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Introduction
A work item on NR sidelink enchantment was approved [1]. One of objectives of this work item is physical channel design framework. One important aspect is the existing NR sidelink and NR-U channel structure shall be reused for sidelink unlicensed operation. This document provides our view on sidelink physical channel design framework on unlicensed spectrum.
Discussion
Background
NR-U
In ETSI 301.893, there is OCB regulation for unlicensed spectrum in the 5GHz region and it is captured in TR 38.889 [2] as follows.
	The Nominal Channel Bandwidth, i.e., the widest band of frequencies inclusive of guard bands assigned to a single channel, shall be at least 5MHz at all times. The Occupied Channel Bandwidth, i.e., the bandwidth containing 99 % of the power of the signal, shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. During an established communication, a device is allowed to operate temporarily in a mode where its Occupied Channel Bandwidth may be reduced to as low as 40 % of its Nominal Channel Bandwidth with a minimum of 4 MHz.



In order to satisfy the yellow marked part "the bandwidth containing 99 % of the power of the signal, shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth", two possibilities of the realization are consecutive PRBs (case 1) and distributed PRBs (case 2) as shown in Figure 1.
As the transmission power limitation, in addition to maximum mean e.i.r.p, a maximum mean e.i.r.p. density like "10 mW/MHz in any 1 MHz" is defined.
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[bookmark: _Ref102036838]Figure 1 OCB requirement
To meet OCB regulation and maximize the transmission power with satisfying maximum mean e.i.r.p. density, interlaced mapping was introduced for NR-U PUSCH/PUCCH as shown in Figure 2. When BWP is RB set (20 MHz) without inter/intra guard band, 10 or 11 PRBs belonging to a interlace#.
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[bookmark: _Ref102014997]Figure 2 Interlaced mapping

NR Sidelink slot format
NR sidelink slot format is shown in Figure 3. PSCCH is transmitted in the same slot as the associated PSSCH.  Subchannel size is (pre-)configured from 10,12,15,20,25,50,75, or 100 PRBs in a resource pool. PSSCH is allocated to consecutive subchannels. PSCCH size is (pre-)configured from 10,12,15,20, or 25 PRBs in a resource pool. PSCCH is transmitted from lowest PRB index of PSSCH.
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[bookmark: _Ref101866070]Figure 3 Sidelink slot format

SL resource pool
For SL resource pool, followings are agreed in RAN1#109-e.
	· 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



We think the resource pool is (pre-)configured to include integer number of RB sets is enough. The sub-set of PRBs of one RB set is included in one SL resource pool is not necessary to be supported. Even if resource pool is divided to sub-set of PRBs of one RB set, a UE detects other resource pool’s PRBs by channel sensing. It is difficult to align Type 1 and Type 2 channel access for different resource pools. Then resource pool division is RB set for frequency domain is enough. Time division of the resource pool is also used. 
Proposal 1: The sub-set of PRBs of one RB set is included in a SL resource pool is not supported.

PSSCH/PSCCH
In RAN1#109-e meeting, both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point. For region without OCB requirement, R16/R17 NR SL contiguous RB-based can be used. For region with OCB requirement, we envisage two options for sidelink unlicensed band.
Option 1) Subchannel size is aligned with an RB set (NCB).
The subchannel size is (pre-)configured to meet OCB requirement in this option. Then, interlaced mapping is not necessary. In an RB set, the maximum transmission PRBs are shown in Table 1. Depending on the inter/intra guard band, the number of PRBs for a subchannel could be reduced from maximum transmission PRBs. Although one may think around 100 PRBs could be too large for 15 kHz SCS, it could be used for larger data transmission.  Note that subchannel size 100 PRBs is supported in licensed band. For 30 or 60 kHz SCS, which we think more suitable TDM sharing among other RATs and among UEs, the PRB size would be more acceptable.  In this option, PSCCH is located on consecutive PRBs without intra-cell guard band. The size of PSCCH is (pre-)configured in a resource pool. 
[bookmark: _Ref102017108]Table 1 Maximum transmission PRBs
	SCS
	20MHz

