[bookmark: _Hlk130805124]3GPP TSG-RAN WG1 Meeting #114			R1-2308107
Toulouse, France, August 21st – 25th, 2023

Agenda Item:	9.4.1.1
Source:	Ericsson
Title:	Channel access mechanism for SL-U
Document for:	Discussion, Decision
1	Introduction
In the last RAN#99, 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. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· 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.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
· 


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 
2.1	COT sharing
2.1.1	PSSCH/PSSCH
The following agreements were made in RAN1#112:
	Agreement
· A responding UE over a shared COT can be:
· a receiving UE, which is the target of a PSCCH/PSSCH transmission of a COT initiator
· In the case of unicast from the COT initiator, within the same COT when the source and destination IDs contained in the COT initiator’s SCI match to the corresponding destination and source IDs relating to the same unicast at the receiving UE
· In the case of groupcast and broadcast, when the destination ID contained in the COT initiator’s SCI match to a destination ID known at the receiving UE
· a UE identified by ID(s), if additional IDs are supported in the COT sharing information (in addition to the source and destination IDs of the PSCCH/PSSCH transmission), when additional IDs are included in the COT sharing information from the COT initiator
· FFS Limitations on what additional IDs may be included and how they may be indicated


The case of UE-to-UE COT sharing when transmitting PSCCH/PSSCH is illustrated below:
[image: ]
Figure 1: UE-to-UE COT sharing for PSCCH/PSSCH transmissions
In our view, there are two aspects to clarify in the agreement from RAN1#112. First, the notion of “a destination ID known at the receiving UE” is very imprecise and ought to be clarified. We believe that this can only refer to destination ID of group to which the UE belongs. Otherwise, any UE could claim to know any such destination ID and share the COT.
[bookmark: _Toc142660891]For COT sharing, “a destination ID known at the receiving UE” is any destination ID of a group to which the UE belongs.
The second issue to address is the use of additional IDs. There is currently no PHY structure that can carry such information while also carrying the corresponding PSSCH scheduling information. Given that many aspects of the design are still missing for the entire overall SL-U solution, we think that this option should not be pursued further in Rel-18.
[bookmark: _Toc142660892]For SL-U in Rel-18, there are no additional IDs supported in the COT sharing information.
Such IDs, if supported at all, should be restricted. For example, the indicated IDs must be 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: _Toc142660893]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.
It was agreed that COT sharing information will be carried in SCI:
	Agreement
The container for carrying the COT sharing information from a COT initiator UE includes at least the SCI.
· FFS 1st and/or 2nd stage SCI

Agreement
At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.


In our view, the 1st stage SCI should be kept compact. There are multiple reasons:
· There is less flexibility in choosing the transmission format for the 1st stage SCI as compared to the 2nd stage SCI, thus the overhead is typically bigger.
· A UE that is an intended receiver of a message (including a COT sharing indication) is expected to decode the 2nd stage SCI. Conversely, if it cannot decode the 2nd stage SCI it is not desirable that the COT is shared.
Having said this, some information already present in 1st stage SCI is relevant for COT sharing and should be used.
[bookmark: _Toc142660894]Information in 1st stage SCI and 2nd stage SCI may be used for COT sharing, if agreed. However, no new fields are added to the 1st stage SCI to carrying information for COT sharing.
2.1.2	PSFCH
The case of COT sharing for PSCH transmission is illustrated in the next figure:
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Figure 2: 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: _Toc142660895]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.
[bookmark: _Toc118467626][bookmark: _Toc118467665][bookmark: _Toc118701104][bookmark: _Toc118467628][bookmark: _Toc118467667][bookmark: _Toc118701106]2.1.2.1	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: _Toc142660896]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: _Toc142660897]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.
2.1.3	COT utilization after initial sharing
2.1.3.1	COT forwarding
In previous meetings 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. 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: _Toc142660898]COT information is not shared or forwarded for any type of transmissions between different UEs. 
2.1.3.2	COT utilization by initiating UE
On the use of the COT by the initiating UE after the initial sharing, the following has been agreed:
	Working assumption
For the case where a COT initiating UE uses Type 1 channel access procedure to initiate a SL transmission, 
· it is supported that the COT initiating UE can transmit transmission(s) within the same channel occupancy that follows a COT responding UE’s SL transmission(s) according to the channel access procedures.
· FFS details of the SL transmission(s) from responding UE
· FFS whether the above should be based on NR-U DL-UL-UL (Clause 4.2.1.0.3 of TS37.213) or DL-UL-DL (Clause 4.1.3 of TS37.213) COT sharing principle and its corresponding transmission gap requirements
· FFS any other condition and restriction

