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

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

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

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

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

Agreement 
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.

Agreement 
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact

Agreement 
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.

Agreement 
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Agreement 
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 

Agreement 
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure



Discussion
This section expands on some of the Agreements reached on channel access mechanism issues at the TSG RAN WG1 #109-e meeting. 

CP Extension
Part of the relevant agreements: 
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.  
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).

This subsection discusses some usage scenarios where the CPE could be applicable. 
Sidelink slots sizes that are permitted at FR1 are 250 us, 500 us and 1 ms for subcarrier spacings (SCS) of 60 kHz, 30 kHz and 15 kHz, respectively. Each sidelink slot consist of a 14 OFDM symbol that includes a guard time in the last symbol, where the symbol time duration is 17.84 us, 35.68 us or 71.36 us, respectively, for SCS values of 60, 30 or 15 kHz. Because the sensing slot duration of the NR-U and other unlicensed technologies is 9 us and it is smaller than the guard time duration, other radio networks could gain access to the channel during this guard time period resulting in disadvantageous access to the channel for sidelink UEs. This channel access disadvantage occurs in the specific cases listed below.

· Channel Occupancy Time (COT) sharing between UEs. At the TSG RAN WG1 #109-e meeting it was agreed to support UE-to-UE COT share and Figure 1 shows UE2 sharing the COT initiated by UE1. Here, the UEs are transmitting in adjacent sidelink time slots using 14-symbol transmissions that contain both PSSCH and PSCCH. UE1 is using the Type 1 procedure [3] to access the channel and initiate the COT and UE2 is using one of the applicable Type 2 procedures to share the COT. 
[image: ]
[bookmark: _Ref110629198]Figure 1. COT sharing between UE1 and UE2. Top figure: without CPE. Bottom figure: with CPE on AGC symbol.
Because of absence of transmissions in the guard time duration, other contending radio networks may access the channel resulting in loss of the COT sharing opportunity. Extension of the CP of the OFDM symbol of the first AGC symbol of UE2 would mitigate this condition.  This is the same principle as NR-U uplink CPE for DL-UL COT sharing. 
· Sidelink slots with PSFCH. In R16/R17 NR sidelink, transmission slots with the capability to receive the PSFCH contains a guard time symbol after the last PSSCH as shown in Figure 2. This guard time facilitates the UE to switch from the transmit mode to the receive mode. Because of absence of a transmission during this guard symbol time, another radio network may access the channel resulting in HARQ failure from the responding UE. Extending the CP of the AGC OFDM symbol of the PSFCH transmission mitigates such HARQ failures. 

[image: ]
Figure 2. PSSCH/PSCCH slot with a PSFCH [4].
Proposal 1: Extend the CP of the AGC OFDM symbols to mitigate the disadvantageous channel access situations encountered in UE-to-UE COT sharing and in PSFCH transmissions.
· FFS: Number and duration of CP extensions to be supported.

Multiple Starting Symbol Positions
Part of the relevant agreements: 
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access.
· 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.

This subsection discusses the necessity of supporting multiple starting symbol positions within a transmission slot to retain channel access.

The sidelink slot sizes are significantly larger than the size of the sensing time slot of the NR-U, and the R16/R17 NR sidelink transmissions start only at slot boundaries, which are synchronized such that they are common to all UEs in the sidelink network. When the sidelink UE initiates channel access with the Type 1 procedure, it may successfully end anywhere within the sidelink slot instead of at the slot boundary. Because of this a transmission gap occurs between the position where the Type 1 procedure ended and the position of the slot boundary, resulting in potential loss of channel access to another radio network. 

The top figure of Figure 3 shows the Type 1 procedure when a gap duration is introduced so that the countdown of the backoff counter is extended to coincide with the slot boundary. In this figure, the gap duration is inserted when the backoff counter value reaches one; however, as per 3GPP TS 37.213, this gap duration could be inserted at any one of the backoff counter values. Unfortunately, during this long gap duration the UE could lose access to the channel to another radio network. 


[image: ]
[bookmark: _Ref110690896]Figure 3. A gap duration inserted in Type 1 procedure (top figure); multiple starting symbols combined with CPE to eliminate the gap duration (bottom figure). 

