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In RAN1#109e meeting, for Rel-18 NR sidelink transmission on unlicensed spectrum (SL-U), the relevant physical layer design framework has been extensively discussed including some fundamental issues, e.g., Sidelink BWP and resource pool, structure for PSCCH/PSSCH/PSFCH as well as SSB designs. The reached agreements are listed below. 
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, we further elaborate our views on physical layer design framework for sidelink transmission on FR1 unlicensed spectrum.

Discussion
Interlace-based structure 
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. Hence, the design of uplink waveform for NR-U PUSCH/PUCCH should meet the regulation requirements on unlicensed spectrum. 
The requirements mainly include two aspects: 
· Occupied channel bandwidth (OCB): the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of declared Nominal Channel Bandwidth; 
· Maximum PSD (power spectrum density) with a resolution bandwidth of 1MHz, e.g., 10dBm/MHz. 
These two requirements dictate that a signal which occupies a small portion of the channel bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD and OCB constraints. 
In Rel-16 NR over unlicensed spectrum (NR-U), interlace-based waveform is adopted as uplink waveform for unlicensed spectrum. Each interlace is equally distributed within the whole carrier bandwidth and spans more than 80% carrier bandwidth. The regulation requirements of OCB can be met if a signal or channel can occupy at least one interlace. Moreover, two adjacent PRBs of one interlace are separated by above 1 MHz distance and power boosting can be adopted for each PRB of one interlace. E.g., for 20MHz bandwidth and 15kHz SCS, all the available 106 PRBs are partitioned into 10 interlaces. Each interlace has 11 or 10 PRBs and is equally distributed within the 20MHz bandwidth. In this way, each interlace spans more than 80% system bandwidth so that the regulation requirements of OCB can be met. Moreover, 10 PRBs of one interlace are equally spaced in frequency so that two adjacent PRBs of one interlace are separated by 1.8MHz distance. Hence, one PRB within one interlace can be transmitted with 10dBm maximum power. 

[image: ]
Figure 1: Interlace-based structure for 15kHz SCS

Different to Rel-16 NR-U where the minimum resource allocation unit is a interlace, a concept of sub-channel is defined in existing NR sidelink as the minimum resource allocation unit, where a subchannel comprises of multiple contiguous PRBs. Sidelink transmission/reception happens in a resource pool which can be configured with ‘M’ sub-channels with each subchannel including ‘N’ contiguous PRBs. The possible sub-channel size can be configured within the set of {n10, n12, n15, n20, n25, n50, n75, n100}. A resource pool for sidelink does not span across entire sidelink carrier or LBT sub-band. Furthermore, each sub-channel is a self-contained structure containing PSCCH, PSSCH and PSFCH resources. 
Therefore, there are two options to meet the regulatory requirements for sidelink transmission on unlicensed spectrum:
· Option 1: reuse Rel-16 NR-U design with PRB-based interlace structure for sidelink channels, e.g., PSCCH, PSSCH and PSFCH, to meet regulation requirements on OCB (at least 80% frequency spanning) and PSD (e.g., 10dBm/MHz). 
· Option 2: A new interlacing structure based on sub-channel wise interlacing by considering the traditional sidelink design as much as possible i.e., PSCCH, PSSCH and PSFCH, as shown in below Table 1. A subchannel may also be further divided into k interlaces for subchannel size greater than 10 PRBs@15kHz SCS to meet the OCB requirement and PSCCH is located in the lowest interlace of a sub-channel. .

Table 1: Sub-channel wise interlacing
	Subchannel size (PRBs)
	No of sub-channels in a resource pool with 20MHz BW (100PRBs @15kHz SCS) 
	Interlacing structure examples considering 15kHz SCS
	Percentage of occupied channel bandwidth per interlace 

	10
	10
	M= 2, N= 5
Interlace 0 SC #0, 2, 4, 6, 8
Interlace 1 SC #1, 3, 5, 7, 9

	90%




In addition, there are multiple numerologies defined for NR including 15, 30, 60 kHz for FR1. Rel-16 NR-U has agreed the number of interlaces is determined according to the subcarrier spacing, i.e., 10 interlaces with 10 or 11 PRBs per interlace for 15 kHz subcarrier spacing and 5 interlaces with 10 or 11 PRBs per interlace for 30kHz subcarrier spacing. For 60 kHz subcarrier spacing, it is not specified in Rel-16 NR-U for interlace-based structure. 

