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1	Introduction
In the last RAN#98e, the new WID on NR sidelink evolution was updated to further specified the already studied aspects [1]. Objective#2 of the agreed WID aims to specify the operation of sidelink on unlicensed spectrum. The details of the objective as agreed are stated below.
	2. Specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this paper, we discuss the channel access mechanism for SL-U and explain our views on the use of existing SL functionalities together with the NR-U channel access mechanisms. We also discuss some aspects on the evaluation methodology to be used for SL-U.
2		Channel access 
The following agreements on channel access procedures were made in earlier meetings:
	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
· Type 2A/2B/2C SL channel access procedures
· Type 2A channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≥ 25μs in a shared channel occupancy
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2A is used also for the case of short control signalling transmission
· Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is 16μs in a shared channel occupancy
· FFS the case when the gap is between 16 and 25us
· FFS any other transmission by a UE (e.g., other than COT sharing)
· Type 2C channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≤ 16μs in a shared channel occupancy and the duration of the corresponding transmission is at most 584us.
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2C is used also for the case of short control signalling transmission
· FFS under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
· FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16 μs


Agreement
· Type 1 SL channel access procedure is applicable to the following transmissions by a UE:
· PSSCH/PSCCH transmission(s) scheduled or configured by a gNB in SL Mode 1 resource allocation.
· PSSCH/PSCCH transmission(s) from the UE in SL Mode 2 resource allocation.
· Other SL transmissions including S-SSB and PSFCH transmissions from a UE
· FFS: how to set CAPC for S-SSB and PSFCH
· Note: Type 1 can be used to initiate a COT
· A UE uses a channel access priority class applicable to the sidelink user plane data multiplexed in PSSCH for performing the Type 1 channel access procedures to transmit transmission(s) including PSSCH with user plane data and its associated PSCCH.
· Note: how to set CAPC for MAC CE multiplexed in PSSCH is up to RAN2
· A UE shall not transmit on a channel for a Channel Occupancy Time that exceeds the maximum COT duration where the channel access procedures are performed based on a channel access priority class p associated with the UE transmissions, as given in CAPC table for SL.



We think that semi-static procedure is not well-suited for SL-U in general but could only be feasible under really specific conditions and for certain transmissions. Therefore, we propose to down-prioritize the study of semi-static channel access procedure in favor of the Type 1 and Type 2 (2A and 2B) channel access procedures.
[bookmark: _Toc127544543]In Rel-18, the study of semi-static channel access procedures is down-prioritized in favor of Type 1 and Type 2 (2A and 2B) channel access procedures due to its limited applicability scenario.
	Agreement
In Type 1 SL channel access procedure, the following table is adopted for channel access priority class (CAPC) for SL. 
· FFS: the applicability and usage of NOTE1 in the table
· FFS: whether mp=1 can be used with p=1, and applicable cases 
	Channel Access Priority Class (p)
	mp
	CWmin,p
	CWmax,p
	Tslmcot,p
	allowed CWp sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms [or 10 ms] 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms [or 10 ms]
	{15,31,63,127,255,511,1023}

	[NOTE1:   Forp=3,4, Tslmcot,p=10ms if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise,Tslmcot,p=6ms.]
NOTE 2:   When Tslmcot,p=6ms it may be increased to 8ms by inserting one or more gaps. The minimum duration of a gap shall be 100μs. The maximum duration before including any such gap shall be 6ms. 





For the case of mp = 1 and p = 1, in our view we should follow the agreed table and do not create any additional case which was not considered in NR-U. Moreover, we do not see the need on applicable use cases to have any exceptional case.
[bookmark: _Toc127544544]Do not include any additional case which is not already included in the table adopted of CAPC for SL.
2.1	COT sharing and enhancements to GP
The following agreements were made in RAN1#109:
	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.


2.1.1	UE-to-UE COT sharing framework
The following agreements were made during RAN1#111 regarding the UE-to-UE COT sharing:
	Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT. 
· When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.