Agreement
For the time-domain information to be included as part of COT sharing information, at least the following is included:
· Remaining COT duration 
· FFS it is an absolute time length in ms or in number of slots, and payload size
· FFS: how to determine the shared slots and the starting time of the shared slots, e.g. if some slots are only intended for the COT-initiating UE and not to be shared with other UEs



IN our view, there is no need to introduce any special signaling or behavior to “determine the shared slots and the starting time of the shared slots, e.g. if some slots are only intended for the COT-initiating UE and not to be shared with other UEs”. The initiating UE can, by implementation, determine this and indicate the appropriate length for the shared portion of the COT.
2.1.4	Processing times
In previous meetings the following WA was made:
	Working assumption
The required UE processing time for decoding COT-SI is the same as SCI decoding, which is  as defined by Table 8.1.4-1 in TS38.214.
· The UE processing time starts from the end of slot of the SCI that carries the COT sharing information in a slot


In our view, this is perfectly aligned with similar processing times. We do not think there is any reason to relax the requirement further.
[bookmark: _Toc142660899]Confirm the WA on UE processing time for decoding COT-SI. 

2.2	Enhancements to the GP
In the previous meetings, the notion of SL transmission burst was introduced. In addition, new behavior was introduced that effectively allows the UE to skip the GP by means of transmitting a CPE.
	Agreement
A sidelink transmission burst is defined as a set of SL transmissions from a UE without any gaps greater than 16μs. Transmissions from a UE separated by a gap of more than 16μs are considered as separate sidelink transmission bursts. A UE can transmit SL transmission(s) after a gap of up to 16µs within a sidelink transmission burst without sensing the corresponding channel(s) for availability.
Agreement
Specification supports that CPE can be transmitted between any two consecutive SL transmissions by the same UE to reduce the gap between the two transmissions so that it does not exceed 16µs.
· Note: for this case, the CPE length should not be longer than up to 2 symbols, as per previous agreements
· FFS: details if needed (e.g., considering outcome of discussion on PSFCH-like signal in PHY agenda)
· FFS whether PSSCH can be transmitted instead of or in addition to CPE
· FFS: how to determine the CPE starting position
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Figure 6: GP is not used while performing SL transmission over consecutive slots.
In our view, it is preferrable to use the symbol for transmission of PSSCH. Note also that a solution like rate matching, if possible, is preferable from a performance perspective. An indication in SCI (e.g., implicit using the existing signaling or with a new bit) is used to identify the presence of PSSCH in the last symbol in the slot.
[bookmark: _Toc142660900]If the GP symbol is not used, then it carries PSSCH symbols. SCI indicates whether the last symbol in the slot carries PSSCH.
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 1.
[bookmark: _Ref111134980]Table 1. 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 1, allows for reusing the Rel-16 procedure without sacrificing channel access latency. We illustrate this procedure in Figure 7 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: _Toc142660901]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 8.

[bookmark: _Toc142660888]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: _Toc142660902]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: _Toc142660903]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: _Toc142660904]LBT failure before the selected resource triggers resource re-selection. 
3.1.1	Contention window adaptation
We first discuss the adaptation of the CW for different cases: MCSt, GC-2, GC-1, BC and disabled FB. After this, we discuss some FFS aspects related to 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.



[bookmark: _Toc142660905]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]For GC-2, the following has been agreed:
	Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL groupcast option 2 in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used according to Option 2 when the ratio in Option 1 is not (pre-)configured; otherwise Option 1.
· 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
· Note: the (pre-)configuration ratio values of 100% is a valid candidate
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for every priority class  ; otherwise is increased.


In our view, the ratio can be ACK divided by the total number of SL HARQ-ACK feedback resources monitored. The configurable values can be 10%, 25%, 50%, 100%.
[bookmark: _Toc142660906]For GC Option 2, the ratio is defined as number of ACK divided by the total number of SL HARQ-ACK feedback expected.
[bookmark: _Toc142660907]For GC Option 2, the configurable thresholds are 10%, 25%, 50%, and 100%.
We finally discuss the ‘reference duration’. We note that the following was agreed in a previous meeting:
	Agreement
The end timing for the definition of reference duration in the contention window adjustment procedure for SL-U is defined as follows:
· 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
· Whether/how to adjust CWS for groupcast option 1 NACK-only case and whether/how to define reference duration for groupcast option 1 NACK-only case can still be discussed


In our view, having multiple ending timings for the definition of reference duration is not necessary. In our view, the first slot carries PSCCH/PSSCH in a similar way as in Rel.16, even if MCSt is used. Thus the agreed definition is suitable in that case too.
[bookmark: _Toc142660908]For ‘reference duration’, no additional ending timing is defined in Rel-18.
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 [2].

