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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#94-e, a WI on sidelink evolution was agreed for Rel-18 (RP-213678) [1]. In this WI, an objective on sidelink in unlicensed spectrum is included as: 
· Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
In this contribution, we discuss the resource allocation and physical channel design for sidelink transmission in unlicensed spectrum.  

Discussions 
BWP and Sub-channel support in SL-U
In RAN1#109-e the following agreement was reached [Chair’s notes RAN1#109-e]
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.

In shared spectrum one of the operation restrictions is the occupied channel bandwidth (OCB). The OCB restriction for 5GHz shared spectrum is defined in ETSI 301 893 specs:
“The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard band assigned to a single channel. The Occupied Channel Bandwidth is the bandwidth containing 99% of the power of the signal.
...
[bookmark: _Hlk110921814]The Nominal Channel Bandwidth for a single Operating channel shall be 20MHz. Alternatively, equipment may implement a lower Nominal Channel Bandwidth with a minimum of 5MHz, providing they still comply with the Nominal Centre Frequencies defined in clause 4.2.1 (20 MHz raster).
The Occupied Channel Bandwidth shall be between 80% and 100% of the Nominal Channel Bandwidth.”
Observation 1: Devices operating with a lower Nominal Channel Bandwidth with minimum of 5MHz shared spectrum have the same Nominal Centre Frequencies defined by the 20MHz raster.
Shared spectrum rules allow it, and therefore it is expected, that SL-U and NR-U at least from different operators to operate in the same carrier. Furthermore, the operators may deploy the SL-U and NR-U that share the same carrier under different TDD configurations. 
Proposal 1: RAN1 should consider solutions that allow SL-U and NR-U to operate in the same carrier.
In TS 37.213 the channel definition is based on the channel access procedure (LBT):
“A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.”
To coexist and required by the regulation NR-U or other RAT transmissions in shared spectrum the SL-U (LBT) channels and the NR-U (LBT) channels must be aligned in the same raster.
In addition, the OCB restriction must be satisfied. A simple solution to this problem is to have Nominal Channel Bandwidth and the size of SL-U sub-channel bandwidth be the same and both to match the LBT channel size.
Proposal 2: SL-U in Rel 18 the sub-channel size matches the LBT channel size. The SL-U BWP contains an integer number of sub-channels. 
In TS 38.213 the SL numerology is specified:” The UE expects to use a same numerology in the SL BWP and in an active UL BWP in a same carrier of a same cell. If the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated.”
However, as WID specifies the for Mode 1 SL-U R18 must assume that gNB Uu link is only in licensed spectrum, and therefore the above note cannot be applied, otherwise the SL-U BWP should be deactivated.
Proposal 3: Identify whether restrictions (if any) on the selection of the SL-U numerology among the supported numerologies are necessary.
As opposed with licensed band solutions when both Uu link and PC5 link are in the same band, a R18 SL-U PC5 will operate in shared spectrum, while the Uu link operates in licensed bands. Therefore, we do not think that a direct relationship between the numerologies of Uu link and PC5 is necessary.
Proposal 4: When serving gNB’s Uu link operates in licensed band only, there is no restriction on the selection of SL-U numerology among the numerologies supported by the frequency band. 
In shared spectrum SL-U is expected operate in the same or overlapping channels with other RAT or other network SL-U deployments. If the SL-U BWP comprises multiple LBT channels, as necessary for multi-channel operation, it is expected that there is a nominal channel where SL-U operates and depending on the availability of other channels to opportunistically operate in multiple channels.  The nominal channel should be known by all other SL-U devices, and it may be in a deterministic relation with the BWP, or (pre)configured within BWP.
Proposal 5: If multiple channel transmission is supported define a SL-U nominal (default) channel of operation with respect to the SL-U BWP.
For instance, SL-U nominal channel subcarrier index 0 may be aligned with subcarrier index 0 of the SL-U BWP be default (or by pre-configuration) or may be configured by gNB upon SL-U RRC connection establishment.
If such default SL-U channel is considered, the S-SSB may be transmitted in the default SL-U channel.
Proposal 6: The SL-U UE assumes the subcarrier with index 0 in the S-SS/PSBCH block is aligned with a subcarrier with index 0 in an RB of the SL-U default channel.

PSCCH and PSSCH in SL-U
In this section we discuss the agreements from RAN1#109-e and solutions related to PSCCH and PSSCH design.
Agreement
For PSCCH and PSSCH in SL-U:
· [bookmark: _Hlk110942286]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
We note that historically the IBE is handled in RAN4. The corresponding references are 38.101-1 clause 6.4E.2.4 for V2X and 6.4F.2.3 for shared spectrum. Therefore, we suggest a LS from RAN1 to RAN4 asking to address this topic.
Proposal 7: The IBE impact should be left for RAN4 consideration.

