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1	Introduction
In RAN#94e, a new WID on NR sidelink evolution was agreed [1]. Objective # 2 of the agreed WID aims to study and 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
· [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.


The following agreements were made in RAN1#109:
	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.
Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation
Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation 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 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 the evaluation methodology to be used for SL-U. 
2		Channel access 
For NR-U two different types of channel access mechanisms were specified: dynamic channel access and semi-static channel access. Dynamic channel access is mainly designed for load-based equipment and is a natural way of accessing the channel in the unlicensed spectrum i.e., a device performs CCA according to LBT type 1 or type 2 whenever it has some data to transmit. In contrast, semi-static channel access is designed for frame-based equipment. In semi-static channel access, CCA is performed on a single observation slot (9 s) per fixed frame period. According to our observation, the need of specifying the semi-static channel access for SL-U is not clear. This is mainly because SL-U UE operating in mode-2 for resource allocation will anyway have to perform sensing by decoding SCI. Therefore, the benefits of energy saving, and low complexity are not prominent. 

[bookmark: _Toc111212703]Dynamic channel access of NR-U is the baseline for SL-U. 
In the following, we discuss the different channel access (LBT) rules for each of the different SL transmissions. From the channel access perspective, the transmission by the SL UE is quite similar to the gNB in case of NR-U. For example, in mode 2 the SL UE determines which resources to use for transmission and other parameters. Therefore, it is recommended to reuse the downlink channel access rules for the transmission by SL UE. 
[bookmark: _Toc101275364][bookmark: _Toc111212687]From channel access perspective, SL transmission in SL-U is similar to DL transmissions in NR-U. 
[bookmark: _Toc101275376][bookmark: _Toc111212704]Reuse channel access rules (including COT sharing) for gNB (DL) transmissions in NR-U for transmissions in SL-U. 
In SL-U, the baseline channel access mechanisms for PSCCH/PSSCH must be standalone (i.e., not depend on COT sharing, etc.). Type 1 LBT is the appropriate channel access in this case. The applicability of Type 2 LBT should be studied further, especially in the context of COT sharing (e.g., between a PSFCH transmission and the corresponding PSCCH/PSSCH retransmission, etc.). 

[bookmark: _Toc101275379][bookmark: _Toc111212705]SL-U supports type 1 LBT for PSCCH/PSSCH transmissions. 
[bookmark: _Toc101275380][bookmark: _Toc111212706]Study further the applicability of type 2 (2A/2B/2C) LBT for PSCCH/PSSCH transmissions. 
For S-SSB transmissions, channel access for NR-U discovery burst can be used as a baseline. Meaning, type 2A LBT is supported for S-SSB transmissions. 

[bookmark: _Toc111212707]SL-U supports type 2A LBT for S-SSB transmissions. 
In RAN1#109, there were some discussions on semi-static channel access (i.e., FBE). In this case, the device does not need to perform channel access procedures and the device can transmit its resources in a periodic manner and an offset. However, the semi-static channel access procedure has the following issues based on the NR-U definition (which is intended to be reused as much as possible):
· Channel access procedures based on semi-static channel occupancy are intended for environments where the absence of other technologies is guaranteed. It is unclear that we need to prioritize a channel access procedure with limited applicability in real scenarios.
· An equipment is either FBE or LBE, meaning a UE cannot switch between FBE and LBE. We propose that the baseline procedure for a SL-U device is LBE. Changing to FBE might not be possible.

[bookmark: _Toc111212688]The main limitation for using semi-static channel access is the requirement of guaranteeing no other co-existent technologies.
Based on these issues, 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: _Toc111212708]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.
2.1	COT sharing and enhancements to GP

When it comes to COT sharing mechanisms, our view is that the COT should not be shared for PSCCH/PSSCH transmissions between two or more UEs. 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. 

