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1   Introduction
According to the LTE based V2X WID [1], the core part WI is planned to be 100% complete in March 2017. After that, the study of eV2X will follow. Currently, the requirements study of eV2X has been almost completed in SA1. According to outputted TR 22.886 [2], 25 use cases and corresponding service requirements are identified to support enhanced V2X services, which are featured by low latency, high reliability, high data rate and variable transmission range. There are two ways to support these advanced V2X applications, one way is eV2X enhancement based on LTE, another way is eV2X evolution based on NR.
Considering the technologies studied in NR, non-orthogonal multiple access (non-orthogonal MA) is an attractive technology which may be used in eV2X both based on NR or LTE. In this paper, we firstly analyze the benefits of the application of non-orthogonal MA in eV2X to fulfill the requirements of eV2X and then provide some system level simulation results. 
2   Enhanced eV2X communication with non-orthogonal MA
Technical considerations
In TR 22.886, high density of congested traffic eV2X use case is considered [2] as follows:
	[PR-5.5-010]
The 3GPP system shall support high connection density for congested traffic.
Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.


In the high density use case, resource collision is the main cause of performance degradation when UEs select resource autonomously. In Rel-14 LTE V2X, sensing based resource selection is introduced in Mode 4 to solve this problem, but it leads to more time delay and complexity, and the resource collision may still exist. 
Meanwhile, the low latency use cases are also considered in TR 22.886 [2]:
	[PR.5.6-004]
The 3GPP system shall be able to support [3ms] end-to-end latency and [99.999%] reliability for message transfer among a group of UEs supporting V2X application within [200m] communication range.
[PR.5.6-005]
The 3GPP system shall be able to support [10ms] end-to-end latency and [99.99%] reliability for message transfer among a group of UEs supporting V2X application within [500m] communication range.
[PR.5.6-006]
The 3GPP system shall be able to support [50ms] end-to-end latency and [99%] reliability for message transfer among a group of UEs supporting V2X application within [1000m] communication range.


With regard to the high density and low latency requirements in eV2X, grand-free non-orthogonal MA (i.e. spreading-based non-orthogonal multiple access) can be considered to increase the multiplexing number of users at the same time and avoid resource collision as used in massive machine-type communication (mMTC) and ultra-reliable and low latency communications (URLLC). The summary of simulation results for NR MA is listed in [3]. Non-orthogonal MA and multi user detection (MUD) e.g., successive interference cancellation (SIC) based multiple user detection may be used to meet these extremely high density requirements in eV2X. 
The benefit from non-orthogonal sequence is more UEs can be multiplexed on the same resources. The system capacity will increase significantly with such simultaneous transmissions. Although the same resource is used, the Tx UEs can be distinguished by the code domain, power domain, and spatial domain signatures, which is helpful for the resource selection in Mode 4 (e.g. autonomous resource selection by the UE itself). Due to that, it is no longer needed to wait for the transmission occasion compared to sensing based resource selection in Rel-14 V2X. As we can see, the latency can be significantly reduced if non-orthogonal MA is used to enhance the sidelink autonomous resource selection in eV2X. 
Another notable feature of non-orthogonal MA is the SIC based MUD algorithm. It is very suitable for the V2X scenarios in which many UEs broadcast at the same time, so the receiver needs to receive the data from multiple transmit sources. Normally these transmit sources have different distances to the receiver and the Near-Far Effect is no longer a disadvantage to the SIC receiver.  Even if more than one UE are collided on the same resources, there is a great probability to correctly decode these UEs data. In other words, it is robust to resource collision using non-orthogonal MA.
Some system level evaluation results are present in section 2.2. Taking Multiple User Shared Access (MUSA) as an example, the performance of legacy LTE V2X and non-orthogonal MA enhanced eV2X is compared. From the evaluation results we can see that the packet reception ratio (PRR) and the latency performance of non-orthogonal MA enhanced eV2X are significantly higher than that of legacy LTE based V2X. 
Observation 1: Non-orthogonal MA can be beneficial in increasing the packet reception rate and reducing the latency for eV2X.
Simulation and evaluation
In this section, taking MUSA as an example, two schemes are compared by system level simulation:
Scheme 1: LTE based V2X with sensing. 
Scheme 2: Non-orthogonal MA enhanced eV2X. 
The simulation assumptions are shown in Table A1 in the appendix and others are described in [4]. For all cases, the message packet is assumed as 190 bytes and the transmission number is fixed to 2. For scheme 1, the UE performs the sensing based autonomous resource selection and uses one sub-channel for each packet transmission. For scheme 2, the non-orthogonal sequence length is 4, (i.e. there are 64 sequences) and the UE randomly selects one among them. The UE uses four sub-channels for each packet transmission. The minimum mean squared error (MMSE)-SIC receiver is used for non-orthogonal MA and ideal channel estimation is assumed. So if one UE is detected successfully, the interference caused by this UE could be cancelled perfectly. 
The following figures (Figure 1, Figure 2 and Figure 3) are the performance results of the packet reception ratio (PRR) in three V2X scenarios (i.e. freeway scenario at 140km/h, freeway scenario at70km/h, and urban scenario at 60km/h).
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Figure 1: PRR of freeway scenario at 140km/h absolute speed
[image: image2.emf]0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Freeway,70km/h,V2V

