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1. Introduction
The WID for NR sidelink evolution has been approved for Rel-18 in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
1. 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 [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
In this contribution, we will discuss the physical channel design framework for sidelink (SL) on unlicensed spectrum.
2. [bookmark: _Ref498564494]Physical channel design framework 
1. 
2. 
[bookmark: _Ref101534941][bookmark: _Ref67499018][bookmark: _Ref521492551][bookmark: PP12]SL BWP, Resource pool and sub-channel
When extending the SL operation to unlicensed spectrum, it is desirable to reuse the existing NR SL framework as well as possible, in order to reduce the specification effort, implementation complexity as well as to provide better backward and forward compatibility (e.g., supporting carrier aggregation between licensed and unlicensed bands). Therefore, the current general physical structure framework, namely the concept of BWP, resource pool and sub-channel, should be reused for SL over unlicensed spectrum.
[bookmark: _Ref101970696]Proposal 1: The existing SL design framework, namely the concept of BWP, resource pool and sub-channel, should be reused for SL over unlicensed spectrum.

In unlicensed spectrum, according to the regulation [2], the occupied channel bandwidth (OCB) of the devices should be between 80% and 100% of the nominal channel bandwidth. The RB set or LBT bandwidth is 20MHz in unlicensed spectrum, therefore, the nominal channel bandwidth of unlicensed spectrum in sub-7GHz is an integer number of 20MHz.Therefore, SL UEs in unlicensed spectrum should use at least 80% of the N*20MHz where N is the number of the RB sets in the SL BWP. To comply with the regulation, it is expected that a single SL BWP should be configured, whose bandwidth should not be smaller than the 20MHz. 
[bookmark: _Ref101970699]Proposal 2: A UE should be configured with a single SL BWP equal to or larger than the 20MHz.

Moreover, although the UE may operate in multiple resource pools simultaneously, it can only transmit one PSCCH/PSSCH in one of them in a SL slot in a SL BWP currently. Thus, to meet the RB set or LBT bandwidth requirement, it is preferred that a single SL resource pool should not be configured with bandwidth smaller than the 20MHz. 
[bookmark: _Ref101970702]Proposal 3: A UE should be configured with (at least) a resource pool equal to or larger than the 20MHz in a SL BWP.

Current SL sub-channels are defined as contiguous PRBs with candidate value of {10, 12, 15, 20, 25, 50, 75, 100}. For the 20MHz channel in unlicensed spectrum, the number of available PRBs are 106, 51 and 24 for SCS 15KHz, 20KHz and 60KHz, respectively. Therefore, in order to fulfill the OCB requirement, the number of PRBs of the sub-channel should be 100 and 50 for SCS 15KHz and 30KHz respectively. There is no proper value for the sub-channel in the case of 60KHz SCS. 
To support operation in unlicensed spectrum with OCB, the definition of sub-channel for the SL transmission needs further enhancement. One option is to increase the candidate number of PRBs for the sub-channel. The other option is to define sub-channel with non-contiguous PRBs which spread over the 20MHz bandwidth. The first option is simple and has very small spec impact. However, it will reduce the resource allocation flexibility and the spectrum usage, since most of the time, SL transmissions do not need that much of resources. The second option changes the legacy definition of sub-channel, but UE can flexibly select a suitable number of PRBs, e.g. 10 PRBs, depending on the data buffer. The interlaced defined for NRU can be reused, and each interlace contains 10 or 11 PRBs. Each sub-channel can be defined as one or more interlaces spanning over the whole resource pool, and the minimum number of PRBs within the sub-channel is the same as the legacy sub-channel. 
In the case of wideband operation (i.e., a SL BWP spanning multiple LBT bandwidths), there are two candidate approaches:
Approach 1: Multiple FDM resource pools where each one with bandwidth equal to the LBT bandwidth
Approach 2: A single resource pool spanning multiple LBT bandwidths
	[image: ]
Figure 1: Multiple FDM resource pools
	[image: ]
Figure 2: A single resource pool


Approach 1 seems to be supported already by current specifications, however, with the drawback that the maximum transmission data rate is limited within a single resource pool. In the case of Approach 2, the RB sets concept of NRU can be reused. 
[bookmark: _Ref101970704]Proposal 4: The RB sets concept of NRU can be reused for NR SL.

