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Introduction  
RAN1 #109-e has five main agreements on physical channel designs in SL-U which capture the scope of physical channel and procedure designs and items for further study. The five agreements include aspects of the following:
· SL-BWP, SL resource pool, and RB-set
· PSCCH and PSSCH
· Slot structure and multiple starting symbols for mini-slot access 
· PSFCH waveform/format and SL-HARQ
· S-SSB waveform and synchronization procedures

In RAN1 #110, we have reached 8 agreements on the PSCCH/PSSCH/PSFCH/S-SSB which includes 
· Interlaced and contiguous RB-based PSCCH/PSSCH waveform
· Interlaced PSFCH waveform
· S-PSS/S-SSS sequence generation
· Support multiple S-SSB candidates
and further study on 
· Subchannel definition within RB-set(s) 
· TRIV and FRIV for PSSCH 
· Multi-slot consecutive transmission
· Alternatives on multiplexing capacity enhanced PSFCH
· Time and frequency locations of PSFCH resources 
· Number and locations of multiple S-SSB candidates and the UE behaviors
· S-SSB waveforms

In this paper, we try to tackle FFS items in the agreements and provide some insights on the potential issues within the agreed scope. One aspect of our design touches upon the optimization on slot structure to transmit as early as possible and occupy the medium continuously for eMBB data burst after clearing the LBT. This allows SL-U to better coexist with WiFi and NR-U nodes. Other aspects of reducing the UE complexity and protecting the AGC of the full-slot receiver are also addressed. 
In the RAN1 #110, the interlaced waveforms for PSCCH, PSSCH and PSFCH are agreed. We also agree to reuse SL subchannel as the basic unit of resource allocation. As interlaced waveforms and wideband transmission across multiple RB-sets are supported, we need to redefine the subchannel for both the interlaced and contiguous RB based waveforms within one or more RB-sets. Also, necessary enhancements for SL-U resource allocation and reservation based on interlace and RB-set are considered.
Furthermore, to satisfy the minimum OCB requirement in 5GHz band, S-SSB waveform may need to be reconsidered. In NR-U, the SSB transmission relies on PDCCH/PDSCH multiplexing to fulfill the OCB constraint. The Rel’16 full slot S-SSB does not allow PSCCH/PSSCH multiplexing as S-SSB are excluded from the resource pool.  We may consider the temporary 2MHz OCB exemption in which the transmitter may be allowed to transmit narrowband S-SSB temporarily. One may want to consider reuse the NR SSB pattern such that opportunistic PSCCH/PSSCH multiplexing is possible, i.e., include new S-SSB pattern in the resource pool.
To accommodate eMBB traffic, there may also be a need to introduce new PSFCH which can carry HARQ codebook (reusing existing PUCCH formats) and type-1/2/3 HARQ codebook designs could be considered. 
Below is the summary of new design aspects that SL-U needs to consider
· RB-set configurations
· Half-slot channel access to allow transmitter to hold the channel early when clearing the LBT
· Resource allocation and reservation: two-part FRIV for both interlace and RB-set
· PUCCH format 0 (Rel’16 SL only supported format) and format 2
· HARQ codebook designs
· SSB pattern which allows PDCCH/PDSCH multiplexing to satisfy the minimum OCB constraint
· Multiple SSB candidate locations 

Discussion

Resource Pool 
In RAN1 #109-e, we have made the following agreements regarding resource pool and RB-set 
	Agreement:
· 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.
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point



In RAN1 #110, we made the following agreements regarding the PSCCH/PSSCH 

	Agreement:
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool





For NR-U, resource allocation in frequency is based on interlace and RB-set. 5/10 interlaces are defined over the entire BWP (for 30/15 KHz SCS, respectively). Depending on which RB-set(s) is (are) allocated, the transmitter only transmits over the interlace RBs in those RB-set(s). For Rel’16 SL, the resource allocation unit in frequency is a subchannel whose size is configurable, e.g., 10, 12, 15, 20, 25, 50, 75, 100 RBs. For better resource utilization, transmitting in a subset of RBs within an RB-set may offer finer granularity for resource allocation. We may want to reuse subchannel as the basic unit for the resource allocation and define subchannel for both the interlace RB-based waveform and contiguous RB-based waveform. For interlaced waveform, one may define one or multiple interlace(s) within an RB-set as one subchannel. However, we may want to limit to the number of interlaces in one subchannel (K) such that it could divide the total number of interlaces, e.g.,  for SCS=30KHz since there are total of 5 interlaces. Furthermore, in NR-U, transmitting over different interlaces across different RB-sets is not allowed to avoid irregular interlaced waveform which could potentially have higher PAPR. Same limitation may be applied for resource allocation with the SL-U interlaced waveforms. For contiguous RB-based waveform, one can simply reuse the legacy definition. Alternatively, as Alt2 in RAN1#110 agreement above, we can define 1 subchannel being the same K interlaces spanning all the RB-set(s) in the resource pool and the size of the subchannel depends on the number of RB-set allocated. 
Within a resource pool, we don’t expect to support both waveforms since two waveforms do not multiplex well in frequency domain. The interlaced waveform is to be considered as a universal design, which can meet the regulation requirements with/without the PSD and OCB constraints. For certain regions or bands in which PSD or OCB requirements are not applied, contiguous RB-based waveform can be adopted as well. For a certain deployment, operation with only one of the waveforms would simplify the UE implementation. To achieve this, a UE is not supposed to be configured with two resource pools with interlaced waveform and contiguous RB based waveform simultaneously.

[bookmark: _Ref110861866][bookmark: _Ref110851772][bookmark: p1]Proposal 1: For subchannel definition, support both interlaced and contiguous RB waveform as follows: 
· Interlaced RB subchannel: K≥1 interlaces in one RB-set (BW20MHz) as one subchannel, but K needs to divide the total number of interlaces in the resource pool
· Contiguous RB subchannel: M contiguous RBs as one subchannel as in legacy SL, but aspects of intra-cell guard band need to be considered 

[bookmark: _Ref115427958]Proposal 2: For interlaced waveform, when allocating/transmitting subchannels across multiple RB-sets, follow the NR-U interlace allocation limitation, i.e., no subchannel allocation in different interlaces across multiple RB-sets or different number of subchannels across multiple RB-sets
[bookmark: _Ref110851792]
[bookmark: p2]Proposal 3: A resource pool is configured with either the interlaced waveform or the contiguous RB waveform 
· [bookmark: _Ref110851801]A UE is not supposed to be configured with one or two resource pool(s) with different types of waveforms, i.e., all configured resources pools will either use interlaced waveform or contiguous RB based waveform

[bookmark: _Ref111188227][bookmark: _Ref101959357]RB-set configuration considerations
In NR-U, the DL/UL RB-sets are RRC configured by gNB per UE. The RB-set config specifies the guard band in between the 20MHz LBT subbands. For SL mode 2, we cannot always rely on gNB for the SL RB-set configurations. Two options could be considered
Option 1: Common RB-set configuration for all SL nodes in the network via UE profile or gNB configuration.
Option 2: Allow RB-set configuration to be set up per link via RRC messages 
Option 1 seems to be the simpler solution for deployment. However, different UEs from different vendors could have different implementations and guard band requirements could be different. Having a (worst case) common RB-set that all UEs can support could be a solution, but sacrifices the spectral efficiency as the interlace RBs in the guard band(s) cannot potentially be used for transmission by high-end SL nodes. 
For option 2, distributed SL UE to UE communication needs to have common assumptions among UEs with respect to the initial RB-set configuration over which a new RB-set configuration, used for the following transmissions, can be delivered/agreed upon via RRC message exchanges. Hence, some minimum RB-set configuration as shown in Figure 1 needs to be defined via network config or UE profile so two nodes can communicate before the per link RB-set configuration is available. The minimum RB-set configuration could be the intersection of all the supported RB-set configs in the specification. This minimum RB-set could also be used for broadcast and groupcast option 1 transmissions.

