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1. Introduction

In last meeting, the following agreements have been achieved for frame structure design in NR-U[1]:
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

In this contribution, we will have a further discussion on the design of NR-U frame structure.
2. Discussions 
2.1 Supporting more than one switching points within a COT
With larger SCS, from the standard point of view, multiple semi-static and dynamic DL/UL configuration periods shall be included in one COT. For a COT with multiple DL/UL configuration periods, it will contain more than 1 switching points. There are two types of switching points within a COT: downlink start switching point and uplink start switching point. Downlink start switching point is the transmission after uplink symbols and uplink start switching point is the transmission after downlink or unknown symbols. For the start point of a COT, LBT CAT4 should be applied. As for the LBT for switching points within a COT, some agreements have been achieved in last meeting, especially for the gap from DL transmission to UL transmission.
For downlink start switching points, more analysis is needed. There are also two cases for downlink start points:
Case 1: Continue uplink transmission from UE before downlink start switching point.

Case 2: No UE uplink transmission before downlink start switching point.
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Fig.1 LBT within a COT
For Case 1, there is a continue channel occupying and in principle no LBT is required. For Case 2, since the channel is released, at least CAT 2 LBT is required before downlink transmission. However, for actual transmission, at gNB side, before fully decoding and without LBT, the actual channel occupation situation could not be achieved. Therefore, in order to ensure the fairness of channel occupation, LBT is also needed for downlink start switching points.
Proposal 1: For NR-U, downlink start switching points should also use LBT CAT2 within a COT.
Proposal 2: Within a COT, the initial transmission should use LBT CAT4, and LBT CAT2 should be used for all downlink and uplink switching points.
2.2 Supporting more starting points
LAA supports multiple downlink data transmission points to cope with the uncertain starting points problem caused by LBT and each data could be transmitted at the boundary of 0.5ms. For NR-U, it is also benefit to improve system operation efficiency by increasing downlink starting points. At gNB side, mini-slot based scheduling could be used to fit flexible symbol length after LBT. At UE side, it is not a challenge to support different mini-slot length. The main problem is how to make flexible DCI detection. If UE support DCI detection at any symbol, it means UE have to make DCI detection at each symbol. This will increase UE power assumption. Therefore, controlling the number of possible downlink data starting points could decrease the requirements for DCI detection. Besides, at gNB side, limiting the number of possible downlink data starting points could also simplify scheduling process. gNB don’t need to prepare different scheduling schemes for each symbol length. 
Proposal 3: NR-U should support limited downlink data transmission starting points within a slot.

As for the uplink data scheduling, DCI should provide the starting points and symbol length. If one scheduling fixes the starting time, the scheduling efficiency will be heavily effected due to LBT. To increase the uplink scheduling efficiency, one uplink scheduling could consider support more starting points. Supporting more starting points for one scheduling means some resources should be reserved for one uplink transmission and how to minimize the reserved resource needs FFS.
Proposal 4: NR-U could support multiple starting points for one uplink scheduling within a slot.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: For NR-U, downlink start switching points should also use LBT CAT2 within a COT.

Proposal 2: Within a COT, the initial transmission should use LBT CAT4, and LBT CAT2 should be used for all downlink and uplink switching points.
Proposal 3: NR-U should support limited downlink data transmission starting points within a slot.
Proposal 4: NR-U could support multiple starting points for one uplink scheduling within a slot.
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