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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#94-e approved a new work item on NR sidelink evolution [1], which is further updated in RAN#96 [2]. One objective of this WI is to study and specify sidelink on unlicensed spectrum for both mode 1 and mode 2:
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]
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
This paper will discuss SL-U physical channel design framework, including consideration on 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, PSCCH/PSSCH, PSFCH and SL-HARQ, and S-SSB.
[bookmark: _Ref129681832]Physical channel design
Bandwidth part and resource pool 
At RAN1 #109-e, following agreements on SL BWP and resource pool were made [3].
	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.



[bookmark: _Ref100752441]Frequency domain configuration
Resource pool configuration
On resource pool configuration, one FFS point is whether/ how to support one SL resource pool can include sub-set of PRBs of one RB set. We do not support such design with the following analysis. 
For unlicensed spectrum, before transmission, LBT has to be performed per RB set except short control signaling. Transmissions can also take place on multiple RB sets subject to multi-channel access procedure. 
If a resource pool includes sub-set of PRBs of one RB set, a UE can only use part of this RB set if LBT succeeds on this RB set, thus causing resource waste. In addition, if bandwidth of the resource pool is less than 80% of 20MHz channel, the UE cannot satisfy the OCB requirement.
In summary, the design that one SL resource pool can include sub-set of PRBs of one RB set will cause resource waste and may not satisfy OCB requirement, thus not supported.
[bookmark: _Ref110523694][bookmark: _Ref111215296]Observation 1: If a resource pool includes sub-set of PRBs of one RB set, it may result in wasting resource and violating OCB requirement.
[bookmark: _Ref110523655][bookmark: _Ref111215454]Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB set.
Usage of intra-cell guard band PRB
On PRBs within intra-cell guard band of two adjacent RB sets, one FFS point is to how such PRBs are used. In NR-U, PRBs within intra-cell guard band can only be used when UE’s LBT is successful on two adjacent RB sets and the UE uses these two RB sets simultaneously for transmission. Otherwise, these PRBs remain unusable. Such design can be reused in SL-U directly.
[bookmark: _Ref111215456]Proposal 2: SL-U uses PRBs within intra-cell guard band in the same way as NR-U, i.e., PRBs within intra-cell guard band of two adjacent RB sets can only be used when UE’s LBT is successful on these two RB sets and the UE uses these two RB sets simultaneously for transmission.
Time domain configuration
In R16/R17 NR sidelink, some slots are excluded from a resource pool, i.e., excluding slots for S-SSB, slots for 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. 
Unlicensed band can be accessed by a UE with either 3GPP or non-3GPP channel access technology subject to regulation. Therefore, even under gNB scheduling, there is no guarantee that the channel can be available for DL or UL or SL transmission at a given time. If SL-U considers Uu TDD configuration and excludes slots from SL resource pool as per Rel-16 NR SL design, it would unnecessarily restrict channel access for SL transmissions and reduce COT utilization efficiency for SL-U. Therefore, we propose that when determining which slots belong to a SL resource pool, Uu TDD configuration is not taken into account.
[bookmark: _Ref111215458]Proposal 3: In SL-U, do not consider Uu TDD configuration when determining slots belonging to a SL resource pool.  
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, resulting in COT lost. For example, as shown in Figure 1, assuming the (pre-)configured bitmap is {1111000}, there are 3 slot gaps between transmission in logical slot #4 and #5, and there is no transmission during such 3 slots in this resource pool. 
In addition, Rel-16 reserved slots are inserted such that the remaining available slots for sidelink is always integer multiple of bitmap length, which further adding slot-level gap in the SL resource pool. If bitmap is set to all “1”, the reserved slots are not needed.
[bookmark: _Ref111215299]Observation 2: If the bitmap of a resource pool is not set to all “1”s, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT. 
[bookmark: _Ref111215460]Proposal 4: Set the value of bitmap to all “1”s to avoid slot-level transmission gaps in a resource pool.
[image: ]
[bookmark: _Ref102074373]Figure 1 Logic slots in a resource pool 
In R16/R17, S-SSB slots are excluded from resource pool to avoid half-duplex issue between S-SSB and other SL channel/signal. Half-duplex issue still exists in SL-U so that same design can be reused, i.e., R16/17 NR SL S-SSB slots are excluded from resource pool. It is worth noting that SL-U may introduce additional S-SSB occasions to address LBT failure issue, whether or not such additional S-SSB occasions are excluded from the resource pool can be further discussed once the details are clearer.
[bookmark: _Ref111215461] Proposal 5: R16/17 NR SL S-SSB slots are excluded from resource pool.
Slot structure
At RAN1 #109-e, following agreements on slot structure were made [3]:
	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