[bookmark: _Ref101172336][bookmark: p3]Proposal 4: The RB-set config for 20MHz subbands could be either common config for all SL nodes/links in the NW or configurable per link via RRC message exchange

[bookmark: _Ref101172342][bookmark: _Ref110851835][bookmark: p4]Proposal 5: If RB-set config per link is configurable, one may need to define the minimum RB set for a 20MHz subband for the initial RRC message exchange in order to set up the RB-set config of a link


[image: ]
[bookmark: _Ref110846527]Figure 1: Minimum RB-set config


Interlaced Subchannel
If the transmitter is transmitting in a single RB-set, it is not expected to transmit in the RBs in the two intra-cell guard bands on the two sides of the RB-set. Depending on the guard band setting, the number of RBs in an interlaced subchannel is not fixed. It is approximately 10 RBs but could be more or less as illustrated in Figure 2. Based on the RAN1 109e agreement, the RBs in the intra-cell guard bands between the RB-sets belong to the resource pool. If two subchannels (corresponding to the same interlace index) are allocated in two (contiguous) RB-sets, the corresponding interlace RBs in the intra-cell guard band between the two RB-sets are included for resource allocation as shown in Figure 3.

[bookmark: _Ref110852096][bookmark: p6]Proposal 6: For interlace resource pool, if the allocated resources for transmission are limited within a single RB-set, the interlace RBs in the intra-cell guard band are not included in interlaced subchannel

[bookmark: _Ref110852103][bookmark: p7]Proposal 7: For interlace resource pool, if two or more interlaced subchannels are allocated in two (contiguous) RB-sets, the interlaced RBs in the intra-cell guard band between the two RB-sets are included for resource allocation

[image: ]
[bookmark: _Ref110846899]Figure 2: Two interlaced subchannels within an RB-set

[image: ]
[bookmark: _Ref110847495]Figure 3: Four interlaced subchannels across two RB-sets

[bookmark: _Ref110517926]Contiguous RB subchannel
For the contiguous RB-based waveform, the subchannel definition could follow the Rel’16 SL if the SL-BWP is contained within one 20MHz RB-set. However, if one wants to configure a resource pool to include an integer number of RB-sets to support wideband operation, the resource allocation needs to take the intra-cell guard bands into consideration. For simplicity, one may define the subchannel in a way that its size is independent of intra-cell guard band and PSCCH has no need to rate match around the intra-cell guard band if the subchannel overlaps with the guard band. Hence, we could define equal sized subchannels within each common RB-set or minimum RB-set (if RB-set config is RRC configurable per link, as discussed above in section 2.1.1). The size of the subchannel is configurable as in Rel’16 SL. Within each RB-set, the starting RB could be configurable to help center the subchannels in the middle of the RB-sets when necessary. With equal-sized subchannels within RB-set(s), we could have edge RBs in the RB-sets which are not included in any subchannel. However, when two or more (contiguous) subchannels are allocated across two (contiguous) RB-sets, both the edge RBs next to the intra-cell guard band as well as the RBs in the intra-cell guard band itself can be included in the resource allocation to maximize the resource utilization for wideband transmission. Figure 4 shows various options of how edge and inter-cell guard RBs can be utilized in this case.  

[bookmark: _Ref110852109][bookmark: p8]Proposal 8: For contiguous RB resource pool, configure equal sized subchannels within each RB-set and the starting RB within each RB-set could be configurable

[bookmark: _Ref110852117][bookmark: p9]Proposal 9: For contiguous RB resource pool, when multiple (contiguous) subchannels across two (contiguous) RB-sets are allocated, the RBs in the intra-cell guard band and the edge RBs next to the intra-cell guard band not included in any subchannel could be used

[image: ]
[bookmark: _Ref111052600]Figure 4: Subchannels for contiguous RB waveform
Slot Structure
The Rel’16 SL transmission is slot based in which any transmission needs to start on a slot boundary. SL nodes may face starvation issue in the presence of asynchronous WiFi since WiFi can transmit right away once it clears the LBT and may block the SL transmission. In this section, we discuss the optimization in slot structure to create more transmission starting positions with mini-slot resource pool, which allows UE to transmit as early as possible after clearing the LBT, and control signaling optimization for scheduling multiple slots transmission.

Half-slot structure for half-slot channel access
In RAN1 #109-e, we made the following agreements regarding the slot structure and further study of the potential designs for multiple transmission-starting symbols to allow mini-slot channel access.
	Agreement:
· 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



SL transmission is slot based in which any transmission needs to start on a slot boundary. However, WiFi can transmit immediately upon clearing the LBT and may block the SL-U transmission. The SL-U may face channel access starvation in the presence of WiFi in some scenarios [3]. NR-U has introduced mini-slot and slot search space switching, which allows the transmitter to transmit with mini-slot after clearing the LBT instead of waiting until slot boundary.
There are arguments in favor of simply using a higher SCS (i.e., 60KHz or more) so that the interval between the time LBT clears the channel and the next slot boundary is very short. However, with most sidelink deployments currently operating on 30KHz SCS and with 60KHz SCS being well known to have implementation/performance issues, e.g., related to synchronization, a solution is needed for low SCS such as 30KHz. 
The more starting points we introduce, the more PSCCH candidate locations the receiver needs to monitor. It is basically a tradeoff between the receiver PSCCH decoding complexity and LBT channel access success rate. We envision two starting positions offer a good tradeoff.
To create two transmission starting positions across a SL slot, we can introduce half-slot structure with AGC symbol and PSCCH/PSSCH symbols as a miniature of a full SL slot (Figure 5a). For example, the SL transmitter could be configured with full slot resource pool (RP#0 in Figure 5b) and half-slot RP (RP#1 in Figure 5b), which are fully overlapping in time/frequency. In a half-slot RP, there is one 7-symbol half slot which starts at symbol #7 and ends at symbol #13. In the RAN1#110 discussions, there are proposals to make the half slot starting symbol configurable. But we have to keep in mind that Rel.16 SL does not support PSSCH with less than 7 symbols, and two starting symbols need to be as far as possible to harvest more LBT diversity gain as interferences in far-apart symbols are less correlated. So, 7-symbol half-slot starting at symbol #7 seems to be a simple solution without too much spec impact. Moreover, sl-StartSymbol in Rel’16 SL is introduced to make room for DCI3_0. In SL-U mode 1, the DCI3_0 is on a licensed carrier, and it makes the most sense to limit the 1st starting symbol to symbol #0, given also the fact that a non-zero first starting symbol will introduce unnecessary gaps which would make the task of maintaining a long-duration COT challenging/complicated.
The combination of the two types of RPs effectively provides the UE with an additional starting symbol within the (full) slot. The transmitter may choose the RP with the earliest transmission starting point after clearing the LBT and, if it starts its transmission over the half-slot RP (RP#1), switch to full slot-based RP (RP#0) after transmission of the 1st half-slot for better spectrum efficiency (see Figure 6). From the receiver point of view, as the PSCCH/PSSCH transmission could start at either symbol #0 or symbol #7, based on the transmitter LBT outcome, it needs to monitor two PSCCH/PSSCH occasions in each (full) slot. 

[bookmark: _Ref110852122][bookmark: p10]Proposal 10: Support two transmission starting symbols (symbol #0 and #7) within a slot by defining two overlapping resource pools, one with transmission starting symbol at symbol #0 and the other with transmission starting symbol at symbol #7. For the 1st slot of the COT transmission, the transmitter chooses the earliest starting symbol after clearing the LBT and, if symbol #7 was chosen to initiate the COT, falls back to starting symbol at symbol #0 for the remaining of COT transmission after the initial half-slot transmission     

[bookmark: _Ref110852129][bookmark: p11]Proposal 11: The half-slot access could be configured per link. If configured, the receiver monitors two PSCCH occasions in each (full) slot by default 
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[bookmark: _Ref100568823][image: ]


[bookmark: _Ref110505777]Figure 5: a) half-slot structure, b) overlapping half-slot RP (RP#1) and slot-based RP (RP#0)
[image: ]
[bookmark: _Ref100573452]Figure 6: Transmitter starts the COT with earliest starting position, resulting in a first half-slot transmission, and switches to full-slot transmission
                                       

Complexity reduction on receiver and transmitter 
As the SL UEs may switch to full-slot transmission after the 1st slot of the COT transmission. The following complexity reduction discussion is meant for the 1st slot of the COT transmission. If a link is configured to support half-slot channel access, the receiver needs to monitor PSCCH at multiple starting symbols (occasions) within a (full) slot. The UE implementation may be feasible if the number of PSCCH candidates per slot is less than or equal to 44 or 32 for 15KHz and 30 KHz SCS, respectively, referring to the UE capability of up to 44/32 blind PDCCH decodes per (full) slot in Uu for 15KHz/30KHz SCS [4]. The number of PSCCH candidates per (full) slot, when half-slots are supported, is twice the number of subchannels. As shown in the table below, both 15 and 30 KHz SCS, with 10 and 5 subchannels included per 20MHz, respectively, can support up to 40 MHz bandwidth.


