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1. Introduction

In last meeting, the following agreements and working assumptions are achieved for UL signals and channels design in NR-U [1]:
Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:

a.
15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace

b.
30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace

Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:

· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth

· Point A is the reference for the interlace definition

· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths

· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz

· FFS: Whether and how partial interlace allocation is supported

In this contribution, we will give some further discussions on the design of UL signals and channels.
2. Discussions 
2.1 PUCCH design
For NR-U uplink, interlace based data transmission could meet the requirements of regulation. PRB-based interlace could carry more information at the cost of taking up more physical resources. If one interlace only carries one or two bits ACK/NACK information, it should be considered that make some enhancements to improve the efficiency. For small data transmission in PUCCH, PF2 is a good candidate since it takes only 1-2 symbol length. 
For the design of PF2 in NR-U, there are still some factors to be considered. Firstly, PF2 does not support multi-user multiplexing. Without multi-user multiplexing, the number of users supported by the system at the same time will be limited. Considering the influence of LBT, a PF2 scheduling needs to consider the allocation of a plurality of candidate locations. This will further reduce multi-user multiplexing capability. Secondly, PF2 support CP-OFDM waveform only and there might be some limitation on the cell coverage. However, when small data is transmitted in PRB-based interlace, a low coding rate and/or repetition will be used. Then the coverage limitation problem will be released. 
There are also some proposals to introduce a new format for small data transmission in PUCCH. Based on the analysis for PF2, the main motivation is to enable multi-user multiplexing within one interlace. 
Proposal 1: PUCCH design in NR-U should consider PF2 and PF3 enhancements to support multi-user multiplexing within a interlace.
Interlace design for PUCCH for bandwidths greater than 20 MHz should be studied further. Based on the agreements in last meeting, 10 or 11 PRB are used for 20MHz PUCCH interlace under SCS 15kHz and 30kHz. Besides, NR-U will support flexible symbol length of PUCCH transmission. All these features can well support the various lengths of UCI transmission. For PUCCH bandwidths larger than 20MHz, in order to meet the requirements of regulation, the number of PRBs in one interlace will increase. For 40MHz bandwidths, the number of PRB per interlace will be about 20 under SCS 15kHz and 30kHz. The necessary of such PUCCH design is limited.
One possible use case for one PUCCH design larger than 20MHz is to occupy all BWPs within a COT. If an uplink slot transmitting PUCCH follows a downlink slot, then the PUCCH transmission, which occupies all available bandwidth, will bring LBT advantage to the downlink slot. However, there are no clear conclusions on the LBT rules for the downlink transmissions after uplink. Even uplink slot is scheduled for PUCCH transmission, there is still possibility of no uplink transmission due to LBT. In this case, gNB could not transmit DL data without LBT. Therefore, the benefits of PUCCH transmission larger than 20MHz is relatively limited.
Observation 1: the benefits of PUCCH design for bandwidths larger then 20MHz is not clear.

If interlace design for PUCCH greater than 20 MHz is specified, then from the point of view of simplified design, there is no need for PUCCH to adopt a different interlace design from PUSCH.
Proposal 2：If interlace design for PUCCH for bandwidths greater than 20 MHz is specified, it should follow the design of PUSCH. 
2.2 PUSCH design
Supporting of multiple PUSCH(s) starting positions in one or multiple slot(s) is also import for NR-U uplink transmission. It can increase the probability of successful PUSCH transmission and reduce the transmission delay for small packets. Indicating multiple start points can be achieved by indicating one end time or directly indicating multiple start points. It is more flexible to use bitmap to indicate multiple start points than to indicate only one end point. From overhead point of view, if the candidate end position and candidate start point are both high layer configuration, then the overhead of the two methods is the same.
Proposal 3: Multi starting points indication could also be considered for PUSCH ending position indication.
Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U. For the detail design of DCI, the frequency location and MCS of multiple TTIs could be same. However, for the reason of LBT, the available symbols in the first slot might be different from the following slot(s). For Type A scheduling, the transmission duration in the first PUSCH slot will be shorter than the following slot(s). For Type B scheduling, the available symbol length in the first slot is hard to match the length of multiple equal TTI length. For this case, the length of the last TTI in the first slot could be different from previous TTI.
Proposal 4: The design of the first slot in scheduling multiple TTIs for PUSCH using a single UL grant could be different from the following slot(s).

3. Conclusion
In summary, the following proposals and obeservation are provided:
Proposal 1: PUCCH design in NR-U should consider PF2 and PF3 enhancements to support multi-user multiplexing within a interlace.
Proposal 2：If interlace design for PUCCH for bandwidths greater than 20 MHz is specified, it should follow the design of PUSCH. 
Proposal 3: Multi starting points indication could also be considered for PUSCH ending position indication.
Proposal 4: The design of the first slot in scheduling multiple TTIs for PUSCH using a single UL grant could be different from the following slot(s).

Observation 1: the benefits of PUCCH design for bandwidths larger then 20MHz is not clear.
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