[bookmark: _Toc111212709]COT is not shared for PSCCH/PSSCH transmissions between different UEs. 
On the other hand, transmissions of HARQ feedback by the receiver UE(s) can happen within the COT shared by the transmitter UE. Therefore, it is imperative to support type 2 LBT (mainly type 2A and type 2B) for PSFCH transmission. 

[bookmark: _Toc101275381][bookmark: _Toc111212710]SL-U supports type 2 LBT for PSFCH transmissions. 
[bookmark: _Toc101275382][bookmark: _Toc111212711]COT sharing is allowed between the transmitter UE and the receiver UE for PSCCH/PSSCH and corresponding PSFCH transmissions, respectively. 
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 as for 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: _Toc111212689]SL transmissions in consecutive slots from the same UE cannot be considered as a transmission burst if the GP is present in every slot. 
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: _Toc111212712]Specify enhancements to dynamically use the GP symbol to maintain the channel.
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Figure 1: 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.
[bookmark: _Toc111212690]Enhancing the GP symbol and CP extension are equivalent solutions to the issue of maintaining access to the unlicensed band to perform COT sharing.
2.2	Channel access for wideband mode
As stated above, DL channel access procedures are the most relevant for SL transmissions. Therefore, for SL multi-channel operation, DL multi-channel approaches remain applicable. According to DL multi-channel access, there are two approaches. In the first approach, gNB runs parallel independent backoff procedures on each channel and each channel needs to complete the Type 1 LBT individually before performing simultaneous transmissions. Whereas, in the second approach, gNB runs a single random backoff procedure on one of the channels and CCA check is required on other channels just before the transmission. In our opinion, both the approaches are applicable to SL-U and should be studied. 
[bookmark: _Toc102049807][bookmark: _Toc111212691]DL multichannel approaches (Type A and Type B) are applicable to SL multichannel transmission. 
[bookmark: _Toc102049781][bookmark: _Toc111212713]Support both Type A and Type B DL multichannel approaches for SL multichannel access. 
3	Mode-2 based resource allocation procedure 
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 3.2.
To comply with CCA regulations of unlicensed spectrum and be able to reuse most of mode-2 based resource allocation procedure for SL, we believe that LBT is to be seen as a procedure that is applied on top. For example, CCA/LBT is performed before a transmission on the resources selected based on mode-2 SL resource allocation. 
[bookmark: _Toc111212714]CCA/LBT procedure is applied on top of mode-2 based resource allocation procedure of SL. 
One straightforward approach to apply CCA/LBT on top of mode-2 based resource allocation can be described by the following steps:
· 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 some retransmissions of a TB.
· Step 2: Before each selected resource, the UE performs CCA/LBT to determine whether it can transmit on the selected resource or not. 

However, there are a few potential issues with such approach:
· A UE is bound to select/reserve a few resources and it may not be able to use some of them due to LBT failure. 
· It combines the restrictions of both schemes without providing solutions to the new issues that arise. For example, it provides no mechanism to deal with the situation that the combination of LBT and Mode-2 resource exclusion prevent transmission altogether.
Our view is that LBT should not only be seen as an additional constraint, but as a new mechanism that can be advantageously used by SL-U. For example, to perform early transmissions when the channel is free. Unlike in Rel-16, skipping a slot in unlicensed spectrum may result in a long delay for the transmission (e.g., because a Wi-Fi UE accesses the channel, etc.).

