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1 Introduction

The emerging vehicular (V2X) applications are being analyzed in the framework of the 3GPP NR design along with traditional eMBB and eMTC services. The work is motivated by ongoing transformation in automotive industry towards connected car vision and higher automation levels that impose new stringent requirements on V2X communication systems. The 3GPP NR technology is uniquely positioned to address the challenging V2X communication requirements to become a primary technology of choice for future vehicular services in a longer term, providing ubiquitous coverage and seamless access to network infrastructure as well as reliable proximate connectivity capabilities.

The V2X communication is characterized by unique technical challenges due to a number of deployment specific factors such as a high vehicle mobility/speed as wells as dynamic vehicle topology varying. The challenging radio-environment of vehicular systems along with stringent V2X communication requirements [1], [2] may have specific implications on radio-layer design and thus detailed study and analysis of key eV2X technology components is needed. In this contribution, we provide our views on technology components that should be further studied by the RAN1 WG to efficiently support eV2X services, focusing on sidelink eV2X radio-layer aspects.
2 Overview of eV2X Requirements

The eV2X communication use cases and potential requirements are captured in [2]. The majority of considered use cases are targeting assisted or autonomous driving applications, including but not limited to:
· Vehicle platooning (limited or fully automated);
· Collective perception of environment;
· Remote driving;
· Autonomous driving (limited or fully automated).
The evolved V2X use cases impose stringent requirements on different V2X communication types including V2V, V2I and V2N, where vehicle communicates with other vehicles, Road Side Units (UE- or gNB-type) or a server residing in a network respectively. For instance, the end-to-end communication latency is typically varies in the range from 5 to 30 ms (with typical values below 10ms). The required reliability is in the range from 90% to 99.999%. In terms of traffic type, the support of periodic and event triggered transmissions with packet size from 300 bytes to 6500 bytes is considered. The required data rate varies from a few 0.5-2 Mbps to 1 Gbps in extreme case, where throughput of 10-60 Mbps is considered as a typical values in case of video sharing for autonomous platooning and driving. The target communication range varies from 80m to 1000m, where larger ranges are characterized by the relaxed reliability and latency requirements e.g. [3ms/200m/99.999%, 10ms/500m/99.99%, 50ms/1000m/99%]. Although the many of the provided above numbers are still under discussion and their feasibility needs to be studied, it is clear that NR based V2X communication should support solutions that can provide low latency, high reliability, long range, and various data rates (from low to high). Beside traditional communication requirements, many of eV2X applications require high precision positioning capabilities that are essential for autonomous driving applications.
Observation 1
· Based on review of eV2X use cases and requirement, the following observations can be made:

· The 3GPP NR eV2X services require support of at least V2V/V2I/V2N communication types.
· The broadcast, groupcast and unicast communication types should be supported by the 3GPP NR eV2X design.
· The low latency, high reliability, long communication range are the primary requirements for eV2X use cases.
· The 3GPP NR eV2X use cases require support of sidelink, downlink and uplink communication.
3 General System Consideration

3.1 Spectrum Considerations

Comparing V2V communication requirements for LTE [1] and NR [2] 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

	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 the increased vehicle density, the traffic intensity is also increased several times from 100ms to 20-25ms message generation period with typical latency in the order of 10-20ms. Finally, the average packet size is also increased multiple times from ~200 bytes to ~1200 bytes or above.

Observation 2
· Comparing LTE-V2V and NR eV2X requirements and evaluation assumptions it can be observed that for NR eV2X:
· Vehicle density is ~2.5 to 5 times higher 

