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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN #94, a new WID was approved on sidelink evolution [1], including the following objective regarding support of sidelink on unlicensed spectrum (SL-U):
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
· 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.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
This paper will discuss SL-U physical channel design framework, including consideration on studying how to reuse existing sidelink designs as well as NR-U design, with necessary modification to accommodate these issues due to operation over unlicensed spectrum. The discussion is organized into a set of sections as follows: bandwidth part and resource pool, slot structure, contiguous RB and interlaced RB, PSCCH/PSSCH, PSFCH and SL-HARQ, and S-SSB.
[bookmark: _Ref100656964][bookmark: _Ref129681832]Overview of issues when operating on unlicensed spectrum
Due to regulation requirement [2], a number of general issues need be taken into account when designing sidelink over unlicensed spectrum, including:
· Occupied channel bandwidth (OCB) requirement: the OCB shall be between 80% and 100% of nominal channel bandwidth (i.e., 20 MHz).
· Channel Occupancy Time (COT) requirement: A UE can continuously occupy a channel for a duration, i.e., channel occupancy time (COT), no larger than MCOT (Maximum COT) which depends on channel access priory class (CAPC). The gap between two consecutive transmissions within the COT needs to be small, otherwise other UE’s LBT may be successful and access the channel, and cause the current COT on longer available.
· Listen Before Talk (LBT) requirement: LBT is performed before any transmission except Short Control Signaling transmission. The sensing duration might be different depending on the LBT types. The sensing slot granularity is 9 us, which is not aligned with sidelink symbol/slot granularity. 
Rel-16/17 NR sidelink was designed targeting for ITS/licensed band, so that it may not fulfill the above requirements when operating on unlicensed spectrum and further study is necessary. 
Observation 1:  Due to regulation requirement, at least the following issues need to be considered for SL-U design: 
· Occupied channel bandwidth (OCB) requirement: The OCB shall be between 80% and 100% of nominal channel bandwidth
· Channel Occupancy Time (COT) requirement: The maximum COT duration for a UE depends on CAPC. The gap between two consecutive transmissions within the COT needs to be small, otherwise there will be risk of losing the channel
· Listen Before Talk (LBT) requirement: LBT is performed before any transmission except Short Control Signaling transmission. The sensing slot granularity is 9 us, which is not aligned with sidelink symbol/slot granularity. 
Physical channel design
Bandwidth part and resource pool 
General view
The concept of Bandwidth Part (BWP) has been adopted for NR sidelink, where only one SL BWP is configured in a carrier. A sidelink BWP occupies a contiguous portion of bandwidth, and is associated with numerology for sidelink operation. Furthermore, resource pools are confined within a SL-BWP. 
Since LTE-V, resource pools are defined and (pre-)configured for SL transmission and reception, i.e. Tx resource pools and RX resource pools. For a given time, a UE can only transmit PSCCH/PSSCH in one TX resource pool, but can receive in multiple RX resource pools. Basically, almost all radio parameters (including for transmission and receptions) are (pre-)configured at resource pool level (can be either cell-specific or UE-specific), which would be known to all UEs before operating in the resource pool. 
Similar as R16/R17 sidelink, it is also beneficial to have multiple resource pools in SL-U which can be associated with different configurations (PSCCH durations, PSSCH DRMS patterns, power control parameters, etc.) for different types of services. SL operation over unlicensed spectrum, can reuse concept of SL-BWP and resource pool as defined in Rel-16, with minimal modification to accommodate a few issues due to channel access, which will be further discussed in later sections. 
Proposal 1: Definition of SL-BWP and resource pool are reused for SL-U.
[bookmark: _Ref100752441]Frequency domain configuration
For FR1 unlicensed spectrum, before transmission, LBT has to be performed except short control signaling per 20MHz. Transmission can also take place on multiple channels subject multi-channel access procedure. 
In NR sidelink, a resource pool is divided into a (pre-)configured number of contiguous sub-channels, where a sub-channel consists of a group of consecutive physical resource blocks (PRBs), which is defined as subchannel size. The size of subchannel can be equal to 10, 12, 15, 20, 25, 50, 75, or 100 PRB. However, for SL-U, if these parameters are fully reused, it can result in bandwidth of a resource pool not being an integer multiples of 20MHz, as shown in Figure 1. Given that a UE performs LBT on a per 20MHz-channel basis, resources in resource pool #2 may be partially available for transmission if only the upper 20MHz channel is idle; and if only the lower 20MHz channel is idle, resources in this channel may not be fully used if transmission is performed in resource pool #1. In some cases, this may have risks of violating OCB requirement for transmission in resource pool #1 if bandwidth of resource pool #1 is less than 80% of 20MHz channel.