[bookmark: _Toc111212692]Applying LBT procedure on top of mode-2 resource allocation without any changes does not address new issues and does not exploit any possible advantages. 
A second approach is to combine mode-2 resource selection with CCA/LBT in one go when selecting resources for the initial transmission, as opposed to applying them in two independent steps as in the first approach above. That means a UE selects the resource for initial transmission as soon as it is available according to both mode-2 sensing and LBT procedures. Once the initial resource is selected, the UE can reserve more resources from the set of available resources and indicate the reservation as part of the initial transmission. Such procedure would consist of the following steps:
· Step 1: A UE performs sensing based on the procedure specified in SL Rel-16 (or Rel -17) to identify a set of available resources. This set of resources is essentially the one determined by Clause 8.1.4 in TS 38.214 [2]. 
· Step 2: The UE starts performing CCA/LBT as soon as the packet arrives at the buffer and select the first available resource (from the set of available resources obtained in Step 1) when the channel is found to be available by the LBT procedure. 
· Step 3: Following the Rel-16 procedure, the UE selects further resources (for retransmissions) from the set of available resources and sends the corresponding reservations as part of the transmission in the first selected resource (i.e., the one determined in Step 2). 
The drawback of this approach is that since the resource selection for the initial transmission is determined by LBT when applied on top of resource exclusions, the UE may have trouble to find resources, especially in congested channels. That is, resource exclusion (mode 2) may discard some resources that should have been considered as available once the restrictions introduced by LBT are considered too. 
[bookmark: _Toc111212693]Selecting resources for initial transmission using a combination of LBT and resource exclusion using Mode-2 may result in excessive latency. 
Therefore, 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.


With the procedure in Table 1, we avoid the drawbacks of the above-described alternative procedures and combine the benefits of both (i.e., early channel access, low specification impact and reusing mode-2 resource allocation procedure). 
We illustrate this procedure in Figure 2 below. 
[image: ]
[bookmark: _Ref101987411]Figure 2. 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 3.2. Based on this discussion, we have the following proposal. 
[bookmark: _Toc111212715]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 3.

[bookmark: _Toc111212694]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 3. 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: _Toc111212716]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: _Toc111212717]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. However, in case (2), UE behaviour is not clear. That is, a UE can either skip its transmission and do not perform reselection of resource or a UE perform reselection of the resource. 

[bookmark: _Toc111212695]In case of LBT failure before the selected resource, UE behaviour is unclear. 
In our view, 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: _Toc111212718]LBT failure before the selected resource triggers resource re-selection. 
3.1	Resource allocation modifications for 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: _Toc111212719]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: _Toc111212696]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: _Toc111212720]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. 
3.2	Evaluation results
In this section, we present some evaluation results for our Mode-2 solution. Evaluation assumptions can be found in Section 7 (see esp. Table 4) and in the Appendix.
In Figure 4, we show the performance for two variants of Mode 2 with LBT Type 1:
· 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 of the UPT for each packet is computed.
· The CDF shows the variations in UPT performance for different users. 

We observe that the use of opportunistic TX boosts the UPT performance in the scenario. The main reason is that packets get served quicker. This can be readily observed from Figure 5, where we show the CDF of the latency of the transmissions by all users. 
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Figure 4. CDF (over UEs) of User Perceived Throughput (UPT) for different variants of Mode 2.
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[bookmark: _Ref111042076]Figure 5. CDF (over transmissions of all users) of the transmission latency for different variants of Mode 2.
3.3	Multi-slot transmissions
In unlicensed spectrum, a transmission is associated with a prior channel access mechanism, i.e., LBT or CCA procedure. If the channel is busy, the transmission will not take place. Therefore, it is desirable to try to minimize the number of independent transmissions. For example, by making longer transmissions conveying larger payloads.
[bookmark: _Toc110945356][bookmark: _Toc111212697]In unlicensed spectrum, it is desirable to minimize the number of channel access procedures when performing multiple transmissions.
On this regard, there are two potential approaches that can be done reusing as much as possible – per WID instructions – the legacy SL procedures and channel structures:

· Transmission of the same TB in consecutive slots: Using this scheme the same TB is transmitted using a blind retransmission scheme in consecutive slots to reduce the likelihood of having LBT failure for that particular transmission. 

· Transmission of different TBs in consecutive slots: Using this scheme several transmissions can be grouped and instead of performing independent channel access mechanisms, i.e., one channel access mechanism for each individual transmission, it is possible to transmit several transmissions where only one channel access mechanism is needed, i.e., for the first transmission of the group. 