When the resource pool contains more than one RB sets as shown in Figure 3, the interlace is defined across the whole resource pool. The sub-channel can be defined over one RB set or two RB sets, i.e., UE can use partial interlace (one RB set) or full interlace (two RB sets) to perform SL transmissions.


[bookmark: _Ref101531479]Figure 3 Interlaced sub-channel
[bookmark: _Ref95237450][bookmark: _Ref101431688][bookmark: _Ref101701942]Proposal 5: Sub-channel can be defined as one or more interlaces over one or more RB sets.

PSFCH on unlicensed spectrum
The PSFCH resource is one PRB for SL transmissions on licensed spectrum. However, as discussed in section 2.1, the usage of the resources should fulfill the OCB requirement on unlicensed spectrum. Therefore, one PRB in the sub-channel is not feasible for PSFCH transmission on unlicensed spectrum. The PSFCH transmission needs to spread over the nominal channel bandwidth. Therefore, UE can use one sub-channel containing one interlace to perform PSFCH transmission. Since one interlace contains at least 10 PRBs, each PSFCH channel can transmit over multiple PRBs, e.g., by repetition, to meet the OCB requirement.
[bookmark: _Ref101970721]Proposal 6: Interlaced structure can be supported for PSFCH transmission.
In unlicensed spectrum, the channel availability is uncertain. On the other hand, the PSFCH transmission occasion is pre-determined according to the (pre-)configuration. If channel access mechanism (either Type-1 or Type-2x) is required for PSFCH transmission [3], in each (pre-)configured PSFCH transmission occasion, the channel may be busy, and consequently the PSFCH transmission may fail. In order to enhance the transmission possibility of PSFCH, multiple PSFCH transmission occasions can be supported. With multiple transmission occasions, each PSSCH is mapped to multiple candidate PSFCHs. When the first PSFCH transmission fails, UE can try to transmit PSFCH in the next occasions. In case the PSFCH transmission succeeds in an early PSFCH occasion, UE simply skips the PSFCH transmissions in the later occasions. 
[image: ]
Figure 4 Multiple PSFCH occasions
Alternatively, if COT sharing is supported in SL [3], Tx UE can dynamically trigger the PFSCH transmission when channel is available, e.g., when Tx UE obtain a COT. Tx UE can indicate the shared PSFCH resources in the SCI, then the Rx UE can transmit the PSFCH in the COT initiated by Tx UE.
[bookmark: _Ref101701946]Proposal 7: If LBT based channel access mechanism is required for PSFCH, multiple candidate PSFCH occasions can be supported for PSFCH transmission.
[bookmark: _Ref101970726]Proposal 8: If COT sharing is supported in SL between UEs, sharing the COT of Tx UE for PSFCH transmission can be supported.
S-SSB on unlicensed spectrum
· S-SSB in frequency domain
To satisfy the OCB requirements, several approaches, such as interlace structure, S-SSB repetition in frequency domain, or S-SSB multiplexing with another channel/signal can be considered. However, the interlace structure will lead to increased complexity of PSBCH decoding and thus is not preferred. If S-SSB is multiplexed with data, as S-SSB is transmitted in SFN manner, it would be impossible for synchronous UEs to receive the multiplexed data while transmitting S-SSB. Therefore, S-SSB repetition in frequency domain repetition is more straightforward and should be supported.
[bookmark: _Ref101970728]Proposal 9: Multiple S-SSB can be transmitted in a FDMed manner to meet the OCB requirement.
· S-SSB in time domain
In NR sidelink, the S-SSB occasion is pre-determined according to the (pre-)configuration. However, in unlicensed spectrum, the channel may be busy in the intended S-SSB transmission occasion if channel access mechanism (either Type-1 or Type-2x) is required for S-SSB transmission [3], resulting in S-SSB transmission failure. There are only a few S-SSB transmission occasions in Rel-16, i.e., only one S-SSB transmission occasion per 160ms at 15 kHz. Once the LBT failure happens, the UE needs to wait another 160ms for S-SSB transmission, which would prolong the synchronization procedure of the UE as well as slowing down the formation of synchronization clusters in the SL system, degrading the Synchronization performance, or even worse, breaking the sidelink system due to loss of Synchronization. Therefore, more S-SSB transmission occasions should be supported in unlicensed spectrum.