Table 2: Max transmission bandwidth configuration NRB for FR1 (450 – 7125 MHz)
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For the combination of 20MHz bandwidth and 60 kHz subcarrier spacing, candidate PRB-based interlace designs are listed in Table 3, wherein M is the number of interlaces and N is the number of PRBs per interlace. Generally, the combination of 4 interlaces and 6 PRBs per interlace can’t meet the regulation requirement of at least 80% occupancy ratio. The combination of 3 interlaces and 8 PRBs per interlace can nearly meet the occupancy ratio requirement. Instead, the combination of 2 interlaces and 12 PRBs per interlace can obviously meet the requirement. The drawback is the frequency separation is 1.44MHz between two adjacent RBs of one interlace so the power boosting target for 10dBm per PRB can’t be met due to the regulation requirements of PSD requirement of 10dBm/MHz. However, the two interlaces provides some scheduling flexibility on two-UE multiplexing.

Table 3: Candidate interlace structure for 20MHz bandwidth and 60 kHz SCS
	SCS
	Candidate design
	Occupied channel bandwidth per interlace

	Percentage of occupied channel bandwidth per interlace over declared channel bandwidth

	60 kHz (total 24 PRBs)
	M = 4, N = 6	
	15.12MHz (21 PRBs) 
	75.6%

	
	M = 3, N = 8
	15.84MHz (22 PRBs)
	79.2%

	
	M = 2, N = 12
	16.56MHz (23 PRBs) 
	82.8%



Hence, for FR1 unlicensed spectrum, all the subcarrier spacings can be supported, i.e., 10 interlaces for 15kHz subcarrier spacing, 5 interlaces for 30kHz subcarrier spacing and 2 interlaces for 60kHz subcarrier spacing. 

Based on above analysis, we have below proposals:
Proposal 1: Interlace-based structure is supported for PSFCH in FR1 unlicensed spectrum in addition to PSCCH and PSSCH.
Proposal 2: Subcarrier spacing of 60kHz is supported for sidelink transmission in FR1 unlicensed spectrum in addition to 15kHz and 30kHz. 
Proposal 3: RAN1 should discuss new design for interlacing structure for sidelink unlicensed operation by considering the design of sub-channels and resource pool
Multiple candidate starting positions for sidelink

When unlicensed spectrum is used for sidelink transmission, for the purpose of fair coexistence, the channel access procedure is still required before any sidelink transmission. Due to unpredictability of LBT, a Tx UE can’t know when the channel is available for sidelink transmission. If Tx UE prepares PSCCH and associated PSSCH only from symbol 0, then when Tx UE performs a successful LBT and obtains the channel from symbol 7 of one slot, the Tx UE has to wait or transmit some reservation signal and starts transmitting the prepared PSCCH/PSSCH from symbol 0 of the next slot. In this way, one half of the slot is wasted. In order to improve the spectrum utilization efficiency, multiple candidate starting positions are needed for sidelink, the more candidate starting positions, the higher spectrum utilization efficiency.
On the other hand, if multiple candidate starting positions are supported, then multiple PSCCHs/PSSCHs corresponding to multiple candidate starting positions in the slot are prepared by Tx UE before performing LBT, which inevitably leads to high complexity on Tx UE. From a Rx UE’s perspective, it has to blind detect PSCCH/PSSCH from the first candidate starting position in a slot. In that sense, the implementation complexity for the Rx UE is high. 
It is noted that support of the multiple candidate starting positions is only necessary for initial slot of a COT initiated by Tx UE. After initial slot, there is only a single candidate starting position, i.e., symbol 0, for the subsequent sidelink transmissions. Hence, two or three candidate starting positions can be supported for sidelink transmission for trade-off.
Proposal 4: Support multiple candidate starting positions for PSCCH/PSSCH transmission in FR1 unlicensed spectrum.

