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Introduction
[bookmark: _Hlk57107786]The Objective 2 of the Work Item Description (WID) on NR sidelink evolution [1] is to study and specify support for sidelink operation in the unlicensed bands with focus on the FR1 unlicensed bands, n46 and n96/n102. This WID restricts the channel access mechanism used by the sidelink to that used in the NR-U [2]. This contribution discusses the challenges that have be addressed when using this channel access mechanism with the sidelink and details potential approaches to using sidelink mode 2 that are consistent with the requirements stated in the WID.
Overview of Objective 2 in WID
The sidelink supports direct UE-to-UE connectivity using two operational modes: mode 1 and mode 2. In mode 1, the UEs operate within the coverage area of the network and the UE resources are allocated by the network. On the other hand, in mode 2, UEs can operate outside the coverage area of the network and the UE decides on selecting the sidelink transmission resources in the resource pool [3]. When the sidelink is operating using mode 1, the WID restricts the use of the Uu link to the licensed bands. 
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Figure 1. Channel access in the unlicensed bands.
 

Figure 1 shows a notional concept of sharing the unlicensed bands when the common resource is shared by NR-U, IEEE 802.11 DCF and the sidelink. This figure shows two independent IEEE 802.11 DCF systems, an NR-U system, and sidelink systems operating in both modes 1 and 2. Both sidelink modes access the common channel resources in the unlicensed band using the NR-U mechanism. This contribution investigates the following: the challenges encountered when using the NR-U mechanism specified in [2] to support sidelink mode 2 links; and modifications necessary for the sidelink and the NR-U mechanism to support fair coexistence between the sidelink UEs and other systems. The fairness aspects of the channel access approaches presented here will be further detailed in subsequent contributions. 
Regulatory Requirements in the Unlicensed Bands
Transmissions and operations in the unlicensed bands must comply with the regulatory requirements established by the applicable regional and country administrations. These regulatory requirements are detailed in the 3GPP Technical Reports 36.889 [4] and 38.889 [5]; however, because the regulations are currently being updated in some countries in the n96 band, these reports do not contain regulations that are applicable in this band. 
In particular, in the United States, the Federal Communications Commission (FCC) requires that, “In the 5.925–7.125 GHz band, client devices, except fixed client devices, must operate under the control of a standard power access point, indoor access point or subordinate devices,” and “Client devices are prohibited from connecting directly to another client device” [6]. These regulations are for the n96 band of 3GPP [7]. Since the sidelink is used for direct communication between the UEs, these FCC regulations appear to prohibit sidelink operations in this band. The European Union does not require the use of access points but limits the frequency of operation to 5.945 to 6.425 GHz (band n102) [8]. 
Devices operating in the n46 band must comply with the Dynamic Frequency Selection (DFS) requirements established to limit interference to radar systems [5]. These requirements are applicable to UEs operating in sidelink modes 1 and 2. 
Sidelink Mode 2 Operation in the Unlicensed Bands
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Figure 2. Resource sharing mechanisms between different systems in the unlicensed bands.
As stated in Objective 2 of the WID on NR sidelink evolution, the channel access mechanisms in NR-U should be reused for channel access in sidelink unlicensed bands (SL-U). Figure 2 shows a notional concept of sharing the unlicensed band resources among three different systems: IEEE 802.11 DCF, NR-U and the SL-U, where each circle corresponds to a respective system.  The NR-U and DCF resource sharing mechanisms shown in this figure are well established; the objective of this WID is to study and propose the use of the NR-U with the sidelink. The resource sharing mechanism shown as NR-U (SL) is the channel access mechanism used by the SL-U to share the resources in the unlicensed band between the NR-U or the IEEE 802.11 DCF systems. The NR-U (SL) is based on the NR-U with any modifications to NR-U minimized to facilitate fair resource access between the SL-U and other systems. 
The SL-U Mode 2 (U) shown in this figure is sidelink mode 2 modified to facilitate direct UE-to-UE communication links when used within the framework of NR-U (SL).  First, the common shared resources are accessed by the SL-U system using the NR-U (SL). Next, the SL Mode 2 (U) is used for communication among the sidelink UEs.
Proposed Sidelink Burst Transmission Scheme (Mode 2)
[image: ]
Figure 3. Concept of the approach to the sidelink burst transmission scheme.