A UE’s LBT can be successful at any time, i.e. not necessarily at the slot boundary, since LBT sensing granularity is 9 us which is neither a symbol nor a slot granularity used in NR sidelink. If a UE’s LBT succeeds in the middle of a slot, and if NR sidelink slot structure is reused, starting symbol for PSCCH/PSSCH transmission might be missed for transmission. Then, the UE has to wait until next slot boundary for sidelink transmission, leading to the risk that the channel might be occupied by other UEs (including non-3GPP RAT UE). This may result in SL-U performance being degraded due to forced and unnecessary delayed channel access. 
[bookmark: _Ref111215323]Observation 3: Since LBT can be successful at any point within a slot, starting symbol for PSCCH/PSSCH transmission might be missed if R16/R17 sidelink slot structure is reused, which degrades SL-U performance.
A UE expects to access the channel after LBT success as soon as possible. Instead of one fixed starting symbol for PSCCH/PSSCH transmission as defined in Rel-16, more starting symbols for PSCCH/PSSCH transmission can be introduced to provide more chance for a TX UE to transmit after LBT success. On the other hand, the number of starting symbol for PSCCH/PSSCH transmission should be minimized to reduce UE implementation complexity. Thus, two starting symbol for PSCCH/PSSCH transmission is a good balance between performance and UE complexity. These two starting occasions can be regarded as two sets of starting symbol with different symbol length in a slot. R16 NR SL design can be reused, where starting symbol is provided by sl-StartSymbol-r16 with value range as {sym0, sym1, sym2, sym3, sym4, sym5, sym6, sym7}, and symbol length in a slot is provided by sl-LengthSymbols-r16 with value range as {sym7, sym8, sym9, sym10, sym11, sym12, sym13, sym14}. 
An example is given in Figure 2, where one starting symbol is #0 symbol with length of 14 symbols, and another starting symbol is #4 symbol with length of 10 symbols. A TX UE can start a transmission at the corresponding candidate AGC occasion after LBT success. In such design, no additional specification impact is needed in terms of, e.g. slot structure, DMRS patterns.
 [image: ]
[bookmark: _Ref102074392]Figure 2 Candidate starting symbols for PSCCH/PSSCH transmission (one starting from #0 and another starting from #4)
[bookmark: _Ref111215326]Observation 4: Introducing more starting symbols within a slot for the PSCCH/PSSCH transmission is beneficial to provide more channel access chances, but at the cost of increasing UE complexity. 
· Two starting symbols within a slot for the PSCCH/PSSCH transmission is a good balance between performance and UE complexity, and it can be regarded as defining two sets of starting symbol with different symbol length in a slot, thus having no additional specification impact in terms of, e.g. slot structure, DRMS patterns, etc.
When a slot includes two starting symbols for the PSCCH/PSSCH transmission, a TX UE transmits AGC and PSCCH symbols at the first available AGC and PSCCH candidate resource location in the slot right after LBT success. The RX UE performs AGC training and PSCCH decoding only at AGC and PSCCH candidate occasions in a slot until it successfully decodes a PSCCH for the initial slot of a COT. After a UE receives COT sharing information and knows the COT structure, the UE does not need to search for multiple AGC and PSCCH candidates in slots within the COT. 
[bookmark: _Ref111215334]Observation 5: When a UE receives COT sharing information and knows the COT structure, the UE does not need to search for multiple starting symbols in slots within the COT. 
In the following, we provide evaluation results to show the gain of the proposed scheme, i.e., introducing two starting positions within a slot. 
In our simulation, there are 3 clusters and each one includes a center UE and four randomly dropped surrounding UEs, as shown in Appendix Table 1. One of the surrounding UEs generats XR traffic and the other three surrounding UEs generats FTP traffic, and they communicate with the center UE to form a mixed traffic comminication system. We assume 15 ms PDB requirement for XR cloud gaming traffic and 10 ms PDB requirement for XR pose/control traffic, as in TR 38.838. In addition, there are also Wi-Fi devices with FTP traffic and will introduce interfernce to SL-U. 
In the baseline scheme, there is only one starting symbol (symbol #0) within a slot for PSCCH/PSSCH transmission. In the proposed sheme, there are two starting symbol (symbol #0 and #4) within a slot for PSCCH/PSSCH transmission. More details about simulation assumptions can be found in the Appendix. 
As shown in Figure 3, the proposed scheme can achive 52% UPT gain compared with baseline for XR traffic. Such large UPT gain mainly comes from the fact that XR traffic can access the channel for transmission as soon as possible with more opportunities. In our simulation, we assign CAPC=1 to XR traffic since they are important. The maximum sensing durations for Type 1 channel access for  CAPC = 1 is 2*9 + 16 + 7*9 = 97 us, which is less than 3-symbol length of a 30 kHz SCS. Thus, the Type-1 channel access of XR traffic can be successful before the start of 4th symbol in a slot and can access the channel quickly thanks to the enhanced slot structure. 
  [image: C:\Users\y00613180\AppData\Roaming\eSpace_Desktop\UserData\y00613180\imagefiles\B92D164B-3F5B-40F0-BA74-3B1A931612DE.png]52%

[bookmark: _Ref109759855]Figure 3 Performance comparison between one starting symbol and two starting symbol within a slot for PSCCH/PSSCH transmission 
[bookmark: _Ref111215335]Observation 6: Compared with legacy slot structure, i.e., one starting symbol within a slot for PSCCH/PSSCH transmission, introducing two starting symbols can largely increase UPT, especially for traffic with low latency requirement such as XR. 
[bookmark: _Ref111215463]Proposal 6: Support one additional starting symbol within a slot for the PSCCH/PSSCH transmission.
PSCCH/PSSCH
At RAN1 #109-e, following agreements on PSSCH and PSSCH were made [3].
	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.