As indicated above the agreements regarding UE-to-UE COT sharing, the framework has been divided into three parts with respect to the PHY channel transmission, i.e., S-SSB, PSFCH and PSSCH/PSCCH. For the case of PSFCH, we have the following scenario:
[image: ]
Figure 1: UE-to-UE COT sharing for PSFCH transmissions
In this case, it has been agreed that at least one of the PSFCH transmissions from the responding UE has to include the initiator UE (as shown in the figure above). However, one of the remaining aspects is whether to extend even further this scenario, to the case where the responding UE can use the COT shared by the initiator UE, i.e., whether the responding UE can use the COT sharing without having any PSFCH transmission intended for the initiator UE. In our view, this scenario is not a feasible one and should not be agreed. The rationale is that if the initiator UE has shared a COT with the responding UE, it is reasonable that the responding UE makes use of this COT to transmit to the initiator UE (and potentially other UEs) but in all scenarios at least the initiator UE shall be included. Moreover, it is unclear that if the responding UE does not transmit to the initiator UE, it will have any transmission for any other UEs. Therefore, based on this argumentation we do not support that the responding UE uses the COT sharing for other UEs rather than the initiator UE.
[bookmark: _Toc127544545]In the UE-to-UE COT sharing framework for the case of PSFCH, the responding UE shall always at least transmit to the initiator UE, i.e., it is not allowed to use the COT sharing to transmit PSFCH to other UEs than the initiator UE.
The second aspect to discuss is for the case of using UE-to-UE COT sharing when transmitting PSCCH/PSSCH. In this case, we have the following scenario:
[image: ]
Figure 2: UE-to-UE COT sharing for PSCCH/PSSCH transmissions
In this case, it has been discussed during RAN1#111 whether to extend the potential use of the responding UE to include the initiator UE and other UEs when the responding UE uses the COT sharing for transmitting PSSCH/PSCCH. In our view, extending the number of UEs that can be receiving the transmission from the responding UE (i.e., to include the initiator and other UEs) will require use restrictions in order to avoid the abuse of this mechanism from the responding UE.
In our view, the UEs that can be part of the group of UEs to receive the PSSCH/PSCCH transmission from the responding UE will include the initiator UE and UEs which are part of a group indicated by the initiator UE. Therefore, we propose that within the COT sharing transmission (as shown in the figure above), the initiator UE indicates a type of COT sharing IDs which identify the potential receivers of the transmission from the responding UE. This is reasonable since in order to make use of the COT shared by the initiator UE, there should be a certain connection among the other UEs and the initiator UE in order to benefit the initiator UE.
[bookmark: _Toc127544546]In the UE-to-UE COT sharing framework for the case of PSSCH/PSCCH, the initiator UE indicates within its COT sharing transmission the IDs of the potential additional receivers (other than itself) for the transmissions from the responding UE.
Note that several UEs might want to use the same COT sharing, which may be problematic.
[bookmark: _Toc127544578]For UE-to-UE COT sharing, in case the responding SL UE(s) is any UE that can decode the SL transmission, it is unclear how to avoid blocking among several UEs when trying to access the channel.
Regarding the COT sharing IDs that can be included in the COT sharing indication from the initiator UE, we think that some sort of limitation is needed, e.g., the IDs are limited to a certain service that is shared between the initiator UE and the other UEs, or the initiator UE and the other UEs belong to the same group. The rationale behind the intention of limiting the number of UEs is that these UEs will be competing to get access to the channel. It is unclear how this problem can be solved without having a constant blockage among the UEs trying to access the channel. Under this constant blockage among the UEs, the COT sharing might be in general not used.
[bookmark: _Toc127544547]In the UE-to-UE COT sharing framework for the case of PSSCH/PSCCH, the receiver UEs of the transmission from the responder UE are restricted, e.g., based on a group belonging or based on specific service, while always including the initiator UE.
[bookmark: _Toc118467626][bookmark: _Toc118467665][bookmark: _Toc118701104][bookmark: _Toc118467628][bookmark: _Toc118467667][bookmark: _Toc118701106]Moreover, during the last meeting there were some discussions on procedures to share the COT among different UEs, i.e., outside of the initiator-response pair of UEs. Our view is that COT should not be forwarded as a general rule. This is because a UE initiating COT cannot have the full view of the channel occupancy in contrary to gNB and will not be able to avoid collisions with other UEs in the system. Additionally, in certain scenarios/conditions forwarding/sharing the COT among more than just the original initiator/response UE might cause that the UEs involved in the COT sharing have an over extensive use of the channel, i.e., since during the COT sharing other UEs or technologies might not be able to access the channel, which might lead to an unfair behavior for other technologies when trying to access the shared channel.
[bookmark: _Toc127544548]COT information is not shared or forwarded for any type of transmissions between different UEs. 
2.1.1.1	Re-prioritization of resources under UE-to-UE COT sharing
One issue that it is important to discuss related to the extension of the potential receivers included in the UE-to-UE COT sharing, i.e., the initiator UE and other UEs can be potential receivers, is the re-prioritization of transmissions /resources for PSFCH and PSSCH/PSCCH.
For the case of PSFCH due to LBT failure, it is possible that the responding UE has several PSFCH transmissions to be transmitted during the PSFCH occasion aligned with the COT sharing. However, based on the agreements and our proposal, at least the PSFCH transmission intended for the initiator UE shall be included in the PSFCH occasion used during COT sharing. An example scenario is given in the following figure:
[image: ]

Figure 3: Scenario where re-prioritization of PSFCH resources is needed.
As shown in the figure above, the number of simultaneous PSFCH transmissions that a UE supports is limited and therefore, it is important to ensure that at least the PSFCH transmission(s) intended for the initiator UE are part of the PSFCH transmissions when using the UE-to-UE COT sharing for PSFCH. Therefore, a potential re-prioritization of the PSFCH resources to be transmitted is needed, i.e., once the COT sharing mechanism is triggered for PSFCH transmission, the PSFCH transmission for the initiator UE has the highest priority.
[bookmark: _Toc127544549]The responding UE needs to ensure that the PSFCH transmission for the initiator UE is transmitted during the PSFCH occasion under the COT sharing mechanism, i.e., by means of re-prioritization of resources if needed.
Similarly, for the case of PSSCH/PSCCH transmission from the responding UE, it is also needed to perform a certain re-prioritization of the resources/transmission to be used under the UE-to-UE COT sharing framework. An example scenario is given in the following figure:
[image: ]
Figure 4: Example scenario where re-prioritization of PSSCH/PSCCH transmissions is needed. The figure on top shows the transmission without any re-prioritization while the figure below shows the transmission after performing re-prioritization.
As shown in the figure, the responding UE has several transmissions ready to be transmitted within the timeline indicated by the initiator UE to use the COT sharing. However, without a re-prioritization of the transmissions to be sent, it is possible that the transmission which are related to COT sharing, i.e., transmission intended for the initiator UE and to UEs belonging to the IDs indicated in the COT sharing indication, will not be transmitted under the COT sharing, and therefore, the COT sharing will not be used. Based on this, we propose to trigger a re-prioritization of transmission under the UE-to-UE COT sharing framework when transmitting PSSCH/PSCCH transmissions in order to fulfill the COT sharing rules and be able to make use of it.
[bookmark: _Toc127544550]For the case of PSCCH/PSSCH transmission, the responding UE needs to ensure that the transmission intended for the initiator UE and the UEs belonging to the IDs indicated in the COT sharing are transmitted within the COT sharing, i.e., by means of re-prioritization of transmissions.
2.1.2	Enhancements to the GP
	Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details



As discussed, the use of COT sharing allows the UEs to transmit without performing CCA/LBT before each transmission. In SL, a guard period is used to allow TX-RX switching at the end of the slot or before PSFCH resources. Using the same GP procedure that is in the legacy SL, in case of transmission burst spanning multiple slots, the presence of the GP at the end of each slot will require a UE to perform CCA/LBT before each transmission. Note that in unlicensed band, transmission burst is defined as a set of transmissions (from UE or gNB) without any gaps greater than 16 s and transmission after a gap (< 16 s) within the transmission burst can be performed without performing additional CCA. With the presence of GP of 1 OFDM symbol (66.67 s for 15 kHz, 33.3 s for 30kHz, and 16.67 kHz for 60 kHz plus their corresponding CPs), it is not possible to consider two or more consecutive transmissions from the same UE as a transmission burst. 
[bookmark: _Toc110945362][bookmark: _Toc127544579]SL transmissions in consecutive slots from the same UE cannot be considered as a transmission burst if the GP is present in every slot. 
The consequence of this is an increased number of collisions and a higher degree of contention induced while accessing the channel. The difference in performance for a given system configuration  when using and not using the GP dynamically can be quite severe as illustrated in  Figure 1 (see simulation assumptions in Appendix A.2). By using the GP dynamically, the average UPT increases 175% to 650% (for offered loads from 0.5 Mbps to 6.5 Mbps, respectively). 
[image: ]
[bookmark: _Ref118707273]Figure 5. Average UPT (over all users) for different levels of offered load.

