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1	Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
In this contribution we discuss interlace design options applicable to NR-U uplink, covering 5 GHz unlicensed spectrum scenario and 20 MHz subband size.
2	Regulatory requirements relevant for UL Waveform
Unlicensed band usage involves different regulatory rules which aim at fair and equal spectrum usage for different devices. The main rules involve limitations related to occupied channel bandwidth (OCB) and maximum power spectral density (PSD). Both rules are relevant especially for uplink transmission since DL can be made wideband by gNB scheduler decision. 
It is noted that PSD and/or EIRP density have strict limitations in several regulations. The regulatory limit on 5GHz band may be as low as 10 dBm/MHz meaning that transmission power is severely limited for transmissions with narrow bandwidth. This presents a challenge for channels and signals with small payload, such as synchronization signals, PBCH, PRACH, and PUCCH. These channels are also critical for cell coverage. Hence it is evident that PSD limitation needs to be addressed during the NR unlicensed SI to avoid unnecessary cell coverage reduction. The obvious challenge in supporting high transmission power under strict PDS limit for small payload signals is to find a design that uses resources efficiently. Hence, we see that efficient resource usage should be one of the key design criteria.     
Observation #1: Modifications need to be considered for some of the NR channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria.  
For Europe, ETSI harmonized standards have explicit requirements on the occupied channel BW (OCB). It is required that the occupied channel BW shall be at least 80% or 70% of Nominal Channel BW for 5 GHz and 60 GHz bands, respectively. NR channels and signals that may be transmitted alone need to be able to fulfil the OCB requirement. This means that for some of the NR channels / signals new wide BW variants fulfilling the OCB requirement need to be designed.  
However, it should be also noted that on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time. The regulatory rules are also evolving. For example, according to the latest updates made for ETSI regulation corresponding to 5GHz band, during a Channel Occupancy Time (COT) at 5GHz band, equipment may operate temporarily with an OCB of less than 80% of its Nominal Channel Bandwidth with a minimum of 2 MHz. We see that the potential benefits from this allowance should be explored. For example, a wide BW variant of a NR signal may use resources less efficiently than the original Rel-15 NR signal. In such case, the wide BW variant could be used only when OCB requirement needs to be met by the signal, and more efficient Rel-15 NR signal would be used otherwise.     
Observation #2: Wide BW versions need to be designed for some of the NR channels / signals to fulfil the 70% / 80% occupied channel BW requirement. 
Proposal #1: OCB requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.


2	NR interlace structures
Block Interleaved OFDMA (B-IFDMA) is the baseline transmission scheme used for uplink transmissions in LTE LAA. It is based on usage of 10 interlaces, each having 10 clusters with 1 PRB. We think that also in the NR, there is a need to support interlace-based operation to achieve sufficiently high transmission power under PSD limit and to meet regulatory rules defined for occupied channel bandwidth. The NR solution needs to be designed to support for multiple numerologies as well as wideband operation. We think that interlace based transmission needs to be supported by all numerology options defined for NR-U at least for the scenarios applicable to 5 GHz scenario.
Proposal 2: UL resource allocation needs to be enhanced to support interlace based operation.

Proposal 3: Interlace based transmission needs to be supported by all numerology options defined for NR-U and 5 GHz scenario.

When the subcarrier spacing increases, the number of PRBs per given frequency band decreases. For example, with 60 kHz SCS, the number of PRBs available per 20 MHz subband is around 24. In this scenario, it is not possible to have an interlace design fulfilling the OCB rule, and providing at the same time sufficient multiplexing capacity with a design based on cluster size of 1 PRB. Hence, in these cases, interlace design must be based on usage of partial PRBs. Otherwise, either Tx power and/or multiplexing capacity is not sufficient. 

Proposal 4: Support interlace structure where cluster size is a fraction of PRB.


In the following, we consider two interlace design options applicable to 20 MHz subband(s) and 5 GHz band. There are a few issues to be considered when defining parametrization for the interlaces. Those include e.g. 
· Multiplexing capacity, resource allocation granularity
· Support for numerology options [15, 30, 60] kHz
· Compatibility for OCB rule
· Maximum transmit power under PSD limit.

