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1 Introduction
In RAN1#93 meeting, regarding NR-based access to unlicensed spectrum, the UL signals and channels were extensively discussed. The related agreements made in [1] are listed below.
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.

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

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

In this contribution, we discuss UL waveform/channel issues and present our views. 
2 Discussion
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. Hence, the design of uplink waveform for NR-U PUSCH/PUCCH should meet the regulation requirements on unlicensed spectrum. 
The requirements mainly include two aspects: 
· Occupied channel bandwidth (OCB): the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of declared Nominal Channel Bandwidth; 
· Maximum PSD (power spectrum density) with a resolution bandwidth of 1MHz, e.g., 10dBm/MHz. 
These two requirements dictate that a signal which occupies a small portion of the channel bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD and OCB constraints. 

In Rel-14 LTE eLAA, interlace-based waveform is adopted as uplink waveform for unlicensed spectrum. For 20MHz bandwidth, all the available 100 PRBs are partitioned into 10 interlaces. Each interlace has 10 PRBs and is equally distributed within the whole bandwidth. In this way, each interlace spans more than 80% system bandwidth so that the regulation requirements of OCB can be met. Moreover, 10 PRBs of one interlace are equally distributed so that two adjacent PRBs of one interlace are separated by 1.8MHz distance and power boosting can be realized for each PRB of one interlace. 
For NR, interlace-based waveform can also achieve power boosting under PSD limit and meet regulatory requirements defined for occupied channel bandwidth. Different to LTE with 15 kHz subcarrier spacing, there are multiple numerologies defined for NR including 15, 30, 60 kHz for FR1 and 60, 120 kHz for FR2. For larger subcarrier spacing, each PRB occupies wider bandwidth in frequency domain. E.g., one PRB with 120 kHz subcarrier spacing occupies 1.44 MHz, which limits the Tx power under PSD limit. Even for 60 kHz subcarrier spacing, the PRB occupies 720 kHz bandwidth and causes lower PSD. Hence, for NR, PRB-based interlace may not be efficient for large subcarrier spacing. A smaller granularity than PRB can be considered for interlace structure design. This is called “sub-PRB” based interlace.

Compared to PRB-based interlace, sub-PRB based interlace can achieve high Tx PSD gain in uplink transmission when 6, 4 or 3 contiguous subcarriers are aggregated as a basic unit for one interlace. As a result, uplink coverage can be increased. On the other hand, due to smaller basic resource unit, the number of interlaces are increased. For example, assuming 20 MHz bandwidth, the maximum number of PRBs for 60 kHz subcarrier spacing is 24. With PRB-based interlace, the 24 PRBs can be partitioned into two interlaces with each interlace having 12 PRBs. With sub-PRB based interlace, e.g., 6 contiguous subcarriers aggregated as one basic unit, the 24 PRBs can form 48 basic units and be partitioned into 4 interlaces with each interlace having 12 basic units. With sub-PRB based interlace, e.g., 4 contiguous subcarriers aggregated as one basic unit, the 24 PRBs can form 72 basic units and be partitioned into 6 interlaces with each interlace having 12 basic units. More interlaces need more signaling overhead in UL grant for resource allocation indication in frequency domain. In our opinion, it is necessary find a good compromise between the granularity for achieving a high PSD and the overhead for resource assignments.
Proposal 1: Interlace-based waveform is supported for all numerologies for NR-U uplink transmission. 

Proposal 2: The size of basic unit for interlace needs further study.

Table 1: Max transmission bandwidth configuration NRB for FR1 (450 – 6000 MHz)
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NR-U has already specified five deployment scenarios. Except the scenario of an NR cell with DL in unlicensed spectrum and UL in licensed spectrum, all the NR-U scenarios need to support HARQ-ACK transmission on unlicensed carrier. 

In Rel-15 NR, five PUCCH formats are specified with major differences in terms of payload size, duration, waveform, frequency bandwidth and multiplexing capacity. In detail, PUCCH format 0 and 2 have duration of one or two symbols while PUCCH formats 1, 3 and 4 have duration of 4-14 symbols. PUCCH format 0 and 1 support one or two HARQ-ACK bits while PUCCH format 2, 3 and 4 can support large range of payload size. PUCCH format 0, 1 and 4 occupy single PRB in frequency domain while PUCCH format 2 and 3 can be configured to occupy up to 16 contiguous PRBs in frequency domain. Those five PUCCH formats provide the flexibility in resource allocation. 
However, from the perspective of regulation requirements, PUCCH format 0, 1 and 4 occupy single PRB in frequency domain, which cannot meet the OCB requirement. PUCCH format 2 and 3 occupy contiguous PRBs in frequency domain so that both formats cannot be transmitted with high Tx PSD under PSD limit of 10 dBm/MHz, even though both formats can satisfy OCB requirement. 

Since interlace-based waveform is quite suitable for uplink transmission on unlicensed spectrum, it can be used for both PUSCH transmission and PUCCH transmission. In this way, it can not only satisfy the regulation requirements for both channels but also easily make PUSCH and PUCCH multiplexed in same slot by allocating orthogonal interlaces. 

Proposal 3: Interlace-based waveform is used for PUCCH transmission for NR-U.
3 Conclusion

In this contribution, we focus on the UL waveform/channel issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: Interlace-based waveform is supported for all numerologies for NR-U uplink transmission. 

Proposal 2: The size of basic unit for interlace needs further study.

Proposal 3: Interlace-based waveform is used for PUCCH transmission for NR-U.
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