To avoid unnecessary CCA, we propose to specify enhancements on the usage of GP depending on the scenario. For example, the GP is not used to maintain an uninterrupted channel occupancy by the UE over consecutive slots as shown in Figure 1. Given that the presence/absence of GP needs to be considered by the receiving UE, it should be indicated as part of SCI. 

[bookmark: _Toc111113878][bookmark: _Toc127544551]A UE transmits during the guard period if it intends to transmit in the following symbol (e.g., when using MCSt) if the COT is not exhausted.
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Figure 6: GP is not used while performing SL transmission over consecutive slots.
During the last RAN1 meeting, many companies raised the same issue as we have highlighted in this section, i.e., by reusing the same structure as in legacy SL it is not possible to perform COT sharing due to the UE being without transmitting for too long. Some solutions discussed in the previous meeting have defined the procedure to solve it as CP extension (CPE) which consists of extending the CP to maintain access to the unlicensed channel. In our view, CPE and our proposal of enhancing the GP symbol, i.e., not using it as a guard period, goes into the same direction. Note also that a solution like rate matching, if possible, is preferable from a performance perspective.
[bookmark: _Toc127544552]If the GP symbol is not used, then it carries PSSCH symbols.
3	Mode-2 
3.1	Resource allocation procedure
The following agreements were made in RAN1#109:
	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 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


In this section, we discuss how the functionalities of mode-2 based resource allocation procedure of SL can be used together with CCA/LBT procedures mandated by regulations. We present corresponding simulation results in Section 3.5.
To reuse as much as Rel. 16 mode-2 based resource allocation procedure and exploit the advantage of early transmissions in unlicensed spectrum, we propose the procedure in Table 2.
[bookmark: _Ref111134980]Table 2. Proposed procedure for Mode 2 RA
	Step 1: A UE performs sensing and resource selection based on the resource selection procedures specified in SL Rel-16 (or Rel-17), to select resources for an initial transmission and possibly for some retransmissions of a TB.
Step 2: The UE starts performing CCA/LBT as soon as the packet arrives at the buffer and in addition also selects the first available resource (from the set of available resources) when the channel is found to be available by LBT procedure. We call this an opportunistic transmission. In case the channel is not found to be available by LBT procedure before the initially selected resource, the UE waits to transmit on the initially selected resource.


The procedure in Table 2, allows for reusing the Rel-16 procedure without sacrificing channel access latency. We illustrate this procedure in Figure 3  below. 
[image: ]
[bookmark: _Ref101987411]Figure 7. Resource allocation procedure with LBT on top and opportunistic transmission. At time t=n, the UE selects 4 resources (in green) for transmission of a TB. The selection is made using the sensing results based on the legacy procedures. At the same time, the UE starts performing LBT. Prior to the first selected resource (leftmost green box), the UE completes the LBT procedure and finds an earlier resource (in orange) that is available for transmission according to the sensing results. This allows the UE to perform the first transmission earlier, in an opportunistic manner. 
The benefits of this approach are shown in Section 3.5. Based on this discussion, we have the following proposal. 
[bookmark: _Toc127544553]NR SL-U Mode 2 supports opportunistic transmission (i.e., early transmission) based on LBT success. 
Furthermore, we observe that in Rel. 16 mode-2 based resource allocation procedure, the selection of resources from the set of available resources is done in a random fashion. Such procedure is problematic for the LBT procedure as the LBT counter (N) is frozen as soon as channel is identified to be busy by energy detection. It does not matter if the channel is completely occupied or partially occupied, which is possible if subchannel size is smaller than the RBset (channel bandwidth). In other words, spreading different transmissions over time instead of concentrating them on a reduced number of slots is a bigger issue for LBT based on energy detection and it should be avoided. This is illustrated in Figure 4.

[bookmark: _Toc127544580]Having different transmissions spread over time instead of concentrating them in a reduced number of slots is problematic for energy detection based CCA procedure (LBT Type 1). 
[image: ]
[bookmark: _Ref102137551]Figure 8. Left: With a 50% load, every slot has occupied resources (in gray) and LBT counter N can only be decreased during the silent GPs. Right: Transmissions are packed in a few slots. Although the load is still 50%, having some unused slots (in white) allows for decreasing the LBT counter quicker.
To reduce the spread of different transmissions over time, we propose to adopt ‘frequency-first’ selection instead of random selection during resource selection procedure (step 1 above).

[bookmark: _Toc127544554]Specify ‘frequency-first selection’ during resource selection from the candidate of available resources. 
The Rel-16 specifications include a re-evaluation procedure that allow a UE to reselect the already selected resources based on the updated sensing information when a collision is detected. We believe that this procedure should be extended to concentrate the transmissions over time. 

[bookmark: _Toc127544555]The resource re-evaluation procedure is used to reduce the spread of transmissions in time prior to sending a reservation. 
As mentioned above, LBT procedure is performed by the UE before transmitting on the selected resource. In this case, there are two possible cases: (1) LBT is successful before the selected resource, or (2) LBT is unsuccessful before the selected resource. In case (1), it is obvious that the UE will use the selected resource for transmission. In our view, in case (2) (i.e., LBT failure before the selected resource) can be seen as a trigger for re-evaluation (for non-reserved resources, e.g., for initial transmission) or pre-emption (for already reserved resource). That means, whenever LBT failure occurs before the selected resource, resource reselection is performed by the UE. 