· Message generation rate is ~5 times higher 

· Message payload size is ~ 1-5 times larger 

· End-to-end latency is reduced by ~5-10 times 

· NR eV2X requirements may require more spectrum and system level solutions to be satisfied.
The presented analysis shows that for NR design the amount of generated V2V messages normalized per area is increased in ~25 times (5 times due to message generation rate and 5 times due to higher vehicle density). The amount of generated information bits normalized per area is even larger since the message payload size is also increased [2]. Therefore, design options that lead to more efficient spectrum utilizations should be considered for eV2X NR design. Besides that, the increased amount of spectrum should be considered for eV2X applications. In particular, higher frequency bands with the much larger system bandwidth should be considered for eV2X services, especially taking into account that some of the eV2X use cases require data rates in the order of 700 MBs (Video Data Sharing for Assisted and Improved Automated Driving) or 1 Gbps (Collective Perception of Environment) as described in [2]. These data rates can be practically achieved at the higher frequency bands that should be evaluated for V2X applications in the 3GPP NR V2X studies. For instance, the 63GHz ITS band is a good candidate for eV2X analysis.
Proposal 1
· The high frequency bands (above 6GHz – e.g. 63GHz) are included into eV2X 3GPP NR studies.

3.2 Numerology Considerations

For reliable high speed V2V communication, at high carrier frequencies (e.g. 5.9 GHz in low and 63GHz in high bands respectively), the subcarrier spacing should be optimized to make NR eV2X design more robust  to Doppler effects and synchronization errors. According to the analysis in [3], for LTE V2V communication at 5.9GHz the frequency offset caused by Doppler effects and synchronization errors may be up to 7.4 kHz. In order to reduce V2V system sensitivity to the ICI effects and improve demodulation performance, the increased subcarrier spacing and reduced symbol durations should be considered. For eV2X communication below 6 GHz, the 30 and 60 kHz subcarrier spacing can be analyzed as a candidate options. In case of eV2X communication above 6 GHz (63 GHz), the subcarrier spacing should be scaled up accordingly and thus 240 and 480 kHz subcarrier spacing can be considered as a candidate options.

Proposal 2
· The NR eV2X design supports spectrally efficient transmissions for high relative vehicle speed (up to 550 km/h).

· Study 30 kHz and 60 kHz subcarrier spacing for NR eV2X communication below 6 GHz (e.g. 5.9 GHz).

· Study 240 kHz and 480 kHz subcarrier spacing for high band NR eV2X communication above 6GHz (e.g. 63 GHz).

4 Sidelink eV2X Communication Design Aspects
Emerging eV2X services utilize cooperative message exchange to reliably share large amount of data at ultra low latency. The reliable eV2X communication should be supported for various communication ranges and ensure efficient resource utilization to operate in dense scenarios. The following design principles need to be evaluated for NR eV2X communication.
4.1 Utilization of Vehicle Geo-Location Information

Autonomous driving applications exchange kinematic, telemetry and sensor information among vehicles. From radio-layer perspective, the geo-location information can be used for radio-resource management to improve reliability of sidelink-based V2X communication (Figure 1). Under sufficient amount of spectrum resources, the spatial reuse principle can provide reliable V2V communication across large communication ranges (if spatial isolation range is sufficient). In LTE V2V design, the geo-location information was used to determine subset of time-frequency resources (associated with certain geographical area) available for selection at the transmitting vehicle.  For NR eV2X design, the transmitting vehicle when selects resource for transmission may also utilize geo-location information of neighbouring vehicles, competing for resources. In addition, the availability of more precise geo-location information can be used to assist in radio-resource management and provide spatial isolation for broadcast/groupcast/unicast V2X communication.
Proposal 3
· RAN1 to study benefits of utilizing geo-location information to improve reliability of NR eV2X sidelink communication.
· Utilization of the geo-location information of neighboring vehicles for radio-resource selection.
· Utilization of vehicle velocity vector to improve sensing and radio-resource selection.
· Utilization of vehicle geo-location information for MIMO processing.

· Utilization of vehicle geo-location information for advanced relaying techniques and message dissemination.