[bookmark: _Toc142660909]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: _Toc142660889]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: _Toc142660910]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: _Toc142660911]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: _Toc142660912]For selecting of resources for MCSt::
· [bookmark: _Toc142660913]Selection of the first resource in a MCSt follows the legacy procedures. 
· [bookmark: _Toc142660914]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: _Toc142660915]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: _Toc142660916]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 re-use this procedure. 
[bookmark: _Toc142660917]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: _Toc142660918]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 [2]. 
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 [2].
[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
The following agreement relates to an ongoing discussion on other mechanisms to address LBT blocking:
	Agreement
To resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected/reserved resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected/reserved resource and causing the LBT to fail, further study the following options in a future meeting.
· Option 1:
· UE avoid selection of N consecutive resource(s) before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoid selection of N consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· FFS: the avoidance should be performed by L1 exclusion or L2 MAC selection
· FFS: whether / how to achieve this in RA mode 1
· FFS: How to determine value of N
· Option 2: 
· UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource when transmission of the selected resource is able to share the initiated COT of the reserved resource (i.e., the selected resource(s) is within the COT duration of the reserved resource and the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource).
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT with the reserved resource (i.e., the reserved resource is within the COT duration of the selected resource(s) and the CAPC value of the selected resource(s) is equal to or smaller than that of the reserved resource).
· FFS whether / how to achieve this in RA mode 1.
· Option 3: UE selects extra / more resources than required for transmitting a TB (i.e., overbooking) to accommodate potential Type 1 LBT failures. FFS how to determine/preconfigure the number of extra selected resources.
· Option 4: The expected LBT duration is determined firstly, then resource selection takes into account of the expected LBT duration is performed.
· Option 5: At MAC layer, selection of resource(s) among the reported set of candidate resources from L1 is up to UE implementation in mode 2 for SL-U, instead of random selection.
· Option 6: UE excludes frequency resources (if any) previously reserved via SCI by other SL UEs in the corresponding slot, when estimating the detected power within a sensing slot duration in Type 1 channel access.
· Option 7: SL UE deems channel busy only if the UE detects transmission other than SL transmission occupying the channel (e.g., exceeding the energy detection threshold), i.e., the energy detection for EDT checking in LBT procedure does not take into account the energy from SL transmissions.
· Option X: No solution is needed. To avoid inter-UE blocking from performing Type 1 LBT can be handled based on UE implementation (e.g., as the start timing to perform LBT sensing is determined by each UE).



On this topic, the following WA was made in a previous meeting:
	Working assumption
For Type 1 LBT block issue (inter-UE case), the following option 2 and option 1 are supported separately based on UE capability
· Option 2: If transmission in slot(s) before a reserved resource is able to share its initiated COT to the reservation [with high L1 SL priority], UE may prioritize/select resource(s) in the slot(s) for transmission. 
· FFS: details of applying this prioritization, which layer to perform above prioritization behaviour, and if the reserved resource belongs to a MCSt, the COT initiating UE should be able to share the COT to cover the whole MCSt
· (pre)configuring enabling/disabling option 2 is supported
· Option 1: 
· UE may avoid selection of N consecutive resource(s) before a reserved resource with high L1 SL priority. 
· The value of N can be selected from {0, 1, 2}
· The selection of the value of N is up to UE implementation
· FFS: unless (pre-)configured or indicated by UE reserved resource in SCI
· UE may avoid selection of M consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource. 
· M is determined based on UE implementation (at least including 0)
· FFS: Which layer to perform above behaviour
· FFS: any restriction of M
· (pre)configuring enabling/disabling option 1 is supported
· FFS: Whether the above high priority is determined according to a (pre)configured threshold
· Note: both option1 and option2 are optional UE features




In our view, there are fundamental issues with the WA above:
· Regarding Option 2 (as written in the WA):
· As it is written does not make any sense. The text is not coherent.
· If we interpret this along the lines of Option 1 in the agreement copied above, then there are multiple aspects that cannot be easily addressed. For example, this would require that UEs track the IDs of other UEs making reservations, etc. But this is a well-known non-trivial issue in SL. In the past, related behaviors like cancelling reservations etc were not specified due to such issues.
· Regarding Option 1 (as written in the WA):
· It leaves up to UE implementation a behavior that is currently internal to the UE and which can be addressed already now by implementation.
[bookmark: _Toc142660919]Revert the WA above.

