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1. [bookmark: _Toc120549591]Introduction
During RAN1 #105 e-meeting [1], the following agreement about dynamic PDCCH monitoring adaptation in active time were agreed,
Agreement:
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported.
· At least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the indication(s)

Agreement:
· At least One of Alt 1 and Alt 2 is supported, to be decided in RAN1#106,
· Alt 1: Supporting SSSG switching to emulate PDCCH skipping functionality, 
· Alt 1-1: by an ‘empty’ SSSG which no SS set(s) is configured for the ‘empty’ SSSG, UE does not monitoring PDCCH on the ‘empty’  SSSG,
· Alt1-2: by a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· Alt 2: PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· FFS details, including
· e.g., joint / separate indication of SSSG switching and PDCCH skipping
· Determination of the duration(s) for PDCCH skipping, e.g., 
· by RRC signalling, 
· by DCI indication
· Implicitly, to the end of C-DRX active time
Agreement:
At least SSSG#0 and SSSG#1 switching is supported for Rel-17 SSSG switching indicated by PDCCH scheduling data and/or timer.
· FFS: support of more than 2 SSSGs

In this contribution, the alternatives are discussed and proposals are made.
2. Discussion on dynamic PDCCH monitoring adaptation
According the agreements, PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported. SSSG switching framework provides a flexible method to realize both SSSG switching and PDCCH skipping. By configuring SSSGs with different periodicities, different service monitoring behaviors can be realized through switching between SSSGs, and PDCCH skipping can be also realized by defining a SSSG without PDCCH monitoring. 
Comparing two alternatives of SSSG switching, Alt 1-1 and Alt 1-2, we think Alt 1-2: a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers) provides a simple way to solve the HARQ retransmission monitoring issue. For Alt 1-1, to handle the HARQ retransmission monitoring issue, application delay corresponding to possible retransmission needs to be defined.

Proposal 1: Alt 1 is adopted for R17 PDCCH monitoring adaptation, that is supporting SSSG switching to emulate PDCCH skipping functionality.
Proposal 2: Alt 1-2 can be supported for SSSG switching, e.g. to emulate PDCCH skipping functionality by a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers).
To realize more flexible PDCCH skipping duration indication, more than one dormant SSSGs can be defined, each with different skipping durations, both the number of SSSGs and the skipping duration of each empty or dormant SSSGs can be RRC configured. For example, gNB configures 4 SSSGs as the following, SSSG2 and SSSG3 are used to realize PDCCH skipping, where A and B is preconfigured by RRC, and 2 bits in the scheduling DCI can indicate which SSSG will be used during the following monitoring time.
· SSSG0: Search space sets with sparse PDCCH monitoring periodicity
· SSSG1: Search space sets with dense PDCCH monitoring periodicity
· SSSG2(dormant SSSG): with PDCCH skipping duration =A ms.
· SSSG3(dormant SSSG): with PDCCH skipping duration =B ms.
Proposal 3: More than 2 SSSGs can be supported for Rel-17 SSSG switching and the PDCCH skipping duration of dormant SSSG(s) are configured by RRC.
When the PDCCH skipping duration of current dormant SSSG expires, UE should switch to the last non-dormant SSSG used before current dormant SSSG to go back normal PDCCH monitoring behaviour.
Proposal 4: UE should switch to the last non-dormant SSSG used before current dormant SSSG when the PDCCH skipping duration expires.
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
Proposal 5: A default SSSG can be configured and applied for the following cases,
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
3. DCI design for PDCCH adaptation techniques
According the RAN1#105-e meeting agreements, at least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the scheduling DCI indication of PDCCH adaption. N bits can be added into the DCI formats, where N depends on the number of SSSGs configured by RRC for PDCCH adaption.
Besides the scheduling DCI, non-scheduling DCI can also be supported to indicate PDCCH adaption. For non-scheduling DCI, there are three options according to the RAN1#104-e agreements [2],
· 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 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 are discussed, and the following proposals are made.
Proposal 1: Alt 1 is adopted for R17 PDCCH monitoring adaptation, that is supporting SSSG switching to emulate PDCCH skipping functionality.
Proposal 2: Alt1-2 can be supported for SSSG switching, e.g. to emulate PDCCH skipping functionality by a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers).
Proposal 3: More than 2 SSSGs can be supported for Rel-17 SSSG switching and the PDCCH skipping duration of dormant SSSG(s) are configured by RRC.
Proposal 4: UE should switch to the last non-dormant SSSG used before current dormant SSSG when the PDCCH skipping duration expires.
Proposal 5: A default SSSG can be configured and applied for the following cases,
· SSSG switching triggered by SR
· [bookmark: _GoBack]SSSG switching triggered by RACH
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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