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Introduction
In 3GPP TSG RAN meeting #94 [1], a new work item related to NR Sidelink (SL) evolution was approved. As part of the objectives of this working item (WI), that following aspects were included:
	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 the context of enhancements to enable NR SL to operate in the FR-1 unlicensed band, which we will refer to as SL-U in the remaining of this document, during the past RAN1 meeting [2] the following agreements were made: 
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.

Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.

Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 

Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure



In this contribution, a few topics related to enhancements to the physical channel design will be discussed, while view on other aspects are provided in our companion contribution [3]:
· Considerations on Interlaced Physical Structure
· SL Slot Physical Structure
· Multi-slot Transmissions
· PSFCH Design and HARQ Consideration
· Considerations on S-SSB Design
SL Physical Channel Design
Operation in unlicensed bands requires the compliance with all regional regulatory requirements. Among others, the regulatory requirements mandated by the ETSI BRAN [4] are the most stringent, and the structure of the physical layer channels of the SL needs to adapt to fulfil these requirements. 
0. Considerations on Interlaced Physical Structure 
ETSI BRAN [4] mandates a strict limitation on the maximum power spectrum density (PSD) of 10 dBm/MHz, but more importantly it mandates a minimum of 80 % occupied channel bandwidth (OCB), which implies that 80 % of the LBT bandwidth (BW), which is composed by chunks of 20 MHz BW, needs to be occupied:
[image: ]
To meet these requirements, in Rel.16 NR-U, an interlaced waveform was introduced and supported for both PUCCH and PUSCH transmissions. Since these requirements are not mandate worldwide, the interlaced waveform is applied to PUCCH and PUSCH based on the higher layer parameter useInterlacePUCCH-PUSCH. When useInterlacePUCCH-PUSCH is configured, for 15 kHz and 30 kHz subcarrier spacing (SCS) the PRBs are interlaced to occupy the whole bandwidth as illustrated in Figure 1, while for 60 kHz SCS, no interlace is supported. 
[image: ]
[bookmark: _Ref101884109]Figure 1 - Example of interlaced waveform applied to a 20 MHz bandwidth with 30 kHz SCS (NPRB = 51), 
Moving forward to Rel. 18 SL-U, given that this resource mapping is already defined in NR-U, support of the interlaced waveform could be considered for regions where the OCB requirements must be met. In this sense, the interlaced waveform could be applied to at least PSCCH, and PSSCH. 
Proposal 1: 
· For regions where the 80% OCB restriction is mandated, an interlaced resource block structure is supported for at least PSCCH and PSSCH.

However, one additional aspect that should be further discussed is the in-band emissions (IBE) impact in such a type of resource mapping. While it is clear that such issue will be more prominent in SL-U compared to NR-U, since in SL only open-loop power control is supported, the impact is not sufficient to justify a larger granularity of an interlaced resource block at the expenses of the multiplexing capabilities.
Proposal 2: 
· The frequency domain resource allocation granularity for the interlaced resource block structure is at the RB level.

In order to strive to have a unified design for the cases with and without OCB requirements, a logical mapping between a SL sub-channel and an interlace could be defined, and the relationship between the two could be dictated based upon the frequency span of a SL sub-channel. In this matter, a 1:K logical mapping could be introduced between a SL sub-channel the interlaced resource blocks, where K could be the lowest number of interlaced over which the REs composing a sub-channel may span. For instance, when a sub-channel may span over 20 RBs, a sub-channel would be mapped over two interlaced resources blocks.
Proposal 3: 
· 1:K logical RB mapping between SL sub-channel and interlaced resource block structure is supported, where K is the lowest value over which the REs composing the sub-channel may span.