	
	BW=20MHz
	40MHz
	80MHz
	100MHz

	SCS 15kHz
	20
	40
	80
	100

	SCS 30kHz
	10
	20
	40
	50



[bookmark: _Ref114663762]Table 1: Number of PSCCH candidates per slot for SL RP with half-slot support

To support wider transmission bandwidths than those indicated above, the combination of options may be considered:
Option 1: Reduce SCI search space in the half slot 
Option 2: Reduce PSCCH candidate searches at receiver, based on some skipping rule per slot and per RB-set
· For a given RB-set, if there is a first transmitter which clears the LBT before symbol #0 and starts a full-slot transmission, it is less likely for a second transmitter to clear the LBT in the middle of the full-slot transmission and start a half-slot transmission from symbol #7, unless two transmitters are outside the ED range. The receiver may want to skip the PSCCH monitoring at later potential PSCCH candidate locations within a slot if the SCI-1 or PSCCH DMRS is detected in the earlier candidate location within the same slot and RB-set. More specifically, if the SCI-1 is decoded and/or the RSRP of PSCCH DMRS is greater than a preconfigured threshold at a PSCCH candidate location in a slot and RB-set, the receiver can skip the PSCCH monitoring in the remainder of the slot (see Figure 7 for an example). 

[bookmark: _Ref110852146][bookmark: p12]
Proposal 12: Study how to reduce SCI search in half slot to meet the blind SCI decoding limit per slot

Proposal 13: When half-slot access is configured, the receiver may skip the PSCCH monitoring at later potential PSCCH candidate locations in a (full) slot within an RB-set, if, in an earlier candidate location in that slot, SCI-1 is decoded and/or PSCCH DMRS RSRP is above some preconfigured threshold  

[image: ]
[bookmark: _Ref110860691]Figure 7: PSCCH candidates skipping

For transmitter, one may want to avoid multiple encoding hypotheses with different TB sizes based on the first slot of the COT being a full-slot or half slot transmission since the UE may not have extra buffer to store two TBs for transmission hypotheses. The transmitter can determine TB size for the first (full or half) slot of the COT transmission based on either the full slot worth of resources or the half slot worth of resources. Depending on the 1st slot of the COT is the full slot or half slot, the PSSCH is rate matched to a full slot or half slot accordingly for waveform generation.

Proposal 14: To reduce the transmitter complexity for half-slot access, the transmitter may determine the TBS for the first slot (full-slot or half-slot) of the COT transmission based on the full-slot resources or half-slot resources, and PSSCH is rate matched to full-slot or half-slot depending on LBT outcome

Protecting full-slot receiver
There are some concerns that a UE transmission not starting at the (full) slot boundary (i.e., mini-slot transmission) might cause AGC problem to UEs trying to receive a full-slot at the same time. As an example shown in Figure 8, the half-slot transmission from transmitter #1 may impact the full-slot receiver #2’s AGC in case that transmitter #1 can clear the LBT in the middle of the slot transmission. The AGC of receiver #2 is trained based on the first AGC symbol in the slot. If transmitter #1 is close to receiver #2, the AGC setting of receiver #2 may not be appropriate for the second half of the full slot and clipping may occur in A/D if total signal power of transmitter #1 and transmitter #2 exceeds the interference margin. 
It is worthy to note that the half-slot transmission is conditioned on LBT. So, if the half-slot transmitter is close to the transmitter with ongoing full-slot transmission, LBT will gate the half-slot transmission attempt within the same slot. Therefore, the above-described case is not common (although not impossible). Also, WiFi will anyway start its transmission anywhere in the middle of an ongoing full-slot SL transmission if it clears LBT and does nothing to protect SL-U, i.e., AGC issue will nevertheless occasionally occur by WiFi access alone. Hence, the AGC problem is in the nature of the unlicensed band. If we want to completely avoid the uncommon case described above among SL-U devices, one can further limit the half-slot transmission (beyond the limits already imposed by LBT operation) if the transmitter detects full slot SCI-1 or the PSCCH’s DMRS RSRP is above some preconfigured threshold based on priority.

[bookmark: _Ref110860521][bookmark: p13]Proposal 15: A transmitter may initiate transmission in the middle of a full slot, only if it has attempted to decode PSCCHs in the start of the slot and has not identified/detected presence of SCI-1 with a priority higher than a (pre-)configured threshold and/or PSCCH DMRS with RSRP higher than a (pre-)configured threshold 


[image: ][image: ]
[bookmark: _Ref110847580]Figure 8: a) AGC margin b) Protecting the full-slot reception via SCI-1 detection

Additional or alternative approaches to protect the full slot receiver can be identified. One straightforward approach is to apply a smaller (conservative) energy detection threshold (EDT) when performing LBT targeting a half-slot access compared to the EDT applied for accessing over a full slot boundary. This increases the likelihood that a half-slot transmission is performed only over an idle channel (no concurrent full slot transmission). 

[bookmark: _Ref110860535][bookmark: p14]Proposal 16: Study different LBT EDTs for full-slot and half-slot channel access

Another approach is to limit half-slot channel access only under operational conditions that really call for it, which are under significant WiFi interference. In the extreme case of no WiFi interference, half-slot access offers no benefit (and can potentially harm concurrent full-slot transmissions, as discussed above). A UE can use metrics such as LBT failure rate and CBR to determine whether it operates under strong WiFi interference conditions and, if so, proceed to transmit over half slot.

[bookmark: _Ref110860550][bookmark: p16]Proposal 17: A transmitter may initiate transmission in the middle of a full slot as long as it has detected strong WiFi interference conditions indicated by metrics such as LBT failure rate and CBR, possibly accounting for priority of transmission

[bookmark: _Ref102051542][bookmark: _Ref101888355]UE capability and applicability of traffic type
With half-slot access being a feature that potentially increases UE complexity, it may be argued that not all UEs in the network are capable of supporting it. Therefore, a system-wide application of half-slot access may not be possible. In that case, one alternative would be to selectively enable half-slot access only for links among high-end UEs that are actually capable of transmitting and receiving on a half-slot granularity. The UE capabilities would be reported during the initial RRC setup stage and half slot access could be RRC configured per link. For broadcast or groupcast option 1 transmissions, where the capability of receiver UEs is unknown, no half-slots transmissions would be expected.
[bookmark: _Ref115216977]Proposal 18: Half slot access could be RRC configured per link based on UE capability for unicast and groupcast option 2

Multiple contiguous slots transmission
Towards making the most out of a cleared LBT attempt, a transmitter may utilize multiple contiguous slots for transmission of large size data (i.e., multiple TBs). This avoids multiple LBTs for multiple standalone slots/TBs and improves channel access efficiency significantly. In addition, with multiple contiguous slots per transmission (burst of slots), the following aspects can contribute to transmission overhead reduction.
· Instead of having each slot transmitting PSCCH as per Rel’16, a single PSCCH can appear only in the first slot of the burst (COT) with the corresponding SCI-1 scheduling/reserving all slots in the burst (multi-TTI SCI grant), as shown in the example of Figure 10a. This may require a change from the PSCCH-to-PSFCH resource mapping in Rel’ 16 to a PSSCH-to-PSFCH resource mapping
· In mode 1, instead of having multiple DCI3-0 scheduling multiple contiguous slots/TBs, an enhanced, single multi-TTI “DCI3-x” grant could be used to schedule multiple contiguous slots/TBs (see Figure 9). 
· Further overhead reduction can be achieved by avoiding repetition of common SCI-2 parameters (if any) across TBs/slots such as destination ID, cast type indicator, zone ID, etc. Only a single SCI-2 is transmitted in the first slot with the understanding that its parameters/fields are applicable to all subsequent slots/TBs in the transmission (Figure 10a). In case an SCI-2 parameter/field is not common to all TBs, TB-specific SCI-2 can appear along with the PSSCH of a TB that indicates the “correct” parameter for that TB (see Figure 10b). One example case is that of TBs with the same SCI-2 parameters but directed to different destination IDs. In that case, each PSSCH is transmitted with TB-specific SCI-2 that is used to indicate the corresponding destination ID. 
· DMRS overhead reduction: In one example, with all slots/TBs directed towards the same UE(s), reduction of DMRS symbols in some or all slot(s) may be possible under low mobility conditions with no performance cost, leveraging DMRS symbols available in adjacent slots
· Utilization of gap and AGC symbols for PSSCH: last gap symbol between consecutive slots can be utilized as additional PSSCH symbols (with the exception of the gap symbol of the last slot of the burst). Furthermore, the AGC symbol of all slots following the first in the burst could also be used for PSSCH transmission. One example is shown in Figure 10. These two features may be activated/indicated in first slot SCI

It is noted that the above discussion, on multiple contiguous (full) slot transmissions, is equally applicable to transmissions of multiple contiguous mini-slots. Actually, the overhead reduction mechanisms become even more critical in that setting due to the already limited number of resources for data transmission within each mini-slot.

