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1. Introduction

In last meeting, the following agreements have been achieved for frame structure design in NR-U[1]:
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 

· Impact on MIB and SIB1 content 

· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS

· Study supporting more than one switching points within a TxOP

· FFS the LBT requirement for each DL/UL data/control burst in the TxOP
In this contribution, we will have a further discussion on the design of NR-U frame structur.
2. Discussions 
2.1 Different SCS
Based on the agreements of last meeting, NR-U should study the performance and design with different SCS. With SCS increasing, symbol length and slot length will decrease accordingly. For slot-based scheduling, the UPT will be improved since the transmission opportunities in unit time increase. Especially, in light load scenario, this effect will be more obvious.
With SCS increasing, it is also more suitable to use larger BWP configuration. However, when the BWP is larger than 20MHz, how to carry LBT within the BWP becomes a problem. If a BWP is divided into different parts to make LBT, then it is unavoidable that only part of the BWP could be used for data transmission at a time. It will require the scheduler to prepare multiple versions of the transmission schemes to match the different channel occupancy situations within a BWP. In addition, if a BWP is divided into multiple parts for LBT, and each part will have to follow the PSD and OCB requirements respectively, this will bring additional challenges. Based on the current design of NR, it is very difficult to support such mechanism, especially for data transmission.
Proposal 1: LBT is operated per BWP and sub-band LBT within a BWP is not supported.
According to the conclusion of last meeting, NR-U adopts 20MHz as the benchmark for LBT and system operation. With different SCS, the same absolute bandwidth corresponds to different subcarrier/PRB numbers. 15kHz SCS corresponds to 100 RB for 20MHz， while 30kHz and 60kHz correspond to 50 and 25 RB respectively. To meet the requirements of PSD and OCB, if interlace is used for different SCS, then different design schemes are required for different SCS and 10 RB interlace can’t be reused as LTE-LAA. If PUSCH does not use interlace and directly performs uplink PRB scheduling that satisfies PSD and OCB, more flexibility can be achieved. However, in order to meet the requirements of PSD and OCB, the design of PRACH and PUCCH have to make some adjustment, such as repetition in frequency or so.
Proposal 2: At least PUCCH and PRACH should changes to meet the PSD and OCB requirements.

2.2 Supporting more than one switching points within a TxOP
With larger SCS, from the standard point of view, multiple semi-static and dynamic DL/UL configuration periods shall be included in one TxOP. For a TxOP with multiple DL/UL configuration periods, it will contain more than 1 switching points. There are two types of switching points within a TxOP: 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 TxOP, LBT CAT4 should be applied. According to the design of LTE-LAA, within a TxOP, the uplink start switching points can use LBT CAT2. For NR, the same rules can be applied for NR-U.

Proposal 3: For NR-U, uplink start switching points could use CAT2 LBT within a TxOP. 
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 TxOP
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 4: For NR-U, downlink start switching points should also use LBT CAT2 within a TxOP.
Proposal 5: Within a TxOP, the initial transmission should use LBT CAT4, and LBT CAT2 should be used for all downlink and uplink switching points.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: LBT is operated per BWP and sub-band LBT within a BWP is not supported.

Proposal 2: At least PUCCH and PRACH should changes to meet the PSD and OCB requirements.

Proposal 3: For NR-U, uplink start switching points could use CAT2 LBT within a TxOP. 

Proposal 4: For NR-U, downlink start switching points should also use LBT CAT2 within a TxOP.

Proposal 5: Within a TxOP, the initial transmission should use LBT CAT4, and LBT CAT2 should be used for all downlink and uplink switching points.
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