To avoid one 20 MHz channel (more specifically, the RB set which is defined within the 20MHz channel) locates in different resource pools, a straightforward way is the configuration of resource pool in frequency domain needs to include one or multiple 20 MHz channels, as shown in Figure 2.
Observation 2: If the bandwidth of a resource pool is not integer multiples of 20MHz, it may result in issues such as, insufficient usage of resources due to different channel status for channel access, violating OCB requirement, etc.
Proposal 2: A resource pool is configured to include one or multiple 20MHz LBT channels.
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[bookmark: _Ref101462710]Figure 1 Example: when the bandwidth of a resource pool is not an integer multiples of 20MHz 

[image: ]
[bookmark: _Ref100776725][bookmark: _Ref100511871]Figure 2 Resource pool configuration for SL-U

Time domain configuration
In NR sidelink, some slots are excluded from a resource pool, including slots for S-SSB and DL transmission, slots with insufficient number of UL symbols, and reserved slots. Whether the remaining slots are part of resource pool or not are determined based on a bitmap (pre-)configured by higher layers. 
As long as “0” exists in the bitmap configuration, the slots allocated in a resource pool are non-contiguous, resulting in slot-level gap between transmissions. Other UE’s LBT may be successful during such gap and access the channel, and cause the current COT no longer available. For example, as shown in Figure 3, assume the bitmap for current resource pool is {1111000}, then there are 3 slot gaps between transmission in logical slot #4 and #5, so that the UE of the current resource pool will not transmit during such 3 slot gaps and may lose its COT. 
Observation 3: If the bitmap of a resource pool is not set to all “1”, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT in this resource pool. 
Proposal 3: Further study how to avoid slot-level transmission gaps in a resource pool to maintain a COT, e.g., whether bitmap of resource pool should be set to all “1”s.
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[bookmark: _Ref102074373]Figure 3 Logic slots in a resource pool 
Slot structure
AGC and PSCCH occasions 
A UE can access to the channel at any time after performing LBT, i.e. not necessary at the slot boundary, since LBT sensing granularity is 9 us which is neither a symbol nor a slot granularity used in NR sidelink. There are cases that a UE access the channel at the middle of the slot, and if NR sidelink slot structure is reused, PSCCH occasion will be missed for transmission. There may be some simple considerations, e.g. A UE waits until slot boundary for sidelink transmission only, but this will have the risk that the channel can be occupied by other UEs (including cross-RAT UE), and thus SL-U overall performance will be degraded due to forced and unnecessary delayed channel access. 
Observation 4：Channel can be accessed at any point within a slot due to LBT. If a UE fails to access to the channel at slot boundary, PSCCH occasion will be missed if existing sidelink slot structure is reused.
Observation 5： SL-U performance will be degraded if sidelink transmission can only be allowed starting from slot boundary due to unnecessary delayed channel access.
A UE expects to access the channel after LBT success as soon as possible and can efficiently utilize resource within a COT. Instead of one fixed AGC and PSCCH location at slot boundary as defined in Rel-16, more than one candidate AGC and PSCCH locations can be introduced to provide more chance for a TX UE to transmit after performing LBT within a slot. The number of candidate AGC and PSCCH should be minimized, such as only two occasions in a slot, to reduce UE implementation complexity. These two occasions can be regarded as two sets of starting symbol (provided by sl-StartSymbol with value range as {sym0, sym1, sym2, sym3, sym4, sym5, sym6, sym7}) with different symbol length in a slot for sidelink. This is illustrated in Figure 4, i.e. one starting symbol is #0 symbol with length of 14 symbols, and another starting symbol is #4 symbol with length of 10 symbols, for the case normal CP is used and duration of PSCCH is 3 symbols. With introducing such two starting symbol locations as defined in Rel-16, no additional specification impact is needed in terms of, e.g. slot structure, DMRS patterns.
Observation 6: The maximum number of candidate AGC and PSCCH occasions should be minimized to reduce UE implementation complexity. 
· When maximum number of candidate AGC and PSCCH occasions is 2, it can be regarded as defining two SL starting symbol locations in a slot.