[bookmark: _Ref101954550][bookmark: o3]Observation 1: Multi-slot transmission improves efficiency of LBT-restricted channel access and provides opportunities for overhead reduction 

[bookmark: _Ref114780869]Proposal 19: Support enhanced DCI3_x to schedule multiple contiguous slots in mode 1 and further study the minimum signaling required

[bookmark: _Ref101954443][bookmark: p17]Proposal 20: Support enhanced SCI-1/2 to schedule multiple contiguous slots for one or multiple SL receivers and further study the minimum signaling required

[image: ]
[bookmark: _Ref111121651]Figure 9: Multi-TTI DCI grant for 4 slots
[image: Diagram
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(b)
[bookmark: _Ref101187458]Figure 10: a) Multi-TTI SCI-1 grant for a 3 slots/TBs burst with common SCI-2 (arrows indicate which channel(s) control signaling applies to); b) same as a) but with TB-specific SCI-2 indicating TB-specific SCI-2 (and, possibly, SCI-1) parameters. AGC and gap symbols within the burst are used as additional PSSCH symbols

Physical Waveform
PSCCH and PSSCH
In RAN1 #109-e, we made the following agreements regarding the PSCCH/PSSCH 
	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: 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.



In RAN1 #110, we made the following agreements regarding the PSCCH/PSSCH 

	Agreement:
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission




PSCCH resource mapping for interlaced waveform
The FDRA in SCI-1 could allocate multiple interlaces and RB-sets for PSSCH transmission in which the intra-cell guard bands in the middle of scheduled RB-sets could be occupied by PSSCH as shown in Figure 11.
In Rel’16 SL, the first subchannel that PSSCH occupies is the leading (starting) subchannel. The scheduling PSCCH is also contained in the leading subchannel. Hence, the PSSCH in SL-U could TDM and/or FDM with the scheduling PSCCH and the interlace/RB-set of the PSCCH will define the leading interlace/RB-set for the scheduled PSSCH interlaced subchannel(s) and RB-set(s). 
As the basic resource allocation unit for SL-U is 1 (or K) interlace(s) in one RB-set, one PSCCH will only occupy 1 (or K) interlace(s) in one RB-set as in Figure 11. Within a 20MHz LBT subband, the PSCCH is rate matched to the common or minimum RB-set. Even if we allow RB-set to be configurable per link via RRC messages, confining the rate matching to the  minimum RB-set is necessary since PSCCH contains reservation information that needs to be understood by other SL nodes with different RB-set configs. 

[bookmark: _Ref101172459][bookmark: _Ref110860708][bookmark: p19][bookmark: _Hlk110145694]Proposal 21: For interlaced waveforms, PSCCH occupies the leading interlace subchannel within the leading RB-set in the allocated interlaced subchannels and RB-sets and PSSCH is multiplexed with PSCCH via TDM and/or FDM

[bookmark: _Ref110860714][bookmark: p20]Proposal 22: For interlaced waveforms, PSCCH is rate matched to the common or minimum RB-set within a 20MHz subband to allow nodes with different RB-set configurations to communicate to each other

[image: ]
[bookmark: _Ref101256401]Figure 11: PSCCH resource mapping
PSSCH resource mapping for interlaced waveform
From a receiver point of view, different transmitters could apply different RB-set config and the receiver needs to identify the transmitter’s ID in SCI-2 to adjust the RB-set assumption accordingly. In case the RB-set is configurable per link, the SCI-2 should be rate matched to (a subset of) the minimum RB-set(s) (instead of the configured RB-set(s)) and the number of RB-sets used by PSSCH is indicated by SCI-1. These would allow any receiver to identify the transmission SCI-2, irrespective of the mismatches in RB-set configuration between nodes. If two or more (contiguous) RB-sets are allocated for SCI-2, SCI-2 may be rate matched to the interlaced RBs in the guard band as shown in Figure 12. If the NW only allows a global (common) RB-set config per 20MHz subband as in option 1 in Sec. 2.1.1, then the SCI-2 is rate matched to the common RB-set(s).
For the data PSSCH REs, data could be rate matched to the configured RB-set of the link for better efficiency if the link configures the RB-set via initial RRC message exchanges. Otherwise, data PSSCH is rate matched to RB-set(s) belonging to the common RB-set(s) or minimum RB-set(s), as indicated by SCI-1. If two or more contiguous RB-sets are allocated, data PSSCH may rate matched to the interlaced RBs in the guard band as shown in Figure 12.

[bookmark: _Hlk110146834][bookmark: _Ref110860722][bookmark: p21][bookmark: _Hlk110147046]Proposal 23: For interlaced waveforms, if multiple and (contiguous) RB-sets are allocated, the interlaced RBs of the allocated interlace(s) in the intra-cell guard bands are included for PSSCH rate matching 

[bookmark: _Ref110860857][bookmark: p22]Proposal 24: For interlaced waveforms, SCI-2 is rate matched to RB-sets belonging to the common or minimum RB-set(s) and the RB-set indices are indicated by SCI-1

[bookmark: _Ref110860862][bookmark: p23]Proposal 25: For interlaced waveforms, PSSCH could be rate matched to the per-link configured RB-set(s) (if supported) after the RRC config. If not supported/configured, PSSCH is rate matched to the common RB-set(s) or minimum RB-set(s) and the RB-set indices are given by SCI-1


[image: ]
[bookmark: _Ref110850059]Figure 12: PSSCH rate matching
PSCCH and PSSCH resource mapping for contiguous RB waveform
As described in 2.1.3, the contiguous RB subchannels are contained within one RB-set and do not overlap with intra-cell guard bands. The PSCCH can be mapped to one subchannel as in Rel’16 SL with the number of subchannel RBs and symbols used in a slot being configurable. 

[bookmark: _Ref110860871][bookmark: p24][bookmark: _Hlk110197406]Proposal 26: For contiguous RB waveforms, map PSCCH into a subchannel as in Rel’16 SL

If the allocated contiguous subchannels are within an RB-set, the resource mapping of PSSCH (including SCI-2) follows the Rel’16 SL. However, when the allocated subchannels are across two RB-sets, we may need to include the edges RBs of RB-sets not included in any subchannels and the RBs in the intra-cell guard band for better spectrum efficiency. This is aligned with RAN1#109-e agreement on including the RBs in the intra-cell guard bands in the resource pool. 

[bookmark: _Ref110860967][bookmark: p25]Proposal 27: For contiguous RB waveforms, when multiple contiguous subchannels across two RB-sets are allocated, data PSSCH REs can be rate matched to the PRBs in the intra-cell guard band and the edge RBs (not included in any subchannel) in between the allocated subchannels

[bookmark: _Ref111187718]PSSCH resource allocation 
NR-U uses two-part FDRA (X, Y) for resource allocation in which X indicates the interlace(s) allocated and Y indicates the RB-set(s) allocation. SL-U may reuse the two-part FDRA, i.e., (X, Y), for resource allocation, since similar interlaced waveform for PSSCH and LBT channel access unit are reused from NR-U. For SL-U, when K interlaces within an RB-set are grouped as one interlaced subchannel, the X may indicate the subchannel index within an RB-set. When contiguous RB waveform is used, X can be used to indicate the subchannel within an RB-set and Y can be used to indicate the allocated RB-sets.   