Contiguous RB and interlaced RB
As agreed in last meeting, for PSCCH and PSSCH, both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as a starting point. 
Due to regulation requirement on OCB, interlace-based resource allocation is introduced in NR-U, where a carrier is sliced into multiple interlaces, of each contains a number of distributed RBs with equal spacing. In NR-U, the number of RBs in an interlace is no less than 10. For a carrier, 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 60 kHz SCS, mainly because the necessity and benefits are not clear.
For similar purpose, interlaced RB 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 in indoor scenario, so that the received power difference 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.
[bookmark: _Ref111215336]Observation 7: For SL-U, the IBE impact of interlaced RB-based transmission is very limited because SL-U is supposed to be used for short range communication, where the received power difference among different UEs at one UE is relatively small.
In addition, contiguous RB allocation is supported in both 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 4. 
[bookmark: _Ref111215464]Proposal 7: For PSCCH and PSSCH in SL-U, both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are supported.

 [image: ]
[bookmark: _Ref111108909]Figure 4 Illustration of contiguous RB and interlaced RB
Sub-channel definition
As shown in RAN1#109-e agreement above, one point that needs further discussion is frequency domain resource allocation granularity for PSCCH and PSSCH, i.e., whether frequency domain resource allocation granularity is one sub-channel for PSSCH transmission and whether 1 sub-channel equals K interlaces if sub-channel is supported. We provide our analysis as below.
In R16 NR-V, the frequency domain resource allocation granularity is one sub-channel for PSSCH transmission, where the minimum size of sub-channel is 10 PRBs. An interlace also includes at least 10 PRBs and it’s the frequency domain resource allocation granularity for PUSCH transmission in NR-U. It is then straightforward to define one sub-channel equals 1 interlace and re-use sub-channel as frequency domain resource allocation granularity for PSSCH transmission. As a results, both contiguous RB and interlace RB based transmission use sub-channel as frequency domain resource allocation granularity, thus achieving a unified design and minimize specification efforts.
It is worth noting that in NR-U, interlace is define per carrier, not per RB set, so that 1 interlace may span across multiple RB sets. NR-U introduces two-level resource indication, i.e., RB set index and interlace index, to indicate which RB set(s) and which interlace(s) are used currently. These designs can be reused in SL-U. Therefore, if a SL resource pool includes multiple RB sets, 1 sub-channel is defined as 1 interlace across all RB sets within this resource pool. For example, as shown in  Figure 4 (b), assume the resource pool includes 2 RB sets, then sub-channel#1 equals to interlace#1 and includes PRBs across these two RB sets.
[bookmark: _Ref111215466]Proposal 8: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· One sub-channel equals to one interlace across all RB sets within the resource pool.
PSCCH/PSSCH mapping
As shown in Figure 5 (a), in Rel-16 NR-V, PSCCH locates in the lowest sub-channel of the sub-channel(s) of corresponding PSSCH, and is always within one sub-channel. Such PSCCH and PSSCH multiplexing can be reused for interlaced transmission in SL-U. As shown in Figure 5 (b), for interlaced transmission, the frequency start of PSCCH aligns with start of associated PSSCH, and is always within one sub-channel which contains interlaced RBs. 
In Rel-16 NR-V, resource pool (pre-)configuration ensures that frequency of PSCCH allocation is no larger than sub-channel size, such that a UE is only required to blind decode one PSCCH in a given sub-channel. Such restriction can be reused for interlaced transmission in SL-U to avoid increasing UE blind decoding complexity. 
[bookmark: _Ref111215467]Proposal 9: For PSCCH and PSSCH in SL-U, for both contiguous RB-based and interlaced RB-based transmission: 
· PSCCH is always transmitted within one sub-channel
· R16 NR-V PSCCH and PSSCH multiplexing is reused, i.e., PSCCH locates in the sub-channel with the lowest index of the sub-channel(s) of corresponding PSSCH
   [image: ]
[bookmark: _Ref100773540]Figure 5 PSCCH and PSSCH mapping: (a) in terms of contiguous RB allocation; (b) in terms of interlaced RB allocation 
Resource indication
As proposed above, sub-channel is used as the basic resource allocation granularity for both contiguous RB transmission and interlaced RB transmission. For contiguous RB transmission, once the size of sub-channel is dertermined, the RBs within the resource pool are allocated to each sub-channel in ascending order of RB indexes and the sub-channels are also numbered in ascending order. In NR sidelink, the UE can indicates its candidate resources by TRIV and FRIV carried in 1st SCI. Similarly, both R16 TRIV and FRIV can be reused for resource allocation for contiguous RB transmission over unlicensed band. 
[bookmark: _Ref111215468]Proposal 10: For contiguous RB-based PSCCH/PSSCH transmission, both R16 NR SL TRIV and FRIV are reused for resource indication.
In NR-U, two-level indication, i.e. X+Y, is introduced to indicate allocated interlace and RB set(s) respectively, where RIV and bitmap are used for indicate allocated interlace for 15 KHz SCS and 30 KHz SCS respectively, and RIV is used for indicated allocated RB set(s). Note that the allocated RB set(s) for one UE should be contiguous.
	[bookmark: _Toc19798775][bookmark: _Toc26467246][bookmark: _Toc29326607][bookmark: _Toc29327757][bookmark: _Toc36045947][bookmark: _Toc36046207][bookmark: _Toc36046353][bookmark: _Toc45209270][bookmark: _Toc51852444][bookmark: _Toc99626899](Below is copied from TS 38.212)
7.3.1.1.1	Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell. 
…	
If any of the higher layer parameters useInterlacePUCCH-PUSCH in BWP-UplinkCommon and useInterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured 
-	5+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz.
-	6+Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz. 
	If the DCI format 0_0 is monitored in a UE-specific search space, the value of Y is determined by  where  is the number of RB sets contained in the active UL BWP as defined in clause 7 of [6, TS38.214]. If the DCI 0_0 is monitored in a common search space Y = 0.