· Given that Rel-16 already defines different sidelink starting locations in a slot, no additional specification impact is expected in terms of, e.g. slot structure, DRMS patterns.
Given that this new slot structure is only applicable for first slot once a TX UE initiates the COT, it is reasonable to assume this slot does not need to contain PSFCH, which can avoid inefficient utilization on this slot due to extra AGC and GAP symbols. 
[image: ]
[bookmark: _Ref102074392]Figure 4 Candidate resource location for AGC and PSCCH symbols (one starting from #0 and another starting from #4)
A TX UE transmits AGC and PSCCH symbols at the first available AGC and PSSCH candidate resource location in the slot right after LBT success, and then the RX UE performs AGC training and PSCCH decoding only at AGC and PSCCH candidate resources in a slot until it successfully decodes a PSCCH for the initial slot of a COT. Given that channel access only affects the first slot of a COT, a RX UE does not need to search for multiple AGC and PSCCH candidates in slots after the first slot within the COT. 
Proposal 4: Study to introduce two sidelink starting symbol locations in a lot, where possible starting symbol locations can be reused from Rel-16 NR-V to reduce unnecessary specification workload. 
Cyclic Prefix Extension (CPE)
The LBT sensing slot granularity is 9 us, which is not aligned with sidelink symbol/slot granularity. Thus, it’s possible that LBT is successful in the middle of a symbol. In order for symbol boundary alignment, cyclic prefix extension (CPE) is introduced in NR-U, which can also be reused for SL-U for the same purpose, which is shown in Figure 5 (see CPE at Figure 5 (a)).
In sidelink, for the sake of TX/RX switching, there is always one symbol gap at the end of the slot. In addition, if PFSCH is present in a slot, there will be another gap between PSSCH and PSFCH for TX/RX switching. For 15 kHz and 30 kHz SCS, the symbol gap duration is larger than 25us, which risks the COT being interrupted. Therefore, if the length of such gap can be reduced, the COT can be better maintained. CPE can be used for such purpose as well (see CPEs at Figure 5 (b)).
Observation 7: The always one-symbol length gap in current slot structure may result in COT loss.
Proposal 5: Reuse CP extension as defined in Rel-16 NR-U for SL-U for symbol boundary alignment as well as reducing gap duration within a COT.
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[bookmark: _Ref102074402]Figure 5 CPE used for sidelink transmission
Contiguous RB and interlaced RB
Due to regulation requirement on OCB, interlace-based resource allocation is introduced in NR-U, where a 20 MHz is sliced into multiple interlaces, of each contains a number of distributed RBs with equal space. In NR-U, the number of RBs in an interlace is no less than 10. For a 20MHz channel, 10 and 5 interlaces are defined when SCS equals to 15 KHz and 30 KHz in NR-U, respectively. NR-U does not support interlace-based transmission for 60kHz SCS, mainly because the necessity and benefits are not clear.
For similar purpose, interlaced resource block can be reused for SL-U. Although interlaced RB-based transmission may worsen the in band emission (IBE) compared to that of continuous RB-based transmission, SL-U is targeted for short range communication under indoor scenario, so that the received power disparity among different UEs at one UE is small. Therefore, the IBE is not as serious as in V2X scenario which supports large communication range with a few hundred meters. The impact on using interlaced RB should be very limited for SL-U.
In addition, contiguous RB allocation is both supported in R16 NR-U and R16 NR-V. In some countries/regions, there is no OCB requirement by regulator, so that interlaced transmission is not necessary. Therefore, both contiguous RB allocation and interlace RB allocation can be supported for SL-U, as shown in Figure 6. Whether one PSCCH/PSSCH is transmitted in interlace RB (see Figure 6 (a)) or contiguous RBs (see Figure 6 (b)) can further studied, e.g., depending on resource pool configuration, resource allocation, etc.
In R16 NR-V, the minimum size of subchannel is 10 PRBs. Given that an interlace also includes at least 10 PRBs, it is then feasible that a subchannel can be defined as one interlace for interlace-based transmission. With such design, a unified resource allocation granularity can be used for SL-U, i.e. subchannel in frequency domain, regardless of whether SL PSCCH/PSSCH transmission is based on interlaced RBs or not. 
Observation 8: For SL-U, the IBE impact of interlaced RB-based transmission is very limited because SL-U is targeted for short range communication under indoor scenario, where the received power disparity among different UEs at one UE is small.