[bookmark: _Ref115217000]Observation 2: NR-U two-part FDRA, i.e., (X, Y), can be reused for resource allocation in which X indicates the interlace(s) or subchannel(s) allocated within an RB-set and Y indicate the RB-set(s) allocation

However, in Rel.16 SL, the FDRA is in the form of relative allocation, using the current SCI-1 reception subchannel as a reference (starting subchannel), and indicates how many subchannels are allocated, while (X, Y) resource allocation in NR-U indicates absolute interlace/RB-set index. The relative allocation could be useful when two SL nodes have different assumptions on the absolute interlace or RB-set index, e.g., two nodes (UE0 and UE1 in Figure 13) are configured with resource pools with partially overlapping RB-sets. If one defines Y allocation relative to the SCI reception RB-set, two nodes could still communicate via overlapping RB-sets.  
[image: ]
[bookmark: _Ref100585979]Figure 13: UEs with different RB-set configs
[bookmark: _Ref101172355]
[bookmark: _Ref110861013][bookmark: p27]Proposal 28: Define two-part resource allocation (X, Y) relative to the SCI-1 reception interlace subchannel and RB-set to enable communication between SL nodes with different interlace/RB-set assumption

In Rel.16 SL, the FRIV can signal up to 2 future reservations with the same number of subchannels. One can reuse the same signalling framework for the (interlace or contiguous RB-based) subchannels with an RB-set and the RB-sets independently. TRIV-X signals up to two future reservations among the (interlaced) subchannels within an RB-set. Assuming that only contiguous subchannel allocation within  available (interlace or contiguous-RB based) subchannels is allowed within an RB-set, the FRIV-X contains  for resource pools with a maximum of 1 future reservation or  for resource pools with a maximum of 2 future reservations. Similarly, assuming that only contiguous RB-set allocation within  RB-sets is allowed, the FRIV-Y contains  for 1 future reservation or  for 2 future reservations.

Proposal 29: Introduce two-part FRIV-(X,Y) to handle the interlace and RB-set allocation and reservations independently

PSFCH
In RAN1 #109-e, we made the following agreements regarding the PSFCH waveforms
	Agreement:
· 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. 



In RAN1 #110, the following agreements are made for PSFCH waveforms
	Agreement:
· To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.
· 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





Interlaced waveforms and PSFCH formats
To address PSD limit and minimum OCB requirement, we may need interlaced waveform for PSFCH just as PUCCH in NR-U. Just as NR-U introduces interlaced waveform to PUCCH format 0 (PF0), one can introduce interlaced waveform to legacy PSFCH which is based on PUCCH format 0 as in Figure 14. One Ack/Nak bit is carried via one interlace and one cyclic shift pair. As in NR-U, cyclic shift ramping could be applied across interlaced RBs to reduce the PAPR. 

[bookmark: _Ref114696263][bookmark: _Ref101172471][bookmark: p28]Proposal 30: Introduce interlace waveform for PUCCH format 0 (PF0) based PSFCH and cyclic shift ramping to reduce PAPR

The interlaced PF0-based PSFCH is inefficient for eMBB use cases as it can only carry one-bit Ack/Nak information with one interlace (9/10 interlaced RBs) and one CS pair. Suppose the PSSCH receiver has multiple Ack/Nak’s to report to the same transmitter. It would be more efficient to arrange Ack/Nak’s in a HARQ codebook, e.g., type-1/2/3, and transmit with some multiple-bit PSFCH format with one PSFCH transmission instead of multiple PF0 PSFCH transmissions. Also note that the number of simultaneous PF0 PSFCH could depend on UE capability so that the number of Aak/Nak’s that can be delivered via PF0 PSFCH per time instance could be limited. This will have a performance impact in high rate use cases with large number of TBs transmitted per unit of time and a correspondingly large number of feedbacks required.
In NR-U, PUCCH format 2 (PF2) with interlaced waveform is introduced to carry multiple Ack/Nak bits. We may reuse the interlaced PUCCH format 2 (PF2) design for SL-U. The new PF2-based PSFCH could occupy one symbol and one interlace with one AGC symbol ahead just as the PF0 based PSFCH (see Figure 14). To improve user multiplexing, frequency domain OCC-2/4 on PF2 PSFCH data REs and DMRS REs could be applied, just as in NR-U PF2.

[bookmark: _Ref101262248][bookmark: _Ref110861053][bookmark: p29][bookmark: _Ref101172362]Proposal 31: For multi-bit A/N’s carrying PSFCH, reuse 1-symbol interlaced NR-U PF2 with additional front AGC symbol 

[image: ]                       [image: ]  
[bookmark: _Ref101257075]Figure 14: PSFCH interlaced waveform and PF2 based PSFCH

If interlaced waveform is introduced for PSFCH, there are concerns on the capacity of the PF0 PSFCH since one PSFCH resource is mapped to at least 9/10 interlaced RBs. The UE multiplexing capacity for PF0 PSFCH is, therefore, about 10 times less than using the legacy 1-RB PSFCH waveform. For the groupcast, the PSFCH capacity could be a bigger issue as multiple receivers need to be hashed to different CS pairs/interlaces within the PSFCH resource pool. Hence, RAN1#109 agrees to further study the capacity issue. To increase the UE multiplexing capacity, one may consider repeating the PSFCH symbols in time domain and apply time domain OCC (TD-OCC) on PSFCH symbols. For both PF0/PF2 PSFCH, interlaced PSFCH symbol can be repeated 2/4 times in time-domain and time domain OCC 2/4 could be applied as shown in Figure 15. This option does not suffer from reduced transmit power for A/N carrying interlaced RBs under PSD limit of 10dBm/MHz since all the IRBs are used to carry A/N.

[bookmark: _Ref110861065][bookmark: p30]Proposal 32: Increase the UE capacity of PUCCH format 0/2 based PSFCH by repeating the PSFCH symbol 2/4 times in time and apply the time domain OCC-2/4

[image: ]
[bookmark: _Ref110525891][bookmark: _Ref110525882]Figure 15: One RB of the PF0 interlaced PSFCH with length-2 TD-OCC
[image: ]

[bookmark: _Ref114696617]Figure 16: Enhancement to Alt 1


The current proposals from companies in RAN1#110 for Alt 1 with common interlace and one or more dedicated A/N carrying IRB has 20% overhead assuming 1 out of the 5 interlaces in SCS=30KHz is designated as the common interlace. The current proposals from companies in RAN1#110 for Alt 3 with dedicated A/N IRB(s) and reserved cyclic shift on dummy IRBs in the same interlace as that of the dedicated A/N IRBs could have 16.7% overhead since 1 out of 6 cyclic shift pairs is reserved in the dummy IRBs for each interlace. Both options may suffer from coverage issue (reduced transmit power due to PSD) if only one or a few A/N carrying IRB(s) are configured. To solve the overhead issue in Alt 1 and Alt 2 proposals, we may want to allow A/N carrying IRBs to be included in the common interlace but avoid the reserved cyclic shift pair for the dummy signal just as the UE-B’s A/N in Figure 16. If the A/N carrying IRBs is not in common interlace (UE-A in Figure 16), then it can choose among up to 6 cyclic shift pairs. For SCS=30KHz, the dummy signal overhead is reduced to 1/30. 
One can also consider configuring more than one A/N carrying IRBs (in which case a single A/N is repeated over multiple IRBs) to solve the low transmit power issue due to PSD limit and interference from dummy signal (transmitted by another UE) to A/N carrying IRB in the near far settings. How to configure the number of A/N carrying IRBs in the network could be based on the trade-off between multiplexing capacity and PSFCH coverage. Furthermore, if some of the dummy IRBs in the common interlace occupy the same PRBs as the A/N carrying IRBs or are too close to the A/N carrying IRBs, they could be dropped from dummy signal transmission so that the full 10dBm/Hz PSD is allocated to the A/N carrying IRBs as shown in  Figure 16. To sum up, we would like to allow configurable A/N carrying IRBs in both a common interlace and non-interlaces to reduce the overhead of bandwidth occupying dummy signal.
Additionally, similar to Proposal 30, to reduce PAPR, common cyclic shift ramping can be introduced to both A/N carrying and dummy IRBs. As in NR-U, 5 cyclic shift offsets could be introduced for nearby IRBs in the same interlace as shown in  Figure 16.

[bookmark: _Ref115381611]Proposal 33: Dummy PSFCH transmission on the common interlace with reserved cyclic shift resource to fulfill the OCB requirement, and configurable number of A/N carrying IRBs in a different or same interlace index as the common interlace 
[bookmark: _Ref115381625]Proposal 34: Drop the dummy IRBs which are within X-RBs of the A/N carrying IRBs to boost the A/N transmit power 
[bookmark: _Ref115381633]Proposal 35: Apply common cyclic shift ramping to both A/N carrying and dummy IRBs to reduce the PAPR

PF0 PSFCH Resource Mapping and Hashing
For eMBB-like traffic, there is a good chance that the PF0 PSFCH occasion could share the same COT with the associated PSSCH. We may want to define a PF0 PSFCH (including capacity enhanced PF0 PSFCH with TD-OCC) resource mapping rule such that the COT initiator could resume its own COT after sharing to PSFCH transmission. Treating the case of PSSCH contained within one RB-set first, it would be reasonable to map PSSCH to a PSFCH resource in the same RB-set. Within the PSSCH RB-set, one can define a one-to-one mapping from PSSCH leading interlace (or subchannel) index and slot index to the PSFCH interlace index and a set of cyclic shift (CS) pairs. In the example shown in Figure 17, PSSCH interlace #X is mapped to PSFCH interlace #X and PSSCH in slot #i is mapped to cyclic shift pair set #i.  Within the mapped cyclic shift pair set (PSFCH resource pool), hashing is performed based on 

where  is transmitter’s L1 ID,   is receiver’s groupcast ID ( for unicast and groupcast option 1 transmissions) and  is the number of CS pairs within the mapped PSFCH resource pool (set of CS pairs).  