[bookmark: _Toc127544556]LBT failure before the selected resource triggers resource re-selection. 
3.1.1	Contention window adaptation
In the previous RAN1 meetings, the following was agreed:
	Agreement
· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2
Agreement
· RAN1 is to study the definition of a “SL reference duration” following the NR-U principle and RAN1 is to agree on the definition before down-selection to an option for CW adjustment for SL HARQ-ACK feedback enabled/disabled and each cast type
· In Type 1 SL channel access procedure, further study the following cases and options. Other options are not precluded. 
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 4: If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
· CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (at least In case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration): 
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· FFS: the (pre-)configuration ratio values
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  ; otherwise is increased.
· FFS whether groupcast option 1 (NACK-only) with SL-HARQ feedback enabled can be supported for SL-U. If supported, further study the following options (at least if all transmissions within the latest SL reference duration are groupcast option 1 transmissions)
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· When neither ‘NACK’ nor a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration,
· Option A:  is reset to  for every priority class .
· Option B: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 3: An ACK-only procedure is used instead of a NACK-only procedure. In this case, if at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  , otherwise is increased
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5 (option 3+legacy): ACK feedback is performed when a TB is successfully decoded in addition to the legacy NACK-only procedure. In this case, if ACK only is received related to any transmissions within the latest SL reference duration then ,  otherwise  is increased.
· CW adjustment for unicast with SL-HARQ feedback enabled (at least In case only unicast PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 2: If at least one ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class   ; otherwise is increased.
· FFS the case when UE is operating with different SL-HARQ feedback schemes (e.g., UE has concurrent broadcast transmission + unicast with SL-HARQ enabled, or GC option 1 + GC option 2, etc in the SL reference duration).
Agreement
· If , the next higher allowed value for adjusting  is .
· If the  is consecutively used  times for generation of ,  is reset to  only for that priority class  for which  is consecutively used  times for generation of .  is selected by UE from the set of values {1, 2, …,8} for each priority class .


We first discuss the adaptation of the CW for different cases: MCSt, GC-2, GC-1, BC and disabled FB. After this, we tackle the issue of defining the ‘reference duration’.
When MCSt is used, multiple TBs may be transmitted within a ‘reference duration’. For each of them a different SL HARQ FB bit is expected. For the purpose of CW adaptation, our view is that a single ACK is enough to reset the CW. In our view, this case is already covered in TS 37.213 (in yellow):
	If a gNB transmits transmissions including PDSCH that are associated with channel access priority class  on a channel, the gNB maintains the contention window value  and adjusts  before step 1 of the procedure described in clause 4.1.1 for those transmissions using the following steps:
1)	For every priority class set .
2)	If HARQ-ACK feedback is available after the last update of  , go to step 3. Otherwise, if the gNB transmission after procedure described in clause 4.1.1 does not include a retransmission or is transmitted within a duration  from the end of the reference duration corresponding to the earliest DL channel occupancy after the last update of , go to step 5; otherwise go to step 4.
3)	The HARQ-ACK feedback(s) corresponding to PDSCH(s) in the reference duration for the latest DL channel occupancy for which HARQ-ACK feedback is available is used as follows:
a.	If at least one HARQ-ACK feedback is 'ACK' for PDSCH(s) with transport block based feedback or at least 10% of HARQ-ACK feedbacks is 'ACK' for PDSCH CBGs transmitted at least partially on the channel with code block group based feedback, go to step 1; otherwise go to step 4.
4)	Increase  for every priority class  to the next higher allowed value.
5)	For every priority class , maintain  as it is; go to step 2.


The situation is similar when GC-2 is used. In this case, the TX UE expects SL HARQ feedback from all the  RX UEs in the group. The preceding yellow text is also applicable for this case.
[bookmark: _Toc127544557]For MCSt, the CW is reset if at least one SL HARQ-ACK feedback for the TB(s) within the ‘reference duration’ is ‘ACK’.
[bookmark: _Toc127350145][bookmark: _Toc127361919][bookmark: _Toc127544558]For GC-2, the CW is reset if at least one SL HARQ-ACK feedback for the TB(s) (from any RX UE) within the ‘reference duration’ is ‘ACK’ (Option 2).
In contrast, the situation is not as clear when SL HARQ FB is not used (in BC or disabled in SCI) and GC-1. Without feedback, there is no basis for resetting the CW. Although DL channel access procedures allow for broadcast transmissions without CW increase, these are typically control signalling transmissions or PDSCH transmissions without repetitions. This is quite different from SL BC transmissions of arbitrary higher layer data. 
 
For GC-1, there is no transmission (and, thus, no reception either) of positive SL HARQ feedback. Consequently, it cannot be confirmed that a transmission is successful. The argument that the absence of a NACK is an implicit ACK does not seem reasonable in this case, for every collision would result in an implicit ACK. For reference, we copy the relevant parts of the ETSI harmonised standards for 5 GHz and for 6 GHz (draft) in Table 3 and Table 4, respectively.
 
[bookmark: _Ref115366708]Table 3. Procedures related to CW adaptation for 5 GHz (Clause 4.2.7.3.2.6 in [5])
	[image: ]


[bookmark: _Ref115366710]Table 4. Procedures related to CW adaptation for 6 GHz (Clause 4.3.6.3.2.5 in [4])
	



[bookmark: _Toc127544581]The existing CW adaptation procedures are not suitable for BC and GC-1. Given the lack of positive SL HARQ feedback, there is no simple solution that can meet the ETSI regulations.
Given the number of open issues, we believe it is better to focus on SL-U transmissions with SL HARQ FB in this release, leaving other cases with unclear application for future work.
[bookmark: _Toc127544559]SL-U transmissions without associated SL HARQ FB are not supported in Rel-18.
We finally discuss the ‘reference duration’. We note that the following was agreed in a previous meeting:
	[bookmark: _Hlk119444613]Agreement
SL reference duration is defined as a duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s), starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until either (one option to be selected later):
· Option 1a: 
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 1b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2a: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the end of the channel occupancy
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the time when UE updates the CW
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed


In view of the preceding proposal, it seems straightforward to selection Option 1a. For MCSt, the issue is slightly different. If the MCSt starts in the first starting point of a slot, then Option 1a works well. However, the PHY structure for a MCSt that starts in the second starting point of a slot is still TBD.
[bookmark: _Toc127544560]Option 1a is used for defining the ‘reference duration’ including MCSt (FFS MCSt starting in the second starting point of a slot).
3.2	Wideband mode
In case of wideband operation, there is a mode where the carrier bandwidth is greater than the channel bandwidth (i.e., wideband mode 2). To operate SL-U in wideband mode 2, SL bandwidth part and SL resource pool can be configured to consist of multiple RBsets or channels. The organization of resources in unlicensed spectrum for SL operation is described in detail in our companion contribution [3]. 