Sidelink Slot Structure 
Based on Rel.16 SL design, all SL transmissions start at a predefined symbol positions within a slot. The first symbol of each SL transmission is a replica of the second symbol. Such physical structure was defined to support AGC settling at each slot to mitigate ADC quantization errors and clipping noise, and also following the RAN4 input on AGC convergence time [5]. In particular, for single CC using CP-OFDM waveform and at least 10 RB allocation at least the following time is required for AGC adaptation:
· 35 us for 15 kHz SCS.
· 35 us for 30 kHz SCS.
· 18 us for 60 kHz SCS.
However, when operating in unlicensed spectrum performing channel access at fixed/predefined position in time is highly detrimental from a spectrum utilization point of view, since while a possible incumbent technology can access channel at arbitrary time and across slot boundaries, a UE may only have a single opportunity to perform LBT within a slot. However, on the other hand, as mentioned above, this allows a proper AGC handling.  
With that said, different considerations could be drawn based on the deployment and whether an incumbent technology is absent. If the network can guarantee the absence of an incumbent technology, there would not be no impact on the spectrum utilization if all SL transmissions have a predefined starting position as in Rel.16 NR SL, and this will even more beneficial to mitigate possible mutual blocking across devices. 
Proposal 4: 
· At least in deployments where no incumbent technology is present, all SL transmissions should have a predefined starting position as in Rel.16 NR SL.

However, when the absence of the incumbent technology cannot be guaranteed, the tradeoff between better spectrum utilization and better AGC handling should be considered, accounting for the fact that having more flexible starting positions may lead to higher implementation complexity. Furthermore, it is also important to highlight that in a system where LBT is mandated, an LBT failure may lead to unacceptable latencies if a device is not allowed to attempt the LBT procedure more frequently. With that said, allowing a SL device to have two starting opportunities seems a good compromise between complexity and overall performance.
Proposal 5: 
· In deployments where the network cannot guarantee the absence of any incumbent technology, a SL UE should have at most two opportunities to start a transmission (i. e. at most two starting positions within a SL slot).

Another aspect that must be further clarified is on when the LBT procedure may be done. Similarly, as Rel.16 NR-U, the LBT procedure may be performed in the symbol(s) preceding the starting time of a SL slot. As there will be limited starting opportunities so that to allow a UE to have two starting positions within a SL slot, it is likely a UE may attempt to acquire the channel right before the start of a slot. This means that unless the last OFDM symbol of the prior SL transmission would be unused, UEs may block each other. In this matter, it may be beneficial to leave unused the last OFDM symbol or symbols, depending on the SCS, of the last slot. 
Proposal 6: 
· RAN1 should further study possible implications of transmitting up to the last symbol of the last SL slot within a contiguous SL burst in terms of mutual blocking.

Multi-slot transmissions
As the efficient use of a COT is a fundamental design target for SL-U, as in Rel. 16 NR-U, multiple consecutive slot transmissions (of multiple TBs) without gaps in between should be also supported. In principle there are two main solution direction to enable this feature:
Option 1: One SCI information is signalling all resource in all slots used for transmission as in Figure 2a;
Option 2: Multiple SCI signal the resource for each individual slots or for a subset of slots as in Figure 2b and 2c.
From a system level perspective considering the limitation of the SL, the latter case is more attractive as it allows devices to demodulate the related shared channel even if the first SCI information is missed. 


[bookmark: _Ref99712215]Figure 2 - PSCCH resource signalling for the case that a) all resources are signaled in one SCI, b) each shared channel has its own SCI signalling, and c) each SCI is signalling a sub-set of all resources. 
Proposal 7: 
· To efficiently use a COT, multiple consecutive SL slot transmissions without gaps is supported.
In order to enable such a design, it is important to note that the Rel.16 SL physical structure defines one symbol (including cyclic prefix) as the TX/RX and RX/TX switching gaps (also called guard period) as illustrated in Figure 3. 
[image: ]
Figure 3 – Illustration of switching times within a SL slot with and without PSFCH.
In this matter, it is important to note that the actual duration needed for TX/RX and RX/TX switching was determined by RAN4, and it should be at most 13 us in FR1 [4]. The allocated duration for TX/RX and RX/TX switching gap thus depends on SCS settings and is larger than the actual time needed. In fact, an OFDM symbol duration without cyclic prefix (CP) is 66.6 / 33.3 and 16.6 us for 15 /30 /60 kHz SCS, respectively. 
Moving forward to Rel. 18 SL-U, given that a TX/RX and RX/TX switching gap may be always larger than 16 us, LBT may be always required, which is highly inefficient and always conditions the follow up transmission on the success of LBT. Considering, as mentioned above, that the actual switching time required is much less than the imposed TX/RX and RX/TX switching gap, RAN1 should thrive for a more efficient operation. In particular, a CP extension could be used to fill up the TX/RX and RX/TX symbols so that to leave a gap lesser than 16 but larger than 13 us, so that to fullful the RAN4 requirements while making sure no LBT may be mandated.
Proposal 8: 
· A SL UE applies CP extension within a SL slot with the intention to reduce the TX/RX and RX/TX switching times to 13 us.