The bottom figure of Figure 3 shows an illustrative scenario where the SL-U transmissions are permitted to start at different symbol times and the CPE concept is used to close the ensuing gap between the end of the backoff counter and the position of the starting symbol. The NR-U supports mini-slot transmissions [5] where transmissions start at multiple symbol positions so supporting such a feature in the SL-U will greatly improve the inherently disadvantageous channel access capability of the SL-U. Furthermore, the addition of the CPE to the starting symbol could greatly reduce the necessity of using a gap duration within the Type 1 procedure. 

Proposal 2: Support mechanisms that improve channel access by reducing the time between the end of the LBT period and the start of the SL transmission.

Proposal 3. Support at least four different starting symbol positions within an SL-U transmission slot. Study candidate channel structures that are used in the shorter transmission slots. 

Proposal 4. Support adding a CPE to the starting symbol to reduce the length of a potential gap duration. 

Short S-SSBs for Improved Synchronization and for Improved Channel Access
Part of the relevant agreements: 
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access.
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· FFS: whether to support 4 symbols S-SSB.
· FFS whether any changes to R16/R17 NR SL synchronization procedure.

This subsection discusses the possibility of using short S-SSB signals for the dual purposes of improved synchronization and improved channel access. In out-of-network coverage and out-of-GNSS areas, clock synchronization of the UEs is essential to the efficient operation of the SL-U network. In such scenarios, collaborative clock synchronization procedures significantly enhance the UE's clock accuracy [6]. The illustrative S-SSB/SLSS transmissions presented in this subsection are intended to supplement the regular S-SSB transmissions that will be designed exclusively for synchronization purposes. Because of this, the performance realized using only these short S-SSB/SLSS blocks may not be comparable to those that are intended exclusively for the synchronization purpose. 


In R16/R17 NR sidelink the S-SSB transmissions are sent in dedicated resources that are located outside the sidelink resource pool. However, in the unlicensed bands, the S-SSB transmissions have to contend for channel access with other radio networks. Because of this, different approaches have to be devised to support transmission of S-SSBs in the SL-U. 

3GPP TS 37.213 requirements on synchronization discovery bursts. Type 2A procedure of 3GPP TS 37.213 is applicable for transmitting synchronization signals in NR-U so this procedure can be used in the SL-U for transmitting S-SSBs. For S-SSB transmissions the following conditions apply when using the Type 2A procedure (clause 4.1.2):

· Channel idle for at least 25 us
· Transmission duration of a single burst is at most 1 ms
· Burst duty cycle is at most 1/20.
Furthermore, when the backoff counter value is greater than zero, the backoff counter value shall not be decremented during the discovery bursts (clause 4.1.1).
ETSI EN 301 893 requirements on Short Control Signalling Transmissions. This type of transmissions is defined as the transmissions used for sending management and control frames. The S-SSB transmissions in SL-U can be considered to fall into this category. The following conditions apply when operating under these requirements (clause 4.2.7.3.3):
· Channel sensing not required
· Within a 50 ms observation interval
· number of transmissions limited to 50
· total duration of transmissions limited to 2500 us.
S-SSB transmissions used to reduce the gap duration. Short S-SSB/SLSS transmissions can be exploited to reduce the gap duration associated with the Type 2 procedure, in addition to supplementing the synchronization process. Figure 4 shows an example of an 8-symbol S-SSB used to reduce the gap duration, the occurrence of which was discussed with respect to Figure 3. As shown in this figure, the S-SSB is inserted after the backoff counter value reaches zero so this S-SSB transmission is consistent with the last requirement of Type 2A on discovery bursts stated above. The design details of the S-SSB are contained in our companion contribution [7]. Similar to the CPE used in Figure 3,  this figure also shows the CPE used to eliminate the small gap that may occur between when the backoff counter value reaches zero and the start of the S-SSB burst transmission. 
[image: ]
[bookmark: _Ref110724459]Figure 4. A gap duration inserted in Type 1 procedure (top figure); an 8-symbol S-SSB combined with CPE to eliminate the gap duration (bottom figure).

Depending upon the length of the gap duration, different sizes of S-SSB transmissions can be considered for reducing the length of this gap duration. Figure 5 shows an example of a 4-symbol S-SSB suitable for use in cases when the gap duration is shorter. 


