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1. Introduction

This contribution mainly discusses potential enhancements to UL channel and reference signals for NR deployment on unlicensed spectrum, including PUSCH/PUCCH/PRACH waveform and UL BWP operation.
2. PUSCH 
Similar to LAA-LTE uplink transmission, interlaced structure could be considered as a baseline for resource allocation to meet OCB requirement and to achieve power efficiency for UL transmission. In RAN1 #93 meeting, the following agreements are achieved:

Agreement:
· An interlaced waveform can have benefits in some scenarios including

· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios

· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Unlike fixed subcarrier spacing (SCS) in LTE, multiple numerologies/SCSs have been introduced in NR to support wide-spread frequency spectrum. On 5GHz unlicensed band, reusing LTE 15kHz SCS could make NR-U system achieve similar cell coverage/deployment as LTE system, and a larger SCS, i.e., 60kHz, has benefits in wideband operation and frequency utilization efficiency improvement. So multiple numerologies should be supported in 5GHz unlicensed band.
For different numerologies, different interlaced structures should be designed based on the BWP size and the corresponding SCS size. For 15kHz and 30kHz SCS, legacy PRB based interlace structure could be reused. For 60kHz SCS, since one PRB occupies 720kHz frequency resource, sub-PRB based interlace structures could be considered to improve power efficiency. 
Regarding resource allocation, one basic interlace pattern could be defined based on a reference SCS, so the actual allocated resource could be indicated according to the basic interlace pattern.

Proposal 1: Support 15kHz, 30kHz and 60 kHz subcarrier spacing in 5GHz unlicensed band.
3. PUCCH 
PUCCH transmission on unlicensed bands should be investigated at least for DC and SA scenarios. Configurable PUCCH durations have already been supported in NR and should also be supported in NR-U. In RAN1 #93 meeting, the following agreements are achieved:

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Interlaced waveform can be used for PUCCH transmission to make full use of power efficiency. Generally the transmit power can be increased with more allocated PRBs due to the limit of transmit power density. 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 one PUCCH occasion, one PUCCH resource should be defined in interlace structure within 20MHz in 5GHz unlicensed band.
Proposal 2: One PUCCH resource should be defined in interlace structure within 20MHz in 5GHz unlicensed band. 
4. PRACH
In RAN1 #93 meeting, the following agreements are achieved:

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that interlaced based PRACH can be beneficial. 

· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

· Interlacing based on PRB or REs

· Targeted cell sizes

· Targeted PRACH capacity

· Targeted false alarm and detection rates

· Targeted timing estimation accuracy

· Number of formats

· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

NR PRACH supports multiple preamble formats with long/short sequences, and unrestricted/restricted type A/restricted type B for different scenarios. For NR unlicensed, suitable PRACH preamble formats should be studied and selected from licensed PRACH formats, and be taken as the baseline formats for NR-U operation. 
It is identified that interlaced based PRACH can be beneficial from OCB requirement fulfill and power efficiency perspective. However, one purpose of transmitting PRACH in unlicensed carrier is to estimate timing advance, the interlaced waveform may have timing estimation accuracy issue especially when the preamble sequence is mapped onto a large SCS. The feasibility of interlaced based PRACH waveform should be studied in 5GHz unlicensed band.  

It is understood that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied. This rule could be used for PRACH transmission with continuous sequence mapping in frequency domain at least for better timing estimation accuracy. 
Proposal 3: The feasibility of interlaced based PRACH waveform should be studied in 5GHz unlicensed band. 

5. UL BWP operation 
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. The BWP size should be quantized to number of PRBs similar to initial active BWP. In addition, multiple active UL BWPs should be supported in NR-U and guardband at each side of one active BWP should be reserved not for data transmission to avoid causing interference to Wi-Fi or LAA-LTE systems, as shown in Figure 1. 
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Figure 1: Illustration of BWP configuration with guardbands
Proposal 4: Support multiple active UL BWPs with guardbands reserved for each BWP in 5GHz unlicensed band.

In addition to multiple active UL BWPs, one large bandwidth part may also be configured for PUSCH transmission, for example, 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 2 gives an example.
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Figure 2: Illustration of dynamic subband transmission subject to subband-based LBT
Proposal 5: Support dynamic subband transmission for UL BWP operation. 
6. Conclusions
This contribution mainly discusses potential enhancements to UL channel and reference signals for NR deployment on unlicensed spectrum, including PUSCH/PUCCH/PRACH waveform and UL BWP operation. The following proposals are made.
Proposal 1: Support 15kHz, 30kHz and 60 kHz subcarrier spacing in 5GHz unlicensed band.
Proposal 2: One PUCCH resource should be defined in interlace structure within 20MHz in 5GHz unlicensed band. 
Proposal 3: The feasibility of interlaced based PRACH waveform should be studied in 5GHz unlicensed band. 

Proposal 4: Support multiple active UL BWPs with guardbands reserved for each BWP in 5GHz unlicensed band.

Proposal 5: Support dynamic subband transmission for UL BWP operation. 
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