The NR-U channel access mechanism uses a burst transmission scheme to support communication links between a gNB and UEs connected to it, and to facilitate fair resource sharing among different wireless systems. Since the sidelink UEs form a single wireless network, the burst transmission scheme in NR-U could be used to support the transmissions from the sidelink network. Figure 3 shows the concept of sidelink burst transmissions that is used for spectrum sharing between the sidelink UE network and an IEEE 802.11 DCF network. The sidelink slot size is shown as , and note the discontinuities in the time axis as the burst lengths could be significantly longer than .
This figure shows three UEs in the sidelink network, denoted by SL-U-1, SL-U-2 and SL-U-3, accessing the channel together using the NR-U (Type 1 DL procedure) and use the channel for a maximum burst length of Maximum Channel Occupancy Time (MCOT) duration. This is the NR-U (SL) mechanism in Figure 2.  During the sidelink burst, the sidelink mode 2 is used to allocate the resources among the UEs in the sidelink network. This is the SL Mode 2 (U) mechanism in Figure 2.  To be consistent with NR-U,  the sidelink network contends for channel access using NR-U (SL) after using the channel for an MCOT duration. 
The sidelink mode 2 makes use of periodic resource reservations so that the UEs in the network can predict each other’s transmission resources to avoid transmission collisions. Because the sidelink mode 2 is used for UE transmissions during the burst durations, the proposed approach to the sidelink burst transmission scheme should preserve this property.
The sidelink slot time   is significantly larger than the channel sensing time in the NR-U, which is 9 us. Therefore, the sidelink network may lose access to the channel when the intended sidelink burst transmission of MCOT duration contains white spaces in some sidelink time slots. These challenges are addressed in detail in the next subsections.
Challenges When Using the NR-U with the Sidelink
This subsection discusses challenges that are encountered when using NR-U Type 1 procedure with the sidelink mode 2. 
3.2.1	Sidelink time slot size and slotted transmission scheme
The time slot size used for sensing the channel in NR-U, which is 9 us, is significantly smaller than the time slot size used in the sidelink where the smallest time slot () is 250 us at FR1 frequencies. Essentially, the granularity of the sidelink time slots is 250 us and the corresponding granularity of the NR-U system is 9 us. Because of this large time slot size used by the sidelink UEs, they are at a significant disadvantage when contending for channel access with NR-U systems. Furthermore, the UEs in the sidelink network employ a time-synchronized transmission scheme where time slot boundaries are common to all UEs.  Since the time slot used for sensing the channel in NR-U is significantly smaller than the sidelink slot time, the contention window boundary may not coincide with the sidelink slot boundary. A gap duration [9], which is a white space and is supported in the NR-U backoff procedure [2], can be used to extend the contention window so that the end of the contention window period coincides with the sidelink slot boundaries. However, in some scenarios, the sidelink UE may lose access to the channel because the required gap duration can be significantly longer than the NR-U sensing channel time slot duration.
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Figure 4. A single sidelink UE using NR-U to contend for channel access with an IEEE 802.11 DCF system.
Figure 4 shows a single sidelink UE using the NR-U to contend for channel access with an IEEE 802.11 DCF system. In this figure  is the sidelink time slot duration,  is the NR-U channel sensing time duration, and   is the defer duration. In this figure the gap duration is inserted at the end of the defer duration of the backoff procedure so that the sidelink slot boundaries coincide with the time at which the backoff timer reaches zero.  As shown here, at the  contention cycle, IEEE 802.11 DCF captures the channel, but at the at the next contention cycle, the sidelink user captures the channel. However, the sidelink user transmits only for the duration , which is significantly lower than the burst transmission duration of the IEEE 802.11 DCF. 
After transmission of each Transmission Block (TB) of duration , the sidelink UE must contend for channel access resulting in a very low average data rate for the sidelink user. This is a challenge when a single UE is using the NR-U to access the channel. In addition, since the gap duration effectively extends the size of the contention window, the sidelink UE has a significantly lower chance of capturing the channel.  
3.2.2	Periodic reservation of sidelink resources
The sidelink UEs make use of periodic resource reservations so that the UEs in the sidelink network can predict the resource reservations which results in successful avoidance of collisions. It is highly desirable to preserve this property when the NR-U (SL) is used for channel access and the sidelink resource allocation mechanism (SL Mode 2 (U)) is used by the UE network. It is shown in the examples in the next subsections that preserving this periodic resource reservation property is a challenge.