[image: ]
[bookmark: _Ref110728312]Figure 5. A gap duration inserted in Type 1 procedure (top figure); a 4-symbol S-SSB combined with CPE to eliminate the gap duration (bottom figure).

Figure 6 shows an illustration where a 1-symbol SLSS transmission is used when sidelink transmissions starting at ½-slot positions are supported. The gap durations with such transmissions are shorter so the shorter 1-symbol SLSS could be exploited to provide improved channel access to the SL-U UE while serving the synchronization needs of the SL-U network. The 4-symbol S-SSB discussed above may also be used in this scenario where transmissions are permitted to start at ½-slot boundaries. Note that the 1-symbol SLSS transmission does not contain PSBCH data so it contains only the sidelink synchronization signals. 

The frequency and the total durations of these S-SSB transmissions have to comply with the 3GPP and ETSI requirements listed earlier. 
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[bookmark: _Ref110762520]Figure 6. A gap duration inserted in Type 1 procedure (top figure); a 1-symbol S-SSB combined with CPE to eliminate the gap duration (bottom figure).

Proposal 5. Support 4-symbol S-SSB.  In addition, study the benefits of using 1, 2 and 8 symbol lengths for the S-SSB, where the 1- and 2-symbol length transmissions contain only sidelink synchronization signals (SLSS). 

Proposal 6. Study the possibility of using short supplemental S-SSB transmissions to improve channel access to the SL-U, in addition to enhancing synchronization of the SL-U UEs. 

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

This subsection discusses Type A and Type B multiple channel access procedures in NR-U. 
3GPP TS 37.213 supports two multiple channel access procedures: Type A and Type B. Each of these is divided to two categories: Type A1, Type A2 and Type B1, Type B2.
Type A multiple channel access procedure (downlink). In this procedure, Type 1 channel access procedure is carried out on each channel at the gNB. The specific procedure for selecting and decrementing the backoff counter values is different in Type A1 and A2. 

Figure 7 shows this procedure when the gNB is using five channels, where Channel #5 is separated in frequency sufficiently apart so that the RF power leakage at its receiver due to transmissions in Channel #1 or Channel #2 can be neglected. On the other hand, there is a significant level of RF power leakage from Channel #1 to Channel #2, and vice versa. As shown here, backoff counter values associated with Channels #1 and #2 are frozen when there are transmissions in either channel. On the other hand, these transmissions do not have an effect on the backoff counter value associated with Channel #5. Note that if there are simultaneous transmissions on multiple channels, except in rare occasions, the start times of such transmissions do not coincide. 

· Type A1. Procedure for the backoff counter adjustment is as follows:
· Backoff counter value determined independently for each channel
· When transmission on any channel ends
· the gNB can resume decrementing the backoff counter on any other channel either after determining the channel is idle for 36 us or after reinitializing the backoff counter. (This applies to the Resume Backoff block in Figure 7.)
· Type A2. Procedure for the backoff counter adjustment is as follows: 
· All channels use the same initial backoff counter value, which is determined by the channel with the largest contention window
· When a transmission on any channel ends
· the backoff counters for all channels are reinitialized. (This applies to Resume Backoff block in Figure 7.)
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[bookmark: _Ref110777605]Figure 7. Type A multiple channel access procedure.
Type B multiple channel access procedure (downlink). In this procedure, Type 1 channel access procedure is carried out on one of the channels and other channels are sensed for at least 25 us before selecting them for transmission. The channel used with the Type 1 procedure is constrained such that it is either selected randomly or the same channel should not be selected more than once every second.  Type B1 and B2 procedures use different methods for the contention window. 

[image: ]
[bookmark: _Ref110790469]Figure 8. Type B multiple channel access procedure.
Figure 8 shows the Type B channel access procedure for a five-channel system where Channel #2 is sensed busy in the time window shown. Type 1 channel access procedure is used in Channel #1 and Channel #5 is sensed to be idle in the 25 us interval prior to the end of this procedure. As shown here, in Type B procedure transmissions in multiple channels start at the same time. 

