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Introduction
A work item on NR sidelink enchantment was updated [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.
[image: ]
[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#.
[image: ]
[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


PSSCH/PSCCH
In RAN1#110bis-e, followings were agreed.
	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets

Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where Ues supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details




For PSSCH transmission, we think PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH (option 1) is enough and option 2 is not necessary to be supported since UEs in same resource pool support same bandwidth. UEs in the same resource pool can monitor SCI on configured RB sets in the resource pool.
Proposal 1: PSCCH locates in every RB set of corresponding PSSCH is not necessary.
In RAN1#110bis-e, followings were agreed.
	Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down-select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details



For FRIV, we consider following 4 alternatives as shown in Figure 4 for combinations of above option A/option B and option 1/option 2. There are no combination of option B and option 1. There are two alternatives for the combination of option B and option 2. The subchannel in Figure 4 is a logical mapping. It could be interlaced mapping. The PSCCH is located on lowest subchannel# in lowest RB set.
Alt 1) The combination of option A and option 1. It is two-level indication as similar as NR-U.
Two-level indication is used in NR-U. If two-level as subchannel and RB set is used in SL-U, PSSCH can be located within an RB set or distributed to consecutive RB sets. The location of PSCCH can indicates both starting subchannel # and starting RB set #. The resource allocation is more flexible than the following alt 3 and alt 4. The distributed allocation of PSSCH may cause the fragmentation for localized allocation. The resource sensing procedure would be more complex by mixing localized allocation and distributed allocation.
Alt 2) The combination of option A and option 2. Subchannel numbers are counted across RB sets and consecutive subchannel number is assigned to same interlace number first.
Even in two subchannel is allocated, PSSCH are distributed to RB sets in a resource pool. The location of PSCCH can indicates staring subchannel index. This option has merit for frequency diversity, PSD requirement and CM/PAPR aspect. However, this option causes fragmentation and block unnecessary resources for Wi-Fi/NR-U/LAA. Therefore, this design is more optimized for multiple RB set operation. 
Alt 3) The combination of option B and option 2. Bit map allocation as similar as DL type 0.
This alternative has full flexibility of resource allocation. The resource sensing procedure is more complex than alt 1.
[bookmark: _Hlk115412175]Alt 4) The combination of option B and option 2. Subchannel numbers are counted across RB sets and subchannel index is assigned consecutive numbers within RB set first.
PSSCH can be located within an RB set and consecutive RB sets. The location of PSCCH can indicates staring subchannel index. In this option, PSSCH can be located the same RB set as much as possible when the subchannel usage starts from #0, #5, #10 in Figure 4(d). For multiple RB sets transmission, the used interlace position can be not equal and this increases CM/PAPR. To share frequency resource with Wi-Fi/ NR-U/LAA, this option is preferable to avoid unnecessary blocking. Therefore, this design is more optimized for single RB set operation. 
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(a) Alt 1                                                                                       (b) Alt 2
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(c) Alt 3                                                                                       (d) Alt 4
[bookmark: _Ref115408706]Figure 4 PSSCH resource indication in frequency domain
From above discussion, we view to optimized single RB set transmission is more important as it is more frequent operation, and it can avoid unnecessary resource blocking to other system. We propose to support Alt 4. Comparing Alt 1 and Alt 3, we prefer Alt 1 since full flexibility courses more complexity of resource sensing and selection.
Proposal 2: Subchannel numbers are counted across RB sets and subchannel index is assigned consecutive numbers within RB set.

