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Introduction
The Release 18 NR sidelink evolution work item was approved in RAN #94e meeting [1]. 

One of the RAN1 objectives is to study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only. The objective involves the physical channel design framework, which includes changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum. 

In this contribution, we provide our views on the physical channel design framework for sidelink on FR1 unlicensed spectrum.
Discussion
To operate on FR1 unlicensed spectrum, a list of restrictions has to be followed [2]. One restriction is that the nominal channel bandwidth for a single operating channel is 20 MHz and the Occupied Channel Bandwidth (OCB) shall be between 80% and 100% of the nominal channel bandwidth. 

In NR sidelink, a sidelink BWP configures UE specific sidelink communication. UE is configured with a single sidelink BWP, where one or more resource pools can be contained in the sidelink BWP.  To align with the nominal channel bandwidth of 20 MHz in unlicensed spectrum, it is preferred that the sidelink BWP is an integer multiple of 20 MHz. Each resource pool could also be configured as an integer multiple of 20 MHz. This facilitates UE’s LBT sensing operations on each resource pool. 

Proposal 1: For sidelink operations on unlicensed spectrum, a sidelink BWP or a resource pool is an integer multiple of 20 MHz bandwidth.

In eLAA and NR-U, the uplink transmission is based on interlaced waveform in frequency domain. NR-U defines RB level interlace, or interlaced RBs. At sub-carrier spacing of 15 kHz, there are a total of 106 PRBs in 20 MHz bandwidth. Each interlace occupies 10 or 11 PRBs, where two neighbor PRBs within an interlace is separated by 10 PRBs. Hence, there are a total of 10 interlaces in 20 MHz bandwidth. At sub-carrier spacing of 30 kHz, there are a total of 51 PRBs in 20 MHz bandwidth. Each interlace occupies 10 or 11 PRBs, where two neighbor PRBs within an interlace is separated by 5 PRBs. Hence, there are a total of 5 interlaces in 20 MHz bandwidth. This interlaced waveform is aimed to fulfill the 80% OCB requirement on unlicensed spectrum. 

In Release 16/17 NR sidelink, a sub-channel is composed of contiguous PRBs. A UE may use one or more sub-channels in a slot for its PSCCH/PSSCH transmissions. However, the contiguous PRBs of a sub-channel does not ensure that the UE using a sub-channel satisfies the OCB requirement on unlicensed spectrum. 

Hence, a sub-channel in unlicensed spectrum should be defined based on interlaced RBs. Like NR-U design, each interlace occupies 10 or 11 PRBs where two neighbor PRB within an interlace is separated by 10 PRBs or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing. A sub-channel may be configured as 1 or more contiguous interlaces. 

Proposal 2: For sidelink operations on unlicensed spectrum, a sub-channel is defined based on interlaced RBs to meet the OCB requirement.
· An interlace occupies 10 or 11 PRBs
· PRB spacing within an interlace is 10 or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing
· A sub-channel is configured as 1 or more contiguous interlaces

In Release 16/17 NR sidelink, PSFCH follows the design of PUCCH format 0. Each PSFCH is a length-12 sequence and occupies 1 PRB. To satisfy the OCB requirement, the RB level interlaced PSFCH should be considered. Specifically, a PSFCH resource is composed of 10 or 11 PRBs where two neighbor PRBs in a PSFCH resource has the spacing of 10 or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing. 

Like the design of PUCCH format 0 in NR-U, the cyclic shift used in generating PSFCH sequences for different PRBs in a PSFCH resource could be cycled. 

Proposal 3: For sidelink operations on unlicensed spectrum, a PSFCH resource is based on interlaced RBs to meet the OCB requirement.
· A PSFCH resource is composed of 10 or 11 PRBs
· PRB spacing within a PSFCH resource is 10 or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing
· PSFCH sequences on different PRBs in a PSFCH resource are generated based on cyclic shift cycling. 

The legacy S-SSB occupies 11 PRBs in frequency. This is about 2 MHz or 4 MHz bandwidth at sub-carrier spacing of 15 kHz and 30 kHz, respectively. Obviously, the transmission of the legacy S-SSB does not satisfy the OCB requirements of 80% of the 20 MHz sensing bandwidth. To meet the OCB requirement, the following options can be considered. 

In the first option, the legacy S-SSB is duplicated in frequency domain such that it occupies enough bandwidth. For example, at sub-carrier spacing of 30 kHz, the 20 MHz nominal channel bandwidth is of 51 PRBs. To meet the OCB requirement, the legacy S-SSB could be duplicate 4 times (i.e., 44 PRBs) in frequency domain. At sub-carrier spacing of 15 kHz, the 20 MHz nominal channel bandwidth is of 106 PRBs, the legacy S-SSB could be duplicated 8 times (i.e., 88 PRBs) in frequency domain. One advantage of this option is no modification of S-SSB structure. However, this option has a significant resource waste. This option is illustrated Figure 1.

