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Introduction
NR Rel-16 V2X Study Item was approved in RAN#80 with detailed objective and scope in [1]. NR Rel-16 V2X is targeted to provide further enhancement to the existing LTE Rel-14/15 V2X by supporting enhanced V2X services. The enhanced V2X services and their requirement can be found in [2,3]. NR V2X needs to cover both the Uu interface and PC5 interface design, additionally, coexistence and joint operation with LTE V2X. From the spectrum perspective, NR V2X needs to support both the licensed and unlicensed spectrum which requires sidelink design.

In terms of RAN1 design goal, we think there are the following major difference between NR V2X and LTE V2X
· LTE V2X only targets for broadcast transmission, while NR V2X needs to support broadcast, groupcast and unicast transmission 
· LTE V2X only targets for periodic traffic, while NR V2X needs to support periodic and aperiodic traffic
· NR V2X needs to provide higher throughput, lower latency ad higher reliability compared to LTE V2X
· NR V2V needs to support mmW band (FR2) 
  
One important design goal for NR V2X, similar as LTE V2X, is to support reliable and efficient communications for devices either out of coverage in licensed spectrum or in unlicensed spectrum. In order to support both the periodic and aperiodic traffic, CCA procedure such as Listen Before Talk (LBT) is one of the most prominent solutions. Unlike NRU design, NR V2X design is required to provide more reliable and lower latency communication due to safety concern and high device movement speed.

In this case, we consider the enhancement to traditional LBT procedure by allowing device to detection collision within Channel Occupancy Time (COT), which we denoted as Listen Again After Talk (LAAT).  
Limitation on Traditional Listen Before Talk (LBT)
To access shared medium, listen-before-talk (LBT) is commonly used to avoid collision and thus improve medium utilization efficiency. However, it is well-known that LBT cannot guarantee 100% collision free. In case that collision happens in V2X communication, in unicast case, transmitter can roughly detect it via receiver’s ACK/NACK feedback. However, in group-cast case, transmitter can’t detect collision easily via receiver’s ACK/NACK feedback due to heavy traffics associated with ACK/NACKs from all receivers and the fact that each receiver can be at different locations and have different channel quality. Thus, transmitter cannot easily isolate collision from channel quality based on ACK/NACKs. In broadcast case, things become even worse and receiver-based feedback is known to be almost infeasible. Moreover, in some V2X use cases, device can reserve periodic slots within a reservation period for communication. In such cases, if collision happens, it could persist for certain period (worst case entire reservation period) if Tx does not detect the collision. 
Based on the above, the fundamental issue in broadcast and group-cast communication is that there is no receiver’s feedback for transmitter to leverage to detect collision. In this contribution, a Listen Again After Talk (LAAT) is proposed from transmitter side to solve this fundamental issue.
Listen Again After Talk (LAAT)
Slot structure to support LAAT 
To support LAAT, device needs to reserve some time for listening again (LA) during its channel occupancy time (COT). This can be achieved by device via special slot structure that is used in TDD operation. First part of slot is for normal data transmission. There is a Tx to Rx (T/R) switching period, which allows device to switch from transmission mode to receive mode, followed by a device reception period of time, and ended with a Rx to Tx (R/T) switching period. Note that this slot structure is already supported in LTE as specially subframe in TDD configuration and in NR as NR supports Tx/Rx switching in a slot. We illustrate the concept in Figure 1
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Figure 1 Slot structure to support LAAT: Option 1
The duration of TX, T/R & R/T switching, and RX could have several configurations so that device can trade off among transmission capacity, modem switching requirement, and collision detection accuracy. LA period should also be small enough to avoid another device to grab the medium during this period.  

As an alternative to special slot, a normal transmission slot can be blanked partially (e.g. at the end of slot or in the middle of slot). The blanked part is used for T/R & R/T switching and listening. Due to partial blanking, link adaptation information in DCI should take care of less transmitted bits. e.g., reduce MCS . The concept of partially blanked slot in illustrated in Figure 2
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Figure 2 Slot structure to support LAAT: Option 2

The blanking duration can have several configurations for device to choose among transmission capacity, switching speed requirement, and collision detection accuracy. Similarly, LA period should be small enough to avoid another device to grab the medium during this period.   

