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1. Introduction

In the RAN1 meeting #92bis, the following agreements regarding UL design were reached [1]:
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PUCCH/PUSCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range

Agreement:
· 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

· 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

In this contribution, considerations on UL channels and reference signals design aspects for NR-based access to unlicensed spectrum are discussed.
2. Design principles 
NR-U physical layer design should inherit NR physical layer design as much as possible. For example, waveform, numerology, initial access procedures, beam management, and control/data transmission procedures, which specified in NR licensed should also be supported here. Enhancements to NR physical layer design should be developed to improve channel access opportunity and frequency utilization efficiency in unlicensed carriers.
Proposal 1: Reuse NR physical layer design as much as possible and study potential enhancements to better support NR-U transmission.
Unlike fixed subcarrier spacing (SCS) in LTE, multiple numerologies/SCSs have been introduced in NR due to wide-spread frequency spectrum, as larger SCSs can be used to support wideband operation with low implementation complexity in high frequency and smaller SCSs can be used in low frequency to maintain large coverage. On 5GHz unlicensed band, unlike using 15kHz SCS in LAA-LTE, if a larger SCS, i.e., 60kHz, is adopted in unlicensed band, the corresponding symbol duration will be shorter, the eNB would have more opportunities to access the unlicensed channel at the symbol boundary and the frequency utilization efficiency would be increased. On the other hand, 60kHz SCS makes it feasible to operate wide band, e.g., operate 80MHz as a single carrier in 5GHz band to save guard band and further increase frequency utilization efficiency. 

Proposal 2: Support 60 kHz subcarrier spacing in 5GHz unlicensed band.
Bandwidth part (BWP) configuration has been introduced in NR and should also be studied and supported in NR-U since unlicensed bands have wide-spread frequency resource and can easily be implemented with wideband operation. Unlike the flexible configuration of BWP in licensed band, the BWP configuration in unlicensed bands should consider the coexistence with LAA-LTE and Wi-Fi systems. For example, since the channel occupancy of Wi-Fi and LAA-LTE are in the unit of 20MHz in 5GHz band, the configuration of BWP in NR deployment at the same band should be in the integral multiple of 20MHz. 

Proposal 3: Support BWP configuration in the integral multiple of 20MHz in 5GHz unlicensed band.

3. UL channel/RS design 
3.1. PUCCH/PRACH 
PUCCH and PRACH transmission on unlicensed bands should be investigated at least for DC and SA scenarios. For PUCCH, configurable PUCCH durations have already been supported in NR and should also be supported here. For PRACH, suitable PRACH preamble formats should be studied and selected from long/short sequence sets for licensed PRACH formats, and be taken as the baseline formats for NR-U operation.
In unlicensed bands, transmit power density are restricted to avoid causing large interference to important signals, i.e., radar signal. Hence interlaced waveform for PUSCH transmission by allocating comb-based resources within 20MHz bandwidth are supported to make full use of power efficiency for LAA-LTE UL. The transmit power can be increased with the allocated frequency resource increases. However, there is a bandwidth limit that the transmit power would not be increased if the signal transmission bandwidth is larger than the bandwidth limit. This bandwidth limit is the bandwidth that signals are transmitted in the highest power density and the highest transmit power at the same time. For example, in 5GHz unlicensed band, the bandwidth limit is 20MHz. So there is no need to assign a bandwidth larger than the bandwidth limit for a PUCCH/PRACH transmission.
Proposal 4: PUCCH/PRACH should be transmitted within 20MHz in 5GHz unlicensed band. 

3.2. PDSCH/PUSCH 

Similar to NR licensed, both CP-OFDM and DFT-s-OFDM should be supported for PUSCH transmission in NR-U. Although interlaced structure inherited from LAA-LTE uplink transmission may be a baseline for UL resource allocation, other resource allocation methods could also be considered to achieve power efficiency for UL transmission.
Since large bandwidth part may be configured for PUSCH transmission, it is possible that one PUSCH is scheduled to occupy multiple carrier sensing subbands. In this case, it is beneficial to study dynamic BWP transmission subject to subband-based carrier sensing based on UE capability to maximize the band utilization efficiency. For example, one UE which is capable of dynamic BWP transmission may be scheduled to transmit PUSCH on successfully accessed subbands of the scheduled bandwidth. Figure 1 gives an example.
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Figure 1: Illustration of dynamic subband transmission subject to subband-based LBT
Proposal 5: Study the feasibility of dynamic subband transmission for UL BWP operation. 
4. Conclusions
In this contribution, considerations on physical layer design aspects for NR-based access to unlicensed spectrum are discussed. The following proposals are made.
Proposal 1: Reuse NR physical layer design as much as possible and study potential enhancements to better support NR-U transmission.
Proposal 2: Support 60 kHz subcarrier spacing in 5GHz unlicensed band.
Proposal 3: Support BWP configuration in the integral multiple of 20MHz in 5GHz unlicensed band.

Proposal 4: PUCCH/PRACH should be transmitted within 20MHz in 5GHz unlicensed band.

Proposal 5: Study the feasibility of dynamic subband transmission for UL BWP operation. 
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