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Introduction
To save the UE power consumption, it was agreed to introduce dynamic switching of PDCCH monitoring occasions and LBT bandwidth usage indication. In this contribution, we further discuss the details of these features. The related agreements in RAN1#98b, RAN1#98 and RAN1#97 [1][2][3] are as follows, 
Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.

[bookmark: _GoBack]Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)

Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
•	FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
•	FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
•	FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE

Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving
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Dynamic switching of PDCCH monitoring occasions
As referred in the section 1, a UE can be configured to switch between two search space sets for PDCCH. From the power saving perspective, a main scenario will be that the search space sets for the initial slot of a DL slot have more monitoring occasions than that for other slot of a DL slot. In order to switch properly, the UE can simply rely on the COT structure information such as SFI and COT duration in a GC-PDCCH. By reading the SFI, the UE knows whether there is any possibility each of the following slots is an initial slot of a DL burst. There is no need to add a new field for explicitly indicating the switch in the GC-PDCCH or a UE-specific PDCCH. 

Proposal 1: When a UE is provided with two groups of search space sets for PDCCH, one group of search space sets is configured for the initial slot of a DL burst. The UE switches between the groups implicitly based on the COT structure information, i.e. Alt.1 in the previous agreement. 

LBT bandwidth usage indication
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK144]As referred above, it was agreed that explicit indication by a bit field in GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception. And one of the FFS points is whether and how to support the mechanism at the beginning of DL transmission burst. As for the beginning of a DL transmission burst, the gNB may start transmission before the concrete usage information is generated in time. That is to say, the GC-PDCCH with usage information field is transmitted in a timing the gNB cannot generate accurate usage information in time. In order to enable the transmission of the usage information in this case, another state “unknown” needs to be introduced. Similarly for the case of indication from a licensed carrier, the new state “unknown” can be added to support the situation that the usage information is transmitted at a timing that a DL transmission burst may or may not begin. 
From the UE perspective, PDCCH monitoring is required in both the periods of “available” and “unknown”. In that sense, “available” and “unknown” can be grouped as “may be available”. Therefore if only 1 bit per LBT bandwidth is used for indicating the usage information, the two states should be “not available” and “may be available”. 

Proposal 2: Regarding the bitmap for indicating usage information of a LBT bandwidth, the agreed two states “not available” and “available” should be revised to “not available” and “may be available” to support the transmission of the GC-PDCCH from a licensed/unlicensed carrier at the beginning of a DL transmission burst.


Conclusions
In this contribution, we discussed further details on frequency domain occupancy information and COT structure indication. Based on the above discussion, we have the following observation and proposals:
Proposal 1: When a UE is provided with two groups of search space sets for PDCCH, one group of search space sets is configured for the initial slot of a DL burst. The UE switches between the groups implicitly based on the COT structure information, i.e. Alt.1 in the previous agreement. 
Proposal 2: Regarding the bitmap for indicating usage information of a LBT bandwidth, the agreed two states “not available” and “available” should be revised to “not available” and “may be available” to support the transmission of the GC-PDCCH from a licensed/unlicensed carrier at the beginning of a DL transmission burst.
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