Design option #1:

This option is based on interlace structure designed for LAA, see Figure 1. 
· 10 interlaces cover 18 MHz bandwidth. Bandwidth occupancy of single interlace is >82% (/20 MHz). Hence, the design is compatible with the ETSI OCB rule. 
· Each interlace contains 10 equally spaced clusters of resource elements. The cluster size is 180 kHz but in terms of number of resource elements it varies according to the numerology.
· [bookmark: _GoBack]This design benefits from a nearly 10 dB power boost compared to a narrowband transmission (such as 1 PRB transmission).

Based on this design partial PRBs are used for 30 kHz and 60 kHz cases, whereas for 15 kHz case this structure becomes the same as the one in eLAA, as shown in Table 1. In case b, two adjacent interlaces are considered as a single resource (interlace). This ensures that total number of PRBs/resource is an integer.
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Figure 1. Interlace structure, option 1

Table 1. Parameters for interlaced structure, Option 1
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Design option #2:

In this option 6 interlaces cover a 17.3 MHz bandwidth. Bandwidth occupancy of single interlace is >80.4% (/20 MHz). Hence, this is also compatible with the ETSI OCB rule. Each interlace contains 12 equally spaced clusters of resource elements. The cluster size is 240 kHz but in terms of the number of resource elements it varies according to the numerology. This design benefits from up to 10 dB power boost compared to a contiguous UL resource allocations. 

It can be noted that the number of occupied PRBs in Option 2 stays within the maximum number of PRBs defined by RAN4 for a 20 MHz carrier (also with 60 kHz SCS). 

[image: ]
Figure 1. Interlace structure, option 2


Table 1. Parameters for interlace structure, Option 2
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Proposal 5: Consider the following interlace structures for NR-U operating at 5 GHz spectrum and 20 MHz subband:
· Option 1: 10 interlaces, each having 10 equally-spaced clusters of 180 kHz
· Option 2: 6 interlaces, each having 12 equally-spaced clusters of 240 kHz

3. Conclusions
In this contribution, we have discussed UL waveform options applicable to NR-U, covering 5 GHz unlicensed band scenario and 20 MHz subband size. Based on the discussion, we make the following observations and proposals:
Observation #1: Modifications need to be considered for some of the NR channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria.  
Observation #2: Wide BW versions need to be designed for some of the NR channels / signals to fulfil the 70% / 80% occupied channel BW requirement. 
Proposal #1: OCB requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.
Proposal 2: UL resource allocation needs to be enhanced to support interlace based operation.

Proposal 3: Interlace based transmission needs to be supported by all numerology options defined for NR-U and 5 GHz scenario.

Proposal 4: Support interlace structure where cluster size is a fraction of PRB.

Proposal 5: Consider the following interlace structures for NR-U operating at 5 GHz spectrum and 20 MHz subband:
· Option 1: 10 interlaces, each having 10 equally-spaced clusters of 180 kHz
· Option 2: 6 interlaces, each having 12 equally-spaced clusters of 240 kHz
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Bandwidth: 18 MHz (90%)

BW occupancy: 16.38 MHz (82 %)

15 kHz:  12 RE/cluster

30 kHz:  6 RE/cluster

60 kHz: 3 RE/cluster(case a)
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15 10 10 12 120 10 100 180 1,8 18 82 % 90 %

30 10 10 6 60 5 50 180 1,8 18 82 % 90 %

case a 60 10 10 3 30 2,5 25 180 1,8 18 82 % 90 %

case b 60 5 10 6 60 5 25 360 1,8 18 83 % 90 %
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Bandwidth: 17.28 MHz (86%)

BW occupancy: 16.08 MHz (80%)

15 kHz:  16 RE/cluster

30 kHz:  8 RE/cluster

60 kHz: 4 RE/cluster
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15 6 12 16 192 16 96 240 1,44 17,28 80 % 86 %

30 6 12 8 96 8 48 240 1,44 17,28 80 % 86 %

60 6 12 4 48 4 24 240 1,44 17,28 80 % 86 %