Frame structure

When unlicensed spectrum is used for sidelink transmission, needless to say, the channel access procedure, also named LBT, is required before any sidelink transmission. Different to SCI decoding-based sensing mechanism, LBT procedure is performed based on energy detection in each sensing slot. In detail, if the detected energy on one channel in one sensing slot is lower than the energy detection threshold, then the channel is deemed as empty or clear or available in that sensing slot; otherwise, the channel is deemed as occupied or non-available in that sensing slot. 
For unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT). According to Table 4.2.1-1 in TS37.213, the MCOT is related to channel access priority class (CAPC) value. Consequently, when a UE performs a successful channel access Type 1, the UE can occupy the channel with maximum 2ms, 4ms, 6ms or 10ms, depending on the corresponding CAPC value which is determined based on the traffic priority. The higher the CAPC value, the longer the MCOT on the unlicensed spectrum. As shown in Table 4.2.1-1 in TS37.213, for CAPC value of 3 or 4, the MCOT can be 10ms, which is equivalent to 10 slots in case of 15kHz subcarrier spacing, 20 slots in case of 30kHz subcarrier spacing, 40 slots in case of 60kHz subcarrier spacing.
To avoid any risk of losing the channel, similar to DL burst and UL burst in TS37.213, a sidelink burst can be defined as a set of transmissions from a UE without any gaps greater than 16us. Multiple consecutive slots can be included in the sidelink burst. Each PSCCH/PSSCH starts from symbol 0 of a slot to avoid complicated designs at both Tx UE side and Rx UE side. One example is shown in Figure 2, where a UE initiates a COT via LBT Cat.4 using CAPC 2, then it can contiguously transmit 4 PSCCH/PSSCHs in the four consecutive slots without sensing. So the sidelink burst can include the four slots from symbol 0 of slot n to symbol 9 of slot n+3.
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Figure 2: Burst based transmission for sidelink

When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. It does make sense that a Tx UE initiated COT can be shared to one or more Rx UEs when the requirements of COT sharing is satisfied. One example is shown in Figure 3. After initiating a COT by performing Type 1 channel access procedure, Tx UE, named UE1 for simplicity, performs contiguous sidelink transmissions without any gap larger than 16us in time domain, and then can share some slots within the COT to Rx UE (e.g., UE2) for transmitting PSCCH and associated PSSCH. There are one or more symbols which may be used as gap between two consecutive PSSCHs. If HARQ-ACK feedback is enabled, then PSFCH transmission occasions should be contained within the COT with at least one symbol as gap before or after each PSFCH transmission. Therefore, the structure of the COT is needed for a Rx UE which intends to share the COT for transmitting PSCCH/PSSCH and/or PSFCH. The COT structure should contain the remaining channel duration in terms of number of slots, CAPC or logical channel priority value as indicated by higher layer, over-riding configuration to over-ride the gap symbol, AGC symbol and PSFCH symbol configured as part of the resource pool to perform PSSCH burst transmission, a dedicated configuration provides the placement location for gap symbol and CP-Ext symbol within the COT needed for COT sharing purpose. The COT structure can also provide the dedicated PSFCH symbol placement in a within a COT. The COT sharing indicator can also be transmitted with the COT structure signaling. The Rx UE determines the reference starting slot depending on the slot where the COT structure signaling is successfully received, which is needed to execute the placement of dedicated symbols, over-riding symbols and to calculate the remaining COT duration for the COT sharing purpose.
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Figure 3: UE-to-UE COT sharing for sidelink transmission


Based on above analysis, we have below proposals:
Proposal 5: Burst-based sidelink transmission is defined for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 6: Each PSCCH/PSSCH is transmitted from symbol 0 of a slot other than initial slot of a COT.
Proposal 7: COT structure information is needed for sidelink transmissions in FR1 unlicensed spectrum.