In our view, it is important to study the transmission in consecutive slots of the same TB and/or different TBs from the same UE to assess the potential gains for SL-U operation. The transmission of multiple or a single TB in consecutive slots impacts also the PHY design for SL-U as indicated in our companion paper [3].
[bookmark: _Toc111113867][bookmark: _Toc111212721]Study the transmission of multiple or a single TB by one UE in consecutive slots to reduce the number of channel access attempts.
To enable the transmission of several TBs or the same TB in consecutive slots, it is desirable to reuse as much as possible the structure and format used for resource allocation in the legacy NR SL in Rel-16 and Rel-17. In our view, it is possible to reuse the legacy fields in SCI format 1-A used for selection and reservation of resources to perform multiple transmissions in consecutive slots.

[bookmark: _Toc110945357][bookmark: _Toc111212698]For consecutive transmission of the same TB or multiple TBs, it is possible to reuse the same fields used for selection and reservation of resources as in legacy SCI format 1-A.
4	Mode-1 based resource allocation procedure 
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: _Toc111212722]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: _Toc111212723]RAN1 to address inter-UE blocking for Mode 1. Details FFS.
5	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 6.

[image: ]
[bookmark: _Ref111141965]Figure 6. 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: _Toc111212699]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: _Toc111212724]Timing offsets are used for preventing inter-UE blocking of high-priority transmissions and transmissions on reserved resources.
6	Other aspects related to SL-U
6.1	RLF/RLM procedure
In NR SL Rel. 16, no RLM procedure exists as there are no periodic reference signals that can be used for measurement. Therefore, there is no explicit indication to higher layers regarding IS/OOS. In SL-U, we believe that this conclusion remains valid for the same reasons (i.e., absence of periodic reference signals).

[bookmark: _Toc101883462][bookmark: _Toc102144047][bookmark: _Toc111212700]RLM procedure is not specified in NR SL due to absence of periodic measurement signals. 
[bookmark: _Toc101883489][bookmark: _Toc102144040][bookmark: _Toc111212725]RLM procedure is not specified for SL-U. 
However, RAN2 specified in Rel. 16 different triggers for declaring RLF and those are: (1) if RLC retransmissions reach maximum number, (2) Absence of HARQ feedback (DTX), and (3) T400 expiry. As shown in Section 4.1 of our companion contribution [3], in SL-U there is a possibility that the HARQ feedback is not received by the Tx UE due to LBT failure at the Rx UE (i.e., the channel is busy and the HARQ cannot be transmitted) rather than because the Rx UE cannot decode the SCI. However, currently, there is no procedure for Tx UE to differentiate between the absence of HARQ feedback (due to non-reception of the corresponding SCI/TB or HARQ feedback) and the absence of HARQ feedback due to LBT failure. In other words, absence of HARQ feedback due to LBT failure at the Rx UE will be counted as a DTX at the Tx UE side and is used to trigger RLF. 

[bookmark: _Toc101883463][bookmark: _Toc102144048][bookmark: _Toc111212701]Absence of HARQ feedback due to LBT failure at Rx UE for transmitting the feedback is also counted as a DTX at the TX UE side and will be used to trigger RLF. 
Moreover, in a congested channel, chances of dropping the HARQ feedback are high which will lead to incorrect and frequent RLF at the Tx UE. Therefore, we propose to study mechanisms to avoid frequent RLF due to LBT failures. 

[bookmark: _Toc101883490][bookmark: _Toc102144041][bookmark: _Toc111212726]RAN1/RAN2 to study mechanisms to avoid frequent/incorrect RLF due to LBT failures. 
6.2	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: _Toc111212702]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: _Toc111212727]Discussions on congestion control for SL operation in unlicensed spectrum are down-prioritized in Rel-18.
7	Evaluation methodology
RAN1 has defined an evaluation methodology for V2X use cases (in TR 37.885 [4]) with some additions for studying power saving aspects in Rel-17. Studying SL operation in unlicensed spectrum will require new evaluation assumptions covering at least:
· Deployment aspects
· Traffic model
· Interference model
· Performance metrics
Besides some of the material in TR 37.885, we believe that the NR-U assumptions in TR 38.889 [5] are a good starting point in some cases. In Table 2, we have collected some simulation parameters to be used for SL-U system level evaluations. In the coming sections we provide further details and justifications.
[bookmark: _Ref101988198]Table 2. System-level simulation parameters for SL-U.
	Parameter
	Value