Similarly, two-level indication can also be reused for SL-U for interlace RB-based transmission. Since the resource allocation granularity is sub-channel for interlace RB-based transmission and one sub-channel equals to one interlace across all RB sets in the resource pool, and the number of available RBs within a sub-channel depends on channel access. Therefore, in addition to sub-channel indication, indication on which RB set(s) are used for transmission is also needed. This is similar to NR-U where both RB set index and interlace index are indicated in a DCI/CG. Note that when a UE requires multiple sub-channels for PSSCH transmission, these sub-channels are supposed to be adjacent to reduce IBE especially for interlaced based structure.
In addition, Rel-16 TRIV can still be used for time domain indication for interlaced based transmission since it is not related to frequency transmission structure.
[bookmark: _Ref111215469]Proposal 11: For interlaced based PSCCH/PSSCH transmission, 
· For time domain indication, R16 NR SL TRIV is reused 
· For frequency domain indication, R16 NR SL FRIV is reused to indicate sub-channel index, and additional indication is needed to indicate RB set index
Unequal sub-channel size issue
It is noted that the number of available RBs of different sub-channel(s) may not be the same due to guard band. As shown in Figure 6, no matter contiguous RB based or interlaced RB based configuration, there are cases that the frequency resource allocation for a TB between initial transmission and retransmission are different due to the configuration of guard band. 
In Figure 6 (a), the number of PRBs in SubCH#X+1 may be less than the preconfigured sub-channel size when SubCH#X+1 includes PRBs belonging to guard band, resulting in the total number of PRBs for initial transmission (if on SubCH#1 and SubCH#2) and retransmission (if on SubCH#X and SubCH#X+1) might be different. 
Similarly, in Figure 6 (b), assume one RB set includes 53 PRBs and there are 5 interlaces for 30 KHz SCS. Then there are 3 interlace with 11 PRBs of each interlace and 2 interlaces with 10 PRBs of each interlace in one RB set. When the first 2 interlaces are allocated for initial transmission and the second 2 interlaces are allocated for retransmission, the total number of PRBs for initial transmission is 22 while the total number of PRBs for retransmission is 21, resulting in unequal number of PRBs allocated for (re)transmission of the same TB even though they have been allocated with same number of interlace/sub-channel. 
 [image: ]
[bookmark: _Ref111197979]Figure 6 Unequal number of PRBs between initial transmission and retransmission 
[bookmark: _Ref111215338]Observation 8: Due to the existence of intra-cell guard band PRB, the available PRBs in different sub-channels may be different, resulting in different number of PRBs for initial and retransmission of same TB.
The issue above will impact TBS calculation. Since initial and retransmission of same TB may have different number of PRBs, it’s not possible to calculate the TBS based on the actual number of PRBs. A straightforward way to solve it is by introducing reference number of PRBs to determine TBS. This is similar to Rel-16 design on introduction of reference number of symbols in a slot, taking into account that PSFCH may or may not be present in a slot subject to resource pool configuration, and resulting in different TBS determination for (re-)transmission of a TB. 
[bookmark: _Ref111215473]Proposal 12: Introduce reference number of PRBs to determine TBS to address the issue of unequal number of PRBs in the allocated frequency resource for (re)transmission of a same TB.
PSFCH and SL-HARQ
At RAN1 #109-e, following agreements on PSFCH and SL-HARQ were made [3].
	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 




