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Introduction
In RAN #80, a new SI for 3GPP NR V2X was agreed. One of the objectives of the SI with respect to NR V2X sidelink design is [1]:
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.


In this contribution, we discuss NR V2X sidelink resource allocation mechanisms including NR V2X advanced requirements, resource allocation problems/challenges of LTE V2X, and NR V2X resource allocation mechanisms. 

Discussion
1.1 NR V2X Requirements and Resource Allocation Problems/Challenges
NR V2X would support advanced V2X services beyond services supported in LTE V2X. SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [2]. Those advanced V2X services impose much more stringent requirements than basic services supported in LTE V2X. The advanced V2X services in NR require as low as ms for advanced driving and extended sensors, in comparison with 10 ms in V2X services supported in LTE, as high as 99.999% for advanced driving and extended sensors, in comparison with 95 % in V2X services supported in LTE and as high as 1 Gbps data rate for extended sensors, in comparison with tens of Mbps inV2X services supported in LTE [3]. 
In LTE V2X design, mode 3 and mode 4 are specified for the resource allocation in V2X sidelink. We observe that the design in current mode 3 and mode 4 resource allocation mechanisms have difficulty and challenges to support low latency high reliability transmission and busty non-periodic traffic in advanced V2X services that would be supported in NR V2X systems. 







In mode 4 of LTE V2X, resource is selected within the selection window  where selections of  and  are up to UE implementations under  and a minimum of  can be set to 10 ms. The latency for transmitting one packet can be 10ms. Reducing  and  further might achieve the latency of 3 ms as defined in NR V2X services. But the selection window would be so small that fewer candidate single-subframe resources are available, and larger resource collision probability would be resulted. 
LTE V2X only supports at most two transmissions for a TB. With a much higher reliability required in NR V2X, two transmissions for a TB may not be sufficient to achieve the high reliability of 99.999%. Especially considering half duplex issue, a receiver UE may not receive all (re)transmissions for the transmitter UE, which largely impacts on the reliability. In some applications (e.g., Emergency trajectory alignment between UEs supporting V2X application in Advanced Driving and Sensor information sharing between UEs supporting V2X application in Extended Sensors), the reliability requirements can be as high as 99.999% and the latency can be as low as 3 ms at the same time. Moreover, the application with a much higher reliability and much shorter latency at the same time can be either aperiodic or periodic. The performance will be much more difficult to be guaranteed because reliability and latency cannot be improved at the same time. 
LTE V2X resource selection mechanism is mainly designed for semi-persistent/periodic service where a periodic resource is reserved by a reservation interval for a number of subframes (reselection counter) in the same frequency subchannels. The resource selection is not efficient for resource sensing in a system with aperiodic services that only transmit a bursty data continuously for a short duration of time because UEs sense only the past SCI transmissions within a sensing window and exclude resources for semi-persistent/periodic service according to the reservation interval in the SCI. While sensing, UEs with semi-persistent/periodic/aperiodic service cannot know how long the resource will be reserved by the UE with aperiodic service. This will cause sensing problems if the UE with aperiodic service ends its transmission before the transmission of other UEs because other UEs cannot select the resource used by the UE with aperiodic service.






In LTE V2X, when candidate single-subframe resources are selected, if the number of candidate single-subframe resources remaining in the set  is smaller than , then Step 4 is repeated with  increased by 3 dB in each iteration until the number of candidate single-subframe resource is not smaller than . In some cases, e.g., highly loaded scenarios, the threshold needs to be iteratively increased to a relatively high value to make the number of candidate single-subframe resources not smaller than . It may result in higher resource collision probability or some other problems (e.g., a packet may be dropped) when a congestion is detected.
In mode 3, the resource in sidelink is allocated by the serving gNB. When the UE has one packet to transmit on sidelink, the UE would need first send buffer status report through uplink to the serving gNB to request resource allocation on sidelink and then the serving gNB can send a DCI in downlink to signal the resource allocation on sidelink. Such a signaling exchange mechanism can barely meet the ultra-low latency transmission on sidelink as required by some advanced V2X services. Furthermore, to support 99.999% reliability with efficient resource occupancy, more flexible adaptive retransmission is needed. But current mode 3 only can support either fixed single-time transmission or fixed two-times transmission.  
Observation 1: Both mode 3 and mode 4 resource allocation mechanisms have difficulty and challenges to support ultra-high reliability and ultra-low latency and aperiodic traffic requirements of NR advanced V2X services. 
1.2 NR V2X Resource Allocation Mechanisms
In order to solve the problems and challenges of mode 3 and mode 4 resource allocation in supporting NR V2X advanced applications, we can study the followings on NR V2X resource allocation mechanisms.
1) Preemption Mechanism 