Additional starting symbol
In RAN1#110bis-e, following was working assumption.
	Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH



When 2 starting symbols are configured, even if 1st starting symbol is used, whether AGC is necessary on 2nd starting symbol or not was discussed. As shown in Figure 5, when a UE transmit from 1st stating symbol, another UE transmits from 2nd stating symbol in different RB set. In this case, AGC on 2nd stating symbol is necessary for both UEs as the receiver's gain can be different because of additional reception of different RB set. 
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[bookmark: _Ref118477112]Figure 5 AGC for 2nd stating symbol

For TBS determination, SCI need to indicate one slot or half slot like a PSFCH length. Even in 2nd staring symbol is used, one slot could be indicated by SCI for TBS determination. This operation can be useful when the retransmission could be one slot.
Proposal 3: AGC on 2nd stating symbol is necessary even if 1st starting symbol is used when 2 candidate starting symbols are (pre-)configured in a resource pool. 
Proposal 4: SCI indicates one slot or half slot for TBS determination.

Multiple channel
In RAN1#110bis-e, following was agreed.
	Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission



For TBS determination, equal sub-channel size should be set. A interlace in an RB set has 10 or 11 PRBs. Then 10 PRBs per sub-channel is used for TBS determination regardless of the intra-cell guard band. For PSFCH and S-SSB intra-cell guard band is not necessary to be used since the receiver UE of PSFCH and S-SSB doesn’t know whether intra-cell guard band is used or not.
Proposal 5: For TBS determination, one subchannel is 10 PRBs is used.  
Proposal 6: PRBs within intra-cell guard band are not used for PSFCH/S-SSB transmission.

PSFCH
Followings was agreed in RAN1#110.
	Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives



For region without OCB requirement, only PSFCH format 0 is used. For region with OCB requirement, interlaced mapping is used. NR-U interlaced PUCCH format 0 is baseline. 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 improve PSFCH capacity, cyclic shifts patterns could be modified as in Alt2.
Proposal 7: Only R16 NR SL PSFCH format 0 is used in region without OCB requirement. 
Proposal 8: For interlaced mapping of PSFCH, each PSFCH transmission occupies an interlace, and apply PRB-level cyclic shift.
Followings was agreed in RAN1#110bis-e.
	Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
Combination of above alternatives are not precluded 



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. 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 9: PSFCH resources are (pre-)configured.
Proposal 10: When LBT is failed, PSFCH is dropped.
S-SSB
Followings were agreed in RAN1#110bis-e.
	Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:
· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH
· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported
FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)
· 



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 Option3, we envisage following two options as shown in Figure 6.
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 6.
This option can reuse the NR-U operation and Sidelink S-SS/PSBCH block design.  Repetition of S-SS/PSBCH block (option 3) could be one or more PRBs to meet OCB requirement. Transmission UE should transmit  additional S-SS/PSBCH blockon both edges. However, receiver UE doesn’t need to detect 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. Additional S-SS/PSBCH block is located on the other edge as shown in Figure 6.
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 6 S-SS/PSBCH block

The distributed transmission should be supported for S-SS/PSBCH block to meet OCB requirement in unlicensed band. Option 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 11: 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. 
Conclusion
This document provided our view on channel design for sidelink on unlicensed spectrum. Based on the discussions, we have following proposals.
Proposal 1: PSCCH locates in every RB set of corresponding PSSCH is not necessary.
Proposal 2: Subchannel numbers are counted across RB sets and subchannel index is assigned consecutive numbers within RB set.
Proposal 3: AGC on 2nd stating symbol is necessary even if 1st starting symbol is used when 2 candidate starting symbols are (pre-)configured in a resource pool. 
Proposal 4: SCI indicates one slot or half slot for TBS determination.
Proposal 5: For TBS determination, one subchannel is 10 PRBs is used.  
Proposal 6: PRBs within intra-cell guard band are not used for PSFCH/S-SSB transmission.
Proposal 7: Only R16 NR SL PSFCH format 0 is used in region without OCB requirement. 
Proposal 8: For interlaced mapping of PSFCH, each PSFCH transmission occupies an interlace, and apply PRB-level cyclic shift.
Proposal 9: PSFCH resources are (pre-)configured.
Proposal 10: When LBT is failed, PSFCH is dropped.
Proposal 11: 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. 
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