[image: image1.emf]
Figure 1. eV2X geo-based transmission and radio-resource management.
4.2 Advanced Relaying

The autonomous radio-layer relaying solutions have potential to improve V2V communication performance from multiple aspects. The relaying techniques are known to provide extended coverage range and thus can overcome link budget challenges in eV2X scenarios. In combination, with sensing based radio-resource selection or geo-based transmission schemes, the radio-layer relaying techniques have potential to provide extended V2V communication range and higher reliability even in interference limited scenarios. The utilization of vehicle geo-location information can be used to enable intelligent radio-layer relaying protocols, that will perform forwarding and dissemination of vehicle messages taking into account geo-location information of the source vehicles (e.g. geographical distance or radio-distance between source and relay node).
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Figure 2. Example of utilization geo-location information for radio-layer relaying.

The radio-layer relaying can be combined with sensing based radio-resource selection procedure. Using sensing procedure vehicle can select a set of the best resources for transmission and use part of the selected resources for its own transmission while another part of selected resources is used for forwarding packets received from other vehicles.
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Figure 3. Combination of sensing based radio-resource selection and radio-layer relaying.

The reliability and radio-resource utilization efficiency of V2V communication can further be improved if network coding principles are applied at V2V radio-layers for broadcast communication. The relaying node can forward a combination of the received packets, so that vehicles can dispatch the packets that have not been successfully received yet by utilizing packets that were successfully received. The network coding and relaying can be applied jointly with geo-location information, so that packets received from opposite sides of the relaying node are propagated more efficiently.
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Figure 4. Example of utilization of network coding principles for V2V radio-layer relaying.

Based on the discussion, we observe that different schemes of advanced radio layer relaying can benefit V2V communication performance and thus need to be further studied in the 3GPP NR design.
Proposal 4
· RAN1 to study benefits of advanced radio-layer relaying techniques to improve reliability, radio-resource utilization and increase V2V communication range. In particular the following aspects need to be considered:

· Utilization of the geo-location information for intelligent radio-layer relaying;
· Radio-layer relaying based on network coding principles;
· Sensing based radio-resource selection for data forwarding with increased reliability.
4.3 Multi-Antenna Technologies

The use of multi-antenna technologies is another promising solution for eV2X use cases. The design options based on distributed antenna systems when directional antennas or multi-antenna arrays are deployed at least in front and rear sides of the vehicle can provide additional degree of spatial filtering and thus improve reliability of V2V links against interference as well as increase link budget. The vehicle distributed antenna systems (VDAS) can operate independently in terms of baseband processing or can be under the control of common baseband processing unit. The multi-antenna technologies can be especially useful at high carrier frequency bands (e.g. 63 GHz), where high rate communication link can be established between neighbour vehicles. The multi-antenna technology can also benefit V2V communication at low band by increasing spectrum efficiency of V2V communication links.

[image: image5.emf]
Figure 5. Utilization of directional antennas and vehicle distributed antenna systems for eV2X communication.

One of the main technical challenges for multi-antenna technology at high carrier frequencies is TX-RX beam tuning to establish reliable communication link between transmitter and receiver. The TX-RX beam tuning may be rather complicated procedure especially if communication with multiple vehicles needs to be supported (e.g. broadcast communication). The TX and RX beam sweeping across multiple vehicles may impose significant overhead on overall system performance especially if broadcast type of communication is considered. In order to reduce system overhead on beam training, the geo-location information of the TX and RX antennas can be used to assist physical link establishment. In case of calibrated antennas and if coordinates of both TX and RX antenna arrays are available, the beam adjustment can be based on geo-location information. This possibility can be especially useful for communication with RSUs, so that vehicle TX and RX beam is autonomously adjusted based on the travel distance between RSU and transmitting vehicle. The geo-location information can be also used for antenna selection/switching.
In order to increase data rate on vehicle links the multi-layer communication should be analysed. Although it may be not always feasible to use multiple spatial layers due to LOS propagation channel between vehicles, it may still be possible to utilize polarization to deliver multiple streams or utilize multiple spatial layers for communication with different vehicles.