· Type B1. A single contention window is maintained for all the channels and this is used in the Type 1 procedure of the selected channel.
· Type B2. Each channel maintains an independent contention window. The largest contention window of any channel is used to determine the initial backoff counter value of the channel used for Type 1 procedure. 

Proposal 7: Study multiple channel support for SL-U using the NR-U downlink channel access procedure as the baseline.

Proposal 8: Support multiple channel support for SL-U under semi-static channel access conditions.

Proposal 9: Study supporting mode 2 sidelink in both contiguous and non-contiguous multiple channels, where the starting times of the non-contiguous channels may not be time aligned.
· Study supporting mode 2 sidelink operations in multiple channels where Type B procedure could choose non-contiguous multiple channels that are not sufficiently separated apart in frequency such that sensing in one channel may not be possible while transmitting in the other channel. 

UE-to-UE COT Sharing
Part of the relevant agreement: 
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs).

This subsection discusses UE-to-UE COT share and emphasizes its necessity for effective operation of the SL-U. 
The R16/R17 sidelink mode 2 resource allocation scheme is designed to support multiple UEs where each time slot is shared with one or more UEs and consecutive time slots are shared with different UEs. That is, in a time window of several time slots, it is not unusual to observe transmissions from most of the UEs of the sidelink network. Therefore, to preserve this essential character of the sidelink mode 2 transmission scheme, it is necessary to support transmissions from multiple UEs in a time window that consists of several consecutive time slots. This will require multiple UEs sharing a COT that was initiated by a UE using the Type 1 procedure. 
Figure 9 shows an illustrative scenario of a UE-to-UE COT share where UE1 uses Type 2 channel access procedure to initiate the COT and it is shared with UE2 and UE3. This figure shows a 3-UE sidelink network with each color corresponding to a single UE. First, UE1 uses Type 1 procedure to gain access to the channel and initiates a COT of length SL-U_COT. Next, UE2 and UE3 employ the Type 2 procedure to use this COT share. This COT share continues until the end of the SL-U_COT interval. The specific Type 2 procedure depends upon the inter UE spacing, TInterUE. When TInterUE is less than 16 us, Type 2C can be used but the length of the transmission is limited to 584 us. Otherwise, Types 2B and 2A apply, respectively, when TInterUE us and TInterUE us. 
[image: ]
[bookmark: _Ref110806101]Figure 9. UE-to-UE COT share.
As shown in this figure, the resource selection scheme in sidelink mode 2 is such that the UEs are allocated periodic transmission resources with adjacent time slots shared by transmissions from multiple UEs. Because of this resource selection scheme, for effective operation of the SL-U, it is necessary to support COT sharing between multiple UEs. Note that, although not shown here, in general multiple UEs can be allocated resources in the same time slot. 
Proposal 10: Support COT sharing between multiple UEs. R16/R17 sidelink mode 2 resource selection scheme is based on periodic resource reservations and multiple UEs sharing the same time slot or adjacent time slots. COT sharing with multiple UEs is necessary to preserve this essential sidelink characteristic. 
Mode 2 Resource Selection
Part of the relevant agreement: 
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access.

The sidelink mode 2 semi-persistent scheduling (SPS) scheme is based on periodic resource reservations where this periodicity, indicated by the Resource Reservation Interval (RRI), is included in the Transport Block (TB) as part of the 1st stage of the Sidelink Control Information (SCI). The UEs avoid transmission collisions by decoding this SCI and determining each other's RRI values, and using them to predict the resources reserved by the other UEs. In the absence of LBT blocks, the sidelink SPS scheme autonomously assigns resources to the UEs in such a manner that the sidelink network operates in an efficient manner. However, the LBT blocks impose significant challenges when using the SPS scheme and some of these challenges are discussed in this subsection. 
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[bookmark: _Ref110973174]Figure 10. Illustrative scenario of a sidelink UEs occupying the channel with two WiFi networks.

Figure 10 shows an illustrative scenario where a network of sidelink UEs are occupying the channel with two WiFi networks. In this illustrative scenario, at time t2  UE0 gains access to the channel, and transmissions from UE1, UE2 and UE3 follow their reservation order that existed prior to the LBT block. This also shows new TB arrivals from UE4, UE5 and UE6 that do not have prior reservations. The sidelink UEs transmit for a maximum duration of              SL-U_COT as shown here and contend for the channel again. This illustrative scenario is not supported by R16/R17 sidelink mode 2 so enhancements have to made to this resource allocation scheme to address some of the challenges listed next.

