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Introduction
The work item for NR sidelink evolution was approved in RAN#94e and revised in RAN#96 [1], and the following agreements [2] were made in relation to the physical channel design framework for supporting sidelink on the unlicensed spectrum: 
	· 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.
· 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
· 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.
· 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
· 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 
· 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



This document focuses on the changes required for the physical channel design to be able to support the sidelink unlicensed (SL-U) spectrum.

SL-U Resource Pools
In Rel-16 and Rel-17, NR sidelink UEs were configured with one active SL BWP which is used for both transmissions and receptions. The SL BWP further contained resource pools, where each resource pool contained multiple sub-channels across frequency and the resource pool is defined across time using continuous or discontinuous time slots. The same SL BWP and resource pool configuration was agreed to be adopted for Rel-18 in the previous meeting [2]. The other issues that remain are the definition of the resource pools across time while minimizing the chances of a COT being taken over by another non-3GPP UE in the case of discontinuous resource pools, along with the challenges for incorporating interlaced RB-based transmissions in a legacy SL resource pool.
Across Time
This section is related to the FFSs on how to define the slots in a resource pool across time. One of the aspects that was discussed was the need for a time-continuous resource pool. The rationale behind defining a resource pool across time with a bitmap value of all 1s is that in the event that a resource pool is defined in a discontinuous manner, i.e., with both 0s and 1s, it opens up the possibility of non-3GPP UEs being able to access the channel. This would result in a 3GPP UE not having access to the channel within a COT due to a failed LBT since other non-3GPP UEs would be occupying the channel. This can be avoided by configuring a time-continuous resource pool with a bitmap with all 1s, and providing the 3GPP UEs with a possibility of a truly time-continuous COT.
Proposal 1: We propose that Rel-18 SL-U resource pools are configured in a time-continuous manner, using a bitmap with all 1s.

Across Frequency
NR-U was designed to co-exist with other non-3GPP RATs such as IEEE 802.11, especially in the sub-6 GHz frequency bands. Due to this reason, NR-U supports only bandwidths that are an integer multiple of 20 MHz in order to meet the OCB and PSD regulatory requirements, where each of these 20 MHz channels are designated as a sub-band. While NR-U supports both contiguous and interlaced resource allocation schemes, for interlaced resource allocation, the basic unit of resource allocation is called an interlace, consisting of a number of equally spaced resource blocks within the 20 MHz sub-band. This is depicted in Figure 1.
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Figure 1: Depiction of interlaces in NR-U
On the other hand, Rel-16 and 17 resource pools support contiguous RB-based transmissions. Based on the discussions in the previous meeting [2], it is possible to configure a resource pool with either a RB-based transmission or an interlaced RB-based transmission.
Proposal 2: We propose to include a resource pool configuration to enable either contiguous RB-based or interlaced RB-based transmissions in SL-U.

A UE using interlaces in NR-U is configured with a parameter M denoting the number of interlaces, and multiple interlaces of resource blocks are defined, where each interlace consists of common resource blocks that are determined by , as defined in [3]. The UE is then expected to perform an intersection operation with the resource blocks of the configured BWP. The number of interlaces are restricted to a maximum of 10.
In order to use the concept of interlaced resources in SL-U for the transmission of PSCCH and PSSCH, it has to incorporate the fact that multiple resource pools are defined within a SL BWP, and a single resource pool does not necessarily span the entire frequency of the BWP. Each resource pool is defined with a number of sub channels, which each sub channel size defined by the number of consecutive PRBs, which can be configured to the values of 10, 12, 15, 20, 25, 50, 75 or 100 PRBs. This would open up the possibility of a resource pool bandwidth not being a multiple of the 20 MHz sub band that is mandated by regulatory requirements. Hence a resource pool has to be configured accordingly in order to avoid wastage of resources. Furthermore, the resource pool may be smaller or equal to the bandwidth defined for the SL BWP. In this case, instead of performing the intersection operation between the RB sets and the BWP, the intersection operation can also be performed between the RB sets and the configured resource pool within the BWP.
Proposal 3: In order to support interlaced RB-based transmissions in SL-U, we propose to perform the intersection operation between the RB sets and a resource pool within the SL-BWP.