3.2.3	Random backoff window sizes used in NR-U
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Figure 5. Random backoff window for each sidelink UE. Left figure: UE A captures the channel. Right figure: UE B captures the channel.

The key concept of NR-U (Type 1 procedure) is to select a backoff window of random size. However, when the UEs in the sidelink network use different backoff window sizes the order of the resources that were already reserved using the sidelink mode 2 procedure will be disrupted during their transmissions. Figure 5 shows the three sidelink UEs, which use independent backoff window sizes, contending for channel access using the NR-U. On the left figure UE A captures the channel, whereas on the right figure UE B captures the channel. The order of sidelink UE transmissions, as shown on the left figure, is now disrupted by the UE-dependent random window sizes.  This is a challenge that has to be addressed because, for successful use of the SL Mode 2 (U) within the NR-U (SL) framework, it is necessary to preserve the resources reservation order during the transmissions.
3.2.4	Examples of sidelink with uncoordinated backoff window sizes
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Figure 6. Sidelink resource reservations for a four-UE network.
Figure 6 shows an illustrative scenario of the resources that are reserved by the sidelink UEs for a four-UE network where there are white spaces in some time slots indicating that resources are not reserved in those time slots. Observe the periodicity of the resources reserved by the respective UEs.
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Figure 7. Example 1: sidelink UEs with uncoordinated backoff window sizes.
Figure 7 shows the channel occupancy and the contention window activity for the IEEE 802.11 DCF system and three sidelink UEs. The sidelink UEs employ a random backoff window size that is independent for the different UEs, and a gap duration is included so that the end of the channel contention window of each UE coincides with the sidelink slot boundary. 
The contention process shown in Figure 7 is described as follows:
· At t1: Both UEs A and B win the channel contention process.  However, UE A transmits but UE B does not transmit because it is aware that UE A has a reservation prior to its reservation.
· At t2: Channel contention starts because of white spaces in the sidelink burst transmission.
· At t3: Sidelink UEs lose channel contention to IEEE 802.11 DCF system.
· At t4: Sidelink UE C defers to UE A's reservation because it is aware that UE A has a reservation prior to its reservation. 


[image: ]
Figure 8. Example 2: sidelink UEs with uncoordinated backoff window sizes.
The specific example shown in Figure 7 preserves the order of the sidelink reserved resources in the transmission process. However, Figure 8 shows an illustrative scenario when this is a challenge for the sidelink UE network. Both these examples use random backoff window sizes, which are independent for the UEs, for the backoff process; they show different realizations of the backoff process.
The contention process shown in this figure is described as follows: 
· At t1: UE B does not transmit as UE A has a reservation prior to its reservation.
· At t2: UEs B and C win the channel contention; however, these UEs do not transmit because UE A has a reservation prior to their reservations. Because of this sidelink UEs have to contend for the channel again resulting in loss of channel access to the IEEE 802.11 DCF system. 
· At t3: UE A, which has the next in line reservation, captures the channel.