PSFCH resources
There are two categories on the locations of PSFCH resources, one is determined by (pre-)configuration and the other is dynamic indication. The details about these two will be discussed as follows.
(Pre-)configured PSFCH resource 
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 7, 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.
[image: ]
[bookmark: _Ref110259994]Figure 7 No PSFCH transmission at configured PSFCH resource due to LBT failure
Introducing multiple PSFCH candidate resource is one of potential way to increase PSFCH transmission chances. However, given limited PSFCH resources, the more candidate PSFCH resource introduced, the less multi-user multiplexing supported. 
In addition, even if we introduce more PSFCH transmission chances, it’s still possible that those occasions may be occupied by other UEs. For example, as shown in Figure 8, once the (pre-)configured resources within the resource pool are occupied by other RAT UEs, even if there are four or more candidate PSFCH resource for UE 1 and UE 2, they still cannot performing HARQ-ACK reporting as expected. This is because once the COT is occupied by other-RAT UEs, the duration of the occupied COT is usually at millisecond level. 
Simply increasing the number of candidate PSFCH occasions will have capacity problem, i.e., the total number of available PSFCH in one slot for a UE will be significantly reduced, and this is particularly worse for groupcast option 2-based HARQ feedback.
                [image: ]
[bookmark: _Ref110261189]Figure 8 PSSCH with multiple PSFCH resources
· 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.
 [image: ]
[bookmark: _Ref110260089][bookmark: _Ref110524708]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.
[bookmark: _Ref111215340]Observation 9: For PSFCH resource, Rel-16 (pre-)configured way is not suitable for unlicensed spectrum because:
· LBT may fail before a (pre-)configured PSFCH resource even with multiple candidate PSFCH resources, so that the UE is unable to transmit HARQ ACK on these resources.
· 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.
· No need to have dense or any PSFCH resources in a COT, e.g., remaining PDB is large so that no need for frequent HARQ-ACK feedback, blind retransmissions, etc.
Dynamic PSFCH resource
To address the above issues, dynamically indicated PSFCH resources can be introduced, i.e., 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 via introducing signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI and the UE can obtain the specific timing and resource for HARQ-ACK feedback, thus gNB can effectively utilize resources within a COT by indicating PUCCH resource corresponding to the specific PDSCH.  As shown in Figure 10, the location of PSFCH resources within the COT can be explicitly indicated in COT sharing information, and the UEs who obtains the COT sharing information can know the PSFCH resources within the COT and transmit HARQ-ACK at those indicated occasions.  
[bookmark: _Ref111215475]Proposal 13: Support dynamically indicating PSFCH resources within a COT. 

[image: ]
[bookmark: _Ref110259470]Figure 10 PSFCH resource location dynamically indicated within the COT
SL HARQ-ACK report on PC5 
New PSFCH Format
Given that SL-U is designed to support high data rate services, the packet size might be very large and need to be transmitted in consecutive slots. Thus, PSFCH format 0 becomes less sufficient in term of resource utilization and PSFCH overhead. One possible enhancement is to reuse code-based HARQ feedback supported in NR Uu (including NR-U), which allows RX UE to feedback its HARQ-ACK addressing multiple TBs received from a TX UE.
[bookmark: _Ref111215342]Observation 10: PSFCH format 0 is insufficient in term of resource utilization and PSFCH overhead, for the case of consecutive TB transmissions of a TX UE to a RX UE.
There are 5 PUCCH formats for HARQ-ACK reporting in NR as shown in Table 6.3.2.1-1 of TS 38.211 (copied below). Based on the length of time-domain symbols occupied by PUCCH formats, the PUCCH formats are classified into the following types:
(1) Short PUCCH: 1 to 2 symbols, PUCCH format 0 and PUCCH format 2;
(2) Long PUCCH: 4 to 14 symbols, PUCCH format 1, PUCCH format 3, and PUCCH format 4.
Based on the amount of information bits carried by PUCCH formats, the PUCCH formats are also classified into the following types:
(1) Small PUCCH: 1 to 2 bits, PUCCH format 0 and PUCCH format 1;
(2) Large PUCCH: more than 2 bits, PUCCH format 2, PUCCH format 3, and PUCCH format 4.
The short PUCCH format can be used to support faster HARQ response and the large PUCCH format can carry more information. Taking both latency and capacity into consideration, PUCCH format 2, which occupies 1 to 2 symbols in the time domain and 1 to 16 RBs in the frequency domain, can be reused in SL-U to support code-book based PSFCH transmission.
	(Below is copied from TS 38.211)
…
Table 6.3.2.1-1: PUCCH formats.
	PUCCH format
	