[bookmark: _Toc127544561]SL bandwidth part and SL resource pool can be (pre-)configured to be an integer multiple of RBsets or channels. 
According to the existing SL mode 2 resource allocation, a set of resources is determined by a transmitting UE to be available within a resource selection window based on previous reservation signals by other UEs which are received during the sensing window. The set of available resources are confined within the resource pool configured to the UE. Once the set of available resources is determined, the UE selects resources to be used for (re)transmission in a random fashion. Therefore, it is possible that the resource is selected spans multiple channels. However, such way of resource allocation is not very efficient in wideband operation because of the following reasons: 
· Transmission can only be performed on the selected resource when the LBT is successful in all the channels occupied by the resource. This increases the likelihood of LBT failure because the transmission cannot be performed on the selected resource if LBT fails in one of the occupied channels. 
· If the selected resource spans on multiple LBT channels, it produces bandwidth fragmentation since CCA is performed on per channel and the whole sub-band will be determined to be as unavailable even if one subchannel is occupied. 
[bookmark: _Toc127544582]Random resource selection increases the chances of LBT failures in case of wideband operation. 
In our opinion, it is important to specify enhancements to Rel-16 resource selection procedure to operate on wideband mode of operation on unlicensed spectrum. One possible solution to address the problems described above is to specify an additional restriction that limits UE to select resources within one of the channels in the configured resource pool and avoid selecting resources spanning multiple channels unless needed for large TB sizes. 

[bookmark: _Toc127544562]RAN1 specifies enhancements to resource selection for wideband mode such that the selected resources are confined within a single channel unless TB size demands otherwise. 
3.3	Multi-slot transmissions
In RAN1#110, the following was agreed:
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details 

Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation




In legacy releases of sidelink, when a UE performs the resource selection procedure, it reserves/selects the free resources indicated by its sensing operation in a random manner. However, in order to have multiple consecutive slots transmission, it is needed to ensure that the UE selects the slots contiguously. Based on this main principle, we propose the following UE behavior when performing multi-consecutive slots transmission (MCSt) of different TBs:
· A UE triggers the operation of performing MCSt and performs the resource reservation in order to select resources in a consecutive manner, i.e., it needs to find suitable resources which can be used transmit the multiple slots consecutively. This procedure is illustrated in Figure 9.
[image: ]
Figure 9: General multi-consecutive slots transmission procedure
· If a UE has reserved resources for one transmission, e.g., TB1, and during the procedure of re-evaluation, i.e., before actually transmitting TB1, it receives an indication from higher layers that a new TB is ready to be transmitted, e.g., TB2, the UE reserves the resources for TB2 consecutive to the resources reserved for transmission of TB1. In case there are not available slots consecutive to the reserved resources for TB1, the UE might trigger reselection in order to find suitable resources for multi-consecutive slots transmission of TB1 and TB2. This procedure is illustrated in Figure 10.
[image: ]
Figure 10: multi-consecutive slot transmission after performing reselection of resources.
[bookmark: _Toc127544563]When a UE triggers the operation of multi-consecutive slots transmission, it performs the resource reservation procedure ensuring the allocation of consecutive resources for multiple TBs. In case there are not contiguous slots available to the already reserved ones, the UE might trigger resource reselection for all the TBs.
An important aspect is whether the UE should perform sensing on the multiple slots making up a MCSt (Option A) or on individual slots (Option B). In our view, it is important to reserve resources that overlap with the initial slot of a MCSt. However, once the UE has initiated the COT, it should not stop its transmission to leave room for other UEs except in rare circumstances. Option B seems more appropriate for this purpose.
One other important aspect to consider when defining the multi-consecutive slots transmission procedure is its relationship with the notion of resource reservation. In legacy sidelink operation, once a UE reserves resources it is likely that this resource will be available for transmission (subject to potential pre-emption by other UEs). However, in the case of sidelink in the unlicensed spectrum this assumption is subject to performing LBT prior to the resource transmission. Due to the potential scarce opportunities a UE might have to perform transmissions due to LBT failure, we propose that if a UE gets access to the channel, it does not stop transmitting due to reservations with equal or lower priority. If the reservation has higher priority, the UE stops transmitting. This example is illustrated in Figure 11.
[image: ]
Figure 11: multi-consecutive slots transmission is performed after disregarding the reservations by other UEs.
[bookmark: _Toc118725966][bookmark: _Toc118726003][bookmark: _Toc118726040][bookmark: _Toc127544564]L1 reports candidate single-slot resources in (SA) as in Rel-16:
· [bookmark: _Toc127544565]Selection of the first resource in a MCSt follows the legacy procedures. 
· [bookmark: _Toc127544566]For the subsequent resources, the TX UE disregards the reservations (FFS exceptions, based on priority).
For this approach, it suffices to provide one set of parameters for the resource selection procedure in L1.
[bookmark: _Toc127544567]Only one set of parameters is provided for resource selection in L1 (Option 1).
In addition, the L1 need only report candidate multi-slots in SA.
[bookmark: _Toc127544568]L1 reports a subset (SA) of candidate multislot resources for MCSt (Option A)
Another important aspect for the multi-consecutive slots transmission procedure is the case of re-transmissions. Following the legacy procedure, every initial transmission will indicate resources for further transmissions (up to 2). In the case of multi-consecutive slots transmission, we propose to have re-use this procedure. 
[bookmark: _Toc127544569]Re-use the legacy procedure where one SCI reserves up to two resources for further transmissions.
Moreover, it is important to study the relationship with the reservation procedure and to study the need of adding more flexibility to the resources that can be used for (re)transmission of multiple TBs, e.g., whether resources that are reserved by a specific TB can be used for (re-)transmission of another TB, and how to maintain the notion of consecutive slots in this situation, i.e., minimize the potential impact of LBT.
[bookmark: _Toc127544570]Resources reserved by PSCCH scheduling one TB can be used for (re)transmission of a different TB. FFS details.
We also note that the use of MCSt may alter the SL HARQ FB procedure. In our view, the MCSt should not be interrupted to allow for PSFCH transmissions. Further details regarding the SL HARQ FB procedure can be found in [3]. 
3.3.1	Evaluation results
The performance of a system built upon the preceding proposals is illustrated in Figure 12 (see simulation assumptions in Appendix A.2). We observe that:
· The use of MCSt proves a large improvement in terms of performance. In general lines, the longer the MCSt the better.
[image: ]
[bookmark: _Ref118719012]Figure 12. System performance with different MCSt lengths.
The necessity of having PSFCH resources in the last slot of the MCSt transmission is illustrated in Figure 13 (see simulation assumptions in Appendix A.3):
· The green curve shows MCSt where the transmitter does not leave gaps within the MCSt for transmission of PSFCH (by itself or others). Only the last slot within a MCSt stops after 10 OFDM symbols. 
· The blue curve shows MCSt where the transmitter leaves gaps within the MCSt for transmission of PSFCH (by itself or others) in every slot configured with PSFCH resources. Except for low loads, where it does not make a difference, or for very high loads, where the system is operating beyond capacity, having PSFCH resources only in the last slot of a MCSt provides large improvements in performance.
Further details on the HARQ FB procedure can be found in [3].
[image: ]
[bookmark: _Ref118721190]Figure 13. System performance when PSFCH resources are present in every slot in a MCSt or only in the last one.