	Carrier Frequency
	5GHz / 6 GHz

	Carrier Channel Bandwidth
	20MHz

	Number of carriers
	1

	Number of UEs
	5x2 (5 pairs)
Drop model: See Section 7.1

	Number of Interferers
	10
Drop model: See Section 7.1

	SCS
	To be reported together with simulation results

	Channel Model
	NR InH Mixed Office model

	UE/STA Tx Power
	23dBm for 5 GHz (total across all TX antennas) with PSD constraint 10 dBm/MHz

	
	14dBm for 6 GHz (total across all TX antennas) with PSD constraint 1 dBm/MHz

	UE/STA Antenna gain
	0dBi

	UE/STA Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	See Section 7.2 and Section 7.3

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability


[bookmark: _Toc111212728]The parameters in Table 2 are the baseline for system level evaluation of SL-U.
7.1	Deployment and UE drop models
The RAN1 deployment and UE drop models defined so far target V2X or PS. Our view is that most SL-U use cases will be indoor. For this reason, we think new deployment and UE drop models are necessary. We propose to reuse the indoor 120x80 m sub-7 GHz indoor scenario from TR 38.889 (mixed office model), but without gNBs. This scenario is illustrated in Figure 7.
[image: ]
[bookmark: _Ref101987351]Figure 7. Indoor sub7 simulation office layout from [5].
We propose to reuse the values of the parameters given in TR 38.889: a=20 meters, b=40 meters, c=20 meters, and d=40 meters
Regarding UEs and interferers, we propose to randomly drop:
· 5 SL-U UE pairs (10 UEs in total) in the scenario. Each pair is separated by Uniform[10,25] m
· 10 interfering devices, with the same distribution as the UEs.
[bookmark: _Toc111212729]For SL-U evaluations the indoor mixed office model sub-7 GHz is used as the baseline:
· [bookmark: _Toc111212730]5 SL-U UE pairs (10 UEs in total) in the scenario. Each pair is separated by Uniform[10,25] m
· [bookmark: _Toc111212731]For unicast: communication between UEs in the pair
· [bookmark: _Toc111212732]For groupcast: communication between a UE and its 4 closest neighbors
· [bookmark: _Toc111212733]For broadcast: communication between a UE and all other UEs.
· [bookmark: _Toc111212734]10 interfering devices, with the same drop distribution as the UEs.
· [bookmark: _Toc111212735]D2D channel model is InH office pathloss model with proper d_3D with indoor mixed office LOS probability
7.2	Traffic model
It is clear from the discussion in [3], that operation in 20 MHz channels is the baseline for Rel-18 work. 
[bookmark: _Toc111212736]A single 20 MHz unlicensed channel is baseline for evaluations in Rel-18.
When defining evaluation assumptions, it is important to consider the best performance that the NR SL (Rel-16) can deliver, especially in terms of peak rates. We summarize this in Table 3. Note that in practice the achievable rates will be significantly lower due to several factors: retransmissions, collisions, inefficient utilization of the resources in Mode 2, gap between retransmissions, etc. 
[bookmark: _Ref101982432]Table 3. Peak SL data rates with 20 MHz (50 RBs with SCS=30kHz)
	
	Peak rate (Mbps)