Observation 9:  The minimum subchannel size is 10 RPBs as defined in NR-V, and aligns with interlace size as defined in NR-U. 
Proposal 6: Both contiguous RB in R16 NR-V and interlaced RB in R16 NR-U are supported for SL-U.
· The resource allocation granularity is one sub-channel as in R16 NR-V
· For interlace-based transmission, one subchannel equals to one interlace
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[bookmark: _Ref100732351][bookmark: _Ref100773475]Figure 6 subchannel configuration in the resource pool
PSCCH/PSSCH
As discussed in Section 3.3, subchannel allocation can be used as the unified resource allocation granularity for sidelink regardless of interlaced transmission or not. 
As shown in Figure 7 (a), in Rel-16 NR-V, PSCCH locates in the lowest subchannel of the subchannel(s) of corresponding PSSCH, and is always within one subchannel. Such PSCCH and PSSCH multiplexing can be reused for interlaced transmission in SL-U. As shown in Figure 7 (b), for interlaced transmission, the frequency start of PSCCH aligns with start of allocated PSSCH, and is always within one subchannel which contains interlaced RBs. 
In Rel-16 NR-V, resource pool (pre-)configuration ensures that frequency of PSCCH allocation is no larger than subchannel size, such that a UE is only required to blind decode one PSCCH in a given subchannel. Such restriction can be reused for interlaced transmission in SL-U to avoid increasing UE blind decoding complexity. For example, as shown in Figure 7 (b), assume the UE wants to use two interlaces for PSCCH/PSSCH transmission, PSCCH is only transmitted within the lowest interlace (i.e., one subchannel). 
Proposal 7: For PSCCH and PSSCH, both contiguous RB-based and interlaced RB-based transmission are supported. For both types of transmissions, 
· PSCCH is always transmitted within one subchannel
· R16 NR-V PSCCH and PSSCH multiplexing is reused, i.e., PSCCH locates in the lowest subchannel of the subchannel(s) of corresponding PSSCH
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[bookmark: _Ref100773540]Figure 7 PSCCH and PSSCH multiplexing: (a) in terms of contiguous RB allocation; (b) in terms of interlaced RB allocation 
PSFCH and SL-HARQ
PSFCH format
In Rel-16 sidelink, only one PSFCH format, i.e. PSFCH format 0, is supported to carry HARQ feedback, which is one symbol length in time domain and one PRB in frequency domain. PSFCH format 0 is an efficient format carrying HARQ-ACK information, only 1-bit information, particular for the case there is no data to be multiplexed from RX point of view, and only a few (e.g. 1 or 2) HARQ-ACK needs to be reported to TX. It is noted that PUCCH format 0, similar as PSFCH format 0, is supported in NR-U as well. PSFCH format 0 can be reused in SL-U.
In NR Uu (including NR-U), PUCCH can be multiplexed with PUSCH, which can significantly improve the efficiency for transmission of HARQ-ACK information. This kind of multiplexing seems also beneficial for sidelink over unlicensed, when the responding UE has its own data to be transmitted, its HARQ-ACK information can be multiplexed with PSSCH within the same COT. This will save two-symbol overhead used for AGC and GAP when PSFCH format 0 is used. With new PSFCH format, codebook based SL HARQ-ACK over sidelink can also be introduced to provide an efficient way on SL HARQ feedback over PC5.
Proposal 8: For PSFCH format in SL-U
· At least Rel-16 PSFCH format 0 is supported 
· Further study whether to additionally introduce a new PSFCH format, including whether the new format can be multiplexed with PSSCH. 

OCB requirement
In R16 NR-V, PSFCH format 0 only occupies one PRB and cannot meet OCB requirement. To satisfy OCB requirement, one straightforward method is to use interlaced transmission. However, since one interlace occupies at least 10 PRBs, if different UEs use different interlaces, the PSFCH resource capacity would be very limited. To address such issue, one potential way is to introduce a common PSFCH interlace which is orthogonal to other RBs of the PSFCH. For example, a UE transmits PSFCH format 0 on one PRB to carry HARQ-ACK information as in R16 NR-V, and additionally transmits on the common PSFCH interlace to meet OCB requirement. In such design, all the UEs will transmit on the same common PSFCH interlace (i.e. same PSFCH resource) so that the overhead is minimized, and their HARQ-ACK information are transmitted at different PSFCH resources as in R16 NR-V, respectively.