3.4	Inter-UE blocking
Ideally, two users that aim for transmitting at the same time (in different frequencies), would see the channel as idle and start transmitting at the same time. That is none of them would receive the transmission from the other user before they start their own transmission. However, in practice, the synchronization between the different users is not perfect. That means that the transmissions of two users for the same slot or symbol may be offset by a small gap (e.g., a few µs). Consequently, a first user starting a transmission a few µs before a second user would block the channel for the second user. This would likely prevent the second user from transmitting in the channel, even if their transmissions would be FDMed. This is illustrated in Figure 14.

[image: ]
Figure 14. Top: Perfect synchronization between UE1 and UE2 allows for simultaneous channel access (FDM). Bottom: A slight misalignment in synchronization results in UE2 blocking access to the channel for UE1.
[bookmark: _Toc127544583]Small differences in timing references result in inter-UE blocking.
This issue is particularly problematic in the following scenarios:
· When a reserved resource remains unutilized due inter-UE blocking, especially by a UE transmitting on an unreserved resource. 
· When the transmission of a high-priority packet is blocked by the transmission of a low-priority packet.
One way to address this is to apply different offsets to different transmissions, giving channel access priority to some of them. 
[bookmark: _Toc127544571]Timing offsets are used for preventing inter-UE blocking of high-priority transmissions and transmissions on reserved resources.
3.4.1	PSFCH vs other SL transmissions.
Our view is that it is important to prioritize PSFCH transmissions over new PSCCH/PSSCH transmissions for two reasons:
· Failing to convey SL HARQ FB results in additional congestion due to retransmissions.
· Failing to convey SL HARQ FB results in an increased contention window, leading to a reduced UPT.
As we argue in [3], having a design in which PSFCH transmissions utilize OFDM symbols 0-1 in a slot is useful to reduce the possibility that SL HARQ FB is not transmitted. The odds of having PSFCH transmitted are largely increased if a TX UE avoids using the first starting point in a slot for PSCCH/PSSCH transmission when it is aware of an expected PSFCH transmission. This is illustrated in Figure 15.
[bookmark: _Toc127544572]A TX UE avoids using the first starting point in a slot if it expects a PSFCH transmission by another UE.
[image: ]
[bookmark: _Ref127184795]Figure 15. PSFCH transmissions using the first symbols in a slot. The PSCCH/PSSCH transmission (in green) does not start in the first starting point of the slot to allow for transmission of the PSFCH related to an earlier PSCCH/PSSCH transmission (in blue).
3.5	Additional evaluation results
In this section, we present some additional evaluation results for our Mode-2 solution. Evaluation assumptions can be found in the Appendix A.1.
We consider two configurations for the starting points:
· 1 starting point:
· All PSCCH/PSSCH transmissions start in symbol 0 and end in symbol 9 (if PSFCH resources are configured in the slot) or in symbol 12 (if PSFCH resources are not configured in the slot).
· 2 starting points
· A PSCCH/PSSCH transmission may start in symbol 0 or in symbol 7. Regardless of when it starts, the transmission ends like for 1 starting point.
· A transmitter UE always tries to start a transmission in symbols 0 in a slot. If LBT fails, then it tries again in slot 7.
In both cases, reservations and resource exclusion follow the Rel-16 specifications and span full slots.
In addition, we consider two variants of Mode 2 for selection of resources:
· Variant 1 ‘Without opportunistic TX’: Mode 2 is executed as described in the specifications (full sensing). Resources booked by other SL UEs are excluded when appropriate. 
· Prior to each PSCCH+PSSCH transmission, the UE performs LBT Type 1. 
· If the channel is clear, transmission takes place as usual.
· If the channel is busy, the transmission is dropped.
· Prior to each PSFCH transmission, the UE performs LBT Type 2.
· Variant 2 ‘With opportunistic TX’: This is the procedure described in Table 2. In this variant, the UE performs opportunistic transmissions. When the packet arrives at the TX buffer, the UE selects resources following the specifications and initiates LBT Type 1.
· If the UE has no outstanding reservations for the TB (e.g., for the first transmission), the UE transmits as soon as LBT declares the channel to be clear.
· If the UE has outstanding reservations for the TB (e.g., for a retransmission), then the UE commits to the reservations. That is, the TX does not transmit before the reserved resource even if LBT declares the channel to be clear in advance.
Otherwise, resource allocation works like in Variant 1.

Performance is measured by means of:
· UPT CDF:
· For each UE, the average UPT (over all received packets) is computed. The UPT is not averaged over different drops.
· The CDF shows the variations in UPT performance for different users/drops. 
· Latency CDF, computed using all simulated packets.
· Latency is defined as the number of slots between the arrival of a (higher-layer) packet at the TX buffer and the corresponding (correct) reception.
· The latency CDF only includes the packets that are correctly received within the PDB (10 ms)
We emphasize that the statistics are computed for higher-layer packets, not for TBs. That is, if a higher-layer packet is segmented in several TBs due to its size, latency and UPT are computed using the size and arrival/reassembly times of the higher-layer packets.
Latency and UPT results are presented for two different choices of MCS (64 QAM and R=2/3; 256 QAM and R=0.8643) in Figure 16 to Figure 19.
We observe that:
· Opportunistic TX (variant 2 above) boosts the UPT performance in the scenario. The main reason is that packets get served quicker. This can be readily observed from , where we show the CDF of the latency of the transmissions by all users.
· The use of multiple starting TX times has a minor impact in the performance.

Based on these observations we conclude that:
· Opportunistic transmission should be supported.
· Further study for multiple starting symbols within a slot is necessary. We believe that, as the different aspects of SL transmission (e.g., feedback timing, other Mode 2 details, etc.) are defined, it will be clearer whether the gains of using multiple starting symbols in a slot justifies the introduction of the feature. 
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[bookmark: _Ref115361742]Figure 16. CDF of average UPT for different users in different drops.
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Figure 17. CDF of packet latency (in number of 0.5 ms slots) for all packets in a simulation.