HARQ

In Rel-16/17 sidelink transmission, a UE can be provided, by sl-PSFCH-Period, a number of slots in a resource pool for a period of PSFCH transmission occasion resources. If the number is zero, PSFCH transmissions from the UE in the resource pool are disabled. 
A UE expects that a slot  ) has a PSFCH transmission occasion resource if , where  is defined in [6, TS 38.214], and  is a number of slots that belong to the resource pool within 10240 msec according to [6, TS 38.214], and  is provided by sl-PSFCH-Period.
If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated SCI format 2-A or a SCI format 2-B has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. The UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. 
For Rel-18 sidelink transmission on unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT), e.g., occupy maximum several or tens of slots, depending on the corresponding CAPC value and subcarrier spacing. 
If legacy periodic PSFCH configuration is used for unlicensed spectrum, when a UE initiates a COT by performing Type-1 channel access procedure, the COT may be frequently interrupted by the periodic PFSCH occasion. This is especially true since the PSFCH period is relatively small, i.e., 1, 2 or 4 slots. One example is shown in Figure 4 with max 4 slots as one PSFCH periodicity. When the COT has a duration of more than 4 slots, like COT 3, it will be interrupted twice. This interruption brings below drawbacks:
(1) The Tx UE’s sidelink transmissions can’t be contiguously transmitted in time domain because the Tx UE needs to monitor the channel continuously and perform channel access type 2 before it resumes its sidelink transmission.
(2) Tx UE is quite likely to lose the channel. When the gap is larger than 16us, then there is risk of losing the channel. When the COT is interrupted by one PSFCH occasion and there is no any PSFCH transmitted during the occasion due to NACK-only based feedback or disabled HARQ-ACK feedback, considering one PSFCH occasion occupies 4 consecutive symbols about 280us, the probability of losing the channel is quite high.
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Figure 4: Periodic PSFCH configuration

To address aforementioned drawbacks, PSFCH transmission occasions can be dynamically indicated by SCI. In detail, after initiating a COT by performing channel access type 1, a Tx UE can transmit SCI scheduling a PSSCH and dynamically indicating the corresponding PSFCH occasion. The PSFCH transmission occasion can be determined based on a slot level offset between the slot where the corresponding PSSCH is transmitted and the slot where the corresponding PSFCH occasion is included. For each Rx UE intending to transmit PSFCH, based on the indicated PSFCH transmission occasion, the Rx UE can perform Type 2A/2B/2C LBT in case of the indicated PSFCH transmission occasion inside of the COT or Type 1 LBT in case of the indicated PSFCH transmission occasion outside of the COT. 
Due to UE processing delay, some PSFCHs may not be responded in same COT for the corresponding PSSCHs. The Tx UE can suspend the transmission of these PSFCHs and trigger the retransmission in a new COT initiated by the Tx UE.
In this way, the PSFCH transmission occasion can be inside of the COT initiated by Tx UE which ensures a high LBT successful probability due to channel access Type 2A/2B/2C required. The ongoing sidelink transmission from Tx UE will be not interrupted by the PSFCH transmission occasion especially when the PSFCH transmission occasion is located at the end of the COT. 
Based on above analysis, we have below proposals:
Proposal 8: Support dynamically indicated PSFCH resources for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 9: Support suspending PSFCH when the PSFCH can’t be transmitted in same COT with corresponding PSSCH and triggering it in a new COT.

For sidelink transmission on unlicensed spectrum, if channel access procedure is successful, a Tx UE transmits a PSSCH to a Rx UE and waits for the reception of PSFCH from the Rx UE. Without such HARQ-ACK feedback, the Tx UE has to retransmit the PSSCH even though the Rx UE has correctly decoded the PSSCH. There are two risks that the Tx UE may not receive the PSFCH from the Rx UE:
· LBT risk: Due to unpredicted LBT outcome at Rx UE side, the sidelink HARQ-ACK feedback may not be transmitted if LBT at Rx UE side is failed. 
· Hidden node interference: If LBT at Rx UE side is successful, the Rx UE transmits PSFCH to Tx UE. Due to hidden node interference on the shared unlicensed spectrum, the Tx UE may not correctly decode the PSFCH. 
Therefore, when one sidelink HARQ-ACK feedback is to be transmitted on an unlicensed carrier, the sidelink HARQ-ACK feedback can be allowed to have multiple transmission opportunities (TOs) and transmitted in the first transmission opportunity with LBT success. One example is shown in Figure 4, where one PSSCH transmitted in slot 1 can have 4 transmission opportunities in slot 4, 8, 12 and 16 with PSFCH periodicity of 4 slots. 
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Figure 5: Multiple transmission opportunities for one sidelink HARQ-ACK feedback

Proposal 10: sidelink HARQ-ACK feedback can be allowed to have multiple transmission opportunities in FR1 unlicensed spectrum.