If new PSFCH format is introduced for SL-U, the OCB requirement also needs to be considered and can be further studied.
Observation 10: In R16 NR-V, PSFCH format 0 only occupies one PRB and cannot meet OCB requirement.
Proposal 9:  For PSFCH transmission, further study how to meet OCB requirement, e.g., interlaced transmission, or common PSFCH interlace, etc. 
PSFCH resources
In NR V2X, resources for PSFCH are (pre-)configured and occur in the resource pool periodically, e.g. in every 1, 2 or 4 slots(s) within a resource pool. However, such periodic PSFCH resources may not be suitable for operations over unlicensed spectrum, because:
· LBT may fail: As shown in Figure 8, it’s possible that the UE’s LBT fails before a (pre-)configured PSFCH resource, so that the UE is unable to transmit HARQ ACK on this resource.
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[bookmark: _Ref102072738]Figure 8 No PSFCH transmission at configured PSFCH resource due to LBT failure
· Absence of PSFCH transmission: As shown in Figure 9 (a), the (pre-)configured PSFCH resource might be close to the beginning of a COT, thus leaves not enough time for the UE to process the data and thus unable to transmit HARQ-ACK on such PSFCH resource. And for the case shown in Figure 9 (b), it’s possible that no UE transmits HARQ-ACK on the (pre-)configured PSFCH resource within a COT., e.g., blind retransmission, etc. If either happens, the current COT may be lost because such PSFCH gap is too large that other UE’s LBT might be successful and access the channel. In addition, such PSFCH duration are still taken into account when calculating COT duration, which reduce the available COT duration considering the Maximum COT duration limitation.
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[bookmark: _Ref102074496]Figure 9 No PSFCH transmission may result in COT lost (a) due to processing time constraint; (b) blind retransmission
· No need to have dense or any PSFCH resources in some cases: E.g., for transmitting a large FTP file, of which the remaining PDB is large, HARQ-ACK can be reported once at the end of the COT, rather than multiple times within the COT. Another example is that TX UE may perform blind retransmissions and there is no need to have any PSFCH resource within the COT.
Observation 11: For PSFCH resource, Rel-16 (pre-)configured way is not suitable for unlicensed spectrum because:
· LBT may fail before a (pre-)configured PSFCH resource, so that the UE is unable to transmit HARQ ACK on this resource
· It’s possible that no UE transmits HARQ-ACK on the (pre-)configured PSFCH resource within a COT, such that the current COT may be lost, and the available COT duration is reduced.
· No need to have dense or any PSFCH resources in some cases, e.g., remaining PDB is large so that no need for frequent HARQ-ACK, blind retransmissions, etc.
To address the above issues, dynamically indicated PSFCH resources can be further studied. For example, when a UE’s LBT is successful and initiates a COT, the UE can indicate where the PSFCH resources are within its COT. Note that such design is similar to NR-U, where PUCCH resource can be dynamically scheduled by gNB, thus gNB can effectively utilize resources within a COT.  
Proposal 10: Further study the locations of PSFCH resources within a COT, e.g., (pre-)configured periodic locations, or dynamically indicated locations, etc.
In R16 NR-V, PSFCH format 0 is used to carry HARQ-ACK feedback to respond its associated PSSCH transmission. The mapping between PSSCH and PSFCH is fixed, and no explicit signaling over sidelink is needed to indicate such mapping. This is guaranteed by a periodic PSFCH resources configured at resource level, i.e. for all the UE, every PSSCH can be mapped the earliest PSFCH without confusion. 
For SL-U, if PSSCH and its related PSFCH are within the same COT, such PSSCH-PSFCH mapping may still be reused, because the resource within the COT can be fully decided by the UE initiating the COT, and the receiver can be shared the COT for PSFCH transmission.
However, it’s possible that PSSCH and its related PSFCH are in different COT. For example, as shown in Figure 10, due to processing time, for the last few PSSCH transmissions within the COT, their corresponding HARQ ACK feedback will be located outside the current COT. In such case, those HARQ-ACKs have to be reported in a follow-up COT. There can be two potential ways:
1) The TX UE can perform LBT to access channel and initiates a COT, and share it to those RX UE that have not yet provided HARQ-ACK information to their received PSSCH is previous COT. Or,
2) The RX UE can perform LBT to access channel and initiates a COT, and transmit PSFCH corresponding to those PSSCH. 