[bookmark: _Ref110861164][bookmark: p31]Proposal 36: To determine PF0 based PSFCH resource within the RB-set occupied by PSSCH, perform one to one mapping from PSSCH leading interlace and slot index to PSFCH interlace and CS pair set and hashing within the associated CS pair set 

For wideband PSCCH/PSSCH transmission across multiple RB-sets, if there is a PFSCH instance in the middle of the COT and PSFCH transmission is in one of the RB-sets, the COT transmission is terminated in the other RB-sets in which PSFCH is not transmitted. In the example shown in Figure 17 b), the transmitter starts a COT in two RB-sets. However, the PSFCH transmission in the duration of the COT only occupies RB-set#0 via COT sharing. So, the transmitter cannot resume the wideband COT transmission in RB-set #1 after the PSFCH instance and an additional type-1 LBT is required for that RB-set. A wideband PSFCH waveform is therefore needed to maintain a wideband COT transmission. One may consider mapping one PSFCH resource to a wideband PSFCH waveform across all RB-sets. The wideband PSFCH waveform could be consisted of multiple copies of 9/10-RB interlaced PSFCH waveform occupying the same interlace in all RB-sets of the data resource pool. For wideband interlaced PSFCH waveforms (spanning multiple RB-sets), cyclic shift ramping could be applied to reduce the PAPR. For wideband COT transmission over a subset of RB-sets in the resource pool, one can transmit the truncated wideband PSFCH waveform only in the subset of RB-sets that the PSSCH is occupying, as shown in Figure 18.  

[bookmark: _Ref110861169][bookmark: p32]Proposal 37: To support wideband PSSCH transmission, map one PF0-based PSFCH resource to an PSFCH interlace spanning all the RB-sets in the data resource pool and only transmit the truncated PF0 PSFCH in the PSSCH transmitting RB-set(s) 

[image: ][image: ]
[bookmark: _Ref110577183]Figure 17: a) PSFCH resource mapping b) Wideband COT transmission terminated with PSFCH instances

[image: ]
[bookmark: _Ref110587239]Figure 18: Wideband PSFCH transmission
S-SSB 
In RAN1 #109-e, we made the following agreements regarding the S-SSB
	Agreement:
· 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



In RAN1 #110, the following S-SSB agreements are made 
	Agreement:
· For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS




Based on the agreement, we need to study how to meet the OCB requirements for the SL-U S-SSB waveform. Rel.16 SL introduced a new S-SSB structure with 11 contiguous RBs and full slot transmission (14 symbols including a gap symbol) as shown in Figure 20a. Rel.15 SSB from gNB as shown in Figure 20b occupies 4 symbols with the bandwidth of 11/20 RBs. The S-SSB/SSB does not satisfy the 80% OCB requirement by itself. Furthermore, S-SSB cannot be transmitted along with PSCCH/PSSCH, as S-SSB slots are not included in the PSSCH resource pool in Rel. 16 SL. But according to ETSI 301.893 [2], “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”.  The 802.11ax exploits the temporary 2MHz OCB exemption to allow multi-user OFDMA (MU-OFDMA) in which the STA can be assigned with 2MHz resource units (RUs) for data transmission [6]. We may re-use the narrowband S-SSB/SSB waveform by applying the temporary 2MHz OCB exemption. However, the S-SSB is transmitted periodically and using the temporary 2MHz OCB exemption periodically may raise some concerns from other RAT unless the S-SSB transmitter can multiplex PSCCH/PSSCH in the S-SSB slots whenever it has data. 
[bookmark: _Ref101172480]Allowing the PSCCH/PSSCH to be multiplexed with S-SSB in S-SSB slots also helps the other non syncRef node to continue its COT transmission across S-SSB instances. One S-SSB slot excluded from data resource pool per 160ms implies 3.75% of the 6ms COT transmission would be impacted. When multiple consecutive S-SSB candidate slots (X) per S-SSB instance are configured to counter the LBT uncertainty, the impact on performance will be even more prominent as shown in Figure 19 (detailed simulation assumptions and more simulation results are available in [5]). For , 10%/20% of throughput loss is observed at 5Mbps offered load in low density deployment (6 pairs of SL-U UEs and 4 STAs per AP and the SL-U link association ).   
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[bookmark: _Ref114697353]Figure 19: Performance degradation by excluding S-SSB candidate slots from RP(X S-SSB candidate slots and two S-SSB instances within 160ms)
[bookmark: _Ref115381673]Proposal 38: Include S-SSB slots in the data resource pool to avoid COT transmission interruption
[bookmark: _Ref110861173][bookmark: p33]
Proposal 39: Narrowband S-SSB multiplexed with other SL transmissions opportunistically to fulfill temporary 2MHz OCB requirement

[bookmark: _Ref110861181][bookmark: p35]Proposal 40: Support standalone S-SSB transmission when there are no other SL signals to be multiplexed with. The standalone S-SSB transmission should occupy the same S-SSB resources as if it was transmitted along with other SL signals

Among the other S-SSB options in the agreements, option 1/3/4 may drastically increase the S-SSB searcher complexity and buffer size with the increased S-SSB bandwidth and correspondingly higher sampling rate (compared to narrowband S-SSB). In Table 2, we compare the complexity (in terms of multiplications/additions) for initial sync and buffer size of the S-SSB searcher between the wideband S-SSB and the narrowband S-SSB. For the wideband S-SSB searcher, the complexity increases by a factor of 16 and the searcher buffer size increases by a factor of 4 for SCS=30KHz due to 4 times the sampling rate for wideband S-SSB. The wideband S-SSB bandwidth is assumed to be 44/88RB for SCS=30/15KHz to fulfill the 80% OCB while the narrowband S-SSB occupies 11RB. The searcher complexity (in terms of multiplications/additions) is dominated by S-PSS detection in which it includes multiple frequency and timing hypotheses over the S-SSB period. In Table 2, M is the number of time samples in search window and N is the bandwidth of the S-PSS.  For S-PSS detection, time domain correlation method is assumed, and we are showing the complexity for one frequency hypothesis.

	Complexity increase factor from narrowband to wideband S-SSB
	SCS=30 KHz
	SCS=15 KHz

	S-PSS correlation: 
	16
	64

	Searcher buffer size: 
	4
	8



[bookmark: _Ref114776562]Table 2: Searcher complexity increase factor from narrowband to wideband S-SSB 

To allow PSCCH/PSSCH multiplexing in the S-SSB slots, one may want to study different S-SSB pattern for SL-U instead of using Rel’16 13-symbol S-SSB. One solution is to reuse NR SSB structure (4 symbols and 20 RBs) shown in Figure 20b. However, it may be preferable to avoid frequency multiplexing of SSB with PSCCH, DMRS of PSSCH and SCI-2 (e.g., to avoid specs change for these channels/signals format). In an example shown in Figure 21, SSB avoids first 4 symbols (AGC symbol and up to 3 symbols for PSCCH) and symbols 3 and 10, which are the two DMRS locations. One may not need to support all DMRS patterns for PSSCH in the S-SSB slots and may only choose the DMRS patterns which have enough gap between/after the DMRS symbols for S-SSB to fit. In this way, the S-SSB transmission does not impact the SCI and DMRS of PSSCH, while it is multiplexed with PSCCH/PSSCH transmission to fulfill the OCB requirement. The PSSCH data REs could perform rate matching around the S-SSB. The multiplexed PSSCH could either occupy all or some of the available interlaces, with the later option allowing other transmitters, not necessarily transmitting SSB themselves, to FDM PSSCH in a different interlace. 