When candidate single-subframe resources are selected, we can consider to allow the case that the number of candidate single-subframe resources remaining in the set  is smaller than for a threshold  instead of repeating the procedure with  iteratively increased by 3 dB until the number is not smaller than . At last if no candidate single-subframe resource in the selection window can be successfully sensed to satisfy the latency requirements, a preemption mechanism can be utilized to indicate to other UEs the candidate single-subframe resource that the UE needs to use. In order for a UE to preempt a resource reserved by another UE, the data that the UE needs to send must have a higher priority than those data of the peempted UE. The service of the UE that preempts can be either periodic or aperiodic. 
Proposal 1: Study the feasibility of preemption mechanisms in mode 4 resource allocation to meet the latency and reliability requirement for services with higher priority.
2) Retransmission
Retransmission can be performed with a transmission periodicity less than the resource reservation interval. e.g., in consecutive slots for a same TB and the number of retransmissions can be more than one to meet the reliability requirement. The sensing procedure should consider the resources that will be occupied for more retransmissions. 
Furthermore, RV retransmissions with either a fixed or a signaled RV sequence and ACK/NACK feedback mechanism can also be studied to further improve the HARQ performance. As an example of ACK/NACK feedback, the ACK/NACK feedback resource can be determined by its associated SCI. 
Proposal 2: Study enhancements on retransmissions to meet NR V2X latency and reliability requirements.
3) New Resource Selection Method
LTE V2X resource selection is designed for semi-persistent/periodic service where resource is reserved by a number of subframes with periodic interval. It is not efficient for resource selection where aperiodic service exists but probably ends before the selection window of a UE since LTE autonomous resource selection cannot select resources based upon resources occupied by an aperiodic service in the past within sensing window.
Some new resource selection methods may be considered to address this issue in NR V2X. For example, LBT (listen before talk) is used by UEs to reserve resources for aperiodic service with bursty traffic in LTE LAA and IEEE 802.11x. If it is used in NR V2X, a partial bandwidth sensing can be used where UEs perform resource sensing on subchannels instead of on the whole bandwidth. 
LTE autonomous resource selection is used by UEs to reserve resources for semi-persistent/periodic service. LTE autonomous resource selection and LBT can be combined to comprise the whole NR V2X resource selection. Moreover, LTE autonomous resource selection and LBT resource selection can occur either in a same or in a different resource pool. For a separate resource pool, the resource selection for each service is independent and it will result in better sensing performance. For a same resource pool, resources are shared between services and it will result in a better resource utilization.
Furthermore, in LTE V2X mode 4, a vehicle monitors 1,000 past subframes (i.e., one second), and then decides whether it transmits sidelink signals in the following subframes or not. In NR V2X, for some bursty services with low packet size or with low latency requirement, the sensing duration with 1 sec could be too long due to longer processing latency. Also, if data packets occur very frequently, the sensing duration with 1 sec may result in much UE power consumption. In this regard, how to enhance channel sensing mechanism for mode 4 like operations may be discussed. 
Proposal 3: Study the necessity of new resource allocation mechanisms and aspects of LTE mode 4 like channel sensing enhancements in NR V2X as a supplement to the existing autonomous resource selection mechanism. 
4) SA and associated data channel in different slots
LTE V2X supports SA and associated data channel in same subframe. It helps to mitigate half duplex issue at the cost of increased PAPR and out of band emissions. Since a packet is transmitted 2 times, a SA will not only indicate the associated data channel in same subframe but also the resource allocation for the other (re)transmission. One more drawback of transmitting SA and associated data channel in same subframe is that, if collision for SA happens, the data channels are collided too. Such collisions will last until a UE reselect its resources. 


Figure 1: SA and associated data channel in same subframe (slot in NR)
On the other hand, an alternative scheme is to transmit SA and its associated data channel in different slots. Such scheme was discussed in LTE V2X, but is not specified mainly due to lack of meeting time. It is not good from handling half duplex point of view. However, it has benefit on PAPR and also provides a possibility to avoid collisions. Such a scheduling relation provides a way to maximize the benefit of above discussed preemption transmission. As shown in Figure 2, UE with high priority services already transmits SA1 and schedules resource Data 1. A second UE with low priority services, though already selects a resource Data 2, will try to find another resource Data 2, after identifying a collision between its resource Data 2 and the resource Data 1. 


Figure 2: SA and associated data channel in different slots
Proposal 4: Study both scheduling schemes, i.e. SA and associated data channel in same slot or in different slots. 
5) Enhancement to mode 3
In mode 3, the resource for transmission on sidelink is allocated by the serving gNB. When the UE has packet arrival, the UE needs to first send uplink request message to the serving gNB to request resource allocation on sidelink. That iteration procedure could result in signaling latency larger than the low latency requirement for NR V2X services. We need consider some enhancement to mode 3 to support low latency. One potential solution can be low-latency resource scheduling request from the UE to the serving gNB. Another enhancement we need to study is how to support flexible retransmission to provide high reliability. In current LTE design, two transmissions can be configured. We can consider to support more retransmissions. We can also consider to support flexible adaptive retransmission schemes in mode 3.
Proposal 5: Study enhancement to mode 3 resource allocation to provide ultra-low latency and high reliability. 
Conclusions
This contribution discusses NR V2X sidelink resource allocation mechanisms including NR V2X advanced requirements, resource allocation problems/challenges of LTE V2X, and NR V2X resource allocation mechanisms. The followings were observed and proposed:
Observation 1: Both mode 3 and mode 4 resource allocation mechanisms have difficulty and challenges to support ultra-high reliability and ultra-low latency and aperiodic traffic requirements of NR advanced V2X services. 
Proposal 1: Study the feasibility of preemption mechanisms in mode 4 resource allocation to meet the latency and reliability requirement for services with higher priority.
[bookmark: _GoBack]Proposal 2: Study enhancements on retransmissions to meet NR V2X latency and reliability requirements.
Proposal 3: Study the necessity of new resource allocation mechanisms and aspects of LTE mode 4 like channel sensing enhancements in NR V2X as a supplement to the existing autonomous resource selection mechanism. 
Proposal 4: Study both scheduling schemes, i.e. SA and associated data channel in same slot or in different slots. 
Proposal 5: Study enhancement to mode 3 resource allocation to provide ultra-low latency and high reliability. 
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