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.
We note that the agreement above recommends that R16 NR-U interlace RB-based transmissions are considered as starting point.  In the previous section we propose that the SL-U sub-channel is the same as the NR-U channel (LBT channel). The interlaced resource allocation was defined in NR-U to satisfy OCB requirements.  The same solution may be reuse here for OCB constraint. 
Proposal 8: Support interlace RB-based transmissions with K interlaces in a LBT channel. 
 
PSFCH and SL HARQ in SL-U
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
The WID requires a minimum change to the existing design:
· “The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature”
Therefore, it is preferred if the existing PSFCH design is maintained as much as possible. Moreover, PSFCH has a very short duration (two symbols) therefore short deterministic or no LBT should required prior to PSFCH transmission.
We note that the PSFCH RB set may have size values in the interval of (10...275), which means that with an increased size of the RB set values, the OCB requirement may be satisfied when multiple UEs access the same PSFCH transmission occasion.  If the number of UEs providing PSFCH is too low, which would translate in a low occupancy of channel bandwidth, a larger period between PSFCH may fix the issue.  Such solution however may add to the latency if the number of responding UEs is low. 
We note that the TS 38.213 specify:
“A UE determines an index of a PSFCH resource for a PSFCH transmission with HARQ-ACK information in response to a PSSCH reception or with conflict information corresponding to a reserved resource as  where  is a physical layer source ID provided by SCI format 2-A/2-B/2-C [5, TS 38.212] scheduling the PSSCH reception, or by SCI format 2-A/2-B/2-C with corresponding SCI format 1-A reserving the resource from another UE to be provided with the conflict information. For HARQ-ACK information,  is the identity of the UE receiving the PSSCH as indicated by higher layers if the UE detects a SCI format 2-A with Cast type indicator field value of "01"; otherwise,  is zero.”
To satisfy the OCB requirement when the number of responding UEs is small, an interlaced PSFCH transmission may be used. The size of the interlace may be controlled by the PSSCH transmitter UE via SCI signaling
Observation 2: OCB requirement may be satisfied with no additional changes most of the time with the existing PSFCH design. 
Proposal 9: Support interlaced RB transmission of PSFCH to satisfy OCB requirements.
The possible channel access failure may not allow a UE to transmit the PSFCH in the first PSFCH opportunity as required in the licensed band [TS 38.213].
“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. “
Therefore, for shared bands, it is necessary to the increase the number of opportunities of PSFCH transmissions. One way is to increase the number of PSFCH transmissions in subsequent slots. Such a solution has a minimal impact to the PSFCH design. 
There are two possible ways to implement it via either a dynamic signaling at the transmission of PSSCH that indicates the number of PSFCH slot opportunities for same HARQ/NACK feedback or (pre-)configured configuration where multiple opportunities for the same PSFCH feedback are associated with a resource pool. For instance, allow to repeat PSFCH feedback in consecutive PSFCH slot opportunities.
Proposal 10: Support an increase the opportunities (occasions) of PSFCH transmissions in subsequent slots.  Consider dynamic signaling of PSFCH occasions per PSSCH transmission and the (pre-)configured opportunities per resource pool.
Another potential issue may occur if the SL transmission is close to the end of COT, which may not allow enough time for the PSFCH transmission. The simplest solution to this potential problem is to not allow PSSCH transmission close to the end of COT.
Proposal 11: The transmission of PSSCH and the corresponding PSFCH opportunity should belong to the same COT. In other words, the cross-COT PSFCH is not supported. 

S-SSB in SL-U
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

The periodicity of S-SSB with SL synchronization signals is fixed to be 160ms. The number of S-SSB transmissions in each period is (pre-)configured. In Rel-16, the following number of S-SSB transmissions in one 160ms period for (pre-)configuration has been specified, which is SCS dependent and frequency band dependent.
· For FR1:
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
· For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
In additional to the number of transmissions within the 160ms period, the transmissions of S-SSBs are based on two settings, i.e., the offset slot for the first S-SSB and the slot interval between two consecutive S-SSBs, which can be (pre-)configured. Other than these settings, the number of periods of S-SSB transmissions can be configured.
For 15kHz SCS, there is a single S-SSB transmission within the 160ms period. In unlicensed spectrum, if LBT fails right before the transmission of S-SSB, the UE must wait for the next 160ms period to transmit the S-SSB, which may be occupied again by another RAT. To reduce the delay of S-SSB transmissions, one possible solution is to configure the S-SSB transmissions with addition slot offset(s). If UE cannot transmit on one location due to LBT failure, the UE may perform Type 1 LBT again before the next S-SSB occasion within the 160ms period. The number of S-SSB transmissions can still be fixed with the configured value before. Therefore, additional offset does not change the configured density of S-SSB transmissions. 
Alternatively, more S-SSB transmissions can be supported for sidelink unlicensed access. For example, support 2, 4, and 8 S-SSB transmissions within a 160ms period for 15kHz, 30kHz, and 60kHz SCS, respectively, in FR1.
Proposal 12: Support additional offset values and/or additional transmissions for S-SSB transmissions within the 160ms period.
Regarding OCB requirements, we note that S-SSB has one slot time duration and occupies 11 PRB (132 subcarriers) of frequency resources. For 15kHz SCS the OCB is 1.980 MHz.
Observation 3: The S-SSB does not satisfy the OCB requirement for 20MHz channels.
ETSI EN 301.893 allows short transmissions to violate temporarily the OCB requirements:
“During Channel Occupancy Time (COT) equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80% of its Nominal Channel Bandwidth with a minimum of 2MHz.
However, at 15kHz a slot duration lasts 1ms therefore the following observation can be made:
Observation 4: One slot S-SSB (1ms at 15kHz SCS) does not qualify as temporary transmission, which should be much shorter than COT duration (3-4ms).
This observation implies that a solution for OCB requires a new S-SSB design in shared spectrum at least for 15kHz SCS S-SSB. Our preference is to keep the S-SSB design as much as possible compatible with licensed design of S-SSB. Therefore, we do not think that a reduction in number of SSB symbols is necessary i.e., 4 symbols SSB.
Proposal 13: For shared spectrum SL-U support either Option 2 or Option 3 to satisfy the S-SSB OCB requirements at least for 15kHz SCS. For higher SCS consider S-SSB transmission under OCB short transmission exemption.

