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1. Introduction

In RAN#82, new WID on NR-based Access to Unlicensed Spectrum was approved and the scope of physical layer aspects including [1]:
-
Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).

-
NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-
Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).

-
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
-
NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
-
PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
-
UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced  transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.

-
UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-
SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.

-
For DL data channel, support of multiple PDSCH starting positions.

-
Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
-
DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 
In this contribution, we will have some 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 multi-user multiplexing within a interlace.
2.2 PUSCH design
The interlace design for PUSCH should consider the impact of LBT, especially when operating bandwidth is larger than 20MHz. In study phase, for carriers with bandwidth larger than 20 MHz, two candidates interlace designs have been identified [2]:

-
Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition

-
Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).

Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.
According to the agreement in channel access, LBT will operate based on 20MHz. PUSCH design could also be based on 20MHz, just like Alt-2. It will bring some flexibility for data preparing and scheduling. When multi sub-band is making LBT, the LBT results for each sub-band will be different. If UE prepares different combination versions for different sub-band LBT results, it will cause extra load comparing with preparing data for each sub-band separately. Besides, considering different UE capabilities, some UEs may only support 1 sub-band transmission and some UE could support multi sub-band transmission. If interlace schemes in different sub-band is different, the multi-user multiplexing efficiency will also be affected. 

Proposal 2: Interlacing defined on a sub-band (20 MHz) basis (Alt.2) should be used for PUSCH.
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 are provided:
Proposal 1: PUCCH design in NR-U should consider multi-user multiplexing within a interlace.
Proposal 2: Interlacing defined on a sub-band (20 MHz) basis (Alt.2) should be used for 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).
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