With the agreement from the previous meeting that the resource pools will be configured to include an integer number of RB sets [2], there is a requirement for the sub channel sizes and resource pool bandwidths to be aligned or compatible with the number of RB sets configured for the resource pool. It is advantageous to retain the concept of sub channels and maintain a similar structure as that of resource pools defined in Rel-16/17 for ease of specification efforts, else a new resource pool structure would need to be defined. Keeping this in mind, and in order to support interlaced RB-based transmissions, it is possible to define a sub channel with an integer multiple of number of RBs that can also match the number of RBs in an LBT sub band, on a per 20 MHz channel basis. 
In this case, the size of the RB sets would be configured based on the SCS for the SL-BWP within which the resource pool is configured. This would enable a unified design for resource pools that support RB-based and interlaced RB-based transmissions. It has to be further studied how the OCB requirements can be incorporated into the sub channel design.
Proposal 4: We support the configuration of sub channels within a resource pool in Rel-18 SL-U. The number of RBs within a sub channel should be compatible with the LBT sub bands, according to the SCS.

Another aspect to be explored is the use of multiple interlace configurations for a given resource pool. This would enable the use of different configurations for reservation of resources used in future transmissions and retransmissions. Based on the way interlaces are configured in NR-U, higher layer configurations are used to determine the exact transmission resources. With the use of multiple interlace configurations supported by a resource pool, it is also possible to use different interlaces for an initial transmission and a retransmission by indicating the interlace configuration in an SCI. Currently these resources are indicated using the TRIV/FRIV. This would introduce greater frequency diversity and avoid any untoward resource collisions.
Proposal 5: Study the possibility of introducing multiple interlace configurations per resource pool and its effects on the resource indication using TRIV/FRIV in SCIs.

Slot Structures for SL-U
In Rel-16 and Rel-17, each resource pool contain multiple sub-channels across frequency and the resource pool is defined across time using continuous or discontinuous time slots. Each time slot within these resource pools contain a set of 7 or 14 symbols, with physical channels being carried within the slot. An exemplary depiction of these time slots with the physical channels can be seen in Figure 2. 
A key aspect that has to be borne in mind is that the smallest unit of time used for scheduling SL transmissions is a time slot across time and a sub-channel across frequency. It was agreed in the previous meeting that SL-U would also adopt the same slot-based transmission procedures [2]. This would make it challenging to incorporate LBT procedures as defined in NR-U, primarily because they take place at a per-symbol level.
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Figure 2: Examples of slot formats with and without PSFCH

Observation 1: The smallest unit of time used for scheduling SL transmissions in Rel-16/17 is a time slot across time and a sub-channel across frequency, while LBT procedures in NR-U take place at a per-symbol level. 

NR-U employs a flexible slot structure, where each symbol is used for transmissions in the downlink or uplink direction, including flexible symbols that can be used for either. They are defined in [4], in Section 11.1.1, where the different supported slot formats are specified. This would allow UEs to carry LBT procedures over a few symbols, ascertain whether a given channel is available or not, and immediately begin transmissions using the flexible slot formats. After contending for a (pre-)defined number of symbols on the channel, the UEs can use it for a time period referred to as the COT. Mini-slots have also been defined in NR-U specifically to cater to the LBT taking place at the beginning of the time slot, and facilitate immediate transmissions once the UE determines the channel to be available.
Observation 2: NR-U employs flexible slot structures, including mini-slots, in order to incorporate LBT procedures taking place at the beginning of a time slot.

