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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

Furthermore, with respect to PDCCH monitoring on unlicensed channels, in the January 2019 RAN1 AH, the following agreements were reached:

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 (…)
· 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 
In this contribution we discuss our views on using DMRS for detection of a transmission burst, dynamic PDCCH monitoring, COT structure indication and the CSI-RS.

Transmission burst detection and PDCCH monitoring
In the January 2019 RAN1 AH it was agreed that the presence of a signal such as DMRS and/or GC-PDCCH can be used by the UE to detect a transmission burst by the serving gNB. At its simplest, the UE can be configured with resources where it can attempt to detect DMRS and/or GC-PDCCH candidates. Upon successful detection of the DMRS and/or GC-PDCCH, the UE can assume that the serving gNB has acquired the unlicensed channel.
In RAN1#96, three monitoring phases were proposed [3]. Phase A for outside of a COT, phase B for beginning of a COT and phase C for remainder of the COT. To monitor the COT-indicating DMRS and/or GC-PDCCH, the UE can be configured with a PDCCH monitoring pattern for the purpose of the COT indication in Phase A. The UE therefore does not need to monitor multiple search spaces associated with multiple CORESETs with high levels of granularity in Phase A to enable fine granularity of COT starting points. Furthermore, the UE does not need to perform power consuming BDs on a large set of PDCCH candidates outside of a COT.
Therefore, a successful detection of the COT-indicating DM-RS and/or GC-PDCCH in a PDCCH monitoring occasion should also be used by the UE to dynamically switch its PDCCH monitoring for search spaces in the associated and possibly other CORESETs. In other words upon determining the gNB has acquired a COT, the UE should switch to Phase B, and it should modify the PDCCH monitoring for search spaces in the associated and possibly other CORESETs. A UE could be configured with multiple PDCCH monitoring configurations per search space. The monitoring configuration can include offset and periodicity, along with number of PDCCH candidates. The PDCCH monitoring configurations for each search space can have different PDCCH monitoring configurations for each Phase. For example a configuration used in Phase A, a second PDCCH monitoring configuration used for Phase B (e.g. to enable mini-slot scheduling in a possibly incomplete slot), and a third PDCCH monitoring configuration used for Phase C. The configuration in Phase A is also beneficial to address cases where a UE misses a COT-indicating signal. For example, a UE coming out of DRX may have missed the beginning of a COT and it would be unnecessarily signal intensive to force the network to send a COT indicating signal in every slot. Therefore, the UE may assume the channel is in Phase A. Ensuring that the UE can still be scheduled in this instance is necessary for effective use of power savings methods.
The selection of the relevant and valid PDCCH monitoring configuration can depend on the ongoing Phase and possible indication by the gNB.
The switch between different PDCCH monitoring configurations should therefore coincide with the switch between Phases. The switch from Phase A to Phase B should be determined from the reception of a COT-indicating DMRS and/or GC-PDCCH. The switch from Phase B to Phase C should be determined from the slot timing (e.g. first slot boundary after Phase B has begun). The switch from Phase C to Phase A can be determined based on information received in a COT structure indication.
Proposal 1:	A UE is configured with a PDCCH monitoring configuration to enable DMRS and/or GC-PDCCH monitoring for the purpose of COT indication (in Phase A).
Proposal 2:	A UE is configured with multiple PDCCH monitoring configurations per search space to enable varying PDCCH monitoring patterns for resource allocation (e.g. one per Phase).
Proposal 3:	A UE is configured with a PDCCH monitoring configuration per search space applicable to Phase A, to improve scheduling robustness regardless of if the UE has detected a gNB’s transmission burst.
Proposal 4:	A UE determines the active PDCCH monitoring configuration of a search space based on detection of the COT-indicating DM-RS, indication from the gNB, COT structure indication or slot timing.