Resource pool structure

In Rel-16/17 NR sidelink communication, higher layer signaling configuration, synchronization procedure and physical channel structure are designed and specified based on resource pool. The data transmission/reception and resource allocation for both mode 1 and mode 2 are assigned within a resource pool. So, to consider less standardization workload, resource pool relevant design can be reused for sidelink on FR1 unlicensed spectrum.
Proposal 11: To reuse resource pool relevant design for sidelink on FR1 unlicensed spectrum

Physical channel design

In Rel-16/17 NR sidelink communication, potential PSCCH is assigned in each subchannel. When scheduling multiple subchannels, PSCCH is allocated in the lowest subchannel in frequency domain. The size of PSCCH in frequency domain can be {10, 12, 15, 20, 25} RBs. In time domain, the PSCCH occupies 2 to 3 symbols.  For Interlace-based structure, potential PSCCH can be still designed to assign in each interlace and to occupy 2 to 3 symbols.
Proposal 12: To study the location of PSCCH in frequency/time domain for interlace-based structure.

In Rel-16/17 NR sidelink communication, to consider the difference usage scenario, the number of columns of DMRS can be various, i.e., 2 ,3 or 4 columns in one time slot. The time domain location of DMRS can be reused. The frequency domain location of DMRS should be designed based on interlace-based structure. 
Proposal 13: To study 2 ,3 or 4 columns of DMRS in one time slot and frequency domain location of DMRS should be designed based on interlace-based structure.

In Rel-16/17 NR sidelink communication, unicast, groupcast opiton1/2 and broadcast were supported. For the sidelink communication on unlicensed band, each cast type should be supported. 
Proposal 14: To support unicast, groupcast option 1/2 and broadcast for unlicensed spectrum

[bookmark: OLE_LINK14]For unicast and groupcast opiton1/2, the feedback information is transmitted on PSFCH channel. The PSFCH region is assigned the last second and third symbols at one time slot (the last symbol and the fourth symbol from last symbol are GP). This kind of design can be reused for unlicensed spectrum. In addition, each HARQ feedback should be transmitted on one interlace but not on RB on unlicensed band, the PSFCH resource may be insufficient. For example, if a UE performs a groupcast option 2 transmission on 20MHz bandwidth, the 20MHz bandwidth may include 10 interlaces in case of 15KHz SCS, that is only 10 PSFCH resources can be provided to maximum10 number UEs in this group. So besides legacy PSFCH resources, to study increasing the PSFCH resource for unlicensed spectrum.

Proposal 15: Besides legacy PSFCH resources, to study increasing the PSFCH resources for unlicensed spectrum

Resource allocation mode 1 and mode 2

Mode 1
In mode 1, as mentioned in WID objective, Uu operation for mode 1 is limited to licensed spectrum only. In this way, legacy scheduling and feedback mechanism on Uu link for mode 1 can be reused. The difference between legacy resource allocation and resource allocation on unlicensed band is that the scheduled UE needs to perform a LBT operation before its scheduled sidelink transmission. The assistance information for LBT operation at UE side may be signaled from network and/or based on UE determination. The content of this assistance information should be studied. In addition, the LBT operation may be failure and the UE behavior and potential solution should be studied. 
Proposal 16: Besides legacy scheduling and feedback mechanism, the assistance information and its content for UE performing LBT operation and the potential solution for LBT failure should be studied.