Approach to Using NR-U with Sidelink Mode 2
The key challenges when using the NR-U with the sidelink resource allocation scheme are as follows.
· Challenge 1:Very low data rate and channel capture rate when a single sidelink UE is contending for channel access using the NR-U
· Approach 1: Sidelink UEs in the network access the channel jointly. The joint access mechanism of the channel by the sidelink UEs allows for a sidelink burst transmission scheme shown in Figure 3. 
· Challenge 2: Disadvantageous access to the channel for the sidelink UEs when an uncoordinated channel access procedure is used by them
· Approach 2(a): Sidelink UEs in the network use a coordinated backoff procedure. Each UE in the sidelink network uses a synchronized backoff procedure where the common backoff seed is shared among the UEs in the network prior to initiating the backoff procedure. This procedure overcomes the situations shown at time t2 in Figure 8 because, with a synchronized backoff scheme,  all UEs follow the same backoff procedure so UE A will be able to capture the channel and transmit at time t2.
· Approach 2(b): The sidelink UE who is the next in line to transmit uses a smaller window size for backoff. With this approach, UE A at time t2 in Figure 8 will use a smaller window size for backoff which results in a higher chance of UE A capturing the channel at this time. An advantage of this proposed solution is that it does not require synchronization of the backoff windows of the UEs in the network. 
3.3.1	Flowchart description of Approach 1 
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Figure 9. Flowchart for the Approach 1 in Section 3.3.
Figure 9 describes the Approach 1 in Section 3.3 where the sidelink UEs make use of a synchronized backoff procedure. At each sidelink slot time, denoted by , a TB enters the block that checks whether resources are reserved for it at a prior instant. The TBs are transmitted at the block above Block 5.C. 
The functions of the key blocks in this flowchart are described below.
Block 1: The sensing window is consistent with the sidelink mode 2 resource allocation scheme. Because a burst transmission scheme is used, the UE monitors the sidelink burst transmission status and the length of its burst. In addition, because the NR-U with a common backoff procedure is used for channel access, the UE monitors other UE’s common backoff stage. The modifications required for the NR-U are synchronization of the backoff procedure for all UEs and monitoring the current backoff stage in this common backoff procedure. The modifications required for the sidelink mode 2 are monitoring the sidelink burst transmission burst length and the current status of the sidelink transmission burst. 
Block 2: This is the selection window used in sidelink mode 2.
Block 3: Since this is a Transmission Block (TB) without prior resource reservations, the backoff procedure described in Clause 4.1.1 of [2] is used here.
Block 4: Because the channel is shared with other networks, the sensing window may not have captured sufficient sidelink burst transmission time slots. The variable Tminsen denotes the minimum number of sidelink time slots that are in the sensing window. 
Block 5: Checks whether there is a sidelink burst. This information is provided by Block 1. 
Block 5.A: The proposed burst transmission scheme may incur delays in the transmission of sidelink TBs. Therefore, a buffer contains the TBs with the TB at the head of the buffer considered for transmission in the next available sidelink time slot. 
Block 5.B: Checks for resource reservations in the current sidelink time slot.
Block 5.C: Once the TB is transmitted, the next TB from the buffer is considered for transmission.
Block 5.D: The sidelink burst length is limited to a maximum value: SL_MCOT.
Block 5.E: Checks for white spaces in the sidelink burst transmission.
Block 5.F: Checks whether the channel is idle for the sidelink time slot duration, TS.
Block 5.G: Sidelink UEs have to contend for the channel because the channel has been captured by another network. The UEs use a common backoff window with a shared backoff parameter. The procedure in Clause 4.1.1 of [2] is used here but with all the UEs using a common random backoff window. Additionally, because the sidelink UEs lost the channel before completing its maximum burst length, it may be possible to use a shorter window size than specified in the above clause.
Block 6: Checks whether the sidelink UEs are in the backoff process, which is common to all UEs.
Block 6.A: The UE joins the common backoff process of all sidelink UEs. The UE should join at the common backoff stage and this information is available from the sensor in Block 1. 
Block 7: Checks for channel occupancy.
Block 7.A: Common backoff scheme used by all UEs in the sidelink. Clause 4.1.1 of [2] used by each UE but with a common backoff parameter that is shared by the UE network. 

Conclusion
This contribution identifies the challenges listed above when using the NR-U channel access scheme with the sidelink mode 2 and details the modifications to both the baseline NR-U and the sidelink mode 2 to address these challenges so that the sidelink UEs can gain access to the channel in a fair manner. 
Observation 1: A fair channel sharing procedure for the sidelink UEs cannot be realized when the NR-U channel access procedure is used separately at each UE.
Approach 1: Use a burst transmission scheme for the sidelink UE network where the channel access procedure is accomplished jointly by all the sidelink UEs in the network.
Observation 2: Using an independent backoff procedure at each UE in this burst transmission scheme results in disadvantageous access to the channel for the sidelink UE network.
Approach 2: (a) Use a synchronized backoff process for the sidelink UEs;  or (b) a shorter backoff window for the particular sidelink UE who is next in line to transmit.
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