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1 Introduction

In RAN1 97th meeting, the following agreements were made for DL signals and channels design [1]:

Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 

· FFS: A duration of 14

· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)

· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.

· FFS: Some duration(s) are mandatory for the UE to support for initial access

· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 

· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI

· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15

Further in RAN 84th plenary meeting, the guidance on the essential functionality for NR-U was discussed. The priority for DL signals and channels for NR-U was agreed as follows [2]:
Essential
· Channel occupancy time and frequency domain structure indication for LBE

· UE COT detectionfor FBE

· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT

· Behavior when P/SP-CSI-RS fail to transmit due to LBT

Optimizations
· CSI-RS enhancement outside of DRS

· More opportunities for CSI-RS to compensate the possible LBT failure

· A-TRS directly QCL with SSB

In this contribution, we present the discussion on the DL signals and channels design for NR-U.
2 Discussion
COT structure indication
It is agreed that supporting multiple switching points is beneficial to the system performance such as to support fast feedback. The slot structures can be informed to the UE to save the UE’s power consumption. In NR licensed carrier, dynamic DL/UL switch can be supported by the dynamic SFI via DCI format 2_0. The slot format for multiple slots can be indicated by one SFI. To save the UE’s decoding effort, it is suggested to indicate UE of the slot format at the beginning of a gNB-initiated COT as illustrated in Fig. 1. Meanwhile, additional SFI can be transmitted multiple times within a COT.
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Fig.1: Illustration of the SFI indication for a COT

The start of a gNB-initiated COT may not aligned with the slot boundary, one issue is how to indicate the slot format of the partial slot. One alternative is to introduce new slot format for the partial slot, the other one alternative is to puncture the slot format using current SFI table subject to the LBT result. Considering the processing time, it is preferred to keep the indicated slot format unchanged no matter when the LBT succeeds. 
Proposal 1: UE can be informed of the slot format for a gNB-initiated COT at the beginning of the COT via DCI format 2_0.

Proposal 2: Additional SFI can be transmitted multiple times within a gNB-initiated COT.

Proposal 3: UE can get the slot formats for the partial slots by puncturing the existing slot format.
Adaptation on PDCCH monitoring

In Rel-15 NR design, UE monitors its control information on configured occasions provided by high layer. In the unlicensed band, as the channel availability is unpredictable, the transmissions of the control information on the configured occasions cannot be guaranteed. It is power inefficient for the UE to always monitor the control information on the configured occasions. Thus it is beneficial for the UEs if the gNB can adjust the UE’s PDCCH monitoring behavior at the physical layer from the power consumption aspects. It has been agreed during the SI to allow dynamic change of the time domain instances in which the UE is expected to receive PDCCH. 
For the PDCCH monitoring, it is suggested to have the following three phases [3]:

· Phase A: Outside of gNB’s COT

· Phase B: Beginning of gNB’s COT

· Phase C: Remainder of gNB’s COT

Before the start of a COT, UE needs to monitor the start of a COT. This can be achieved by detecting some signals such as the DMRS. Thus, no PDCCH monitoring is needed for phase A. After detecting the start of a COT, UE can be indicated to perform PDCCH monitoring, this means that the PDCCH monitoring behaviour for phase B and C can be derived by the indication from the gNB. Depending on the indication, the PDCCH monitoring behaviour can be same or different for phase B and C.
Proposal 4: UE is not required to perform PDCCH decoding outside a gNB-initiated COT.
LBT Cat indication
It is agreed during the SI that within a gNB-initiated COT, Cat 1or Cat 2 can be used before the transmission of an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS [4]. For the UL transmission outside a gNB-initiated COT, it is further concluded that Cat 2 is not used for initiating a UE transmission for PUSCH/SRS-only/PUCCH only or any combination [5]. For the configured or scheduled UL transmission, the gNB should configure/indicate UE the LBT Cat. However, in some cases, gNB cannot predict whether the UL transmission falls inside/outside a gNB-initiated COT as illustrated in the figure below. The gNB schedules an UL transmission that is outside its current COT and indicates a Cat 4 channel access scheme to the UE. However, the gNB succeeds occupying the channel again before the scheduled UL transmission. In this case, UE should switch to Cat 1/2 channel access scheme to facilitate its UL transmission. To achieve this, the following alternatives can be considered:
· The gNB explicit indicate UE to switch its channel access scheme.

· The scheduled UE detects the presence of gNB’s channel occupancy and determine whether to switch its channel access scheme.

To ensure the robust operation, it is preferred to support explicit indication from the gNB.
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Proposal 5: The channel access scheme for a UL transmission can be updated by gNB’s explicit indication.
3 Conclusions

In this contribution, we present the discussion on the DL signals and channels for NR-U operation. Based on our analysis, we have the following proposals:
Proposal 1: UE can be informed of the slot format for a gNB-initiated COT at the beginning of the COT via DCI format 2_0.

Proposal 2: Additional SFI can be transmitted multiple times within a gNB-initiated COT.

Proposal 3: UE can get the slot formats for the partial slots by puncturing the existing slot format.
Proposal 4: UE is not required to perform PDCCH decoding outside a gNB-initiated COT.

Proposal 5: The channel access scheme for a UL transmission can be updated by gNB’s explicit indication.
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