[image: ]
Figure 18. CDF of average UPT for different users in different drops.
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[bookmark: _Ref115361747]Figure 19. CDF of packet latency (in number of 0.5 ms slots) for all packets in a simulation.
4	Mode-1 
The Mode-1 procedures introduced in Rel-16 include providing SL grants (DG, CG) and reporting of SL HARQ FB information to the gNB. These features may require modifications to accommodate potential changes to the SL procedures, but it is difficult to assess at this point what the impact is. Moreover, given that, per WID, Uu signalling for Mode 1 is exchanged on a licensed carrier, the changes will likely be small. Our proposal is to defer work on Mode 1 until the main changes of the SL interface are defined, especially for the SL HARQ protocol.
[bookmark: _Toc127544573]RAN1 to postpone the work on Mode 1 until the main changes of the SL interface are defined (e.g., SL HARQ protocol, SCI contents, etc.).
One issue to be addressed is inter-UE blocking between different UEs (e.g., Mode 1 vs Mode 1 or Mode 1 vs Mode 2). We discuss this in the following section.
[bookmark: _Toc127544574]RAN1 to address inter-UE blocking for Mode 1. Details FFS.
In RAN1#110, the following FFS was captured:
	· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


We do not see any practical application of UE reports carrying COT information for aiding Mode 1 RA. A COT typically lasts very few ms (see Table 1 for maximum values in Uu), which is insufficient to accommodate:
· The time for UL reporting, which would typically involve:
· Waiting and transmission time for SR.
· Granting UL resources for transmitting SL BSR.
· Transmission of SL BSR in PUSCH.
· The time for any subsequent Mode 1 action (e.g., provide a SL grant, postpone a SL transmission, etc.).
[bookmark: _Toc127544575]UE reports of COT information to gNB for aiding Mode 1 RA are not supported
4.1 	Inter-UE blocking
Like the discussion in Section 3.4, it is important to consider the issue of inter-UE blocking:
· Between Mode 1 UEs
· Between Mode 1 and Mode 2 UEs.
[bookmark: _Toc127544576]CPE offsets are used for preventing inter-UE blocking of Mode-1 UEs and other UEs.
5	Other aspects related to SL-U
5.1	Congestion control
Congestion control has been part of all 3GPP SL specifications (LTE, NR) for V2X. This feature was introduced in Rel-14 to ensure that 3GPP specifications would be suitable for operating in a spectrum that had been regulated for a different technology (DSRC/ITS-G5) and for a very specific use case (V2X/ITS). These regulations are quite different from the ones that are applicable in FR1 unlicensed spectrum (e.g., bands n46, n96/n102) and do not require separate congestion control procedures. 
[bookmark: _Toc102144049][bookmark: _Toc127544584]The congestion control procedure was introduced for operation in ITS spectrum and is not relevant for operation in unlicensed bands. 
We believe that, for SL-U, RAN1 should skip the discussions on congestion control altogether.
[bookmark: _Toc102144042]
[bookmark: _Toc127544577]Discussions on congestion control for SL operation in unlicensed spectrum are down-prioritized in Rel-18.
6	Conclusion
In the previous sections we made the following observations: 
Observation 1	For UE-to-UE COT sharing, in case the responding SL UE(s) is any UE that can decode the SL transmission, it is unclear how to avoid blocking among several UEs when trying to access the channel.
Observation 2	SL transmissions in consecutive slots from the same UE cannot be considered as a transmission burst if the GP is present in every slot.
Observation 3	Having different transmissions spread over time instead of concentrating them in a reduced number of slots is problematic for energy detection based CCA procedure (LBT Type 1).
Observation 4	The existing CW adaptation procedures are not suitable for BC and GC-1. Given the lack of positive SL HARQ feedback, there is no simple solution that can meet the ETSI regulations.
Observation 5	Random resource selection increases the chances of LBT failures in case of wideband operation.
Observation 6	Small differences in timing references result in inter-UE blocking.
Observation 7	The congestion control procedure was introduced for operation in ITS spectrum and is not relevant for operation in unlicensed bands.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In Rel-18, the study of semi-static channel access procedures is down-prioritized in favor of Type 1 and Type 2 (2A and 2B) channel access procedures due to its limited applicability scenario.
Proposal 2	Do not include any additional case which is not already included in the table adopted of CAPC for SL.
Proposal 3	In the UE-to-UE COT sharing framework for the case of PSFCH, the responding UE shall always at least transmit to the initiator UE, i.e., it is not allowed to use the COT sharing to transmit PSFCH to other UEs than the initiator UE.
Proposal 4	In the UE-to-UE COT sharing framework for the case of PSSCH/PSCCH, the initiator UE indicates within its COT sharing transmission the IDs of the potential additional receivers (other than itself) for the transmissions from the responding UE.
Proposal 5	In the UE-to-UE COT sharing framework for the case of PSSCH/PSCCH, the receiver UEs of the transmission from the responder UE are restricted, e.g., based on a group belonging or based on specific service, while always including the initiator UE.
Proposal 6	COT information is not shared or forwarded for any type of transmissions between different UEs.
Proposal 7	The responding UE needs to ensure that the PSFCH transmission for the initiator UE is transmitted during the PSFCH occasion under the COT sharing mechanism, i.e., by means of re-prioritization of resources if needed.
Proposal 8	For the case of PSCCH/PSSCH transmission, the responding UE needs to ensure that the transmission intended for the initiator UE and the UEs belonging to the IDs indicated in the COT sharing are transmitted within the COT sharing, i.e., by means of re-prioritization of transmissions.
Proposal 9	A UE transmits during the guard period if it intends to transmit in the following symbol (e.g., when using MCSt) if the COT is not exhausted.
Proposal 10	If the GP symbol is not used, then it carries PSSCH symbols.
Proposal 11	NR SL-U Mode 2 supports opportunistic transmission (i.e., early transmission) based on LBT success.
Proposal 12	Specify ‘frequency-first selection’ during resource selection from the candidate of available resources.
Proposal 13	The resource re-evaluation procedure is used to reduce the spread of transmissions in time prior to sending a reservation.
Proposal 14	LBT failure before the selected resource triggers resource re-selection.
Proposal 15	For MCSt, the CW is reset if at least one SL HARQ-ACK feedback for the TB(s) within the ‘reference duration’ is ‘ACK’.
Proposal 16	For GC-2, the CW is reset if at least one SL HARQ-ACK feedback for the TB(s) (from any RX UE) within the ‘reference duration’ is ‘ACK’ (Option 2).
Proposal 17	SL-U transmissions without associated SL HARQ FB are not supported in Rel-18.
Proposal 18	Option 1a is used for defining the ‘reference duration’ including MCSt (FFS MCSt starting in the second starting point of a slot).
Proposal 19	SL bandwidth part and SL resource pool can be (pre-)configured to be an integer multiple of RBsets or channels.
Proposal 20	RAN1 specifies enhancements to resource selection for wideband mode such that the selected resources are confined within a single channel unless TB size demands otherwise.
Proposal 21	When a UE triggers the operation of multi-consecutive slots transmission, it performs the resource reservation procedure ensuring the allocation of consecutive resources for multiple TBs. In case there are not contiguous slots available to the already reserved ones, the UE might trigger resource reselection for all the TBs.
Proposal 22	L1 reports candidate single-slot resources in (SA) as in Rel-16:
	Selection of the first resource in a MCSt follows the legacy procedures.
	For the subsequent resources, the TX UE disregards the reservations (FFS exceptions, based on priority).
Proposal 23	Only one set of parameters is provided for resource selection in L1 (Option 1).
Proposal 24	L1 reports a subset (SA) of candidate multislot resources for MCSt (Option A)
Proposal 25	Re-use the legacy procedure where one SCI reserves up to two resources for further transmissions.
Proposal 26	Resources reserved by PSCCH scheduling one TB can be used for (re)transmission of a different TB. FFS details.
Proposal 27	Timing offsets are used for preventing inter-UE blocking of high-priority transmissions and transmissions on reserved resources.
Proposal 28	A TX UE avoids using the first starting point in a slot if it expects a PSFCH transmission by another UE.
Proposal 29	RAN1 to postpone the work on Mode 1 until the main changes of the SL interface are defined (e.g., SL HARQ protocol, SCI contents, etc.).
Proposal 30	RAN1 to address inter-UE blocking for Mode 1. Details FFS.
Proposal 31	UE reports of COT information to gNB for aiding Mode 1 RA are not supported
Proposal 32	CPE offsets are used for preventing inter-UE blocking of Mode-1 UEs and other UEs.
Proposal 33	Discussions on congestion control for SL operation in unlicensed spectrum are down-prioritized in Rel-18.
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Appendix A: simulation assumptions
This appendix describes different sets of assumptions used to generate simulation results.
A.1
	Parameter
	Value