PSFCH Design and HARQ Consideration 
As discussed in Section 2.1, when operating in the FR-1 unlicensed band a device must meet an 80% OCB requirement, which is mandated in certain regions. While during prior RAN1 meeting [2] it has been agreed that at least the Rel.16 SL PSFCH format 0 would be supported, if an interlaced resource mapping is also applied to PSFCH to meet the OCB requirements, the PSFCH format 0 sequence would need to be enhanced to span over all its REs.  
Proposal 9: 
· For regions where 80% OCB restriction is mandated, PSFCH format 0 is enhanced to span over an interlaced resource block. 
· FFS: details of the sequence 
As discussed in our companion contribution [2], one of the important aspects that RAN1 should discuss is on how to interpret the exemption provided by the ETSI BRAN [3] regarding the short control signalling exemption:
[image: ]
In this matter, the ETSI BRAN defines a short control signal as a signal/channel that is not transmitted more than 50 times within an observation time of 50 ms, and with a maximum duty cycle of 5 %. Furthermore, ETSI BRAN indicates that no LBT is required before the transmission of a short control signal.
In this case, if RAN1 decides to qualify PSFCH as a short control signalling, and interprets the ETSI BRAN text literally, then the HARQ feedback procedure defined in Rel.16 SL could be reused as is. Otherwise, in order to properly support SL in unlicensed spectrum, the HARQ-feedback procedure defined in Rel.16 SL should be enhanced as done in Rel.16 NR-U to mitigate the impact of potential LBT failures, which make the HARQ feedback transmission no longer deterministic. In this latest case, in order to limit the specification impact, a PSSCH/PSSCH slot could be associated to multiple PSFCH occasions through a one-to-many mapping, as illustrated in Figure 4, in order to allow a RX SL UE multiple opportunities to perform LBT and transmit the related PSFCH.


Figure 4 - Illustration of one-to-many mapping from PSCCH/PSSCH slot to a PSFCH occasion.
Additionally, in case PSFCH may be subject to LBT failures, for SL groupcast transmissions when NACK-only feedback is enabled, it may not be possible to distinguish an ACK from the case when the RX SL UE may not be able to transmit the NACK feedback due to LBT failure. In this matter, it may be more beneficial to support instead an ACK-only procedure.
Proposal 10:
· If RAN1 conveys that PSFCH can be transmitted without the use of LBT, then the Rel.16 SL HARQ procedure is reused.
· If RAN1 conveys that PSFCH within or outside a COT may require LBT to be transmitted if gap with the latest prior transmission is larger than 16us, then:
· Multiple PSFCH occasions for a PSSCH/PSCCH slot is supported. 
· For SL groupcast transmissions, NACK-only procedure is not supported, and an ACK-only procedure is employed instead.

Considerations on S-SSB Design 
In NR SL, the physical structure of S-SSB design is as shown in Figure 5, and it is relatively narrow band, motivated by complexity reduction of the SL synchronization search. 


[bookmark: _Ref99697635]Figure 5 - Physical structure of S-SSB (PSBCH, S-PSS, S-SSS).
In contrast to the operation in the licensed band, due to the potential presence of an incumbent system, and the likelihood of LBT failure, it may be possible that the transmission of the S-SSB could not be performed. As for a system that is configured to be using the S-SSB, this is critical as otherwise no synchronization and thus no communication can be achieved. In this matter, in order to mitigate this issue, similarly as in Rel.16 NR-U design, multiple candidate occasions within a configured window should be introduced.
Proposal 11:
· Multiple candidate occasions are defined for the transmission of S-SSB.