Length in OFDM symbols 
	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2





In NR Uu, the gNB can control the transmission timing by using the HARQ Feedback Timing Indicator field K1 in the DCI. The HARQ Feedback Timing Indicator field K1 indicates a timeslot offset between PDSCH data and HARQ feedback information sent by the UE. If the UE receives PDSCH data in timeslot n, the UE sends corresponding HARQ feedback information in timeslot n+K1. As shown in Figure 11, the UE needs to transmit HARQ-ACK feedback at slot 5 for previous downlink data from slot 0 to slot 3 at the same time by using HARQ codebook.
 [image: ]
[bookmark: _Ref109679533][bookmark: _Ref109679529]Figure 11 codebook based HARQ-ACK reporting in NR 
Similarly, as shown in Figure 12, a RX UE received consecutive slots transmission from slot n to slot n+3 can perform HARQ-ACK reporting for TB1 ~ TB4 to the corresponding PSSCH slots at slot m. With such design, the PSFCH slots can be present in a sparser and flexible way, and thus saving AGC and GAP overhead compared to PSFCH format 0. 
[image: ]
[bookmark: _Ref109760025]Figure 12 codebook based HARQ-ACK reporting in SL-U 
[bookmark: _Ref111215477]Proposal 14:  Introduce new PSFCH format, to support codebook based SL HARQ-ACK feedback.
SL HARQ-ACK information multiplexed with PSSCH
In NR Uu (including NR-U), UCI can be multiplexed with PUSCH, which can significantly improve the efficiency for transmission of HARQ-ACK information. This kind of multiplexing is 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 compared to PSFCH format 0.
As shown in Figure 13, the HARQ-ACK information is conveyed by 2nd-stage SCI and multiplexed with PSSCH to improve spectrum efficiency.
  [image: C:\Users\y00613180\AppData\Roaming\eSpace_Desktop\UserData\y00613180\imagefiles\772E6DAA-12D0-4A95-821B-5C9D42655070.png] 
[bookmark: _Ref109760141]Figure 13 SL HARQ-ACK information multiplexed with PSSCH
[bookmark: _Ref111215479]Proposal 15:  Support SL HARQ-ACK information to be multiplexed with PSSCH. 
PSSCH-PSFCH Mapping relationship
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. 
However, there are always the cases that the PSFCH occasion(s) are interrupted and the RX UE cannot perform HARQ-ACK report at the expected location. For example, as shown in Figure 14, 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, which may be occupied by non-sidelink device, resulting in HARQ-ACK reporting failure. In order to address such problem, there can be two potential ways:
1) The TX UE can perform LBT to access channel and initiates a COT, and indicate the specific locations for HARQ-ACK reporting for those RX UE that have not yet provided HARQ-ACK information to their received PSSCH in previous COT. Thus, the RX UE can perform codebook-based HARQ feedback at the location indicated by TX UE.
2) The RX UE can perform LBT to access channel and initiates a COT, and transmit SL HARQ-ACK information multiplexed with its data.  In this case, the RX UE needs to explicitly indicate specific HARQ process ID(s), NDI(s), HARQ-ACK information of previous received PSSCH to TX UE to avoid ambiguity.
 [image: ]
[bookmark: _Ref111233634][bookmark: _Ref111225040]Figure 14 PSFCH occasions interrupted by cross-RAT device
[bookmark: _Ref111224719]Observation 11: For SL-U, it’s possible the PSFCH occasion(s) corresponding to PSSCH are interrupted and the RX UE cannot perform HARQ-ACK report at the expected location.
[bookmark: _Ref111224822]Proposal 16: Both implicit and explicit PSSCH-PSFCH mapping are supported, FFS the applicable PSFCH format and scenarios.
OCB requirements
PSFCH format 0 only occupies one PRB, it 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. 
As shown in Figure 15, each UE transmits HARQ-ACK information on one PRB 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 resource overhead is minimized, and their HARQ-ACK information are transmitted at different PRBs as in R16 NR-V, respectively.
[bookmark: _Ref111224721]Observation 12: If different UEs use different interlaces, the PSFCH resource capacity would be very limited.
[bookmark: _Ref111224826]Proposal 17: To meet OCB requirements for PSFCH, introduce a common PSFCH interlace per resource pool, such that a UE always transmit SL HARQ-ACK on the common PSFCH interlace in addition to the RB determined for transmission of SL HARQ-ACK as in R16 NR-V.

 [image: ]
[bookmark: _Ref111225118]Figure 15 Illustration of common PSFCH interlace 
SL HARQ-ACK report on UL
On SL HARQ-ACK reporting to the gNB for Mode 1, PSFCH transmission may fail due to LBT failure. One simple way to address this issue is reusing scheme in R16 NR-V, where gNB does not receive feedback from the UE simply assumes the transmission between SL UEs fails.
	(Below is copied from TS 38.213)
…
The UE generates a NACK when, due to prioritization, as described in clause 16.2.4, the UE does not receive PSFCH in any PSFCH reception occasion associated with a PSSCH transmission in a resource provided by a DCI format 3_0 or, for a configured grant, in a resource provided in a single period and for which the UE is provided a PUCCH resource to report HARQ-ACK information. The priority value of the NACK is same as the priority value of the PSSCH transmission.


[bookmark: _Ref111215481]Proposal 18: For the case that LBT fails for PSFCH transmission, reuse R16 SL design on SL HARQ-ACK reporting to the gNB when no SL HARQ-ACK is received.  
S-SSB
At RAN1 #109-e, following agreements on S-SSB and synchronization were made [3].
	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