Proposal 5
· RAN1 to study benefits of multi-antenna technology and vehicle distributed antenna systems for different frequency bands (below and above 6 GHz).
· Analyze design options to reduce system overhead for establishment of directional unicast communication links between vehicles or between vehicle and RSUs/gNBs;
· Analyze benefits of multi-layer V2V communication.
4.4 Advanced Receivers for eV2X Communication 
The V2V communication in UE autonomous or gNB controlled mode is often limited by co-channel interference due to multiple access nature, hidden node problems or due to dense deployment scenarios. In order to improve V2V system performance in such environments, the advanced ISIC receivers can be applied jointly with blind retransmission techniques. Given that implementation of ISIC receivers is always associated with additional design complexity and cost, the NR air-interface design should take into account possibility of utilizing advanced receivers for V2V communication and therefore aim to design physical structure and reference signals to simplify implementation of advanced ISIC receivers.
Proposal 6
· RAN1 to study benefits of advanced ISIC receivers in the design of 3GPP NR eV2X air-interface.

4.5 Multi-Band/Multi-Channel Operation
The synchronized multi-band/multi-channel operation can further increase eV2X NR system reliability. The communication links at high carrier frequencies may not be reliable due to channel blockage or obstruction and can suffer from the reduced communication range. At high carrier frequency, the reliable connection may often be possible only with rear and front vehicles. From eV2X service perspective, it is often desirable to communicate with other vehicles in the same lane. The relaying solution can serve this purpose, however it may cause additional protocol latency and may not be efficient at high bands especially for transmission of the short control messages. The alternative way to extend coverage is to utilize communication at low band, which is less sensitive to propagation path obstruction. The broadcast transmissions in low band can also be used for control plane signaling to assist communication at high carrier frequency. For instance, the geo-location information update among vehicles may be done at low carrier frequency and applied for connection establishment at the high band. Therefore, the benefits of dual band communication needs to be considered for NR eV2X system design.
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Figure 6. Multi-band multi-channel operation for NR eV2X communication
The alternative approach is to design more robust control PHY for operation at high carrier frequencies. However, this approach is likely to be less spectrally efficient given that multiple repetitions may be needed to overcome the propagation loss due to lack of directional antenna gains.
Proposal 7
· RAN1 to study benefits of multi-band multi-channel eV2X NR communication and its implications on NR radio-layers.
In addition the benefits of multi-channel operation at low bands need to be evaluated.
4.6 Broadcast/Groupcast/Unicast Links
The NR eV2X design should reliably and efficiently support broadcast, groupcast and unicast links. One of the examples of groupcast eV2X communication is platooning which assumes periodic message exchange among platoon members. From higher layer perspective, platoon application may require a lead vehicle that may control platoon operation. From radio-layer perspective it needs to be studied whether intra-platoon communication requires lead vehicle to have radio-resource control functions. In order to support high reliability, it is important to avoid packet loss due to half-duplex constraints in situations when two members of group decide to transmit at the same time and thus miss each other packets. In order to avoid such behaviour within a group, the flow control needs to be enabled or resources for transmission within a group may need to be prescheduled. The latter may require support of radio-resource management by one of the members in the group. In addition, the inter-platoon radio resource management may be needed to improve groupcast communication reliability. In case of unicast communication, the support of HARQ operation for sidelink should be analysed including additional levels of feedback.
Proposal 8
· RAN1 to study benefits of radio-resource management for reliable groupcast V2V communication.

· RAN1 to study benefits of HARQ feedback for reliable unicast V2V communication.

