for an active BWP, DCI format 1_1 and 0_1 can be supported for explicit indication.
Non-scheduling DCI based indication
For non-scheduling DCI, there are three options according to the agreements,
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
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 in 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.
The motivation of DCI format 2_0 is to reuse NR-U solution, where search space set group switching flag is present in DCI format 2_0 for UE to decide which group to monitor. Timer can be used combined with DCI format 2_0. Since DCI size of DCI format 2_0 is not aligned to fallback DCI format 1_0 or 0_0, this will require UE to monitor a different DCI size when SSSG switching is configured even when SFI is not needed to monitor. 
DCI format 1_1 has been used for SCell dormancy indication case 2, by setting specific values for frequency domain resource assignment field, and repurpose the following field to provide a bitmap for each configured SCell,
- modulation and coding scheme 
- new data indicator 
- redundancy version 
- HARQ process number 
- antenna port(s) 
- DMRS sequence initialization. 
Similar method can be used to carry SSSG switching indication by repurposing more DCI field(s) to inform UE the monitored SSSG. The advantage of DCI format 1_1 is there is no 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. So format 1_1 (SCell dormancy case 2) is preferred as non-scheduling DCI indication.
Proposal 6: Format 1_1 (SCell dormancy case 2) is supported as non-scheduling DCI indication for SSSG switching in active time for an active BWP.
4. Conclusions
In this contribution, dynamic PDCCH adaptation schemes and DCI design for dynamic indication are discussed, and the following proposals are made.
Proposal 1: Support Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration.
Proposal 2: Three SSSGs can be defined to support PDCCH monitoring adaptation including skipping for a duration.
Proposal 3: a default SSSG can be configured and applied for the following cases,
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· When the timer for SSSG2 expires.
Proposal 4: Both scheduling DCI and non-scheduling DCI can be supported for dynamic PDCCH monitoring adaptation in active time.
[bookmark: _GoBack]Proposal 5: For scheduling DCI based SSSG switching in active time for an active BWP, DCI format 1_1 and 0_1 can be supported for explicit indication.
Proposal 6: Format 1_1 (SCell dormancy case 2) is supported as non-scheduling DCI indication for SSSG switching in active time for an active BWP.
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