[bookmark: _Ref110861177][bookmark: p34][bookmark: _Ref101172366]Proposal 41: To allow data multiplexing in S-SSB transmission slot, reuse the 4-symbol NR Uu SSB and place it in 4 contiguous symbols non-overlapping with PSCCH symbols, SCI-2 and PSSCH-DMRS symbols 

When the 4-symbol S-SSB is transmitted alone (with no PSCCH/PSSCH), it may be in the same symbol locations as in the case when multiplexing with PSCCH/PSSCH. Furthermore, the SL receiver may need AGC training symbol to obtain the proper set point for AGC. The 1st symbol of the 4-symbol SSB is the PSS symbol which cannot be used as the AGC training symbol. In Rel’16 S-SSB waveform, additional PSBCH symbol is added as an AGC symbol. Hence, adding additional AGC symbol which is a repetition of PSBCH symbol can be considered as in Figure 22. Even when the transmitter has other SL signals to multiplex with S-SSB, same 5-symbol S-SSB structure with the first symbol being AGC could be considered as well. For some configurations, e.g. the received S-SSB signal is SFN’ed from a set of syncRef UEs transmitting S-SSB multiplexed with PSSCH and another set of syncRef UEs transmitting standalone S-SSB, the received S-SSB and PSCCH/PSSCH could have different EPRE. This renders the 20MHz AGC symbol at symbol #0 of the slot not suitable for AGC training for S-SSB detection, and a 5-symbol S-SSB format with first symbol being AGC is necessary since the SL receiver may need AGC training symbol to obtain the proper set point for AGC.

[bookmark: _Ref110861186][bookmark: p36]Proposal 42: Add one AGC-symbol in front of the 4-symbol S-SSB and the AGC symbol could be a PSBCH symbol




[bookmark: _Ref100656595]Figure 20: a) Rel'16 S-SSB b) NR SSB


[bookmark: _Ref100151953]Figure 21: S-SSB for SL-U
[image: ]
[bookmark: _Ref110591427]Figure 22: Standalone SL-U S-SSB with an AGC symbol


Physical channel procedures
Multiple PSFCH opportunities for PSFCH
Legacy PSFCH HARQ timeline has one opportunity (occasion) for PSFCH transmission. In a unicast link, if receiver PSFCH LBT fails, the transmitter treats the missing PSFCH signal as a Nack and introduces PSSCH retransmission overhead, even if the receiver was actually able to decode in the first place. For groupcast option 1, if LBT for PSFCH NACK fails, the transmitter will treat it as an ACK and do not retransmit. We may want to study how to configure multiple PSFCH opportunities (occasions) associated with a PSSCH so as to provide more opportunities to pass LBT. An example is shown in in Figure 23. The PSSCH receiver may continue to try LBT on different PSFCH opportunities until it clears the LBT. If the interference at different slots is uncorrelated, the PSFCH will have more chances to clear the LBT. 
Multiple PSFCH opportunities can be configured (each with different HARQ timeline) and could be mapped to different PSFCH resource sets, i.e., resources used for first PSFCH opportunities are restricted to a pre-configured resource set of the resource pool, second PSFCH opportunities are mapped to a different pre-configured resource set in the resource pool, etc. These different PSFCH resource sets could be FDM’ed (see Fig. 24) or TDM’ed (see Fig. 25). 
Another option is to have different PSFCH opportunities share the same set of periodic PSFCH instances (different PSFCH opportunities associated with the same PSSCH could be mapped to different PSFCH instances of that set, based on different HARQ timeline). Within one PSFCH instance, we need to multiplex different PSFCH opportunities coming from different PSSCHs. Instead of FDM’ing and/or TDM’ing PSFCH resources for different PSFCH opportunities from the different PSSCH’s from different slots, PSFCH opportunities could be hashed to different PSFCH resources in the mapped PSFCH resource pool as follows

,
where  is the opportunity index taking the values of , where  is the number of PSFCH opportunities ,  is transmitter’s L1 ID,   is receiver’s groupcast ID ( for unicast and groupcast option 1 transmissions) and  is the number of CS pairs within the mapped PSFCH resource pool (set of CS pairs). Hashing collision, e.g., among different PSFCH opportunities corresponding to PSSCHs transmitted from different slots/subchannels,  is possible and becomes more frequent with the increased number of PSFCH opportunities. However, this option avoids the waste of PSFCH resources as in TDM’ing or FDM’ing when PSFCH transmitter can clear the LBT at the first few PSFCH opportunities and/or the sidelink congestion is sufficiently small.

[bookmark: _Ref101172486][bookmark: _Ref110861189][bookmark: p37]Proposal 43: To address LBT uncertainty of PSFCH, configure multiple PSFCH opportunities associated with a PSSCH with different HARQ timelines, and configure multiple (FDM/TDM) PSFCH resource sets (one set per HARQ timeline) or use differently hashed resources over a common/shared PSFCH resource set for each HARQ timeline
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[bookmark: _Ref101261822]Figure 23: Multiple PSFCH opportunities illustration for FDM (interlace structure not shown)
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Figure 24: Multiple PSFCH opportunities illustration for TDM (interlace structure not shown)
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Figure 25: Multiple PSFCH opportunities with different hashing in PSFCH resource pool

HARQ codebook 
For eMBB like traffic, transmitting multiple Ack/Nak’s from one PSSCH receiver to one PSSCH transmitter with interlaced PF0 PSFCH could be inefficient or not even possible as the number of simultaneous PF0-based PSFCH transmissions is based on UE capability. HARQ codebook is needed so the Ack/Nak’s for multiple TBs can be carried via PF2 PSFCH in one PSFCH transmission. Moreover, HARQ codebook is beneficial for Ack/Nak re-transmission (potentially due to LBT failure). In NR-U, type-3 HARQ codebook is introduced which allows gNB to pull the Ack/Nak’s of the configured HARQ IDs when gNB believes that some Ack/Nak’s are not transmitted in the regular PUCCH occasions due to LBT.
As in Rel’16 SL, all the SL nodes in the network may share common PSFCH occasions with configurable periodicity of 0/1/2/4 slots. The HARQ timeline may follow the legacy timeline with MinTimeGapPSFCH constraint. Instead of sending multiple Ack/Nak’s via different PF0 PSFCH resources, the Ack/Nak’s are collected to form a type-1 HARQ codebook with the same fixed HARQ timeline and transmitted via PF2 PSFCH with one PSFCH transmission at the legacy PSFCH instances as shown in Figure 26. Also, type-3 like HARQ could also be introduced to enable triggered Ack/Nak retransmission.

[bookmark: _Ref101873867][bookmark: p38]Proposal 44: Support type-1 HARQ codebook with fixed HARQ timeline and further study other SL HARQ codebooks to improve Ack/Nak feedback efficiency and help with Ack/Nak retransmission due to LBT failure
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[bookmark: _Ref110851039]Figure 26: Type-1 HARQ codebook with fixed timeline

Multiple S-SSB candidate locations
In Rel’16 SL, the number of S-SSB instance (K) within one S-SSB period is as follows
· FR1, SCS = 15 kHz: K=1
· FR1, SCS = 30 kHz: K=1, 2
· FR1, SCS = 60 kHz: K=1, 2, 4
Due to LBT uncertainty, the SL S-SSB transmitting node may need more opportunities to transmit S-SSB. We may also want to limit the multiple opportunities to be contained within a configured window in order to limit the S-SSB searcher’s complexity instead of letting the searcher to be active throughout the entire S-SSB period.  One can reuse NR-U DRS window design with multiple candidate locations clustered in the DRS window. The receiver may only search for the S-SSB within the configured DRS window. In NR-U, the gNB is allowed to transmit up to 4/8 S-SSBs in 10/20 S-SSB candidate locations for SCS=15/30KHz. Similarly here, among the M candidate locations, the S-SSB transmitter may transmit up to L S-SSB slots, e.g., L=4/8 in M=10/20 candidate locations as shown in Figure 27. With the PSD limit of 10dBm/MHz, the total transmit of S-SSB is limited especially for the SCS=15KHz, we may want to allow multiple (L) S-SSB transmissions (S-SSB beam sweeping as in Uu or repetition) to improve the coverage. 



