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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #103 e-meeting [1], potential dynamic PDCCH adaptation schemes in RRC_CONNECTED state were agreed as the following,
Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study
In this contribution, some detailed design for option 1 and option 2 will be discussed.
2. DCI design for PDCCH adaptation techniques
In last RAN1 e-meeting, PDCCH skipping and search space set group switching are two potential PDCCH adaptation schemes. From our point of view, these two schemes have different use cases. For PDCCH skipping, the skipping duration can be indicated by DCI flexibly according to the data buffer and is much suitable for burst traffic. For search space set group switching, the PDCCH monitoring periodicity can be adapted by configuring different search space set parameters in different search space set groups and is much suitable used for periodic traffic. Therefore, both two PDCCH adaptation techniques can be supported in Rel-17, and gNB can configure UE which scheme or both two schemes are used.
Proposal 1. Both PDCCH skipping and search space set group switching can be supported.
2.1 PDCCH skipping for a certain duration / DRX cycle
In PDCCH skipping scheme, gNB can immediately indicate UE to skip monitoring PDCCH for a duration or for all the remaining DRX cycle if there is no data arriving. Meanwhile, the drx-inactivity timer is not effected by the PDCCH skipping indication, which is running continuously when UE not monitoring PDCCH. In order to indicate the skipping duration more flexibly, some candidate sleep duration values can be configured in RRC signalling and DCI can be used to indicate which duration to be used. 
As the design of DCI, one simple way is to adding some additional bits to indicate the PDCCH skipping duration or skipping all the DRX cycle. However, the always-on adding bits will increase the DCI size and impact the PDCCH detection performance. In addition, the state of non-skipping and skipping all the the remaining DRX cycle should also be considered, which occupies two codepoints. For example, if two bits are designed for PDCCH skipping indication, bit “00” means non-skipping, bit “11” means skipping all the remaining DRX cycle, and only bit “01”, “10” can be used to indicate the skipping duration. In Rel-16 DCI format 1_1 Case 2 are used to indicate Scell dormant BWPs where the FDRA field are set to given values and some information fields, e.g., MCS, NDI, RV, HARQ process number, Antenna port, DMRS sequence initialization are re-purposed. In Rel-17 PDCCH skipping, similar way can be used in DCI format 0_1/0_2/1_2, and the following cases are considered to be used as PDCCH skipping indication, which, 1) FDRA field is all '0's (when type 0 RA is used for UE), 2) FDRA field is all '1's (when type 1 RA is used for UE), 3) FDRA field is all '0's or all '1's (when both type 0 and type 1 RA is used for UE). Other fields in DCI format 0_1/0_2/1_2 can be used to indicate the PDCCH skipping duration or skipping all the remaining DRX cycle. In this way, the DCI size will not increase, and the PDCCH skipping indication field length can be designed larger to indicate the skipping duration more flexible and the PDCCH skipping indication can be monitored in each USS PDCCH monitoring occasions.
Proposal 2. Both skipping for a duration and all the PDCCH monitoring occasions in current DRX cycle can be supported in PDCCH skipping schemes.
Proposal 3. DCI format 0_1/0_2/1_2 is used to indicate PDCCH skipping in the following cases, 
· FDRA field is all '0's (when type 0 RA is used for UE);
· FDRA field is all '1's (when type 1 RA is used for UE);
· FDRA field is all '0's or all '1's (when both type 0 and type 1 RA is used for UE).
Proposal 4. RRC signalling can configure multiple PDCCK skipping candidate durations, and DCI format 0_1/0_2/1_2 is used to indicate UE which PDCCH skipping candidate duration is used or skipping all PDCCH monitoring occasions in current DRX cycle after detecting it.
2.1 Search space set group switching
Search space set group switching has been introduced for NRU, where UE decides to monitor search space sets in one of the two search space groups based on the search space set switching field in DCI format 2_0 and SearchSpaceSwitchingTimer if SearchSpaceSwitchTrigger-r16 is configured, or based on SearchSpaceSwitchingTimer and PDCCH detection result if SearchSpaceSwitchTrigger-r16 is not configured. When it is introduced into licensed spectrum for power saving, there are more options to enable the search space set group switching.
· Option 1. DCI format 2_6
DCI format 2_6 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. There can be implicit way or explicity way based on DCI format 2_6. If the wake up indication indicates UE to wake up during the next DRX cycle, then it means there will be transmission for this UE, in this case, UE can switch to a search space set group which may require dense PDCCH monitoring. A timer is then running for UE switching to the other search space set group for power saving. This is refered to the implicit way, since the search space set group switching is based on wake up indication. Another way is to introduce information bits for search space set group switching in DCI format 2_6, and when UE is in the active time, a timer can used for UE switching to the search space set group for power saving.
The disadvantage of this option is that it relies on the presence of DCI format 2_6. Since the dynamic PDCCH monitoring adaption may be configured independently on wakeup indication function, it is better not to bundle this function to DCI format 2_6. 
· Option 2. DCI format 2_0
This option is to reuse NRU 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 dynamic PDCCH search space set group swithching is configured even when SFI is not needed to monitor.
· Option 3. DCI formats 1_1, 0_1, 1_2, 0_2
Scheduling DCI format 1_1 has been used for SCell dormancy indication, where at most 5 bits are added to the scheduling DCI to indicate dormancy state of SCell group(s), this refers to case 1. While for DCI format 1_1 case 2, the information fields are repurposed to carry Scell dormancy indication as described in above section 2.1.
Similar method can be used to carry search space set group switching bits, either by introducing additional bit to scheduling DCI or by repurposing DCI field to inform UE the search space set group switching, and the PDCCH skipping duration if both schemes are adopted.
This option is flexible since it can inform UE the search space set group to be monitored along with the scheduling grant or by repurposing the DCI, and no additional DCI format is to be monitored for this purpose.
Based on above analysis, option 3 is prefered for search space set group switching indication, and both downlink and uplink scheduling DCI can be considered.
Proposal 5. Scheduling DCI with additional bit(s) or repurposing scheduling DCI is prefered for search space set group switching indication.

3. Conclusions
In this contribution, some detailed design for PDCCH adaptation schemes are discussed, and the following proposals are made.
Proposal 1. Both search space set group switching and PDCCH skipping can be supported.
Proposal 2. Both skipping for a duration and all the PDCCH monitoring occasions in current DRX cycle can be supported in PDCCH skipping schemes.
Proposal 3. DCI format 0_1/0_2/1_2 is used to indicate PDCCH skipping in the following cases, 
· FDRA field is all '0's (when type 0 RA is used for UE);
· FDRA field is all '1's (when type 1 RA is used for UE);
· FDRA field is all '0's or all '1's (when both type 0 and type 1 RA is used for UE).
Proposal 4. RRC signalling can configure multiple PDCCK skipping candidate durations, and DCI format 0_1/0_2/1_2 is used to indicate UE which PDCCH skipping candidate duration is used or skipping all PDCCH monitoring occasions in current DRX cycle after detecting it.
Proposal 5. Scheduling DCI with additional bit(s) or repurposing scheduling DCI is prefered for search space set group switching indication.
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