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1. [bookmark: _Toc120549591]Introduction
In last RAN1 meeting [1], some updated evaluation methodology in RRC_CONNECTED state were agreed.
In this contribution, some PDCCH monitoring reduction power saving techniques for connected-mode UE will be discussed.
2. Potential PDCCH monitoring reduction techniques
In Rel-16, DCI format 2_6 is used to inform UE whether to monitor PDCCH in next DRX cycle depending on data availability. 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 during part of duration in 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.
2.1 PDCCH monitoring adaptation
The first PDCCH monitoring reduction technique is the adaptation of PDCCH monitoring, and we analyse the following three alternatives.
Alt 1. Go-to-sleep indication
Alt 1 is using DCI 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 scheduling DCI such as DCI format 0_1/DCI format 1_1 can be used to indicate which sleep duration to use. 
As the design of DCI, one simple way is to adding some additional bits to indicate the sleep duration. However, 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 non-sleeping should also be considered, which occupies one codepoint. For example, if two bits are designed for go-to-sleep indication, bit “00” means non-sleeping, and only bit “01”, “10”, “11” can be used to indicate the sleep duration. One way to avoid these problems 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 flexible. 
Alt 2. PDCCH monitoring periodicity adaptation
Alt 2 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 can be used to indicate UE which configuration parameter to use 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 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 alternative is the delay of switching larger PDCCH monitoring periodicity to small PDCCH monitoring periodicity, because gNB must wait the PDCCH monitoring occasion to transmit DCI format 0_1/DCI format 1_1 for indicating the scaling factor.
Comparing with Alt 1, PDCCH monitoring periodicity adaptation cannot guarantee the latency of next arrived date when the current PDCCH monitoring periodicity is too large. 
Alt 3. Search space set grouping 
The third PDCCH monitoring reduction alternative 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 group to use. The search space set grouping can also not avoid the data latency problem in Alt 2 when large PDCCH monitoring periodicity is used. Further enhancement of search space set grouping can be studied, for example, even for the group with sparse monitoring search space set, there can be one search space with small periodicity, or search space sets that do not belong to either of the group can be used to transmit switch DCI. In addition, the number of search space sets be used in a time will be decreased and may cause the decrease of gNB scheduling flexibility.
According to the above discussions of three PDCCH monitoring reduction alternatives, 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. Alt 3 can also be extended to UE power saving since it has been supported in NR-U.
Proposal 1. The PDCCH monitoring skipping for a certain duration can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 2. DCI format 0_1/1_1 can be used to indicate the PDCCH skipping duration. The design of DCI indication method e.g., adding bits or re-purpose DCI fields can be further studied.
Proposal 3. Search space set grouping can be supported for Rel-17 DCI-based power saving adaptation in active time.
2.2 Multi-PDSCH/PUSCH scheduling
The second PDCCH monitoring reduction technique is multi-PDSCH/PUSCH scheduling. The multi-PUSCH scheduling is supported in Rel-16 NR-U. We think the similar technique can be extended to both multi-PDSCH and multi-PUSCH scheduling to reduce the PDCCH monitoring power consumption in Rel-17, especially considering the RedCap scenarios, which the power consumption is an important target.
The spec effort of multi-PDSCH/PUSCH scheduling is very small, which can be designed almost the same as Rel-16 NR-U, e.g., RRC signalling configures more than one SLIVs or starting symbol and lengths in one PDSCH/PUSCH time domain resource allocation which is associated to one codepoint in DCI. In addition, we think this technique can be used in all the scheduling scenarios, e.g., both on Pcell and Scell, both on UL and SUL carrier.
Proposal 4. Multi-PDSCH/PUSCH scheduling can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 5. RRC signalling can configure more than one SLIVs or starting symbol and lengths in one PDSCH/PUSCH time domain resource allocation.
Proposal 6. Multi-PDSCH/PUSCH scheduling can be applied both on Pcell and Scell, and both on UL and SUL carrier.
3. Conclusions
In this contribution, some PDCCH monitoring power saving techniques for connected-mode UE are discussed, and the following proposals are made.
Proposal 1. The PDCCH monitoring skipping for a certain duration can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 2. DCI format 0_1/1_1 can be used to indicate the PDCCH skipping duration. The design of DCI indication method e.g., adding bits or re-purpose DCI fields can be further studied.
Proposal 3. Search space set grouping can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 4. Multi-PDSCH/PUSCH scheduling can be supported for Rel-17 DCI-based power saving adaptation in active time.
Proposal 5. RRC signalling can configure more than one SLIVs or starting symbol and lengths in one PDSCH/PUSCH time domain resource allocation.
Proposal 6. Multi-PDSCH/PUSCH scheduling can be applied both on Pcell and Scell, and both on UL and SUL carrier.
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