	Deployment
	Model
	NR InH mixed office model

	
	Number of UEs
	10 (5 pairs)

	
	Number of interferers
	10 (WiFi)

	Traffic model
	UEs
	TR 37.885 Aperiodic 2 with packet size reduction factor 5

	
	Interferers
	TR 37.885 Aperiodic 2 with packet size reduction factor 5

	
	Cast mode
	Unicast
Pairing: TX-RX separated by 25 m, at a random angle

	Channel
	Frequency
	5 GHz

	
	Bandwidth
	1 carrier, 20 MHz

	
	Model 
	InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	BWP / pool config
	SCS
	30 kHz / 51 RBs

	
	#Subchannels
	4 (12 RBs)

	
	PSFCH periodicity
	1 slot

	TX parameters
	#Transmissions per TB
	Up to 4, based on SL HARQ FB

	
	DMRS
	2 symbols

	Channel access
	PSCCH/PSSCH
	LBT Type 1

	
	PSFCH
	LBT Type 2B

	
	ED threshold
	-85 dBm/MHz


A.2
	Parameter
	Value

	Deployment
	Model
	NR InH mixed office model

	
	Number of UEs
	10 (5 pairs)

	
	Number of interferers
	10 (WiFi)

	Traffic model
	UEs
	FTP Model 3 with varying offered load

	
	Interferers
	FTP Model 3 with varying offered load

	
	Cast mode
	Unicast
Pairing: TX-RX separated by 10 m, at a random angle

	Channel
	Frequency
	5.2 GHz

	
	Bandwidth
	1 carrier, 20 MHz

	
	Model 
	InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	BWP / pool config
	SCS
	30 kHz / 51 RBs

	
	#Subchannels
	4 (12 RBs)

	
	PSFCH periodicity
	1 slot

	TX parameters
	#Transmissions per TB
	Until correctly decoded

	
	DMRS
	2 symbols

	Channel access
	PSCCH/PSSCH
	LBT Type 1

	
	PSFCH
	Ideal

	
	ED threshold
	-85 dBm/MHz

	
	CAPC
	DL Class 4 for data (SL & Interferers)
Parameters from agreed table.


A.3
	Parameter
	Value

	Deployment
	Model
	NR InH mixed office model

	
	Number of UEs
	10 (5 pairs)

	
	Number of interferers
	10 (WiFi)

	Traffic model
	UEs
	FTP Model 3 with varying offered load

	
	Interferers
	FTP Model 3 with varying offered load

	
	Cast mode
	Unicast
Pairing: TX-RX separated by 10 m, at a random angle

	Channel
	Frequency
	5.2 GHz

	
	Bandwidth
	1 carrier, 20 MHz

	
	Model 
	InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	BWP / pool config
	SCS
	30 kHz / 51 RBs

	
	#Subchannels
	4 (12 RBs)

	
	PSFCH periodicity
	1 slot

	TX parameters
	#Transmissions per TB
	Until correctly decoded

	
	DMRS
	2 symbols

	
	MCSt
	Up to 10 slots

	Channel access
	PSCCH/PSSCH
	LBT Type 1

	
	PSFCH
	LBT Type 2

	
	ED threshold
	-85 dBm/MHz

	
	CAPC
	DL Class 4 for data (SL & Interferers)
Parameters from agreed table.
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7)  When the Channel Occupancy has completed, and it has been confirmed that at least one transmission that
started at the beginning of the Channel Occupancy was successful, the Initiating Device proceeds with step 1)
otherwise the Initiating Device proceeds with step 8).
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Success and failure of a channel occupancy are defined as follows:

. a channel occupancy is a success when at least one transmission that started at the beginning of the channel
occupancy was successful or when there is no intention to retransmit any part of the information transmitted

during the channel occupancy;

e otherwise, the channel occupancy is a failure.

When CW is updated:

. if new feedback is available relative to the prior CW update, the feedback for the latest COT for which new
feedback is received shall be used:

- if the feedback indicates success, CW shall be set to CWmin;
- if the feedback indicates failure, CW shall be set to min(CWx2 + 1, CWax);

. otherwise, CW shall remain the same.

During normal operation, there is no bias towards success in the selection of the feedback used to update CW.
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