In NR-U, channel access procedures can be carried out by the gNB for downlink transmissions, and by the UE for uplink transmissions. The different channel access procedures used by both entities are defined in [3], where the time duration of the sensing slots is randomly determined in the Type 1 access procedure, and deterministically determined in the Type 2 access procedure. In both the procedures, the basic unit for sensing is a sensing slot with a duration Tsl = 9us, and a channel is determined to be available if the received power detected for at least 4us of the sensing slot is less than an energy detection threshold. Else, the channel is adjudged to be busy or occupied.
One of the concerns of adapting the same channel access procedures to SL-U is that the sensing slot and the minimum sensing or LBT durations in NR-U across Type 1 and Type 2 are less than the length of a symbol within a time slot. For example, a 30 kHz SCS resource pool, each symbol within a time slot is 35.7us. This would require the UE to carry out LBT, check if the channel is available, and if yes, transmit within the same time slot. In the case where the existing NR sidelink time slot structures were to be used, the UE can determine that a time slot is available using LBT, but would not be able to transmit in the same time slot due to its slot structure. This is depicted in Figure 3.
The main challenge here is that Rel-16/17 sidelink UEs that carry out sensing rely on fixed slot structures and well-defined slot boundaries in order to identify the location of the PSCCH so as to decode the control information. While incorporating flexible slot structures might be considered in Mode 1, Mode 2 would require a more cautious approach since UEs carry out sensing in order to determine the availability of a channel based on decoding the PSCCH, as per the Rel-16/17 sensing and resource allocation procedure in [5]. Furthermore, the UE would have to carry out LBT before using the scheduled resources for a transmission. Since LBT would indicate the availability of only the current time slot, there is a need to define slot structures that are less than 14 symbols in length as well as multiple starting positions within the time slot at which the UE can commence its transmission after performing LBT. This would enable the UE to carry out LBT and then carry out a transmission within the same time slot. While the existing definitions of mini-slots and flexible slot structures can be carried forward for SL-U, new slot structures would need to be defined that would incorporate the SL physical channels as well.
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Figure 3: Depiction of existing NR-U LBT procedures and Rel-16/17 time slots and sensing/resource selection procedures

Proposal 6: We propose to define new slot structures and multiple staring positions within a time slot for SL-U which would allow UEs to carry out LBT at the beginning of a time slot, and transmit in the remaining symbols of the same time slot.

Another issue with using flexible slot structures is that if there was a mismatch in the slot boundaries, the UE would not be able to detect a PSCCH transmission in the symbols within the time slots that it expects. If a UE misses out on decoding a PSCCH transmission that does not adhere to the slot boundary, the UE would consider the resource to be available, but in reality, could carry a transmission over a mini-slot. This can be seen in Figure 3, where the minimum LBT durations across channel access procedure types are defined over a symbol for a time slot defined in 30 kHz SCS. While the LBT procedures with its defer duration and sensing slots would take anywhere between less than a symbol duration, to over one and a half symbols, using an altered slot structure would push the beginning of the transmission by 1 to 2 symbols. This would result in a slot alignment mismatch for a sensing UE looking for the 2 to 3 PSCCH symbols defined after the AGC symbol.
With varying lengths of the LBT procedure, modifications would need to be carried out in the sensing and resource allocation procedures for UEs to be aware of the new slot structures and be able to determine the new positions of the PSCCH after a UE has carried out LBT. Discussions on multi-slot transmissions have been elaborated in our accompanying contribution [6].
Proposal 7: Study the possibility of adjusting the existing sensing and resource allocation procedure in SL‑U for UEs to be able to decode the PSCCH in flexible time slots or mini-slot structures.