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 slots are 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-RAT UEs on unlicensed spectrum as shown in Figure 16. Thus, additional S-SSB transmission in addition to Rel-16 S-SSB occasions might be needed, i.e. one-shot S-SSB should be considered for SL-U. 
 [image: ]
[bookmark: _Ref101541587]Figure 16 S-SSB transmission interrupted due to occupation by inter-RAT UE(s)
[bookmark: _Ref111224722]Observation 13: LBT may fail upon a (pre-)configured S-SSB resource, so that the UE is unable to transmit S-SSB on this resource. 
[bookmark: _Ref111215482]Proposal 19: Allow additional S-SSB transmission occasions in addition to Rel-16 S-SSB occasions.
In order to avoid blind detection for these additional S-SSB, these slots can be (pre-)configured by an offset to Rel-16 S-SSB slots by RRC signaling. When both Rel-16 and additional S-SSB occasion are enabled, if a UE fails to access channel before Rel-16 S-SSB occasions, it tries to perform LBT before the corresponding additional S-SSB occasion(s), and transmit S-SSB if LBT success. If a UE succeeds its S-SSB transmission at Rel-16 S-SSB occasions, the additional slots reserved for S-SSB transmission can be used for PSCCH/PSSCH transmission to improve resource utilization.
[bookmark: _Ref111215483]Proposal 20: Additional S-SSB slots belong to resource pool for SL-U and its offset to Rel-16 S-SSB slots is (pre-)configured.
OCB Requirements
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, if using interlaced RB transmission for S-PSS/S-SSS, the total transmit power remains unchanged but the noise increases due to increased bandwidth, thus decreasing SNR and further decreasing synchronization performance. To avoid degradation of synchronization accuracy and SNR, we propose to apply the temporary exemption of OCB requirement [4] to S-PSS/S-SSS and use interlace RB for PBSCH to meet OCB requirements as shown in Figure 17.
	(Below is copied from ETSI EN 301 893)
…
During a 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 2 MHz. 


[image: ]
[bookmark: _Ref111225264]Figure 17 Interlace structure for S-SSB 
In addition, other options in RAN1#109-e agreement are not preferred for the following reasons.
1) Option2 (S-SSB multiplexing with other SL transmissions in the same slot): Because S-SSB occasions are common for UEs, it is difficult to avoid PSSCH/PSCCH interference of different UEs if S-SSB multiplexes with other SL transmissions in the same slot. Besides, since it cannot be guaranteed that there is always PSSCH/PSCCH transmission on the S-SSB slot(s), Option2 alone cannot cover all scenarios.
2) Option3 (Repetition of S-PSS/S-SSS/PSBCH in frequency domain): Simply repeating S-PSS/S-SSS/PSBCH in frequency domain results in high PAPR/CM of the signal due to the superposition of the time domain signals. In addition, unlike ZC sequences with zero autocorrelation, gold-sequence S-PSS/S-SSS cannot control PAPR/CM by cyclic shifts among repetitions
3) Option4 (S-PSS/S-SSS/PSBCH with wider bandwidth): Compared to the current S-SSB structure, a new structure of S-PSS/S-SSS/PSBCH with wider bandwidth will lead to a lot of standardization work and implementation complexity. In particular, for a given channel bandwidth, different structures may need to be designed for different SCSs.
[bookmark: _Ref111215484]Proposal 21: Support interlace RB-based transmission for PSBCH and continuous RB-based transmission for S-PSS/S-SSS for both R16/R17 NR SL S-SSB slots and additional S-SSB slots.
Conclusions
This contribution includes our considerations on physical channel designs for SL-U, including 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 associate PSSCH), S-SSB (PSBCH) for sidelink operation over unlicensed spectrum are also discussed. 
We provide following observations and proposals:
Observation 1: If a resource pool includes sub-set of PRBs of one RB set, it may result in wasting resource and violating OCB requirement.
Observation 2: If the bitmap of a resource pool is not set to all “1”s, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT.
Observation 3: Since LBT can be successful at any point within a slot, starting symbol for PSCCH/PSSCH transmission might be missed if R16/R17 sidelink slot structure is reused, which degrades SL-U performance.
Observation 4: Introducing more starting symbols within a slot for the PSCCH/PSSCH transmission is beneficial to provide more channel access chances, but at the cost of increasing UE complexity.
· Two starting symbols within a slot for the PSCCH/PSSCH transmission is a good balance between performance and UE complexity, and it can be regarded as defining two sets of starting symbol with different symbol length in a slot, thus having no additional specification impact in terms of, e.g. slot structure, DRMS patterns, etc.
Observation 5: When a UE receives COT sharing information and knows the COT structure, the UE does not need to search for multiple starting symbols in slots within the COT.
Observation 6: Compared with legacy slot structure, i.e., one starting symbol within a slot for PSCCH/PSSCH transmission, introducing two starting symbols can largely increase UPT, especially for traffic with low latency requirement such as XR.
Observation 7: For SL-U, the IBE impact of interlaced RB-based transmission is very limited because SL-U is supposed to be used for short range communication, where the received power difference among different UEs at one UE is relatively small.
Observation 8: Due to the existence of intra-cell guard band PRB, the available PRBs in different sub-channels may be different, resulting in different number of PRBs for initial and retransmission of same TB.
Observation 9: For PSFCH resource, Rel-16 (pre-)configured way is not suitable for unlicensed spectrum because:
· LBT may fail before a (pre-)configured PSFCH resource even with multiple candidate PSFCH resources, so that the UE is unable to transmit HARQ ACK on these resources.
· 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.
· No need to have dense or any PSFCH resources in a COT, e.g., remaining PDB is large so that no need for frequent HARQ-ACK feedback, blind retransmissions, etc.
Observation 10: PSFCH format 0 is insufficient in term of resource utilization and PSFCH overhead, for the case of consecutive TB transmissions of a TX UE to a RX UE.
Observation 11: For SL-U, it’s possible the PSFCH occasion(s) corresponding to PSSCH are interrupted and the RX UE cannot perform HARQ-ACK report at the expected location.
Observation 12: If different UEs use different interlaces, the PSFCH resource capacity would be very limited.
Observation 13: LBT may fail upon a (pre-)configured S-SSB resource, so that the UE is unable to transmit S-SSB on this resource.

Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB set.
Proposal 2: SL-U uses PRBs within intra-cell guard band in the same way as NR-U, i.e., PRBs within intra-cell guard band of two adjacent RB sets can only be used when UE’s LBT is successful on these two RB sets and the UE uses these two RB sets simultaneously for transmission
[bookmark: _GoBack]Proposal 3: In SL-U, do not consider Uu TDD configuration when determining slots belonging to a SL resource pool.
Proposal 4: Set the value of bitmap to all “1”s to avoid slot-level transmission gaps in a resource pool.
Proposal 5: R16/17 NR SL S-SSB slots are excluded from resource pool.
Proposal 6: Support one additional starting symbol within a slot for the PSCCH/PSSCH transmission.
Proposal 7: For PSCCH and PSSCH in SL-U, both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are supported.
Proposal 8: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· One sub-channel equals to one interlace across all RB sets within the resource pool.
Proposal 9: For PSCCH and PSSCH in SL-U, for both contiguous RB-based and interlaced RB-based transmission:
· PSCCH is always transmitted within one sub-channel
· R16 NR-V PSCCH and PSSCH multiplexing is reused, i.e., PSCCH locates in the sub-channel with the lowest index of the sub-channel(s) of corresponding PSSCH
Proposal 10: For contiguous RB-based PSCCH/PSSCH transmission, both R16 NR SL TRIV and FRIV are reused for resource indication.
Proposal 11: For interlaced based PSCCH/PSSCH transmission, 
· For time domain indication, R16 NR SL TRIV is reused 
· For frequency domain indication, R16 NR SL FRIV is reused to indicate sub-channel index, and additional indication is needed to indicate RB set index
Proposal 12: Introduce reference number of PRBs to determine TBS to address the issue of unequal number of PRBs in the allocated frequency resource for (re)transmission of a same TB.
Proposal 13: Support dynamically indicating PSFCH resources within a COT.
Proposal 14:  Introduce new PSFCH format, to support codebook based SL HARQ-ACK feedback.
Proposal 15:  Support SL HARQ-ACK information to be multiplexed with PSSCH.
Proposal 16: Both implicit and explicit PSSCH-PSFCH mapping are supported, FFS the applicable PSFCH format and scenarios
Proposal 17: To meet OCB requirements for PSFCH, introduce a common PSFCH interlace per resource pool, such that a UE always transmit SL HARQ-ACK on the common PSFCH interlace in addition to the RB determined for transmission of SL HARQ-ACK as in R16 NR-V.
Proposal 18: For the case that LBT fails for PSFCH transmission, reuse R16 SL design on SL HARQ-ACK reporting to the gNB when no SL HARQ-ACK is received.
Proposal 19: Allow additional S-SSB transmission occasions in addition to Rel-16 S-SSB occasions.
Proposal 20: Additional S-SSB slots belong to resource pool for SL-U and its offset to Rel-16 S-SSB slots is (pre-)configured.
Proposal 21: Support interlace RB-based transmission for PSBCH and continuous RB-based transmission for S-PSS/S-SSS for both R16/R17 NR SL S-SSB slots and additional S-SSB slots.
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Appendix 
Table 1: Summary of simulation assumptions for Indoor SL-U
	Carrier frequency
	5GHz

	Resource pool bandwidth
	80 MHz

	SCS
	30KHz

	UE dropping model
	[image: 捕获]
Indoor layout and UE dropping model with 3 clusters and each with 5 UEs.
Each cluster is a circle, with a central point and radius Rmax = 15 and Rmin = 5, where UEs are randomly dropped within the circle.
No overlapping among the 3 clusters.

	Resource allocation schemes
	SL-U:
· Enhanced R16 mode 2 (TBs are selected consecutively in a COT) + LBT (performed before transmission).

Wi-Fi: IEEE802.11ac with parameters as per TR36.889

	Traffic model
	Mixed traffic mode for SL-U:
· XR: cloud gaming traffic model (8Mbps) and pose/control traffic model defined in TR 38.838. 
· FTP: FTP 3 as in TR 38.889  

Single traffic model for Wi-Fi:
· FTP: FTP 3 as in TR 38.889  

	Interference model
	3APs + 1 STAs, , where each AP serves 5 STAs
Same flows and load as SL-U.

	Channel model
	InH Mixed Office model

	UE antenna model
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	AP antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	AP Tx power
	23 dBm (total across all TX antennas)

	SL-U UE
	18 dBm (total across all TX antennas)

	AP antenna gain
	0 dBi

	UE/STA antenna gain
	0 dBi

	AP noise figure
	5 dB

	UE/STA receiver noise figure
	9 dB
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