Distance(m)

Packet reception ratio

 

 

NOMA,HARQ=2

Sensing,HARQ=2


Figure 2: PRR of freeway scenario at 70km/h absolute speed
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Figure 3: PRR of urban scenario at 60km/h absolute speed
From the three figures shown above, we can see that the performance results of non-orthogonal MA enhanced V2X is significantly higher than that of the legacy LTE based V2X (e.g. sensing) in both freeway and urban scenarios. By comparing Figure 1 and Figure 2, we can see that the denser the vehicles, the higher the gains are obtained though non-orthogonal MA. For these interference limited scenarios in V2X, by spreading-based non-orthogonal MA and SIC-based MUD, while one UE is detected successfully, the interference caused by this UE can probably be eliminated. The spreading-based non-orthogonal MA and SIC-based MUD are beneficial for the high density V2X scenarios and could bring great performance gains.
Observation 2: The PRR performance of non-orthogonal MA enhanced V2X is significant better than that of LTE based V2X, especially in high density scenario.
In addition, the latency is evaluated. As shown in Figure 4, two schemes are compared. In scheme 1, it is assumed that the UE selects resources in 100ms selecting window after sensing in 1000ms sensing window. In scheme 2, to randomized the interference and mitigate the limitation of half duplex, the UE sends the initial transmission immediately when the packet is generated and randomly selects another subframe for the second transmission in the range of [1-5]. The delay is calculated from the time that the packet is generated to the time the packet is received by Rx-UE successfully.
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Figure 4: The latency cumulative distribution function (CDF) of two schemes
From Figure 4, we can see that the latency of non-orthogonal MA enhanced eV2X is decreased significantly while PRR is still better than legacy LTE based V2X.
Observation 3: The latency of non-orthogonal MA enhanced eV2X is decreased significantly while the PRR is still better than that of LTE based V2X.
In a summary, according to the simulation results, the scheme of non-orthogonal MA enhanced eV2X can be a good choice for the eV2X study. Considering that the non-orthogonal MA may be studied in NR in the future, the non-orthogonal MA enhanced eV2X may be further studied in NR based eV2X.
Proposal 1: Non-orthogonal MA should be considered in the eV2X study. 
3   Conclusion
In this paper, the application of non-orthogonal MA in eV2X is analysed considering the requirements of eV2X and some system level simulation results were also presented. The following observations and proposal are given:
Observation 1: Non-orthogonal MA can be beneficial in increasing the packet reception rate and reducing the latency for eV2X.
Observation 2: The PRR performance of non-orthogonal MA enhanced V2X is significant better than that of LTE based V2X, especially in high density scenario.
Observation 3: The latency of non-orthogonal MA enhanced eV2X is decreased significantly while the PRR is still better than that of LTE based V2X.
Proposal 1: Non-orthogonal MA should be considered in the eV2X study. 
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Appendix 
The detail simulation assumptions are provided in Table A1:
Table A1: Simulation parameters 

	Parameter 
	Value 

	System bandwidth 
	10MHz 

	Carrier Frequency 
	5.9GHz 

	Tx power 
	23 dBm 

	Noise figure 
	9 dB

	Vehicle Antenna Number 
	1 TX and 2 RX 

	IBE model 
	{3,6,3,3} 

	Thermal noise level 
	–174 dBm/Hz

	Modulation
	16QAM

	Sub-channel size 
	10 RB

	Sub-channel number
	4
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