PSFCH Transmissions and SL-HARQ in SL-U
In Rel-16/17, NR V2X introduced the support of HARQ based transmissions, where the receiving UE transmits a 1-bit HARQ ACK or NACK on the PSFCH, confirming the receipt or non-receipt of a given transmission based on whether it was able to decode the transport block successfully or unsuccessfully, respectively. The receiving UE can transmit an ACK/NACK for unicast and groupcast (type 1) transmissions, as well as NACK-only for particular groupcast (type 2) transmissions. The UE implicitly determines the earliest PSFCH resource to be used to transmit the HARQ feedback depending on the following two conditions:
· The transmitting UE provides a “PSFCH overhead indication” parameter in the SCI [7], which is a parameter derived from the higher layer parameter sl-PSFCH-Period [8], which is a resource pool configuration parameter. This parameter informs the receiving UE on the periodicity of PSFCH resources defined within the resource pool.
· Sl-MinTimeGapPSFCH is another higher layer parameter [8] which is a resource pool configuration parameter that defines the minimum time gap between the data transmission in the PSSCH and the feedback transmission in the PSFCH.
While PSFCH format 0 was agreed in the previous meeting [2], there are still a few challenges in implementing SL HARQ feedback on SL-U. Based on the sl-PSFCH-Period and Sl-MinTimeGapPSFCH parameters, the UE could implicitly determine the time slot on which the HARQ feedback has to be transmitted for a given data transmission. In order to reuse the same concept in SL-U, a few factors have to be considered: 
· If the implicitly determined time slot with PSFCH is within the COT initiated by the transmitting UE, it is possible for the receiving UE to use COT sharing and transmit on the designated PSFCH. However, within same COT, it is possible for LBT failure to occur, if LBT is performed, for the intended time slot where the HARQ feedback was to be transmitted.
· In the case where the transmission is a blind transmission, taking place in a resource pool with PSFCH enabled, or when there is a gap in transmissions when the transmitting UE nor the receiving UE transmits on the PSFCH, this would result in the current COT being lost to another UE that occupies the channel.
The above cases would result in the receiving UE not being able to use the implicitly designated time slot with PSFCH configured for the transmission of its HARQ feedback. Hence the receiving UE would require more than a single PSFCH occasion in order to be able to transmit the HARQ feedback successfully. This can be done by providing more PSFCH occasions over time and over frequency.
Over time, it is possible to configure the PSFCH in every time slot (sl-PSFCH-Period =1), but that would also come at the cost of reduced PSSCH resources available for data transmissions in a resource pool. Hence it is possible to (pre-)configure a time duration within which the transmitting UE can expect to receive feedback for a given data transmission. This would provide the receiving UE with multiple PSFCH occasions to perform LBT and use the one occasion where it was deemed available. It is also possible for these multiple PSFCH occasions to be (pre-)configured or dynamically indicated to the transmitting UE. These additional PSFCH occasions need to be used only if the initial intended PSFCH occasion could not be used due to LBT failure. However, this would require the transmitting UE to monitor all these PSFCH occasions to be able to receive the HARQ feedback, if not explicitly indicated otherwise.
Across frequency, the receiving UE can also use different subchannels to transmit the HARQ feedback, even across different COTs. This would require the receiving UE to initiate a COT and share this with the transmitting UE, but it would be able to respect the conditions of implicitly determining the PSFCH time slot as was used in Rel-16/17.
In both the scenarios described above, new signaling would be required to inform the receiving UE of the possible PSFCH occasions that it can use to transmit HARQ feedback, as well as for the transmitting UE to be aware of the PSFCH occasions that it needs to monitor.
Proposal 8: We propose to introduce multiple PSFCH occasions in SL-U by studying and using
· a (pre-)configured time duration within which the receiving UE can transmit the HARQ feedback, 
· indicated time slots with PSFCH configured, or
· different subchannels across frequency.

With the introduction of multiple PSFCH occasions, another issue is the reporting of the HARQ feedback by the transmitting UE back to the gNB when operating in Mode 1. While currently the UE uses the first possible PUCCH transmission occasion to report the HARQ feedback after the resources indicated in a grant, it might be required to revisit this because it is possible that the receiving UE was not able to transmit the HARQ feedback in the intended PSFCH time slot. This would require a redundancy to be introduced for the transmitting UE to be able to report the HARQ feedback to the gNB.
Proposal 9: We propose to study and consider the possibility of adapting the PUCCH timeline for the transmitting UE to report HARQ feedback to the gNB in SL-U, if multiple PSFCH occasions can be used by the receiving UE for transmitting the HARQ feedback.

Another aspect to be further discussed is the actions that a receiving UE can carry out in the case it faces multiple LBT failures in its attempt to transmit HARQ feedback. While it is possible for the receiving UE to be (pre-)configured with multiple PSFCH occasions, it needs to ensure that it is able to transmit the HARQ feedback depending on the priority of the transmission and the remaining PDB. It is also possible to (pre-)configure a maximum LBT failure threshold, beyond which the receiving UE has to take some action in order to ensure it can transmit the PSFCH successfully. Different possibilities and solutions have to be studied.
Proposal 10: Study the actions to be taken by the receiving UE in the case of multiple LBT failures in attempting to transmit HARQ feedback on the PSFCH.

