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1 Introduction

Our views on NR sidelink V2V communication design aspects were provided in [1], where several design options to improve V2V performance were discussed. In this contribution, we provide preliminary evaluation of selected techniques from [1] using NR eV2X evaluation methodology and assumptions. In particular, we analyze V2V performance of sidelink based communication assuming UE-autonomous resource selection mode.
2 Discussion on eV2X Requirements
Comparing V2V communication requirements and evaluation assumptions for LTE [2],[3] and NR [4],[5] technologies, it can be seen that in similar Urban and Freeway deployment scenarios, the vehicle density for NR V2V systems is increased several times (see Table 1).

Table 1. Vehicle density analysis for LTE and NR evaluation assumptions [3], [5]
	Speed (km/h)
	LTE assumptions
	NR assumptions
	NR assumptions

	
	Inter-vehicle distance, m (2.5s · vehicle speed), 
	Inter-vehicle distance, m (1.0s · vehicle speed)
	Inter-vehicle distance, m

(0.5s · vehicle speed)

	15
	10.4
	4.2
	2.1

	60
	41.7
	16.7
	8.3

	140
	97.2
	38.9
	19.4


Besides vehicle density, the traffic intensity is increased several times from 100ms periodicity in LTE to 20-25ms message generation rate for NR, with typical latency in the order 10-20ms [4]. The NR packet size is also expected to be larger in multiple times (i.e. increase from ~200-300 bytes to ~1200 bytes or above).

Observation 1
· Comparing LTE and NR V2V requirements and evaluation assumptions it can be observed that NR eV2X requirements are much more challenging:
· Vehicle density: ~2.5 to 5 times higher; 

· Message generation rate: ~5 times higher; 

· Message payload size: ~ 1-5 times larger; 

· End-to-end latency: ~5-10 times lower;
· Communication range: up to 1000m is targeted;
· Reliability: increases from 90% to 99.99%.
Although many of the provided numbers are still under discussion and may be revisited, the presented analysis clearly shows that for NR design the amount of V2V messages generated per area is increased in ~12.5-25 times (5 times due to message generation rate and 2.5 - 5 times due to higher vehicle density). Therefore, NR design options that provide efficient spectrum utilizations should be considered for eV2X.
It is also clear that NR requirements without additional spectrum allocation is challenging to achieve and therefore special attention should be given to ITS spectrum consideration. In particular, comparing to LTE-V2V assumptions, where only 10MHz-20MHz of system bandwidth is assumed, the more spectrum is needed to meet eV2X requirements. For NR eV2X use cases, the larger system bandwidths should be studied e.g. 40-80 MHz in low band (below 6 GHz) and in the order of GHz at higher band (e.g. 1GHz at 63GHz).

Observation 2
· The new eV2X services are likely to require increased amount of spectrum.

· It is important to analyze eV2X communication performance at low (e.g. 5.9GHz) and high frequency bands (e.g. 63GHz).
3 Sidelink V2V Evaluation Assumptions
In this contribution, we analysed performance of sidelink based V2V communication assuming the following system configuration settings: 

· System bandwidth: 40 MHz; subcarrier spacing 60 kHz; 1024 FFT size; carrier frequency 5.9GHz. 
· Resource allocation granularity: 

· Adjacent in frequency transmission of control and shared channel – similar to 3GPP LTE-V2V design; 

· Frequency resource: 24 PRBs per frequency sub-channel, two frequency sub-channels per system BW (4 PRBs for control and 20 PRB for data);

· Time resource: 7 symbols - 0.125ms TTI.

· Resource allocation mode:

· UE autonomous resource allocation (fully distributed for initial studies) without RSUs.
· V2V traffic:

· Periodic: 50Hz; Latency bound: 20ms; Fixed packet size: 190 bytes.

· Deployment scenario: Freeway 70km/h, Average inter-vehicle distance per lane = (1.0s · vehicle speed).

· Analysed design approaches:

· Scheme 1: Random resource selection (two time-frequency resources per TB);
· Scheme 2: Sensing based resource selection (two time-frequency resources per TB), similar to LTE-V2V design;
· Scheme 3: Sensing based resource selection with distributed radio-layer decode and forward protocol (Sensing + DF Relay, see Figure 1).
· Three time-frequency resources are utilized by each vehicle for transmission;
· First resource is used for transmission of vehicle generated packet;
· Two other resources are used for packet forwarding utilizing vehicle geo-location information (one resource is used to forward packet from vehicle in front and another resource is used to forward packet from rear side).
· Scheme 4: Sensing based resource selection with distributed radio-layer decode and forward protocol with integrated network coding capabilities (Sensing + NCDF Relay, see Figure 2).
· Two time frequency resources are utilized by each vehicle;
· First resource is used for transmission of vehicle generated packet;
· Second resource is used for transmission of XOR combination of packets from front vehicle and rear vehicle.
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Figure 1. Sensing with radio-layer relaying (scheme 3).
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Figure 2. Sensing with radio-layer relaying based on network coding (scheme 4).
4  eV2X Evaluation Results

In this section, we provide V2V system level evaluation results for the schemes described in section 3. As a performance metric, we use average PRR agreed by RAN1 WG. The system level evaluation results are shown in Figure 3.
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Figure 3. Initial eV2V evaluation results.

Observation 3
· The Freeway scenario for NR eV2X studies is interference limited.
· The combination of sensing and distributed relaying protocols provides improved PRR performance and outperforms sensing based schemes in interference limited scenarios.

· The sensing in combination with intelligent packet forwarding utilizing geo-location information and network coding principles provides substantial performance improvement and extended V2V communication range in interference limited scenarios.

· Additional spectrum allocation is needed in order to increase communication reliability for eV2X use cases.
· The combination of multiple V2V system level solutions should be considered for NR eV2X study to approach challenging eV2X requirements:
· Directional antennas + MIMO technologies;
· Higher frequency bands;

· Advanced receiver processing and multiple access schemes.

5 Conclusion
In this contribution, we provided initial eV2X evaluation results following NR V2X evaluation assumptions and methodology. Our results show benefits of distributed radio-relaying protocols. According to our analysis, the combination of system level solutions and various design principles should be carefully studied in order to enable reliable NR eV2X communication and satisfy challenging eV2X requirements. The following solutions need to be further studied:
· Utilization of vehicle geo-location information to improve radio-layer performance;
· Advanced relaying technique in combination with sensing based resource selection approaches;
· Multi-antenna technology;
· Advanced receivers and multiple access schemes;
· Multi-band and multi-channel operation;
· Increased spectrum allocation;
· TDM centric resource allocation and radio resource management schemes;
· Radio-layer functions of road side units.
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