The sidelink grants are allocated by gNB using DCI format 3_0 and then the Tx UE performs LBT before making any transmission on the indicated sidelink resources. DCI field could indicate the channel access priority value together with the sidelink grant and the behavior of Tx UE as a COT initiator could be different in the following ways: 
Tx UE after receiving the sidelink grant could autonomously choose the channel access priority class value to perform Cat 4 LBT and accordingly initiate channel occupancy duration. In this method, the selection of channel access priority class value by the Tx UE could be based on the priority/latency of the data in the buffer which is in accordance with the existing LCP rule. In the second method, if the DCI indicates the channel access priority value, then the Tx UE could perform the Cat 4 LBT and accordingly initiate channel occupancy duration. 
Proposal 17: RAN1 should discuss the need for signalling the channel access priority value or maximum channel occupancy duration along with the sidelink grant.   

The sidelink grants are allocated by gNB using DCI and then the Tx UE performs LBT before making any transmission on the indicated sidelink resources. When LBT fails on all the indicated resources more sidelink resources are required from gNB. How the Tx UE request more resource from gNB using the physical layer signalling should be discussed. 
Proposal 18:  LBT failures on all the indicated resources in the sidelink grant may trigger UE to request more resources from gNB, RAN1 should discuss ways to request more resource from gNB 

Mode 2
In mode 2, UE may perform autonomous resource selection for SL transmission. The LBT failure issue is also existing. When the transmission is transmitted on reserved resource within same COT, e.g., for retransmission of the same TB, LBT type 2 is performed for the retransmission, the LBT failure probability may be reduced. But to consider the long period traffic, i.e., the reserved resource is out of an initial COT, the UE should re-initial a COT, the LBT failure probability may be increased. So, the assistance information of a UE performing LBT operation is also needed to be signaled on sidelink. The assistance information can be used by the UE who performs LBT operation, or it can be used by the UE who performs autonomous resource selection.
Proposal 19: The assistance information of a UE performing LBT operation is needed to be signaled on sidelink.
Proposal 20: Study on how to use the signaled assistance information (including its content) for LBT operation and resource selection.

Multi-slot scheduling
A sidelink device is required to pass a clear channel assessment (CCA) procedure, such as Cat 4 LBT to initiate a channel occupancy in an unlicensed carrier (shared spectrum). The sidelink transmission are allowed to be performed within the maximum channel occupancy duration defined by the respective channel access priority class which is counted or measured from the first transmission after initiation of the COT. Consecutive transmission within he occupied channel duration without gaps or gap less than 25µs is beneficial so that initiator device does not need to perform Cat 2 LBT to reaffirm the channel. In the current sidelink physical layer design upto three non-consecutive sidelink resources could be allocated or reserved within a boundary of 32 slots using the sidelink grant provided by DCI format 3_0 to the Tx UE and PSCCH transmission to the Rx UE while the same upto three resources could be reserved using mode 2. The current resource scheduling mechanism based on configured grant, dynamic scheduling using mode 1 and candidate resource selection, reservation mechanism using mode 2 requires changes to perform consecutive transmission which could be based on multi-slot scheduling.

Proposal 21: RAN1 could study the possibility of assigning more than 3 consecutive resources with a gap less than 25µs using multi-slot scheduling 

S-SSB design

In R16/R17 NR SL, S-SSBs are organized with a fixed periodicity of 160ms, as illustrated by Figure 6. Within one S-SSB period, multiple S-SSB occasions are distributed according to two parameters: TOffset indicating the time offset from the start of the S-SSB period and TInterval indicating the time interval between adjacent S-SSB occasions. The exact number of S-SSB occasions within each S-SSB period, denoted by N, is determined by SCS and frequency range. 


Figure 6: Distribution of S-SSB occasions within an S-SSB period in R16/R17 NR SL

Transmission starting at any OFDM symbols in conjunction with channel-access procedure is beneficial for obtaining earlier channel access opportunity. However, this will dramatically increase monitoring consumption required by blind detection of S-SSBs in the time domain. Therefore, the S-SSB in FR1 unlicensed spectrum should be organized following a similar distribution as in R16/R17, that is, S-SSBs being distributed in fixed locations indicated by (pre-)configurable parameters.

Proposal 22: The S-SSB in FR1 unlicensed spectrum should be organized following a similar distribution as in R16/R17 NR SL, that is, S-SSBs being distributed in fixed locations indicated by (pre-)configurable parameters.