	15 kHz
	106 PRBs

	30 kHz
	51 PRBs

	60 kHz
	24 PRBs



Option 2) Interlaced mapping of PRBs is introduced for sidelink unlicensed band.
As similar as NR-U, interlaced mapping of PRBs is introduced. Subchannel size is (pre-)configured as multiple interlaces in resource pool. Then the subchannel size is flexible and smaller than all PRBs in a RB set. PSCCH can be allocated from lower PRB number in a subchannel without intra-guard band and PSCCH size is (pre-)configured in a resource pool. 
Our view is to support sidelink in unlicensed band is to investigate new usage case and the optimization is not essential for the first release. We think the amount of unlicensed operation should be limited in order to finalize 4 objectives for Rel.18 [1] in timely manner. However, subchannel size is around 100 PRBs only might be too large for 15 kHz SCS. Then only 15kHz SCS support interlaced mapping could be considered. When introduce interlaced mapping for SL, we think IBE issue is not serious in SL-U since SL-U is target for short range communication. Then, if interlace mapping is supported, NR-U interlace mapping should be reused to reduce spec impacts. 
Proposal 2: Subchannel size is aligned with 20 MHz (NCB) for 30 kHz SCS and 60 kHz SCS.
Proposal 3: Interlaced mapping is only supported in 15 kHz SCS and NR-U interlace mapping is reused.

Multiple channel
In RAN1#109-e, following was agreed.
	· 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.



In NR-U, intra-cell guard band between RB sets can be semi-statically configured. When consecutive RB sets are allocated, intra-cell guard bands can be used for UL transmission in NR-U as follows.
	38.214  6.1.2.2.3	Uplink resource allocation type 2
For DCI 0_0 monitored in a UE-specific search space and DCI 0_1, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. For DCI 0_0 monitored in a common search space, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and a single uplink RB set of the active UL BWP.
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Figure 4 Sidelink slot format

We proposed to reuse NR-U behaviour to SL-U. Intra-cell guard band between RB sets is semi-statically configured in a resource pool. When consecutive RB sets are allocated by PSCCH, intra-cell guard bands can be used for PSSCH transmission. When one RB set are allocated by PSCCH, intra-cell guard bands is not used for PSSCH transmission. In NR-U, CORESET could be mapped over multiple RB sets. However, for sidelink, largest PSCCH size is 25 PRBs in licensed band. PSCCH located to multiple RB sets is not necessary. Then PSCCH should be located within an RB set. As discussed in section 2.3, PSCCH should be located on PRBs other than intra-cell guard band
Proposal 4: Intra-cell guard band between RB sets is semi-statically configured in a resource pool.
Proposal 5: When consecutive RB sets are allocated by PSCCH, intra-cell guard bands can be used for PSSCH transmission.
Proposal 6: PSCCH should be located on PRBs other than intra-cell guard band

PSFCH
Followings were agreed in RAN1#109-e.
	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 



We envisage two options as follows.
Option 1) Only R16 NR SL PSFCH format 0 is supported.
For region without OCT requirement, PSFCH format 0 is used. For region with OCB requirement, according to ETSI regulation, during a COT, equipment may operate temporarily with an OCB of less than 80 % of its nominal channel bandwidth with a minimum of 2 MHz. If it can be used for PSFCH, only PSFCH format 0 is enough. If it can not be allowed, PSFCH is not supported in the region with OCB requirement.
Option 2) Interlaced mapping is introduced. 
NR-U interlaced PUCCH format 0 is reused. PUCCH format 0 is mapped to one interlace in RB set. Frequency repetition of L=12 legacy PUCCH sequence is applied and CS is cycled by 5*IRBindex for PAPR/CM reduction. 
To introduce interlaced mapping of PSFCH has larger specification impact. To identify the interlace number of PSFCH from subchannel number and slot number, the specification change is necessary. Even without PSFCH support, sidelink unlicensed band can be used. Therefore, we propose PSFCH is not supported when OCB requirement is not satisfied. 
Proposal 7: Only R16 NR SL PSFCH format 0 is supported.
For PSFCH location in time domain, we think PSFCH occurs periodically, e.g., every {0,1,2,4} slots in licensed band could be reused. Whether PSFCH is within same COT as related PSSCH or not is depending on the COT duration. Then we propose to allow PSFCH location is different COT from related PSSCH. In case of LBT failure for PSFCH location, PSFCH is just drop could be used. Additional PSFCH location for retransmission is not necessary. Even in licensed band, PSFCH dropping is occurred by half duplex issues and power limitation of multiple PSFCH transmission. Dynamic PSFCH location indicated by SCI is not necessary to be supported. If it is supported, more PSFCH time location is necessary.
Proposal 8: PSFCH location is different COT from related PSSCH should be allowed.