	
	With PSFCH overhead
	Without PSFCH overhead

	64 QAM table
	49.1
	69.632

	256 QAM table
	65.5
	92.208


Regarding traffic, we have summarized the main characteristics of some traffic models agreed in 3GPP in Table 4, including NR V2X traffic models from TR 37.885 [4], NR-U traffic models from [5](which are based on LTE-LAA traffic models in [6], which in turn are modified version of the models in [7]), and XR traffic models [8]. We note that:
· The Periodic 1 and Periodic 2 models and the Aperiodic 1 model agreed for NR V2X are not appropriate for modelling for the typical use cases that would be deployed over unlicensed spectrum. 
· The Periodic 3 and Aperiodic 2 models, on the other hand, have some similarities with the VR/AR DL models from TR 38.838, although they present somewhat longer inter-arrival times, smaller packets, and lower rates.
· The AR/VR models were most often used in licensed bands (UL/DL) with channels of 100 MHz or more.
[bookmark: _Ref101980747]Table 4. Some traffic models agreed by 3GPP that are relevant for SL-U evaluation.
	
	Inter-arrival time
	Packet size
	Rate (avg)

	Model
	Model
	Average
	Model
	Average
	

	TR 37.885 Periodic 1
	Fixed
	100 ms
	Fixed seq. 300+4*190
	212 byte
	0.017 Mbps

	TR 37.885 Periodic 2
	Fixed
	10 ms
	Rand (0.8/0.2) 800, 1200 byte
	880 byte
	0.704 Mbps

	TR 37.885 Periodic 3
	Fixed
	30 ms
	Rand 30:10:60 kbyte
	45000 byte
	12 Mbps

	TR 37.885 Aperiodic 1
	Fixed + Exp. RV
	100 ms
	Rand 200:200:2000 byte
	1100 byte
	0.088 Mbps

	TR 37.885 Aperiodic 2
	Fixed + Exp. RV
	20 ms
	Rand 10:4:30 kbyte
	24000 byte
	9.6 Mbps

	TR 38.838 VR/AR DL stream
	Fixed + Truncated Norm.
	16.67 ms
	Truncated Norm (50%-150% avg)
	62500, 93750 byte
	30, 45 Mbps

	TR 38.838
CG DL stream
	Fixed + Truncated Norm.
	16.67 ms
	Truncated Norm (50%-150% avg)
	16667, 62500 byte
	8, 30 Mbps

	TR 38.889
FTP Model 1
	Poisson arrivals
	[2, 1, 0.67, 0.5, 0.4] s
	Fixed
	0.5 Mbyte
	[2, 4, 6, 8, 10] Mbps

	TR 38.889
FTP Model 3
	Poisson arrivals
	[2, 1, 0.67, 0.5, 0.4] s
	Fixed
	0.5 Mbyte
	[2, 4, 6, 8, 10] Mbps


Our view is that the Periodic 3 and Aperiodic 2 models are suitable for SL-U evaluations. However, it is necessary to consider lower loads as well.
[bookmark: _Toc111212737]The Periodic 3 and Aperiodic 2 models in TR 37.885 are the baseline for SL-U evaluations. In addition to the parameters in TR 37.885 a low-load version is defined
· [bookmark: _Toc111212738]Periodic 3 with low load has packet size reduced by a factor of 5.
· [bookmark: _Toc111212739]Aperiodic 2 with low load has packet size reduced by a factor of 5.
7.3	Interference model
We think that modelling asynchronous interference is important to obtain good conclusions that drive system design. There exist multiple technologies that can operate in unlicensed spectrum (e.g., WiFi, BT, SL-U). Given that this WI does not have an objective on coexistence, we believe that each company can choose the interfering technology. What is crucial is that: 
· the interference is asynchronous and that the different simulations consider the same distribution of load between SL-U and the interfering technology. 
· same-load (for SL-U and interfering) and low-load (interfering compared to SL-U) situations are studied.
· the number of devices of both technologies is comparable (e.g., to avoid having a single interfering device that impacts a small part of the scenario).
[bookmark: _Toc111212740]Asynchronous interference is modelled. The choice of technology is up to each company.
[bookmark: _Toc111212741]For evaluating the impact of interference, two cases are studied:
· [bookmark: _Toc111212742]SL-U and interfering devices with the same traffic model.
· [bookmark: _Toc111212743]The traffic for SL-U UEs is 5 times bigger than for the interfering devices (e.g., normal load vs low load model).
[bookmark: _Toc111212744]For evaluating the impact of interference, at least the case that the number of SL-U devices equals that of interfering devices is considered.
7.4	Performance metrics
PRR and PIR have been the two metrics commonly used for evaluating the performance of sidelink. In our view, these are not suitable for the use cases targeted by sidelink operation in unlicensed spectrum. We propose to use two NR-U metrics: (CDFs of) user perceived throughput and latency. The appropriate parts of their definitions in TR 36.889 [6] are copied in Table 5.
[bookmark: _Ref106804020]Table 5. Performance metrics for SL-U: user perceived throughput and latency.
	Performance metric
· User perceived throughput (UPT)
· UPT CDF
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF


[bookmark: _Toc111212745]Using the UPT metric for unicast is straightforward. However, difficulties are for groupcast and broadcast. For example:
· [bookmark: _Toc111212746]How to count the transmission of a packet to multiple UEs? As a single packet? As multiple packets?
· [bookmark: _Toc111212747]How to compute the corresponding metric(s)? A single metric per packet (average? Worst case?) or one value per packet?
· [bookmark: _Toc111212748]Measuring UPT from TX or from RX perspective?
[bookmark: _Toc111212749]For evaluating SL-U unicast, CDF of UPT and CDF of latency (as defined in TR 36.889) are used. FFS: groupcast and broadcast
8	Conclusion
In the previous sections we made the following observations: 
Observation 1	From channel access perspective, SL transmission in SL-U is similar to DL transmissions in NR-U.
Observation 2	The main limitation for using semi-static channel access is the requirement of guaranteeing no other co-existent technologies.
Observation 3	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 4	Enhancing the GP symbol and CP extension are equivalent solutions to the issue of maintaining access to the unlicensed band to perform COT sharing.
Observation 5	DL multichannel approaches (Type A and Type B) are applicable to SL multichannel transmission.
Observation 6	Applying LBT procedure on top of mode-2 resource allocation without any changes does not address new issues and does not exploit any possible advantages.
Observation 7	Selecting resources for initial transmission using a combination of LBT and resource exclusion using Mode-2 may result in excessive latency.
Observation 8	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 9	In case of LBT failure before the selected resource, UE behaviour is unclear.
Observation 10	Random resource selection increases the chances of LBT failures in case of wideband operation.
Observation 11	In unlicensed spectrum, it is desirable to minimize the number of channel access procedures when performing multiple transmissions.
Observation 12	For consecutive transmission of the same TB or multiple TBs, it is possible to reuse the same fields used for selection and reservation of resources as in legacy SCI format 1-A.
Observation 13	Small differences in timing references result in inter-UE blocking.
Observation 14	RLM procedure is not specified in NR SL due to absence of periodic measurement signals.
Observation 15	Absence of HARQ feedback due to LBT failure at Rx UE for transmitting the feedback is also counted as a DTX at the TX UE side and will be used to trigger RLF.
Observation 16	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	Dynamic channel access of NR-U is the baseline for SL-U.
Proposal 2	Reuse channel access rules (including COT sharing) for gNB (DL) transmissions in NR-U for transmissions in SL-U.
Proposal 3	SL-U supports type 1 LBT for PSCCH/PSSCH transmissions.
Proposal 4	Study further the applicability of type 2 (2A/2B/2C) LBT for PSCCH/PSSCH transmissions.
Proposal 5	SL-U supports type 2A LBT for S-SSB transmissions.
Proposal 6	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.
Proposal 7	COT is not shared for PSCCH/PSSCH transmissions between different UEs.
Proposal 8	SL-U supports type 2 LBT for PSFCH transmissions.
Proposal 9	COT sharing is allowed between the transmitter UE and the receiver UE for PSCCH/PSSCH and corresponding PSFCH transmissions, respectively.
Proposal 10	Specify enhancements to dynamically use the GP symbol to maintain the channel.
Proposal 11	Support both Type A and Type B DL multichannel approaches for SL multichannel access.
Proposal 12	CCA/LBT procedure is applied on top of mode-2 based resource allocation procedure of SL.
Proposal 13	NR SL-U Mode 2 supports opportunistic transmission (i.e., early transmission) based on LBT success.
