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Introduction
The work item for NR sidelink evolution was approved in RAN#94e and revised in RAN#95e [1], and the following objectives were identified in relation to the support of sidelink on the unlicensed spectrum: 
2. 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.

This document focuses on the changes required for the physical channel design to be able to support the sidelink unlicensed (SL-U) spectrum.

Slot Structures for SL-U
In Rel-16 and Rel-17, NR sidelink UEs are configured with one active SL BWP which is used for both transmissions and receptions. The SL BWP further contains resource pools, where each resource pool contains multiple sub-channels across frequency and the resource pool is defined across time using continuous or discontinuous time slots. Each time slot within these resource pools contain a set of 7 or 14 symbols, with physical channels being carried within the slot. The PSCCH is used for carrying the 1st stage control information in the form of SCI format 1_A, and the PSSCH is used for the transmission of the 2nd stage control information and the data. The PSBCH is used for carrying synchronization information and the PSFCH for HARQ feedback. Additionally, DMRS and guard symbols are also included within the time slot. The second SL symbol, containing the first PSCCH or PSCCH/PSSCH symbol, is duplicated in the first SL symbol and is used for AGC purposes. An exemplary depiction of these time slots with the physical channels can be seen in Figure 1.
A key aspect that has to be borne in mind is that the smallest unit of time used for scheduling SL transmissions is a time slot across time and a sub-channel across frequency. This would make it challenging to incorporate LBT procedures as defined in NR-U, primarily because they take place at a per-symbol level.
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Figure 1: Examples of slot formats with and without PSFCH
Observation 1: The smallest unit of time used for scheduling SL transmissions in Rel-16/17 is a time slot across time and a sub-channel across frequency, while LBT procedures in NR-U take place at a per-symbol level. 

NR-U employs a flexible slot structure, where each symbol is used for transmissions in the downlink or uplink direction, including flexible symbols that can be used for either. They are defined in [2], in Section 11.1.1, where the different supported slot formats are specified. This would allow UEs to carry LBT procedures over a few symbols, ascertain whether a given channel is available or not, and immediately begin transmissions using the flexible slot formats. After contending for a (pre-)defined number of symbols on the channel, the UEs can use it for a time period referred to as the channel occupancy time (COT). Mini-slots have also been defined in NR-U specifically to cater to the LBT taking place at the beginning of the time slot, and facilitate immediate transmissions once the UE determines the channel to be available.
Observation 2: NR-U employs flexible slot structures, including mini-slots, in order to incorporate LBT procedures taking place at the beginning of a time slot.

The different channel access procedures used by UEs in NR-U are defined in [3], where the time duration of the sensing slots is randomly determined in the Type 1 access procedure, and deterministically determined in the Type 2 access procedure. In both these cases, the minimum time taken by the UE to perform LBT is less than one symbol’s time duration, considering a 30 kHz SCS system. In the case where the existing NR sidelink time slot structures were to be used, the UE can determine that a time slot is available using LBT, but would not be able to transmit in the same time slot due to its slot structure. This is depicted in Figure 2.
The main challenge here is that when a UE carries out sensing and determines that a resource is available, as per the Rel-16/17 sensing and resource allocation procedure in [4], the UE would have to carry out LBT as well before using the resource for a transmission. Since LBT would indicate the availability of only the current time slot, there is a need to define slot structures that are less than 14 symbols in length. This would enable the UE to carry out LBT and then carry out a transmission within the same time slot. While the existing definitions of mini-slots and flexible slot structures can be carried forward for SL-U, new slot structures would need to be defined that would incorporate the SL physical channels as well.
Proposal 1: Study the requirement to define new slot structures for SL-U which would allow UEs to carry out LBT at the beginning of a time slot, and transmit in the remaining symbols of the same time slot.

However, Rel-16/17 sidelink UEs that carry out sensing rely on the fixed slot structures defined in order to identify the location of the PSCCH so as to decode the control information. With varying lengths of the LBT procedure, modifications would need to be carried out in the sensing and resource allocation procedures for UEs to be aware of the new slot structures and be able to determine the new positions of the PSCCH after a UE has carried out LBT. This is discussed in further detail in our accompanying contribution [5].
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Figure 2: Depiction of existing NR-U LBT procedures and Rel-16/17 time slots and sensing/resource selection procedures

Proposal 2: Study the possibility of adjusting the existing sensing and resource allocation procedure for sidelink UEs to be able to decode the PSCCH in flexible time slot or mini-slot structures.

Another issue to be considered is that if a SL-U UE uses mini-slots, there might not be enough PSSCH symbols within the time slot left for the transmission of a PDU. This would require some sort of slot aggregation in order to ensure that data packets can be transmitted within an available time frame within the channel.
Proposal 3: Study the impact of shortened transmission slots or mini-slots on the ability of the UE to transmit entire data packets successfully.

Introduction of Interlaced Transmissions for SL-U
NR-U was designed to co-exist with other RATs such as IEEE 802.11, especially in the sub-6 GHz frequency bands. Due to this reason, NR-U supports only bandwidths that are an integer multiple of 20 MHz based on regulatory requirements, where each of these 20 MHz channels are designated as a sub-band. While NR-U supports both contiguous and interlaced resource allocation schemes, for interlaced resource allocation, the basic unit of resource allocation is called an interlace, consisting of a number of equally spaced resource blocks within the 20 MHz sub-band. This is depicted in Figure 3.
[image: ]
Figure 3: Depiction of interlaces in NR-U
A UE is hence configured with a parameter M denoting the number of interlaces, and multiple interlaces of resource blocks are defined, where each interlace consists of common resource blocks that are determined by , as defined in [6]. The UE is then expected to perform an intersection operation with the resource blocks of the configured BWP. The number of interlaces are restricted to a maximum of 10.
In order to use the concept of interlaced resources in SL-U, it has to incorporate the fact that multiple resource pools are defined within a SL BWP, and a single resource pool does not necessarily span the entire frequency of the BWP. Another aspect to be explored is the use of interlaces for reservation of resources for future transmissions and their indication to sensing UEs.
Proposal 4: Study the impact of interlaced transmissions on the resource pools defined within the SL BWP and the resource reservation and sensing procedures.

Conclusions
The following observations and proposals have been made in this document:
Observation 1: The smallest unit of time used for scheduling SL transmissions in Rel-16/17 is a time slot across time and a sub-channel across frequency, while LBT procedures in NR-U take place at a per-symbol level. 
Observation 2: NR-U employs flexible slot structures, including mini-slots, in order to incorporate LBT procedures taking place at the beginning of a time slot.
Proposal 1: Study the requirement to define new slot structures for SL-U which would allow UEs to carry out LBT at the beginning of a time slot, and transmit in the remaining symbols of the same time slot.
Proposal 2: Study the possibility of adjusting the existing sensing and resource allocation procedure for sidelink UEs to be able to decode the PSCCH in flexible time slot or mini-slot structures.
[bookmark: _GoBack]Proposal 3: Study the impact of shortened transmission slots or mini-slots on the ability of the UE to transmit entire data packets successfully.
Proposal 4: Study the impact of interlaced transmissions on the resource pools defined within the SL BWP and the resource reservation and sensing procedures.
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