Since S-SSB transmissions in FR1 unlicensed spectrum are subject to a channel-access procedure, successful S-SSB transmission requires a successful channel-access procedure prior to the target S-SSB occasion. The channel access opportunities for sending S-SSB in unlicensed spectrum could be reduced due to resource collision. To compensate for the case that some S-SSB occasions are unavailable, it is necessary to introduce more candidate occasions for S-SSB in FR1 unlicensed spectrum compared with R16/R17 NR SL design to achieve the desired amount of channel access opportunities. 
More candidate occasions typically result in more time-domain resources required. To this end, two solutions can be further considered. One is to reduce the length of each S-SSB occasion. The other is to allow the S-SSB to be frequency multiplexed with sidelink physical channel within the same slot. In addition, to mitigate the cost of performing channel-access, COT-based transmission can be considered when multiple S-SSBs are needed to be transmitted continuously.

Proposal 23: Support to introduce more candidate occasions for S-SSB in FR1 unlicensed spectrum compared with R1/R17, for which the following designs can be studied:
· Reduce the duration of each S-SSB occasion, considering such as 4-symbol or 6-symbol S-SSB.
· Allow S-SSBs to be frequency multiplexed with sidelink physical channel within the same slot.
· Consider the structure in supporting COT-based S-SSB transmissions.

As specified in R16/R17 NR SL, in the frequency domain, the S-SSB spans 11 RBs within the SL BWP. Since one RB consists of 12 subcarriers, the S-SSB bandwidth spans 11 × 12 = 132 subcarriers, illustrated by Figure 7. The SLSS (S-PSS/S-SSS) consist of sequences of 127 bits. The SLSS are modulated with BPSK such that each sequence occupies 127 subcarriers in a symbol, which are from the third subcarrier relative to the start of the S-SSB bandwidth up to the 129th subcarrier. 



Figure 7: Slot structure for S-SSB in R16/R17 NR SL

As agreed in the last meeting, four candidate frequency-domain structures were proposed to be considered for S-SSB in FR1 unlicensed spectrum. Since there are pros and cons to all options, and the options encounter different design challenges, a comprehensive comparison is needed.
Option 1: As a method to meet OCB requirement, interlaced transmission is straightforward to be applied for S-SSBs in FR1 unlicensed spectrum. However, different interlaces may contain different number of RBs even for given SCS and bandwidth. For example, as illustrated in Figure 8, each of the first six interlaces contains 11 RBs, while each of the last four interlaces contains only 10 RBs. Consequently, interlaced mapping of S-SSB (11RBs) may need different numbers of interlaces according to the exact interlace(s) used. For the sake of simplicity, interlaced mapping of S-SSB can be fixed in a range, such as the interlace(s) with the least indices. However, interlaced mapping of S-SSB may provide lower reliability compared to using contiguous RBs. 



Figure 8: An exemplary interlace pattern
Option 2: Figure 9 shows an exemplary slot structure to allow S-SSBs to be frequency multiplexed with SL transmission within the same slot. Either interlaced mapping or using continuous RBs can be considered for this case. In addition, time-domain multiplexing is also possible to be applied to the slot structure. 



Figure 9: An exemplary slot structure for multiplexing S-SSB and SL transmission

Option 3: S-SSB using contiguous RBs is beneficial for reliability. In this case, to meet OCB requirement, repetition of S-SSB in frequency is quite straightforward. Figure 10 shows an exemplary structure with repetition of S-SSB in frequency, wherein legacy S-SSB structure as specified in R16/R17 NR can be reused without modification. However, this structure may experience lower spectrum efficiency. 



Figure 10: An exemplary structure with repetition of S-SSB in frequency

Option 4: Considering the broader bandwidth available in unlicensed band, new S-SSB structures can be obtained by extension in the frequency domain and reduction in the time domain. Figure 11 shows two exemplary 4-symbol structures. For both structures, the first symbol (or AGC symbol) and the last symbol contain only PSBCH, while the second symbol and third symbol contain S-PSS and S-SSS respectively, in addition to PSBCH. Both structures differ from each other depending on the location of SLSS (S-PSS/S-SSS), where PSBCHs can be deployed on one side of SLSS (left part of the figure), alternatively PSBCHs can be deployed on both sides of SLSS (right part of the figure). To meet OCB requirement, either repetition of S-SSB components (SLSS/PSBCH) as illustrated in the figure or employing longer sequence for S-SSB components can be used. This new structure is beneficial for obtaining more S-SSB occasions for given time-domain resources and it also supports time multiplexing of S-SSB and SL transmission within the same slot. 