Conclusions
The following observations and proposals have been made in this document:
Proposal 1: We propose that Rel-18 SL-U resource pools are configured in a time-continuous manner, using a bitmap with all 1s.
Proposal 2: We propose to include a resource pool configuration to enable either contiguous RB-based or interlaced RB-based transmissions in SL-U.
Proposal 3: In order to support interlaced RB-based transmissions in SL-U, we propose to perform the intersection operation between the RB sets and a resource pool within the SL-BWP.
Proposal 4: We support the configuration of sub channels within a resource pool in Rel-18 SL-U. The number of RBs within a sub channel should be compatible with the LBT sub bands, according to the SCS.
Proposal 5: Study the possibility of introducing multiple interlace configurations per resource pool and its effects on the resource indication using TRIV/FRIV in SCIs.
[bookmark: _GoBack]Observation 1: The smallest unit of time used for scheduling SL transmissions in Rel-16/17 is a time slot across time and a sub-channel across frequency, while LBT procedures in NR-U take place at a per-symbol level. 
Observation 2: NR-U employs flexible slot structures, including mini-slots, in order to incorporate LBT procedures taking place at the beginning of a time slot.
Proposal 6: We propose to define new slot structures and multiple staring positions within a time slot for SL-U which would allow UEs to carry out LBT at the beginning of a time slot, and transmit in the remaining symbols of the same time slot.
Proposal 7: Study the possibility of adjusting the existing sensing and resource allocation procedure in SL‑U for UEs to be able to decode the PSCCH in flexible time slots or mini-slot structures.
Proposal 8: We propose to introduce multiple PSFCH occasions in SL-U by studying and using
· a (pre-)configured time duration within which the receiving UE can transmit the HARQ feedback, 
· indicated time slots with PSFCH configured, or
· different subchannel across frequency.
Proposal 9: We propose to study and consider the possibility of adapting the PUCCH timeline for the transmitting UE to report HARQ feedback to the gNB in SL-U, if multiple PSFCH occasions can be used by the receiving UE for transmitting the HARQ feedback.
Proposal 10: Study the actions to be taken by the receiving UE in the case of multiple LBT failures in attempting to transmit HARQ feedback on the PSFCH.

References
[1] [bookmark: _Ref494465620][bookmark: _Ref527624780]RP-221798, “WID revision: NR sidelink evolution”, OPPO, 3GPP RAN#96, June 2022.
[2] Chairman’s Notes, 3GPP RAN1#109-e, May 2022.
[3] TS 37.213 v16.7.0, “Physical layer procedures for shared spectrum channel access (Release 16)”, December 2021.
[4] TS 38.213 v17.2.0, “Physical layer procedures for control (Release 17)”, June 2022.
[5] TS 38.214 v17.2.0, “Physical layer procedures for data (Release 17)”, June 2022.
[6] R1-2206438, “NR Sidelink Unlicensed Channel Access Mechanisms”, Fraunhofer HHI, Fraunhofer IIS, 3GPP RAN1#110, August 2022.
[7] TS 38.212 v17.2.0, “Multiplexing and channel coding (Release 17)”, June 2022.
[8] TS 38.331 v17.1.0, “Radio Resource Control (RRC) protocol specification (Release 17)”, June 2022.


9/9
image1.emf
Interlace 0

Interlace 1

Interlace 2

Interlace 0

Interlace 1

Interlace 2

Interlace 0

Interlace 1

Interlace 2

BWP

PRB


image2.emf
PSSCH

GUARD

DMRS

PSCCH

PSSCHPSSCHPSSCHPSSCHPSSCHPSSCH

DMRS

PSSCH PSSCH

GUARD

AGC (PSFCH)

PSFCH

GUARD

PSCCH

AGC

PSSCHPSSCH

AGC

DMRS

PSSCHPSSCH

DMRS

PSSCHPSSCH

DMRS

PSSCH

1 time slot 1 time slot


image3.emf
GUARD

PSFCH

AGC (PSFCH)

PSSCHPSSCH

PSSCH

GUARD

DMRS

PSSCH

AGC

DMRS

PSSCH

DMRS

PSSCH

PSCCH

Defer Duration T

d

= 25us

1st symbol for30kHz SCS= 35.7us

Sensing time slot T

sl

Additional Defer Duration(s) T

d

LBT Duration for Priority 1 and CW = 3 for Type 1UL Channel Access (1 T

d

+ 3 T

sl

= 54us)

2nd symbol

Min.LBT Duration for Type 1UL Channel Access (1 T

d

+ 1 T

sl

= 34us)

Time

slot n

Selection Window Sensing Window

Min.LBT Duration for Type 2AUL Channel Access (T

short_ul

= 25us)

Min.LBT Duration for Type 2BUL Channel Access (T

f

= 16us)

LBT