In our view the be way to deal with LBT blocking is to:
· Use MCSt, whenever possible. A UE may, in some cases, be able to transmit only some of the slots that make up the MCSt (e.g., because the channel was occupied during the first K slots out of a length-N MCSt).
· Reutilize reserved resources within an MCSt. That is of part of the MCSt is successfully transmitted, then subsequent transmissions use the first reserved resources subject to CCA.
From our perspective Option 7 would also address some of the issues as it simplifies the procedures significantly.
[bookmark: _Toc142660920]Support Option X unless a simplification of the procedure that reduces inter-UE blocking issues is adopted (e.g., along Option 7) is introduced
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 [2], 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: _Toc142660921]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 1. 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 1616 to Figure 1919.
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 Figure 17, 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.
[image: Chart, line chart
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[bookmark: _Ref131517108]Figure 17. CDF of packet latency (in number of 0.5 ms slots) for all packets in a simulation.
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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: _Toc142660922]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: _Toc142660923]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, 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: _Toc142660924]UE reports of COT information to gNB for aiding Mode 1 RA are not supported
4.1 	Inter-UE blocking
In the previous meeteings, the following agreement was made:
	Agreement
When UE performs Type 1 channel access to initiate a COT for PSCCH/PSSCH transmission:
· Scheme 1: The UE selects the (pre-)configured default CPE starting position.
· Scheme 2: A CPE starting position is randomly selected among one or multiple CPE starting candidate positions (pre-)configured per priority of the PSCCH/PSSCH transmission
· The mapping one or multiple CPE starting positions per priority can be up to (pre-)configuration.
· FFS: whether the priority should be the L1 priority or CAPC (to be down-selected in RAN1#114)
· For partial and full RB set resource allocations
· If a resource reservation is transmitted or resource reservations is detected for the slot and the RB set(s) of the intended PSCCH/PSSCH transmission, Scheme 1 is applied; otherwise, Scheme 2 is applied
· FFS: other conditions to determine whether to use scheme 1 or scheme 2
· FFS: further enhancements for the full RB set case



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: _Toc142660925]Scheme 2 is used for Mode 1 sidelink transmissions.
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	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 2	Random resource selection increases the chances of LBT failures in case of wideband operation.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For COT sharing, “a destination ID known at the receiving UE” is any destination ID of a group to which the UE belongs.
Proposal 2	For SL-U in Rel-18, there are no additional IDs supported in the COT sharing information.
Proposal 3	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 4	Information in 1st stage SCI and 2nd stage SCI may be used for COT sharing, if agreed. However, no new fields are added to the 1st stage SCI to carrying information for COT sharing.
Proposal 5	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 6	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 7	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 8	COT information is not shared or forwarded for any type of transmissions between different UEs.
Proposal 9	Confirm the WA on UE processing time for decoding COT-SI.
Proposal 10	If the GP symbol is not used, then it carries PSSCH symbols. SCI indicates whether the last symbol in the slot carries PSSCH.
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 Option 2, the ratio is defined as number of ACK divided by the total number of SL HARQ-ACK feedback expected.
Proposal 17	For GC Option 2, the configurable thresholds are 10%, 25%, 50%, and 100%.
Proposal 18	For ‘reference duration’, no additional ending timing is defined in Rel-18.
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	For selecting of resources for MCSt::
	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	Revert the WA above.
Proposal 28	Support Option X unless a simplification of the procedure that reduces inter-UE blocking issues is adopted (e.g., along Option 7) is introduced
Proposal 29	A TX UE avoids using the first starting point in a slot if it expects a PSFCH transmission by another UE.
Proposal 30	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 31	RAN1 to address inter-UE blocking for Mode 1. Details FFS.
Proposal 32	UE reports of COT information to gNB for aiding Mode 1 RA are not supported
Proposal 33	Scheme 2 is used for Mode 1 sidelink transmissions.
[bookmark: _In-sequence_SDU_delivery]
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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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