Proposal 14	Specify ‘frequency-first selection’ during resource selection from the candidate of available resources.
Proposal 15	The resource re-evaluation procedure is used to reduce the spread of transmissions in time prior to sending a reservation.
Proposal 16	LBT failure before the selected resource triggers resource re-selection.
Proposal 17	SL bandwidth part and SL resource pool can be (pre-)configured to be an integer multiple of RBsets or channels.
Proposal 18	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 19	Study the transmission of multiple or a single TB by one UE in consecutive slots to reduce the number of channel access attempts.
Proposal 20	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 21	RAN1 to address inter-UE blocking for Mode 1. Details FFS.
Proposal 22	Timing offsets are used for preventing inter-UE blocking of high-priority transmissions and transmissions on reserved resources.
Proposal 23	RLM procedure is not specified for SL-U.
Proposal 24	RAN1/RAN2 to study mechanisms to avoid frequent/incorrect RLF due to LBT failures.
Proposal 25	Discussions on congestion control for SL operation in unlicensed spectrum are down-prioritized in Rel-18.
Proposal 26	The parameters in Table 2 are the baseline for system level evaluation of SL-U.
Proposal 27	For SL-U evaluations the indoor mixed office model sub-7 GHz is used as the baseline:
	5 SL-U UE pairs (10 UEs in total) in the scenario. Each pair is separated by Uniform[10,25] m
o	For unicast: communication between UEs in the pair
o	For groupcast: communication between a UE and its 4 closest neighbors
o	For broadcast: communication between a UE and all other UEs.
	10 interfering devices, with the same drop distribution as the UEs.
	D2D channel model is InH office pathloss model with proper d_3D with indoor mixed office LOS probability
Proposal 28	A single 20 MHz unlicensed channel is baseline for evaluations in Rel-18.
Proposal 29	The Periodic 3 and Aperiodic 2 models in TR 37.885 are the baseline for SL-U evaluations. In addition to the parameters in TR 37.885 a low-load version is defined
	Periodic 3 with low load has packet size reduced by a factor of 5.
	Aperiodic 2 with low load has packet size reduced by a factor of 5.
Proposal 30	Asynchronous interference is modelled. The choice of technology is up to each company.
Proposal 31	For evaluating the impact of interference, two cases are studied:
	SL-U and interfering devices with the same traffic model.
	The traffic for SL-U UEs is 5 times bigger than for the interfering devices (e.g., normal load vs low load model).
Proposal 32	For evaluating the impact of interference, at least the case that the number of SL-U devices equals that of interfering devices is considered.
Using the UPT metric for unicast is straightforward. However, difficulties are for groupcast and broadcast. For example:
	How to count the transmission of a packet to multiple UEs? As a single packet? As multiple packets?
	How to compute the corresponding metric(s)? A single metric per packet (average? Worst case?) or one value per packet?
	Measuring UPT from TX or from RX perspective?
Proposal 33	For evaluating SL-U unicast, CDF of UPT and CDF of latency (as defined in TR 36.889) are used. FFS: groupcast and broadcast
[bookmark: _In-sequence_SDU_delivery]
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Appendix: simulation assumptions
This appendix describes assumptions used to generate our simulation result
	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

	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

	
	MCS
	64 QAM, R=2/3

	
	DMRS
	2 symbols

	Channel access
	PSCCH/PSSCH
	LBT Type 1

	
	PSFCH
	LBT Type 2B

	
	ED threshold
	-85 dBm/MHz
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