In either case, explicit signaling is needed to indicate PSSCH-PSFCH relationship, e.g. the transmitted PSFCH is associated to which received PSSCH.
Observation 12: For SL-U, it’s possible that PSSCH and its related PSFCH are within the same COT or in different COT. 
Proposal 11: For PSSCH and PSFCH mapping in SL-U,
· When PSSCH and its related PSFCH are within the same COT, R16 NR-V implicit mapping is reused
· Otherwise, further study on PSSCH-PSFCH mapping, e.g., explicitly or implicitly. 
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[bookmark: _Ref100774253][bookmark: _Ref100608825]Figure 10 HARQ-ACK feedback within or outside the COT
S-SSB
S-SSB resources
For NR V2X, GNSS and gNB/eNB can be used as synchronization resources. In addition, a SyncRef UE can be used as synchronization reference when the UEs cannot obtain GNSS signal or out of coverage of gNB/eNB. Thus, S-SSB is introduced to allow synchronization over sidelink among UEs. 
In time domain, the S-SSB is transmitted every 160ms, and can be further configured to have multiple SSB slots within a period, depending on SCS. In addition, S-SSB is excluded from resource pool, which can avoid collisions as well as avoid half-duplex issue to other SL channels/signals. S-SSB does not carry UE-specific information but a system-level information, and avoid interference among S-SSB transmission. This can be reused in SL-U, however, such periodic S-SSB transmission occasions may be unavailable due to occupation from other RATs on unlicensed spectrum as shown in Figure 11. Thus, additional S-SSB transmission in addition to these periodic configured S-SSB occasions might be needed, i.e. one-shot S-SSB should be considered for SL-U.
Observation 13: The UE’s LBT may fail before a (pre-)configured S-SSB resource, so that the UE is unable to transmit S-SSB on this resource. 
Proposal 12: Further study the locations of S-SSB resources, e.g., whether/how to transmit additional S-SSB in addition to (pre-)configured periodic S-SSB occasions in case of LBT failure.
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[bookmark: _Ref101541587]Figure 11 S-SSB transmission interrupted due to occupation by inter-RAT UE(s)
OCB requirement
The frequency location of the S-SSB is (pre-)configured within the SL BWP. In NR V2X, the S-SSB always occupies 11 common PRBs, which may not satisfy OCB requirements. Thus, how to satisfy OCB requirements needs further study.
One straightforward way is to use interlaced transmission for S-SSB. However, this might be inefficient on resource utilization in some cases. For example, if the UE initiated a COT and decides to transmit S-SSB within this COT, this S-SSB can be multiplexed with other channels/signals to improve resource utilization. In addition, half-duplex issue can be alleviated in this case, because within the COT, the channel is occupied by the TX UE and TX resources within the COT is determined by TX UE.
Proposal 13: For S-SSB transmission, further study how to meet OCB requirement, e.g., interlaced transmission, or multiplexing with other SL channels within a COT, etc.
Conclusions
This contribution includes our considerations on physical channel designs for SL-U, including reusing definition of SL-BWP and resource pool of Rel-16, supporting both contiguous RB and interlaced RB, adopting necessary changes on slot structure to overcome issues due to channel access. In addition, some considerations on physical channels, such as PSCCH, PSSCH, PSFCH (including PSFCH resources and mapping to associated PSSCH), S-SSB (PSBCH) for sidelink operation over unlicensed spectrum are also discussed. 
We provide following observations and proposals:
Observation 1:  Due to regulation requirement, at least the following issues need to be considered for SL-U design: 
· Occupied channel bandwidth (OCB) requirement: The OCB shall be between 80% and 100% of nominal channel bandwidth
· Channel Occupancy Time (COT) requirement: The maximum COT duration for a UE depends on CAPC. The gap between two consecutive transmissions within the COT needs to be small, otherwise there will be risk of losing the channel
· Listen Before Talk (LBT) requirement: LBT is performed before any transmission except Short Control Signaling transmission. The sensing slot granularity is 9 us, which is not aligned with sidelink symbol/slot granularity. 
Proposal 1: Definition of SL-BWP and resource pool are reused for SL-U.
Observation 2: If the bandwidth of a resource pool is not integer multiples of 20MHz, it may result in issues such as, insufficient usage of resources due to different channel status for channel access, violating OCB requirement, etc.
Proposal 2: A resource pool is configured to include one or multiple 20MHz LBT channels.
