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Background
[bookmark: _Hlk57107786]The Objective 2 of the Work Item Description (WID) on NR sidelink evolution [1] is to study and specify support for sidelink operation in the unlicensed bands with focus on the FR1 unlicensed bands, n46 and n96/n102. The agreements reached on this objective at the 3GPP TSG RAN WG1 #109-e meeting are listed below [2].

Agreement 
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement 
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.

Agreement 
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation

Agreement 
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2

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



Design of Short S-SSB/SLSS for Improved Synchronization and for Improved Channel Access

Part of the relevant agreements: 
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· 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.
· FFS: whether to support 4 symbols S-SSB
· FFS whether any changes to R16/R17 NR SL synchronization procedure.

In Section 2.3 of our companion contribution on channel access mechanisms [3], the concept of using short                      S-SSB/SLSS transmissions for the dual purposes of improved synchronization and improved channel access were discussed. This contribution discusses illustrative designs for such potential candidate S-SSB/SLSS blocks. These candidate synchronization signal designs are intended to supplement the S-SSB blocks that will be designed exclusively for synchronization purposes. Therefore, the performance realized using only these candidate designs may not be comparable to those that are exclusively designed for the synchronization purpose. 

The examples presented here are for the 60 kHz subcarrier spacing (SCS) case; however, similar designs could be adopted for other SCS cases. 
Illustrative 1-Symbol SLSS
As discussed in [3], in some scenarios only a gap of a single symbol may be available to transmit synchronization signals from a UE. In such scenarios, the S-PSS should be sent as it is the signal that is used for synchronization of the UE's timing. As discussed in [3], even this one-symbol SLSS could be effectively used for improved channel access in addition for synchronization purposes. 
The R16/R17 NR sidelink S-PSS signal occupies 11 RBs and it is repeated on two symbols in the S-SSB time slot [4]. Figure 1 shows an example of a design of the one-symbol SLSS when the subcarrier spacing (SCS) is 60 kHz. The bandwidth of the channel is assumed to be 20 MHz. The left-side figure shows two S-PSS signals arranged in the frequency domain. Each S-PSS shown on the left-side figure consists of 11 RBs, which occupies a bandwidth of approximately 7.92 MHz. 
[image: ]
[bookmark: _Ref111027851]Figure 1. Example design of a 1-symbol SLSS. Use all REs (left figure); use alternate REs (right figure).
The right-side of this figure shows a comb-like resource element (RE) design with the synchronization information sent only on alternate REs. This comb-like RE design uses alternate REs as shown in this figure. The comb-like RE signal designs are shown to be advantageous in implementation complexity when acquiring the initial synchronization clocks [5],[6]. Additionally, transmission combs are used in SRS and PT-RS [7].
The first symbol in the R16/R17 NR sidelink slot structure is typically used for AGC purposes, in addition to its intended purposes. This additional redundancy is not available for a 1-symbol design. This 1-symbol S-PSS is used to supplement the already designed S-SSB scheme so it could be assumed that the redundant AGC symbol is not critical in scenarios where the 1-symbol S-PSS is used. 
Illustrative 2-Symbol SLSS
A 2-symbol SLSS can be considered when the gap between the end of the Type 2 procedure and the start of the sidelink transmission boundary is longer than 2-symbol lengths. With two symbols available the S-SSS can be supported in one of the symbols, in addition to the previously considered S-PSS signal. Similar to the S-PSS signals, the R16/R17 NR sidelink S-SSS signal occupies 11 RBs and it is repeated on two symbols in the S-SSB time slot [4].
Figure 2 shows an example of this 2-symbol SLSS with the S-PSS signal sent after the S-SSS signal so that the S-PSS can be used to mark the slot boundary of the sidelink symbol. An optional design that consists of the comb-like REs can also be considered for either the S-PSS or the S-SSS signals. 
[image: ]
[bookmark: _Ref111036067]Figure 2. Example design of a 2-symbol SLSS.

Proposal 1: Support design of 1- and 2-symbol SLSS to improve synchronization and channel access. Support studying the benefits of comb-like RE designs for S-PSS and S-SSS. 

Illustrative 4-Symbol S-SSB
A 4-symbol S-SSB can be used when the aforementioned gap is greater than the length of four symbols. In this case, the two additional symbols could be used to send the PSBCH information. The R16/R17 NR sidelink contains 9 PSBCH symbols with each symbol containing 11 RBs; this gives a total of 99 RBs for the PSBCH transmission. For the 60 kHz SCS examples considered in the previous subsections, each symbol contains approximately 25 RBs so the two symbols can support only half of the current PSBCH data content. This presents a challenge because the PSBCH has to be redesigned in this scenario. 

The information payload of the PSBCH is only 56 bits but it is channel encoded and rate matched to realize 1782 coded and rate matched bits before modulation [7]. In comparison, the PBCH in the NR consists of 864 coded and rate matched bits for the same 56-bit information payload [7]. The number of these coded and rate matched bits is approximately equal to half the number of coded bits used in the current PSBCH design. Because the number of available RBs with the intended 2-symbol PSBCH design is approximately half the number of RBs of the current PSBCH design, this motivates investigating a design similar to that used in the PBCH of the NR. Note that unlike in the NR, the intent in this design is to use two symbols exclusively for PSBCH and the other two symbols exclusively for SLSS. 

Consider a channel coding and a rate matching scheme similar to that used in PBCH so that there are 864 coded bits in the candidate PSBCH design. With QPSK modulation this would require 432 REs. The PSBCH contains DMRS signals every 4th RE. Combining these, the total number of REs required amounts to 576, which is equal to 48 RBs. This number fits nicely with the candidate 2-symbol PSBCH design. 

Figure 3 shows an example design for this 4-symbol S-SSB that consists of a 2-symbol PSBCH, a 1-symbol S-SSS and a 1-symbol S-PSS. The error protection on this candidate PSBCH payload is not as strong as the existing PSBCH; however, this should not be a drawback as these short PSBCH transmissions are used to supplement the regular S-SSB blocks that are designed exclusively for synchronization purposes. 
[image: ]
[bookmark: _Ref111054958]Figure 3. Example design of a 4-symbol S-SSB.


Proposal 2: Support the design of 4-symbol short S-SSB blocks for the dual purposes of improved synchronization and improved channel access.


Summary of Proposals
Proposal 1: Support design of 1- and 2-symbol SLSS to improve synchronization and channel access. Support studying the benefits of comb-like RE designs for S-PSS and S-SSS. 

Proposal 2: Support the design of 4-symbol short S-SSB blocks for the dual purposes of improved synchronization and improved channel access. 
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