Note that in the figure, we consider defining S-SSB burst transmission window, which include multiple S-SSB transmission opportunities. The multiple S-SSB transmission opportunities are useful in case of LBT failure for S-SSB transmission.
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[bookmark: _Ref101797223]Figure 1: S-SSB frequency domain repetition

In the second option, the legacy S-SSB is extended in frequency domain such that it occupies enough bandwidth. In one way, longer sequences for sidelink PSS and sidelink SSS are used to match a large number of sub-carriers. Subsequently, the number of sub-carriers for PSBCH is increased to fulfill the bandwidth, which increases the PSBCH transmission reliability. This approach involves a new design of sidelink PSS and sidelink PSS sequences. This is illustrated in Figure 2.
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[bookmark: _Ref101798465]Figure 2: S-SSB structure modifications

In another way, the legacy sequences for sidelink PSS and sidelink SSS are used, but the PSBCH is FDM-ed with sidelink PSS and sidelink SSS. This is similar to the SSB structure in Uu link. In this way, each S-SSB occupies only 4 OFDM symbols, leading to more than one channel access opportunity for S-SSB transmission within a slot. This approach involves the modification of S-SSB structure. One advantage of this approach is that multiple S-SSB transmission opportunities are within a single slot, which largely saves sidelink resources. This is illustrated in Figure 3.
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[bookmark: _Ref101798857]Figure 3: S-SSB structure modifications with partial slot
In the third option, we could make use of the regulation exemption for the S-SSB transmission. The following limits (Figure 4) are copied from regulation [2]:
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[bookmark: _Ref101793852]Figure 4: Nominal channel bandwidth and occupied channel bandwidth
During a COT, UE may operate temporarily with an OCB of less than 80% of its nominal channel bandwidth with a minimum of 2 MHz. The legacy S-SSB occupies 11 PRBs in frequency, which is at least 2 MHz bandwidth. Furthermore, the periodicity of S-SSB transmission is 160 ms, which implies an infrequent channel occupancy. Hence, it is worth to examine whether the S-SSB transmission could be based on the exemptional usage of unlicensed spectrum. The advantage of this option is that no modification of S-SSB structure is needed for the operations on unlicensed spectrum. This is illustrated in Figure 5. 
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[bookmark: _Ref101793579]Figure 5: S-SSB no modification based on regulation exemption

Proposal 4: For sidelink operations on unlicensed spectrum to meet OCB requirement, consider three options for S-SSB transmission: 1). S-SSB frequency repetition, 2). Modify S-SSB structure to occupy a larger number of RBs, 3). No modification based on regulation exemption.

Proposal 5: For sidelink operations on unlicensed spectrum, consider defining S-SSB burst transmission window which includes multiple S-SSB transmission opportunities.

In Release 16/17 NR sidelink frame structure, there exists a GAP symbol for the transit between transmission and reception. The GAP symbol can be the last symbol of a slot or can be the symbol between PSSCH and PSFCH. 

When an NR-U device performs LBT sensing during the GAP symbol duration of NR sidelink, it will consider the channel is empty. Then, it is likely the NR-U device acquires the channel, which leads to the collision with NR sidelink transmissions. 

To avoid this collision, the CP extension on the AGC symbol can be considered. An AGC symbol, either the first symbol of PSCCH/PSSCH or the first symbol of PSFCH, is the symbol after the GAP symbol. With CP extension on AGC symbol, the GAP symbol is partially occupied. This CP extension can fill in the LBT gap.

Proposal 6: Consider the CP extension on AGC symbol to fill in the LBT gap.

Conclusion
In this contribution, we provided our views on physical channel design framework for sidelink on FR1 unlicensed spectrum. Our proposals are as follows:

Proposal 1: For sidelink operations on unlicensed spectrum, a sidelink BWP or a resource pool is an integer multiple of 20 MHz bandwidth.

Proposal 2: For sidelink operations on unlicensed spectrum, a sub-channel is defined based on interlaced RBs to meet the OCB requirement.
· An interlace occupies 10 or 11 PRBs
· PRB spacing within an interlace is 10 or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing
· A sub-channel is configured as 1 or more contiguous interlaces

Proposal 3: For sidelink operations on unlicensed spectrum, a PSFCH resource is based on interlaced RBs to meet the OCB requirement.
· A PSFCH resource is composed of 10 or 11 PRBs
· PRB spacing within a PSFCH resource is 10 or 5 PRBs for 15 kHz or 30 kHz sub-carrier spacing
· PSFCH sequences on different PRBs in a PSFCH resource are generated based on cyclic shift cycling. 

Proposal 4: For sidelink operations on unlicensed spectrum to meet OCB requirement, consider three options for S-SSB transmission: 1). S-SSB frequency repetition, 2). Modify S-SSB structure to occupy a larger number of RBs, 3). No modification based on regulation exemption.

Proposal 5: For sidelink operations on unlicensed spectrum, consider defining S-SSB burst transmission window which includes multiple S-SSB transmission opportunities.

Proposal 6: Consider the CP extension on AGC symbol to fill in the LBT gap.
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4222 Limits
The Nominal Channel Bandwidth for a single Operating Channel shall be 20 MHz.

Alternatively, equipment may implement a lower Nominal Channel Bandwidth with a minimum of 5 MHz, providing
they still comply with the Nominal Centre Frequencies defined in clause 4.2.1 (20 MHz raster).

The Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth. In case of
smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement.
The Occupied Channel Bandwidth might change with time/payload.

During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth
of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz.
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