Figure 5 candidate S-SSB transmission occasions
[bookmark: _Ref101970729]Proposal 10: If LBT based channel access mechanism is required for S-SSB, more candidate S-SSB occasions in time domain should be supported to increase the opportunities for S-SSB transmission.
· S-SSB and resource pool
Whether the S-SSB occasion is still semi-statically defined and the relationship between S-SSB and the resource pool also needs to be clarified. 
In NR sidelink, the semi-statically (pre-)configured S-SSB transmission occasions and resource pools do not overlap, and the resource pool is determined by excluding all the S-SSB occasions. On the unlicensed spectrum, due to the channel uncertainty, whether the S-SSB occasion is still semi-statically defined, and the relationship between S-SSB and the resource pool on licensed spectrum is reused on unlicensed spectrum, should be clarified. If this principle is inherited into R18, one problem is that as the number of S-SSB transmission occasion increases, the number of resources available for SL communication decreases dramatically. Further, if the S-SSBs are distributed evenly at regular intervals, this may result in the resource pool being interrupted by S-SSBs more frequently, thus leading to a lower resource efficiency as well as lower channel access rate. If the principle is not reused, it should be clarified whether the candidate S-SSB transmission occasion can be occupied by UE for PSSCH/PSCCH transmission, or vice versa.


Figure 6 relationship between resource pool and S-SSB

[bookmark: _Ref101970731]Proposal 11: Clarify if the Rel-16 relationship between resource pool and S-SSB, i.e., they are are non-overlapped in time domain, is reused in unlicensed band.

Continuous SL transmissions on unlicensed spectrum 
In unlicensed spectrum, a UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than . Transmissions from a UE separated by a gap of more than 16 us are considered as separate UL transmission bursts. A UE can transmit transmission(s) after a gap within a UL transmission burst without sensing the corresponding channel(s) for availability. For SL transmissions on unlicensed spectrum, same regulation should be applied. With the current structure for SL transmissions, there will be a gap symbol after each SL transmission. Even for 60KHz SCS, one symbol is larger than 16us. Therefore, according to the regulation, SL UE needs to perform LBT to initiated a COT for each transmission, which will obviously reduce the transmission efficiency. In order to enhance the transmission efficiency, it is beneficial for SL UE to transmit continuously in unlicensed spectrum. The unnecessary gaps, e.g., gaps between PSSCH or gap between PSSCH and PSFCH, etc., from the same SL UE can be filled to meet the transmission burst requirement as shown in Figure 7. The gap between two neighboring transmissions can be filled with CPE as in NRU. SL UE does not need to fill in the whole gap symbol, as long as the remaining gap in the gap symbol is less than or equal to 16 us, the neighboring transmissions can be treated as a transmission burst and transmit without additional LBT for the later SL transmissions within the transmission burst.


[bookmark: _Ref101691760]Figure 7 Continuous transmission
[bookmark: _Ref101701950]Proposal 12: Gaps between the SL transmissions from the same UE can be filled with CPE.

3. Conclusion
In this contribution, we focus on the physical channel design framework for SL on unlicensed spectrum, and have the following proposals:
Proposal 1: The existing SL design framework, namely the concept of BWP, resource pool and sub-channel, should be reused for SL over unlicensed spectrum.
Proposal 2: A UE should be configured with a single SL BWP equal to or larger than the 20MHz.
Proposal 3: A UE should be configured with (at least) a resource pool equal to or larger than the 20MHz in a SL BWP.
Proposal 4: The RB sets concept of NRU can be reused for NR SL.
Proposal 5: Sub-channel can be defined as one or more interlaces over one or more RB sets.
Proposal 6: Interlaced structure can be supported for PSFCH transmission.
Proposal 7: If LBT based channel access mechanism is required for PSFCH, multiple candidate PSFCH occasions can be supported for PSFCH transmission.
Proposal 8: If COT sharing is supported in SL between UEs, sharing the COT of Tx UE for PSFCH transmission can be supported.
Proposal 9: Multiple S-SSB can be transmitted in a FDMed manner to meet the OCB requirement.
Proposal 10: If LBT based channel access mechanism is required for S-SSB, more candidate S-SSB occasions in time domain should be supported to increase the opportunities for S-SSB transmission.
Proposal 11: Clarify if the Rel-16 relationship between resource pool and S-SSB, i.e., they are are non-overlapped in time domain, is reused in unlicensed band.
Proposal 12: Gaps between the SL transmissions from the same UE can be filled with CPE.
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