When discussing how to meet the OCB requirements for S-SSB, it may be important to highlight that ETSI BRAN [4] allows an exemption to this requirement on a temporary base as long as the transmission may occupy a minimum of 2 MHz. Considering that S-SSB transmissions may be infrequent and may in fact qualify as a short control signalling, it seems proper to apply such exemption to this channel.
Proposal 12:
· The exemption defined by ETSI BRAN in terms of OCB is applied to S-SSB transmission.

If the aforementioned exemption is applied to S-SSB, it is important to note that the Rel.16 NR SL S-SSB defined for 30 and 60 kHz SCS already does occupy more than 2 MHz, which means that the legacy design could be reused without any changes. However, given that S-SSB spans over 11 PRBs for 15 kHz this corresponds to 1.92 MHz, and if this SCS is supported, RAN1 should further discuss how to extend it to span over at least 12 PRBs.
Proposal 13:
· Legacy S-SSB is supported for 30 kHz and 60 kHz SCS
· FFS: whether S-SSB for 15 kHz SCS is supported
· FFS: if 15 kHz is supported how to extend S-SSB to span over at least 12 PRBs. 

Conclusions
In this contribution, we have provided our views on the physical structure for SL operation in the unlicensed band. In summary, we have the following list of proposals and observations:
Proposal 1: 
· For regions where the 80% OCB restriction is mandated, an interlaced resource block structure is supported for at least PSCCH and PSSCH.
Proposal 2: 
· The frequency domain resource allocation granularity for the interlaced resource block structure is at the RB level.
Proposal 3: 
· 1:K logical RB mapping between SL sub-channel and interlaced resource block structure is supported, where K is the lowest value over which the REs composing the sub-channel may span.
Proposal 4: 
· At least in deployments where no incumbent technology is present, all SL transmissions should have a predefined starting position as in Rel.16 NR SL.
Proposal 5: 
· In deployments where the network cannot guarantee the absence of any incumbent technology, a SL UE should have at most two opportunities to start a transmission (i. e. at most two starting positions within a SL slot).
Proposal 6: 
· RAN1 should further study possible implications of transmitting up to the last symbol of the last SL slot within a contiguous SL burst.
Proposal 7: 
· To efficiently use a COT, multiple consecutive SL slot transmissions without gaps is supported.
Proposal 8: 
· A SL UE applies CP extension within a SL slot with the intention to reduce the TX/RX and RX/TX switching times to 13 us.
Proposal 9: 
· For regions where 80% OCB restriction is mandated, PSFCH format 0 is enhanced to span over an interlaced resource block. 
· FFS: details of the sequence 
Proposal 10:
· If RAN1 conveys that PSFCH can be transmitted without the use of LBT, then the Rel.16 SL HARQ procedure is reused.
· If RAN1 conveys that PSFCH within or outside a COT may require LBT to be transmitted if gap with the latest prior transmission is larger than 16us, then:
· Multiple PSFCH occasions for a PSSCH/PSCCH slot is supported. 
· For SL groupcast transmissions, NACK-only procedure is not supported, and an ACK-only procedure is employed instead.
Proposal 11:
· Multiple candidate occasions are defined for the transmission of S-SSB.
Proposal 12:
· The exemption defined by ETSI BRAN in terms of OCB is applied to S-SSB transmission.
Proposal 13:
· Legacy S-SSB is supported for 30 kHz and 60 kHz SCS
· FFS: whether S-SSB for 15 kHz SCS is supported
· FFS: if 15 kHz is supported how to extend S-SSB to span over at least 12 PRBs. 
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422 Nominal Channel Bandwidth and Occupied Channel Bandwidth

4221 Definition

‘The Nominal Channel Banchwidth s the widest band of frequencies, inclusive of guard bands, assigned to a single
channel.

‘The Occupied Channel Banchwicth i the bandwidth containing 99 % of the power of the signal.

When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one
signal with an actual Nominal Channel Bandhwidth of "a" times the individual Nominal Channel Bandvwidth where "s’" iz
the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each
‘power envelope shall be considered separately

4222 Limits.
‘The Nominal Channel Banchwidth for a single Operating Channel shall be 20 MHz.

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

Dusing a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandbidh
ofless than 80 % of its Nominal Channel Banchwidth with a minimom of 2 MHz.
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42733 Short Control Signalling Transmissions (FBE and LBE)

4273341 General
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