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. Applying the single LBT subband operation principle and assuming the use of GC-PDCCH/DMRS monitoring for COT indication, would require that a UE monitor different GC-PDCCH candidates and DMRSs in every LBT subband. Furthermore, to ensure appropriate PDCCH monitoring, the detection of a COT-indicating DMRS and/or GC-PDCCH should be tied to dynamically switching at least one PDCCH monitoring configuration in an associated LBT subband (e.g. transitioning to Phase B in at least one associated LBT subband). However, this could cause a large and unnecessary burdensome increase in PDCCH decoding. For example, if the network acquires all LBT subbands of a BWP, the UE would first have to detect all DMRS and/or GC-PDCCH (in each LBT subband) then switch PDCCH monitoring configurations for search spaces in every LBT subband (e.g. transitioning to Phase B in all LBT subbands). This would lead to cases where the UE must monitor a large number of search spaces or would need to reduce the total number of PDCCH blind decodes due to restrictions on the number of CCE channel estimates.
Instead, depending on the set of acquired LBT subbands, the UE should determine a set of search-spaces for which the PDCCH monitoring configuration should be switched to Phase B. For example, if a UE is configured with multiple COT-indicating DMRS resources, each pointing to a different set of LBT subbands, then each should lead to a set of PDCCH monitoring configuration switches for a set of search spaces. Hence, a UE detecting a first COT-indicating DMRS could be configured to assume all LBT subbands are acquired. The UE would then switch the PDCCH monitoring configurations for a configurable set of search spaces. On the other hand, if the UE detects a different COT-indicating DMRS configuration, it would assume that a configured subset of LBT subbands has been acquired. In such a case, the UE would switch the PDCCH monitoring configuration for a different set of search spaces. The link between set of acquired LBT subbands and PDCCH monitoring configuration per search space can be modified via RRC configuration.
Figure 1 shows an example where a UE configured with 3 COT-indicating DMRS configurations can determines the appropriate set of active LBT subbands and also the associated PDCCH monitoring configurations based on the detection of a COT-indicating DMRS.
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Figure 1: Multiple COT-indicating DMRS indicating different active LBT subbands
[bookmark: _Hlk961150]Proposal 5:	A UE determines the PDCCH monitoring configuration of a set of search-spaces based on the set of acquired LBT subbands.

COT structure indication
As discussed above, the COT-indicating DMRS and/or GC-PDCCH can activate PDCCH monitoring in a set of search spaces. In wideband operation, the UE should not be expected to monitor PDCCH in every acquired LBT subband. The COT structure indication should include the set of acquired LBT subbands, especially if it is undesirable or untenable (due to short time between LBT operation and transmission of COT-indicating signal) to derive this information from the UE detected COT-indicating DMRS and/or GC-PDCCH. Transmission resources in a COT are to be shared among many UEs and used for DL and UL, even more so in the wideband case, therefore the set of LBT subbands that are available for UL transmission in a gNB-acquired COT must also be included.
In RAN1#96 a proposal was discussed that states that information should be transmitted to the UE(s) regarding COT structure [3]. The proposal includes having additional SFI entries for partial slots. There is clearly a need to modify the Slot Format Indicator (SFI) currently specified in NR R15 for the purpose of NR-U in R16. A modification is also required to enable UEs to identify the time domain COT structure based on the possibility of partial slots occurring at the beginning of the COT.
Proposal 6:	NR-U should define new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.

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, the UE needs to be aware whether a CSI-RS was transmitted or not (e.g. due to failed LBT).
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, it may be possible and relevant 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 7:	A UE should be indicated when a CSI-RS transmission has failed due to LBT.
Proposal 8:	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:	A UE is configured with a PDCCH monitoring configuration to enable DMRS and/or GC-PDCCH monitoring for the purpose of COT indication (in Phase A).
Proposal 2:	A UE is configured with multiple PDCCH monitoring configurations per search space to enable varying PDCCH monitoring patterns for resource allocation (e.g. one per Phase).
Proposal 3:	A UE is configured with a PDCCH monitoring configuration per search space applicable to Phase A, to improve scheduling robustness regardless of if the UE has detected a gNB’s transmission burst.
Proposal 4:	A UE determines the active PDCCH monitoring configuration of a search space based on detection of the COT-indicating DM-RS, indication from the gNB, COT structure indication or slot timing.
Proposal 5:	A UE determines the PDCCH monitoring configuration of a set of search-spaces based on the set of acquired LBT subbands.
Proposal 6:	NR-U should define new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.
Proposal 7:	A UE should be indicated when a CSI-RS transmission has failed due to LBT.
Proposal 8:	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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