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1 Introduction

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 [1]:
Essential
· Channel occupancy time and frequency domain structure indication for LBE

· UE COT detection for 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 RAN1 98th meeting, the following agreements were made on the design of the DL signals and channels [2].
Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:
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· If the PDSCH duration [image: image13.png]


 is 10 OFDM symbols for normal cyclic prefix, and if at least one of the DM-RS symbols corresponding to the PDSCH allocation collides with resources reserved for at least one of the symbols of a LTE CRS transmission, 
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shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots
Conclusion:
· PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions
Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)
In RAN1 98bis meeting, the following agreements were made on the design of the DL signals and channels [3].

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 present the discussion on remaining details of 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, it is possible some UEs may wake up in the middle of the COT. Then it should be allowed to have additional SFIs 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. 
It is benefit to inform UEs of the COT duration information to save UEs’ power consumption. In RAN1 98bis meeting, it was agreed to add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0. The presence of this bit-field can be configured by RRC signaling. If this bit-field is not present, a SFI-based mechanism can be used to determine the end of a COT. The following two alternatives can be considered for the SFI-based mechanism:
· Explicit indication in the SFI

In this alternative, an “end-of-COT” status is introduced in SFI. Once a UE receive the “end-of-COT” status in a given SFI, it can determine the end of a COT.
· Implicit indication by the SFI

In this alternative, the slot formats for the remaining time duration of a COT are indicated in each SFI. By decoding the indicated time duration of a COT in each SFI, UE can implicitly determine the end of a COT.

In our understanding, it is beneficial to inform UEs of the slot formats for the slots that are out of a gNB’s initiated COT. For example, UEs could compete to gain the channel resource to transmit some urgent information such as HARQ feedback after the end of a gNB’s initiated COT on indicated UL symbols. In this sense, it is slightly preferred to introduce explicit indication of end-of-COT in the SFI.   
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: “End-of-COT” status is introduced in SFI.
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. 
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 (Outside of gNB’s COT). 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 (Beginning of gNB’s COT) and C (Remainder of gNB’s COT) 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.
It is agreed that 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 by explicit or implicit way. In our understanding, it is hard to align the phase status between the gNB and UE, thus it is preferred to switch the PDCCH monitoring pattern via GC-PDCCH.
Proposal 5: UE is not required to perform PDCCH decoding outside a gNB-initiated COT.
Proposal 6: The switch between the PDCCH monitoring patterns is indicated by GC-PDCCH.

3 Conclusions

In this contribution, we present the discussion on the remaining details of 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: “End-of-COT” status is introduced in SFI.
Proposal 5: UE is not required to perform PDCCH decoding outside a gNB-initiated COT.

Proposal 6: The switch between the PDCCH monitoring patterns is indicated by GC-PDCCH.
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