· Resources that are already reserved during and after an LBT block. The SPS scheme is used by the UEs to reserve resources periodically. For effective use of the SPS scheme, it is necessary to preserve the order of resources reserved even after an LBT block. 
· Starting sidelink UE transmissions after an LBT block. Sidelink network consists of many UEs so each of them could use the Type 2 procedure to access the channel. 
· Multiple sidelink UEs may gain access to the channel at the same time slot resulting in collisions and failure to gain channel access. 
· The UE that gains access to the channel first may not be the next-in-line UE in terms of resources reserved prior to the LBT block.
· Sensing and selection windows of the SPS scheme. The SPS scheme maintains a sensing window that is either 1100 ms or 100 ms long. These window sizes do not account for the LBT blocks. Similarly, the selection window does not account for the LBT blocks. 
· New TB arrivals during LBT blocks. A high number of TBs may attempt to access the channel when the sidelink UEs gain access to the channel after an LBT block. This may result in collisions as the SPS may select overlapping resources for these TBs.
· Absence of reservations in some time slots in a sidelink COT. Because sidelink mode 2 uses a conservative resource reservation scheme to avoid potential transmission collisions, when the sidelink UEs gain access to the channel some of the time slots may not contain transmissions. This may result in a shorter COT as a result of another radio network accessing the channel.

Proposal 11: Support enhancing sidelink mode 2 resource selection procedure to account for LBT blocks. Study supporting the following in the enhanced version
· Resources that are already reserved during and after LBT blocks
· Starting UE transmissions after an LBT block
· Sensing and selection window sizes
· New TB arrivals during LBT blocks
· Absence of sidelink reservations in some time slots.
	
Summary of Proposals
Proposal 1: Extend the CP of the AGC OFDM symbols to mitigate the disadvantageous channel access situations encountered in UE-to-UE COT sharing and in PSFCH transmissions.
· FFS: Number and duration of CP extensions to be supported.

Proposal 2: Support mechanisms that improve channel access by reducing the time between the end of the LBT period and the start of the SL transmission.

Proposal 3. Support at least four different starting symbol positions within an SL-U transmission slot. Study candidate channel structures that are used in the shorter transmission slots. 

Proposal 4. Support adding a CPE to the starting symbol to reduce the length of a potential gap duration. 

Proposal 5. Support 4-symbol S-SSB.  In addition, study the benefits of using 1, 2 and 8 symbol lengths for the S-SSB, where the 1- and 2-symbol length transmissions contain only sidelink synchronization signals (SLSS). 

Proposal 6. Study the possibility of using short supplemental S-SSB transmissions to improve channel access to the SL-U, in addition to enhancing synchronization of the SL-U UEs. 

Proposal 7: Study multiple channel support for SL-U using the NR-U downlink channel access procedure as the baseline.

Proposal 8: Support multiple channel support for SL-U under semi-static channel access conditions.

Proposal 9: Study supporting mode 2 sidelink in both contiguous and non-contiguous multiple channels, where the starting times of the non-contiguous channels may not be time aligned.
· Study supporting mode 2 sidelink operations in multiple channels where Type B procedure could choose non-contiguous multiple channels that are not sufficiently separated apart in frequency such that sensing in one channel may not be possible while transmitting in the other channel. 
Proposal 10: Support COT sharing between multiple UEs. R16/R17 sidelink mode 2 resource selection scheme is based on periodic resource reservations and multiple UEs sharing the same time slot or adjacent time slots. COT sharing with multiple UEs is necessary to preserve this essential sidelink characteristic. 
Proposal 11: Support enhancing sidelink mode 2 resource selection procedure to account for LBT blocks. Study supporting the following in the enhanced version
· Resources that are already reserved during and after LBT blocks
· Starting UE transmissions after an LBT block
· Sensing and selection window sizes
· New TB arrivals during LBT blocks
· Absence of sidelink reservations in some time slots.
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