Observation 3: If the bitmap of a resource pool is not set to all “1”, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT in this resource pool. 
Proposal 3: Further study how to avoid slot-level transmission gaps in a resource pool to maintain a COT, e.g., whether bitmap of resource pool should be set to all “1”s.
Observation 4：Channel can be accessed at any point within a slot due to LBT. If a UE fails to access to the channel at slot boundary, PSCCH occasion will be missed if existing sidelink slot structure is reused.
Observation 5： SL-U performance will be degraded if sidelink transmission can only be allowed starting from slot boundary due to unnecessary delayed channel access.
Observation 6: The maximum number of candidate AGC and PSCCH occasions should be minimized to reduce UE implementation complexity. 
· When maximum number of candidate AGC and PSCCH occasions is 2, it can be regarded as defining two SL starting symbol locations in a slot.
· Given that Rel-16 already defines different sidelink starting locations in a slot, no additional specification impact is expected in terms of, e.g. slot structure, DRMS patterns.
Proposal 4: Study to introduce two sidelink starting symbol locations in a lot, where possible starting symbol locations can be reused from Rel-16 NR-V to reduce unnecessary specification workload. 
Observation 7: The always one-symbol length gap in current slot structure may result in COT loss.
Proposal 5: Reuse CP extension as defined in Rel-16 NR-U for SL-U for symbol boundary alignment as well as reducing gap duration within a COT.
Observation 8: For SL-U, the IBE impact of interlaced RB-based transmission is very limited because SL-U is targeted for short range communication under indoor scenario, where the received power disparity among different UEs at one UE is small.
Observation 9:  The minimum subchannel size is 10 RPBs as defined in NR-V, and aligns with interlace size as defined in NR-U. 
Proposal 6: Both contiguous RB in R16 NR-V and interlaced RB in R16 NR-U are supported for SL-U.
· The resource allocation granularity is one sub-channel as in R16 NR-V
· For interlace-based transmission, one subchannel equals to one interlace
Proposal 7: For PSCCH and PSSCH, both contiguous RB-based and interlaced RB-based transmission are supported. For both types of transmissions, 
· PSCCH is always transmitted within one subchannel
· R16 NR-V PSCCH and PSSCH multiplexing is reused, i.e., PSCCH locates in the lowest subchannel of the subchannel(s) of corresponding PSSCH
Proposal 8: For PSFCH format in SL-U
· At least Rel-16 PSFCH format 0 is supported 
· Further study whether to additionally introduce a new PSFCH format, including whether the new format can be multiplexed with PSSCH. 
Observation 10: In R16 NR-V, PSFCH format 0 only occupies one PRB and cannot meet OCB requirement.
Proposal 9:  For PSFCH transmission, further study how to meet OCB requirement, e.g., interlaced transmission, or common PSFCH interlace, etc. 
Observation 11: For PSFCH resource, Rel-16 (pre-)configured way is not suitable for unlicensed spectrum because:
· LBT may fail before a (pre-)configured PSFCH resource, so that the UE is unable to transmit HARQ ACK on this resource
· It’s possible that no UE transmits HARQ-ACK on the (pre-)configured PSFCH resource within a COT, such that the current COT may be lost, and the available COT duration is reduced.
· No need to have dense or any PSFCH resources in some cases, e.g., remaining PDB is large so that no need for frequent HARQ-ACK, blind retransmissions, etc.
Proposal 10: Further study the locations of PSFCH resources within a COT, e.g., (pre-)configured periodic locations, or dynamically indicated locations, etc.
Observation 12: For SL-U, it’s possible that PSSCH and its related PSFCH are within the same COT or in different COT. 
Proposal 11: For PSSCH and PSFCH mapping in SL-U,
· When PSSCH and its related PSFCH are within the same COT, R16 NR-V implicit mapping is reused
· Otherwise, further study on PSSCH-PSFCH mapping, e.g., explicitly or implicitly. 
Observation 13: The UE’s LBT may fail before a (pre-)configured S-SSB resource, so that the UE is unable to transmit S-SSB on this resource. 
Proposal 12: Further study the locations of S-SSB resources, e.g., whether/how to transmit additional S-SSB in addition to (pre-)configured periodic S-SSB occasions in case of LBT failure.
[bookmark: _GoBack]Proposal 13: For S-SSB transmission, further study how to meet OCB requirement, e.g., interlaced transmission, or multiplexing with other SL channels within a COT, etc.
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