Control Signaling
CP Extension is provided via ChannelAccess-CPext field (2bits) defined in TS 38.212 and supported by DCI 0_0, 0_1, 1_0 and 1_1. CP Extension may be used to retain the channel if the channel sensing (LBT) duration is shorter than a symbol. For NR-U, the Uu link operates in the shared spectrum and gNB and UE transmit and receive in the same BWP; therefore, the DCI is used to transport information for the CP Extension and remaining duration of a COT initiated by gNB.
In our opinion, while in Rel 18, the gNB operates in licensed band only, it should still retain, at least for SL Mode 1, the possibility to configure and control SL UE operation in shared spectrum. Therefore, we propose to extend DCI 3_0 format to support the necessary fields. For instance, CP Extension could communicate to the SL UE the allowed types of channel access and the maximum CP extension.
Proposal 14: Extend DCI 3_0 format to support configuration and control of SL-U operation in shared spectrum (for instance support of ChannelAccess-CPext field).
[bookmark: _Ref71627713][bookmark: _Ref61360133]
Conclusion
Observation 1: Devices operating with a lower Nominal Channel Bandwidth with minimum of 5MHz shared spectrum have the same Nominal Centre Frequencies defined by the 20MHz raster.
Proposal 1: RAN1 should consider solutions that allow SL-U and NR-U to operate in the same carrier.
Proposal 2: SL-U in Rel 18 the sub-channel size matches the LBT channel size. The SL-U BWP contains an integer number of sub-channels. 
Proposal 3: Identify whether restrictions (if any) on the selection of the SL-U numerology among the supported numerologies are necessary.
Proposal 4: When serving gNB’s Uu link operates in licensed band only, there is no restriction on the selection of SL-U numerology among the numerologies supported by the frequency band. 
Proposal 5: If multiple channel transmission is supported define a SL-U nominal (default) channel of operation with respect to the SL-U BWP.
Proposal 6: The SL-U UE assumes the subcarrier with index 0 in the S-SS/PSBCH block is aligned with a subcarrier with index 0 in an RB of the SL-U default channel.
Proposal 7: The IBE impact should be left for RAN4 consideration.
Proposal 8: Support interlace RB-based transmissions with K interlaces in a LBT channel. 
Observation 2: OCB requirement may be satisfied with no additional changes most of the time with the existing PSFCH design. 
Proposal 9: Support interlaced RB transmission of PSFCH to satisfy OCB requirements.
Proposal 10: Support an increase the opportunities (occasions) of PSFCH transmissions in subsequent slots.  Consider dynamic signaling of PSFCH occasions per PSSCH transmission and the (pre-)configured opportunities per resource pool.
Proposal 11: The transmission of PSSCH and the corresponding PSFCH opportunity should belong to the same COT. In other words, the cross-COT PSFCH is not supported. 
Proposal 12: Support additional offset values and/or additional transmissions for S-SSB transmissions within the 160ms period.
Observation 3: The S-SSB does not satisfy the OCB requirement for 20MHz channels.
Observation 4: One slot S-SSB (1ms at 15kHz SCS) does not qualify as temporary transmission, which should be much shorter than COT duration (3-4ms).
Proposal 13: For shared spectrum SL-U support either Option 2 or Option 3 to satisfy the S-SSB OCB requirements at least for 15kHz SCS. For higher SCS consider S-SSB transmission under OCB short transmission exemption.
Proposal 14: Extend DCI 3_0 format to support configuration and control of SL-U operation in shared spectrum (for instance support of ChannelAccess-CPext field).
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