S-SSB
Followings were agreed in RAN1#109-e.
	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 sidelink, S-SS/PSBCH block are transmitted in consecutive 11PRBs, and UE doesn’t transmit PSCCH/PSSCH on other PRBs simultaneously. A UE assumes a frequency location corresponding to the subcarrier with index 66 in the S-SS/PSBCH block is provided by sl-AbsoluteFrequencySSB. In unlicensed band as n46, n96 and n102, GSCN (Global Synchronization Channel Number) are listened in [3]. If same GSCN is used for S-SS/PSBCH, the PRBs for S-SS/PSBCH block are not located on edge of 20 MHz.
For Option 1 (Using interlaced RB transmission), when there is no inter/intra guard band, interlace #0 has 11 PRBs in 20 MHz for 15 kHz and 30 kHz SCS. However, if there is inter/intra guard band, either two interlace or new interlace mapping design is needed. In the region where a maximum mean e.i.r.p. density is specified, maximum transmission power can be achieved in this option. 
For Option 2 and 3, we envisage following two options as shown in Figure 5.
Option A) at least one of S-SSB location is provide by sl-AbsoluteFrequencySSB which selected from GSCN for n46, n96 and n102 and additional S-SS/PSBCH blocks are transmitted on both edges as shown in Figure 4.
This option can reuse the NR-U operation and Sidelink S-SS/PSBCH block design. The number of PRBs of other SL transmissions (option 2) or additional S-SS/PSBCH block (option 3) could be one or more PRBs to meet OCB requirement. Transmission UE should transmit the other SL transmissions (option 2) or additional S-SS/PSBCH block (option 2) on both edges. However, receiver UE doesn’t need to detect other SL transmissions (option 2) or additional S-SS/PSBCH block (option 3) and just detects S-SS/PSBCH block as similar as licensed band.
Option B) Location of S-SS/PSBCH block is provide by sl-AbsoluteFrequencySSB which can be different from GSCN for n46, n96 and n102, and it is located on one of edge. Other SL transmissions (option 2) or additional S-SS/PSBCH block (option 3) is located on the other edge as shown in Figure 4.
This option has spec impact on RAN4. Depending on the region, the value of sl-AbsoluteFrequencySSB might be different. 
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[bookmark: _Ref102038118]Figure 5 S-SS/PSBCH block

For Option 4, new mapping design of S-SS/PSBCH block for wideband is needed. It has larger spec impact.
The distributed transmission should be supported for S-SS/PSBCH block to meet OCB requirement in unlicensed band. Among 4 options, option 2 and 3 with option A has lower spec impact. For receiver side, the detection of S-SS/PSBCH block can be similar as licensed band. Therefore, we propose follows.
Proposal 9: Location of S-SS/PSBCH block is provide by sl-AbsoluteFrequencySSB which selected from GSCN for n46, n96 and n102, and additional signal transmitted on both edges. FFS on additional signal is other SL transmissions (option 2) or additional S-SS/PSBCH block (option 3).
Conclusion
This document provided our view on channel design for sidelink on unlicensed spectrum. Based on the discussions, we have following proposals.
Proposal 1: The sub-set of PRBs of one RB set is included in a SL resource pool is not supported.
Proposal 2: Subchannel size is aligned with 20 MHz (NCB) for 30 kHz SCS and 60 kHz SCS.
Proposal 3: Interlaced mapping is only supported in 15kHz SCS and NR-U interlace mapping is reused.
Proposal 4: Intra-cell guard band between RB sets is semi-statically configured in a resource pool.
Proposal 5: When consecutive RB sets are allocated by PSCCH, intra-cell guard bands can be used for PSSCH transmission.
Proposal 6: PSCCH should be located on PRBs other than intra-cell guard band
Proposal 7: Only R16 NR SL PSFCH format 0 is supported.
Proposal 8: PSFCH location is different COT from related PSSCH should be allowed.
Proposal 9: Location of S-SS/PSBCH block is provide by sl-AbsoluteFrequencySSB which selected from GSCN for n46, n96 and n102, and additional signal transmitted on both edges. FFS on additional signal is other SL transmissions (option 2) or additional S-SS/PSBCH block (option 3).
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