4.7 Resource Allocation Considerations
The half-duplex and in-band emission problems can be significant challenges for eV2X communication in UE autonomous mode. The reliability of eV2X communication should not be compromised due to half-duplex constraint between transmitter and target receiver(s). There are system level solutions such as retransmissions and relaying that can help to reduce the half-duplex problem. However considering that half-duplex probability should be less than 10-4-5 in order to meet reliability criteria the TDM centric resource allocation option may be a more preferable for eV2X communication at short range requiring high reliability. The TDM centric resource allocation can also reduce the in-band emission problem. 
For instance under 20 ms latency budget, the amount of time resources may be rather limited at low band e.g. 80 or 160 resources assuming 60 kHz subcarrier spacing and scaled subframe or slot based communication respectively. In this cases to reduce half-duplex probability to the level of less than 10-5 at least 4 time resources should be used by transmitter in order to ensure that probability of full overlap is below reliability target. The utilization of 4 time resources is prohibitively large for V2V applications. More importantly the probability to transmit on overlapped resource will grow in case of multiple transmitters.
5 Road Side Unit Considerations

In LTE-V2V design two types of RSUs were considered (UE-type RSU and eNB type RSU). The UE-type RSU was considered as an application layer logical entity and thus there were no any enhancements considered from radio layer perspective. For NR V2V communication the role and radio-layer functions of RSU needs to be re-evaluated. The benefits of UE-type RSU and gNB type RSU need to be studied.
6 Considerations on eV2X Positioning

One of the eV2X system requirement is to ensure accurate vehicle positioning which is often beyond accuracy of GNSS based positioning. The requirements in [2] state that the 3GPP system shall support relative lateral position accuracy of 0.1 m and relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application in proximity. These positioning requirements are quite challenging even for GNSS and thus new system level solutions may be needed to approach these targets. Considering the GNSS or differential GNSS solution as a baseline it may be further possible to improve positioning by utilizing cooperative sidelink based measurements. 
Proposal 9
· RAN1 to study benefits of cooperative positioning approaches by utilizing sidelink radio-layer measurements.

7 Conclusions

In this contribution, we provided our views on eV2X NR design aspects, mainly focusing on sidelink based V2X communication. According to our analysis, the following design principles should be carefully studied to enable reliable eV2X communication and satisfy challenging eV2X requirements.
Proposal 1
· The high frequency bands (above 6GHz – e.g. 63GHz) are included into eV2X 3GPP NR studies.

Proposal 2
· The NR eV2X design supports spectrally efficient transmissions for high relative vehicle speed (up to 550 km/h).

· Study 30 kHz and 60 kHz subcarrier spacing for NR eV2X communication below 6 GHz (e.g. 5.9 GHz).

· Study 240 kHz and 480 kHz subcarrier spacing for high band NR eV2X communication above 6GHz (e.g. 63 GHz).

Proposal 3
· RAN1 to study benefits of utilizing geo-location information to improve reliability of NR eV2X sidelink communication.

· Utilization of the geo-location information of neighboring vehicles for radio-resource selection.

· Utilization of vehicle velocity vector to improve sensing and radio-resource selection.

· Utilization of vehicle geo-location information for MIMO processing.

· Utilization of vehicle geo-location information for advanced relaying techniques and message dissemination.

Proposal 4
· RAN1 to study benefits of advanced radio-layer relaying techniques to improve reliability, radio-resource utilization and increase V2V communication range. In particular the following aspects need to be considered:

· Utilization of the geo-location information for intelligent radio-layer relaying;

· Radio-layer relaying based on network coding principles;

· Sensing based radio-resource selection for data forwarding with increased reliability.

Proposal 5
· RAN1 to study benefits of multi-antenna technology and vehicle distributed antenna systems for different frequency bands (below and above 6 GHz).

· Analyze design options to reduce system overhead for establishment of directional unicast communication links between vehicles or between vehicle and RSUs/gNBs;

· Analyze benefits of multi-layer V2V communication.

Proposal 6
· RAN1 to study benefits of advanced ISIC receivers in the design of 3GPP NR eV2X air-interface.

Proposal 7
· RAN1 to study benefits of multi-band multi-channel eV2X NR communication and its implications on NR radio-layers.

Proposal 8
· RAN1 to study benefits of radio-resource management for reliable groupcast V2V communication.

· RAN1 to study benefits of HARQ feedback for reliable unicast V2V communication.

Proposal 9
· RAN1 to study benefits of cooperative positioning approaches by utilizing sidelink radio-layer measurements.
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