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1. [bookmark: _Toc120549591]Introduction
As the WID in RP-200938 [1], the objectives of UE power saving enhancements for extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP are as the following,
1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
In this contribution, some PDCCH monitoring reduction power saving techniques for connected-mode UE will be discussed.
2. Potential PDCCH monitoring reduction techniques
As the WID in [1], the Rel-17 power saving techniques is the extension of Rel-16 DCI-based power saving adaptation during DRX Active time. In Rel-16, DCI format 2_6 is used to wake up UE to monitor PDCCH in next DRX cycle when data arriving. However, considering the drx-inactivity timer is much large in realistic network configuration e.g., 60ms, but the arrival of data packets may be in burst and not continuous, UE may still monitor PDCCH but not receive any data when drx-inactivity timer is running. Therefore, there are still some PDCCH only monitoring occasions during the waked up DRX Active time. In order to reduce the unnecessary PDCCH monitoring during DRX Active time, the following potential PDCCH monitoring reduction techniques can be studied.
Alt 1. Go-to-sleep indication
The first potential technique is go-to-sleep indication which the DCI is used to indicate UE the sleep duration without monitoring PDCCH. After the sleep duration, UE continue to monitor PDCCH if there is no more go-to-sleep indication. In this way, gNB can immediately indicate UE not to monitor PDCCH for a duration if there is no data arriving. Meanwhile, the drx-inactivity timer is not effected by the go-to-sleep indication, which is running continuously when UE sleeps.
In order to indicate the sleep duration more flexibly, some candidate sleep duration values can be configured in RRC signalling and the DCI is used to indicate which duration is to be used. As the WID, the Rel-17 feature is the extension(s) to Rel-16 DCI-based power saving adaptation, which means only DCI format 0_1/DCI format 1_1 can be used to indicate go-to-sleep duration.
To indicate the sleep duration in DCI format 0_1/DCI format 1_1, one simple way is to adding some additional bits. But considering the go-to-sleep indication is not so frequent, the always-on adding bits will increase the DCI size and impact the PDCCH detection performance. In addition, the state of no sleeping should also be considered, which occupies one codepoint. For example, if two bits are designed for go-to-sleep indication, bit “00” means no sleeping, and only bit “01”, “10”, “11” can be used to indicate the sleep duration. One way to avoid this is to re-purpose the DCI format 0_1/DCI format 1_1 in with some specific field values, similar to Scell dormant BWP indication. In this way, the DCI size will not increase, and the go-to-sleep indication field length can be designed larger to indicate the go-to-sleep duration more flexibly. 
Alt 2. PDCCH monitoring periodicity adaptation
The second potential technique is adapting the PDCCH monitoring periodicity according to data traffic. There are several ways to realize it. For example, one search space set can have multiple configurations, e.g., different monitoring periodicities, and DCI format 0_1/DCI format 1_1 is used to indicate UE which configuration is used to adapt the PDCCH monitoring periodicity. Another way is to configure the PDCCH monitoring periodicity scaling factors, e.g., 0.25, 0.5, 1, 2, and DCI format 0_1/DCI format 1_1 is be used to indicate the PDCCH monitoring periodicity scaling factor to change the USS search space periodicity.
Whatever the ways to realize the PDCCH monitoring periodicity adaptation, one problem of this technique is the delay of switching large PDCCH monitoring periodicity to small PDCCH monitoring periodicity. This is because if gNB wants to switch the PDCCH monitoring periodicity from a larger one to a smaller one, it should wait the PDCCH monitoring occasion of the larger periodicity to transmit DCI format 0_1/DCI format 1_1.
Comparing with Alt 1, this technique can not guarantee the latency of next arrived date when the current PDCCH monitoring periodicity is too large. In comparison, gNB can indicate the go-to-sleep duration according to the current buffer situation and schedule UE immediately after sleep in Alt 1.  
Alt 3. Search space set grouping 
The third PDCCH monitoring reduction technique is the search space set grouping similar to Rel-16 NR-U, which the search space sets are divided to more than one groups and DCI indicates UE which search space set group to be used. Different from NR-U which group-common DCI format 2_0 is used as the indication signalling, only scheduling DCI format 0_1/DCI format 1_1 can be used in Rel-17 Power saving WI. This DCI indication scheme can also not avoid the data latency problem in Alt 2 when large PDCCH monitoring periodicity is used. In addition, the total number of search space sets to be used in the same time will be decreased due to the limited total number of search space sets.
According to the above discussions of three potential PDCCH monitoring reduction, we think Alt 1 can be as the highest priority of the study of PDCCH monitoring reduction in Rel-17 UE power saving, and the detailed DCI indication scheme, e.g., adding bits or re-purpose can be further studied. 
Proposal 1. Three PDCCH monitoring reduction techniques can be studied in Rel-17, and Alt 1 can be the highest priority:
Alt 1. Go-to-sleep indication;
Alt 2. PDCCH monitoring periodicity adaptation;
Alt 3. Search space set grouping.
Proposal 2. The DCI indication scheme of PDCCH monitoring reduction techniques e.g., adding bits or re-purpose DCI fields can be further studied.
3. Conclusions
In this contribution, some PDCCH monitoring power saving techniques for connected-mode UE are discussed, and the following proposals are made.
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