Figure 11: Exemplary 4-symbol structures for S-SSB with broader bandwidth

Proposal 24: To do down-selection from the four candidate frequency structures for S-SSB transmission, a comprehensive evaluation and comparison is needed.
· 4-symbol structure should be studied in conjunction with the frequency structures.


Conclusion
In this contribution, we focus on the physical layer framework for sidelink transmission on FR1 unlicensed spectrum and have below observations and proposals:
Proposal 1: Interlace-based structure is supported for PSFCH in FR1 unlicensed spectrum in addition to PSCCH and PSSCH.
Proposal 2: Subcarrier spacing of 60kHz is supported for sidelink transmission in FR1 unlicensed spectrum in addition to 15kHz and 30kHz. 
Proposal 3: RAN1 should discuss new design for interlacing structure for sidelink unlicensed operation by considering the design of sub-channels and resource pool
Proposal 4: Support multiple candidate starting positions for PSCCH/PSSCH transmission in FR1 unlicensed spectrum.
Proposal 5: Burst-based sidelink transmission is defined for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 6: Each PSCCH/PSSCH is transmitted from symbol 0 of a slot other than initial slot of a COT.
Proposal 7: COT structure information is needed for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 8: Support dynamically indicated PSFCH resources for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 9: Support suspending PSFCH when the PSFCH can’t be transmitted in same COT with corresponding PSSCH and triggering it in a new COT.
Proposal 10: sidelink HARQ-ACK feedback can be allowed to have multiple transmission opportunities in FR1 unlicensed spectrum.
Proposal 11: To reuse resource pool relevant design for sidelink on FR1 unlicensed spectrum
Proposal 12: To study the location of PSCCH in frequency/time domain for interlace-based structure.
Proposal 13: To study 2 ,3 or 4 columns of DMRS in one time slot and frequency domain location of DMRS should be designed based on interlace-based structure.
Proposal 14: To support unicast, groupcast option 1/2 and broadcast for unlicensed spectrum
Proposal 15: Besides legacy PSFCH resources, to study increasing the PSFCH resources for unlicensed spectrum
Proposal 16: Besides legacy scheduling and feedback mechanism, the assistance information and its content for UE performing LBT operation and the potential solution for LBT failure should be studied.
Proposal 17: RAN1 should discuss the need for signalling the channel access priority value or maximum channel occupancy duration along with the sidelink grant.   
Proposal 18:  LBT failures on all the indicated resources in the sidelink grant may trigger UE to request more resources from gNB, RAN1 should discuss ways to request more resource from gNB 
Proposal 19: The assistance information of a UE performing LBT operation is needed to be signaled on sidelink.
Proposal 20: Study on how to use the signaled assistance information (including its content) for LBT operation and resource selection.
Proposal 21: RAN1 could study the possibility of assigning more than 3 consecutive resources with a gap less than 25µs using multi-slot scheduling 
Proposal 22: The S-SSB in FR1 unlicensed spectrum should be organized following a similar distribution as in R16/R17 NR SL, that is, S-SSBs being distributed in fixed locations indicated by (pre-)configurable parameters.
Proposal 23: Support to introduce more candidate occasions for S-SSB in FR1 unlicensed spectrum compared with R1/R17, for which the following designs can be studied:
· Reduce the duration of each S-SSB occasion, considering such as 4-symbol or 6-symbol S-SSB.
· Allow S-SSBs to be frequency multiplexed with sidelink physical channel within the same slot.
· Consider the structure in supporting COT-based S-SSB transmissions.
Proposal 24: To do down-selection from the four candidate frequency structures for S-SSB transmission, a comprehensive evaluation and comparison is needed.
· 4-symbol structure should be studied in conjunction with the frequency structures.
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