[bookmark: _Ref110851114]Figure 27: S-SSB Transmission within S-SSB candidate locations

[bookmark: _Ref110861198][bookmark: p39][bookmark: _Ref102052671]Proposal 45: Introduce multiple (M) contiguous S-SSB candidate slots and allow multiple S-SSB transmission slots (L) starting from each nominal S-SSB instance(s) to allow multiple LBT tries for S-SSB transmission, and further study the number M and L 

Summary
In this section, we summarize the observations and proposals on different design aspects on SL-U
Observation 1: Multi-slot transmission improves efficiency of LBT-restricted channel access and provides opportunities for overhead reduction 
Observation 2: NR-U two-part FDRA, i.e., (X, Y), can be reused for resource allocation in which X indicates the interlace(s) or subchannel(s) allocated within an RB-set and Y indicate the RB-set(s) allocation
Proposal 1: For subchannel definition, support both interlaced and contiguous RB waveform as follows: 
· Interlaced RB subchannel: K≥1 interlaces in one RB-set (BW20MHz) as one subchannel, but K needs to divide the total number of interlaces in the resource pool
· Contiguous RB subchannel: M contiguous RBs as one subchannel as in legacy SL, but aspects of intra-cell guard band need to be considered 

Proposal 2: For interlaced waveform, when allocating/transmitting subchannels across multiple RB-sets, follow the NR-U interlace allocation limitation, i.e., no subchannel allocation in different interlaces across multiple RB-sets or different number of subchannels across multiple RB-sets
Proposal 3: A resource pool is configured with either the interlaced waveform or the contiguous RB waveform 
· A UE is not supposed to be configured with one or two resource pool(s) with different types of waveforms, i.e., all configured resources pools will either use interlaced waveform or contiguous RB based waveform
Proposal 4: The RB-set config for 20MHz subbands could be either common config for all SL nodes/links in the NW or configurable per link via RRC message exchange
Proposal 5: If RB-set config per link is configurable, one may need to define the minimum RB set for a 20MHz subband for the initial RRC message exchange in order to set up the RB-set config of a link
Proposal 6: For interlace resource pool, if the allocated resources for transmission are limited within a single RB-set, the interlace RBs in the intra-cell guard band are not included in interlaced subchannel
Proposal 7: For interlace resource pool, if two or more interlaced subchannels are allocated in two (contiguous) RB-sets, the interlaced RBs in the intra-cell guard band between the two RB-sets are included for resource allocation
Proposal 8: For contiguous RB resource pool, configure equal sized subchannels within each RB-set and the starting RB within each RB-set could be configurable
Proposal 9: For contiguous RB resource pool, when multiple (contiguous) subchannels across two (contiguous) RB-sets are allocated, the RBs in the intra-cell guard band and the edge RBs next to the intra-cell guard band not included in any subchannel could be used
Proposal 10: Support two transmission starting symbols (symbol #0 and #7) within a slot by defining two overlapping resource pools, one with transmission starting symbol at symbol #0 and the other with transmission starting symbol at symbol #7. For the 1st slot of the COT transmission, the transmitter chooses the earliest starting symbol after clearing the LBT and, if symbol #7 was chosen to initiate the COT, falls back to starting symbol at symbol #0 for the remaining of COT transmission after the initial half-slot transmission     
Proposal 11: The half-slot access could be configured per link. If configured, the receiver monitors two PSCCH occasions in each (full) slot by default 

Proposal 12: Study how to reduce SCI search in half slot to meet the blind SCI decoding limit per slot
Proposal 13: When half-slot access is configured, the receiver may skip the PSCCH monitoring at later potential PSCCH candidate locations in a (full) slot within an RB-set, if, in an earlier candidate location in that slot, SCI-1 is decoded and/or PSCCH DMRS RSRP is above some preconfigured threshold  
Proposal 15: A transmitter may initiate transmission in the middle of a full slot, only if it has attempted to decode PSCCHs in the start of the slot and has not identified/detected presence of SCI-1 with a priority higher than a (pre-)configured threshold and/or PSCCH DMRS with RSRP higher than a (pre-)configured threshold 
Proposal 16: Study different LBT EDTs for full-slot and half-slot channel access
Proposal 17: A transmitter may initiate transmission in the middle of a full slot as long as it has detected strong WiFi interference conditions indicated by metrics such as LBT failure rate and CBR, possibly accounting for priority of transmission
Proposal 18: Half slot access could be RRC configured per link based on UE capability for unicast and groupcast option 2
Proposal 19: Support enhanced DCI3_x to schedule multiple contiguous slots in mode 1 and further study the minimum signaling required
Proposal 20: Support enhanced SCI-1/2 to schedule multiple contiguous slots for one or multiple SL receivers and further study the minimum signaling required
 Proposal 21: For interlaced waveforms, PSCCH occupies the leading interlace subchannel within the leading RB-set in the allocated interlaced subchannels and RB-sets and PSSCH is multiplexed with PSCCH via TDM and/or FDM
Proposal 22: For interlaced waveforms, PSCCH is rate matched to the common or minimum RB-set within a 20MHz subband to allow nodes with different RB-set configurations to communicate to each other
Proposal 23: For interlaced waveforms, if multiple and (contiguous) RB-sets are allocated, the interlaced RBs of the allocated interlace(s) in the intra-cell guard bands are included for PSSCH rate matching 
Proposal 24: For interlaced waveforms, SCI-2 is rate matched to RB-sets belonging to the common or minimum RB-set(s) and the RB-set indices are indicated by SCI-1
Proposal 25: For interlaced waveforms, PSSCH could be rate matched to the per-link configured RB-set(s) (if supported) after the RRC config. If not supported/configured, PSSCH is rate matched to the common RB-set(s) or minimum RB-set(s) and the RB-set indices are given by SCI-1
Proposal 26: For contiguous RB waveforms, map PSCCH into a subchannel as in Rel’16 SL
Proposal 27: For contiguous RB waveforms, when multiple contiguous subchannels across two RB-sets are allocated, data PSSCH REs can be rate matched to the PRBs in the intra-cell guard band and the edge RBs (not included in any subchannel) in between the allocated subchannels
Proposal 28: Define two-part resource allocation (X, Y) relative to the SCI-1 reception interlace subchannel and RB-set to enable communication between SL nodes with different interlace/RB-set assumption
Proposal 30: Introduce interlace waveform for PUCCH format 0 (PF0) based PSFCH and cyclic shift ramping to reduce PAPR
Proposal 31: For multi-bit A/N’s carrying PSFCH, reuse 1-symbol interlaced NR-U PF2 with additional front AGC symbol 
Proposal 32: Increase the UE capacity of PUCCH format 0/2 based PSFCH by repeating the PSFCH symbol 2/4 times in time and apply the time domain OCC-2/4
Proposal 33: Dummy PSFCH transmission on the common interlace with reserved cyclic shift resource to fulfill the OCB requirement, and configurable number of A/N carrying IRBs in a different or same interlace index as the common interlace
Proposal 34: Drop the dummy IRBs which are within X-RBs of the A/N carrying IRBs to boost the A/N transmit power
Proposal 35: Apply common cyclic shift ramping to both A/N carrying and dummy IRBs to reduce the PAPR
Proposal 36: To determine PF0 based PSFCH resource within the RB-set occupied by PSSCH, perform one to one mapping from PSSCH leading interlace and slot index to PSFCH interlace and CS pair set and hashing within the associated CS pair set 
Proposal 37: To support wideband PSSCH transmission, map one PF0-based PSFCH resource to an PSFCH interlace spanning all the RB-sets in the data resource pool and only transmit the truncated PF0 PSFCH in the PSSCH transmitting RB-set(s) 
Proposal 38: Include S-SSB slots in the data resource pool to avoid COT transmission interruption
Proposal 39: Narrowband S-SSB multiplexed with other SL transmissions opportunistically to fulfill temporary 2MHz OCB requirement
Proposal 40: Support standalone S-SSB transmission when there are no other SL signals to be multiplexed with. The standalone S-SSB transmission should occupy the same S-SSB resources as if it was transmitted along with other SL signals
Proposal 41: To allow data multiplexing in S-SSB transmission slot, reuse the 4-symbol NR Uu SSB and place it in 4 contiguous symbols non-overlapping with PSCCH symbols, SCI-2 and PSSCH-DMRS symbols 
Proposal 42: Add one AGC-symbol in front of the 4-symbol S-SSB and the AGC symbol could be a PSBCH symbol
Proposal 43: To address LBT uncertainty of PSFCH, configure multiple PSFCH opportunities associated with a PSSCH with different HARQ timelines, and configure multiple (FDM/TDM) PSFCH resource sets (one set per HARQ timeline) or use differently hashed resources over a common/shared PSFCH resource set for each HARQ timeline
Proposal 44: Support type-1 HARQ codebook with fixed HARQ timeline and further study other SL HARQ codebooks to improve Ack/Nak feedback efficiency and help with Ack/Nak retransmission due to LBT failure
Proposal 45: Introduce multiple (M) contiguous S-SSB candidate slots and allow multiple S-SSB transmission slots (L) starting from each nominal S-SSB instance(s) to allow multiple LBT tries for S-SSB transmission, and further study the number M and L 
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