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Introduction
During RAN#84, guidance on essential functionality for NR-U was presented and approved [1]. Among the essential functionalities of DL signals and channels that need to be finalized, the following is included:
· Channel occupancy time and frequency domain structure indication for LBE
· Behavior when P/SP-CSI-RS fail to transmit due to LBT

With respect to PDCCH monitoring and COT structure indication, the following agreements were reached at RAN1#98b:
Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration

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.

In this contribution we discuss remaining details for PDCCH monitoring, COT structure indication and CSI-RS.

COT structure indication
At RAN1#98b, it was agreed that the COT duration could be provided in the GC-PDCCH. An FFS remains as to how the information is encoded, either as total length or as remaining length. For robustness and flexibility, it should be possible for the COT structure indication to be transmitted multiple times in a COT. This can ensure that if a UE misses a first transmission of a COT structure indication, it can receive it at a later time in the COT. Furthermore, updating the COT structure indication can enable network flexibility on how it uses its COT. Based on this, it makes sense that the duration be encoded as remaining length. That is because encoding it as total length requires information about the start time of a COT in the event the UE missed the original COT structure indication transmission, thus increasing the payload. Moreover, for flexibility the COT structure indication can be updated during a COT, and so the UE should not expect any of the values of the COT structure indication to remain fixed throughout a COT.
Proposal 1:	The COT duration bitfield should encode the remaining time duration of the COT.

PDCCH monitoring
During RAN1#98b it was agreed that a UE can be provided with at least two groups of search space sets for PDCCH. The UE can be configured to switch between the groups based on either implicit indication or explicit indication. We would like to confirm that both Alternatives should be supported and can be supported by a UE simultaneously.
Proposal 2:	A UE can be configured to simultaneously support implicit (Alt 1) and explicit (Alt. 2) switching between groups of search space sets.

Furthermore, the COT duration, as discussed in the previous section, can be used as an implicit indication to switch between search space sets at the conclusion of a COT.

Wideband Operation
For wideband operation, it has been agreed that for the DL, a gNB may transmit PDSCH on parts or whole of a single active BWP, where an active BWP may be composed of multiple LBT subbands.
For full flexibility, the UE needs to be able to detect the gNB’s acquisition of any set of, possibly contiguous, LBT subbands. This requires that a UE monitor DM-RS and/or GC-PDCCH in every LBT subband at least prior to the start of a COT.
It was also agreed that a search space could have multiple monitoring locations in frequency. For example, a search-space can have one monitoring location per LBT subband. A UE configured with two groups of search space sets for PDCCH would thus switch to a single group regardless of the number of LBT subbands acquired for a COT. Based on the set of acquired LBT subbands, the UE could disregard some search space monitoring locations. However, having a single group of search space sets for a COT means that there could be a lack of flexibility based on the set of acquired LBT subbands. For example, the configuration of the set used for an active COT could be optimized for the case of all LBT subbands being acquired. In this case, the UE would have to be configured with few search space sets (or smaller search spaces), given that all the monitoring locations could be valid and the BD or CCE channel estimation limits would come into play. However, the blocking probability would be reduced due to the multiple monitoring locations. On the other hand, for the case when a single LBT subband is acquired, the UE should be configured with a larger amount of search space sets (or larger search spaces), given that each would have a single monitoring location and in this case blocking probability could be an issue. These two configurations are mutually exclusive, so at least for wideband, it makes sense to support more than two groups of search space sets, and the selection of a search space set can be based on the set of LBT subbands acquired for a COT.
Proposal 3:	A UE can be provided with more than two groups of search space sets for PDCCH at least for wideband operation. The UE selects the applicable group based on the set of acquired LBT subbands of a COT.

Use of overbooking could overcome the issue presented above. For example, a UE could be configured with a large amount of search space sets in the group to be used in an active COT. Each search space set could have multiple monitoring locations to enable wideband operation. In such a case, the UE could drop search space sets in the event that multiple LBT subbands are acquired. However, for scheduling flexibility and reduction of blocking probability, it makes sense to enhance the dropping rules for cases where search spaces have multiple monitoring locations in frequency. This issue is further discussed in our companion contribution [5].
Proposal 4:	Search space dropping rules are determined as a function of the set of acquired LBT subbands.
CSI-RS
NR Release 15 supports aperiodic CSI-RS, semi-persistent CSI-RS and periodic CSI-RS and may be transmitted independently of a DL data transmission. To reduce signaling overhead it is beneficial to support periodic CSI-RS. For appropriate reporting of CSI based on periodic CSI-RS, measurement accuracy and RLM, the UE needs to be aware whether a CSI-RS was transmitted or not (e.g. due to failed LBT). For example, a UE being unaware that a CSI-RS was not transmitted may incorrectly adjust its PL measurements, this may affect UL PC setting which can be detrimental to the whole system. For CSI reporting, the UE should determine a valid reference slot based on the timing of actually transmitted CSI-RS. For example, a UE may be configured with a reference window for a CSI report and the UE may select a slot within the window where the CSI-RS was actually transmitted.
Furthermore, in some instances it may not be relevant for a UE to report measurements taken on a CSI-RS of a previous COT. Nevertheless, when relevant, it may be possible for a measurement based on CSI-RS transmitted in a previous COT to be reported in a current COT. For example, if the time gap between two COTs is very small, the measurements may still be pertinent. Moreover, due to LBT requirements, there should not be a large variance in interference between two adjacent COTs, thus the measurements could still be applicable.
Proposal 5:	A UE should be indicated when a CSI-RS transmission has failed due to LBT.
Proposal 6:	A UE is configured with a reference window for a CSI report and selects a reference slot within the window based on actually transmitted CSI-RS.
Proposal 7:	A UE can report CSI in a COT based on measurements performed on CSI-RS resources received in a previous COT.

Summary
This contribution discussed some details regarding the DL channels for NR-Unlicensed. In the following, the discussed proposals are listed:
Proposal 1:	The COT duration bitfield should encode the remaining time duration of the COT.
Proposal 2:	A UE can be configured to simultaneously support implicit (Alt 1) and explicit (Alt. 2) switching between groups of search space sets.
Proposal 3:	A UE can be provided with more than two groups of search space sets for PDCCH at least for wideband operation. The UE selects the applicable group based on the set of acquired LBT subbands of a COT.
Proposal 4:	Search space dropping rules are determined as a function of the set of acquired LBT subbands.
Proposal 5:	A UE should be indicated when a CSI-RS transmission has failed due to LBT.
Proposal 6:	A UE is configured with a reference window for a CSI report and selects a reference slot within the window based on actually transmitted CSI-RS.
Proposal 7:	A UE can report CSI in a COT based on measurements performed on CSI-RS resources received in a previous COT.
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