In case that a NR V2X COT can accommodate more than one slot, the special or partial blanked slot (SS) can be placed at fixed or random position. e.g., device can randomly select SS position to reduce the probability of using the same slot for SS in order to minimize collision. As an example shown in the Figure 3, each burst contains 3 subframes/slots. SS is randomly placed per burst. (TS stands for Transmitted Slot).
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Figure 3 Slot structure to support LAAT for multi-slot COT
Proposal 1: NR V2X to consider support Listen Again After Talk (LAAT) enhancement to the LBT procedure

Proposal 2: To support LAAT, NR V2X utilizes the slot format that allows Tx/Rx switching within a slot

LAAT Operation
LAAT provide the device additional chance to re-sense the medium in order to avoid collision with other devices. In this subsection, we consider the device actions after LAAT detects medium collision.
In case collision is detected, e.g., if there are still more broadcast/group-cast slots within current reservation period, device should stop using them. Instead, device should start reserving procedure again (e.g. via LBT as shown in the Figure 4). The slots marked with light gray is the originally reserved slots. The slots marked with dark red and green are the new ones after LBT. Note that LBT parameters should also be adjusted to reduce collision probability. 
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Figure 4 LAAT operation illustration
If there are still more occasions to broadcast/groupcast within current reservation period, device should adjust LBT parameters to reduce collision probability for the future medium access attempt, such as increasing SS frequency and/or adjust SS configuration in order to have more LA chances. In case no collision is detected, device can reduce SS frequency and/or adjust SS configurations to have less LA occasions or LA time per occasion.

Proposal 3: To support LAAT, NR V2X device performs additional LBT if collision is detected during LAAT and adjust LAAT operation/configuration based on the LAAT results

LAAT Adaptation
Even though LAAT reduces the collision probability which is important for the V2X services, it also introduces additional overhead in the system, as device has to sacrifice transmission time for LA. This leads to reduced range or capacity. Therefore, frequency of using SS should be carefully designed. Several factors could be used to control SS frequency.

· Speed of device: High speed device has more chances to enter another communication group which it previously did not belong to. Thus, it has more chances to cause collisions. A possible design is to scale SS frequency based on device speed. i.e., device increases/decreases SS frequency when its speed increases/decreases.
· Priority of message: For high priority message, reliability is more important. Thus, it might be better to detect the collision at early stage so that device can perform re-transmission etc. A possible design is to scale SS frequency based on priority of message.
· LA results, either “collision” or “no collision”: In case possibility of “no collision” increases, device could reduce SS frequency. Otherwise in case probability of “collision” increases, device could increase SS frequency.

Proposal 4: Overhead associated with LAAT procedure should be optimized based on multiple factors, including but not limited to device speed, message priority and LAAT results.

Conclusion
Compared to LTE Rel-14/15 V2X, NR V2X is targeted to support large varieties of services that require broadcast/group/unicast communication, generate both periodic an a-periodic traffic, require higher data rate, lower latency and higher reliability. In this contribution, we propose an enhancement to traditional LBT procedure which allows the device to detect collision during the Channel Occupancy Time (COT). We denote the scheme as Listen Again After Talk (LAAT).  

We have the following proposals

Proposal 1: NR V2X to consider support Listen Again After Talk (LAAT) enhancement to the LBT procedure

Proposal 2: To support LAAT, NR V2X utilizes the slot format that allows Tx/Rx switching within a slot

Proposal 3: To support LAAT, NR V2X device performs additional LBT if collision is detected during LAAT and adjust LAAT operation/configuration based on the LAAT result.

Proposal 4: Overhead associated with LAAT procedure should be optimized based on multiple factors, including but not limited to device speed, message priority and LAAT results.
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