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1 Introduction

The SI on Feasibility Study on LTE-Based V2X Services [1] leaves great flexibility in the solution design space, despite the tight deadline for study and specification. On the other hand, the service goals set by SA1 [2] are ambitious. It should also be considered that the commercial success of an LTE-based V2X solution partly depends on the positive performance comparison with respect to other competing technologies such as 802.11p/DSRC. 

It is essential that 3GPP proceeds efficiently in order to achieve the above performance goals within the scheduled standardization time. Therefore, in this paper we share some preliminary views regarding radio design enhancements that in our opinion should be considered for LTE-based V2X. 
2 Assumptions on Complexity, Cost and Other Constraints for Different Nodes
The SID provides the following definitions:

· V2V (vehicle-to-vehicle): covering LTE-based communication between vehicles.

· V2P (vehicle-to-pedestrian): covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 

· V2I/N (vehicle-to-infrastructure/network): covering LTE-based communication between a vehicle and a roadside unit/network. A roadside unit (RSU) is a transportation infrastructure entity (e.g. an entity transmitting speed notifications) implemented in an eNodeB or a stationary UE.
Based on further clarifications in the SID, the following interfaces should be considered:
· PC5 (or other direct interface defined by SA2): V2V, V2P, V2I;

· Uu: V2V, V2P, V2I, V2N.

Following from the above definitions we can identify different types of eNBs and UEs. It will be useful to have some level of common understanding regarding the requirements and complexity assumptions for UEs/eNBs performing each of the applications:

Table 1: Summary of node types, interfaces and relative general assumptions.

	Node type
	Interface
	Assumptions

	eNB (NW or RSU)
	V2N/V2I over Uu
	Reuse of existing NW infrastructure as much as possible. Licensed-LTE or LAA are used dependending on spectrum type.

	UE (pedestrian)
	V2P over Uu/PC5
	V2P service should be possible without noticeable increase of IDLE power consumption and with minimal additional UE cost.

	UE (RSU)
	V2I over PC5
	Broadcast-type services targeted, thus downprioritize unicast optimizations over PC5. 
GNSS available, reasonably higher complexity and cost than pedestrian UEs. No stringent power consumption constraint.
Direct connection to core NW may be available.

	UE (vehicle)
	V2V/I/P over PC5

V2V/I/P/N over Uu
	Broadcast-type services targeted, thus downprioritize unicast optimizations over PC5. 
GNSS available, reasonably higher complexity and cost than pedestrian UEs. No stringent power consumption constraint.

Direct connection to core NW not available.



As shown in Table 1 implementations of UEs and eNBs for different purposes may differ in complexity and cost. Nevertheless, the V2X performance goals should be enabled by allowing configurability of the Uu and PC5 interfaces based on a limited number of enhancements.
Observations:

· Complexity, Cost and Other Constraints for eNBs and UEs differ depending on the deployment and service provided by the node.
· Table 1 provides a summary of the proposed assumptions.
· The V2X performance goals should be enabled by allowing configurability of the Uu and PC5 interfaces based on a limited number of enhancements.

3 Potential Radio Enhancements to the PC5 Interface
According to the SID, the PC5 interface should be enhanced as follows:
a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]

Additionally, energy consumption and complexity minimization for pedestrian UEs should be considered for V2P using PC5.

3.1 Enhancements to the Subframe Structure
L1 performance optimization is essential in order to positively compare LTE V2X to other technologies. Gains at system level may be enabled by multiplexing multiple messages in the same subframe (OFDMA). To do so, the relatively large V2V payload (e.g., 300 bytes) needs to be transmitted with high spectral efficiency, even for high relative speed between transmitter and receiver.

Poor channel estimation for high Doppler spread makes the V2V performance unacceptable and significant changes in the subframe and DMRS straucture are needed. Preliminary results show that mapping DMRS to all OFDM symbols solves the channel estimation issue. The relative DMRS overhead is maintained by mapping the DMRS to every nth subcarrier (e.g., every 6th). The limited increase in cubic metric is largely offset by the improved performance.
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Figure 1: Considered DMRS mapping options: a) densified DMRS and b) interleaved DMRS mapping. Option b) provides much better performance than a) even when considering the CM degradation.
Design b) provides an overhead that is roughly half as compared to a). As a further advantage, design b) may allow relaxed requirements on UE frequency accuracy compared to design a), which is discussed in more detail in Section 3.3.

Enhancements in the receiver implementation (e.g., turbo-equalization) may further improve the performance. However, in order to provide a good initialization to the iterative algorithm, design b) is in any case superior to a).

Observation:

· Mapping DMRS to every OFDM symbol with frequency domain interleaving with data provides largely improved performance.

3.2 Enhancements to resource allocation

V2X resource allocation on PC5 is subject to much more ambitious requirements than for the Rel-12 scenarios. Important aspects to consider are:

· Mix of event-triggered/periodic traffic with various periodicities and requirements, accessing the same shared spectrum;

· Demanding traffic load with high mobility and quickly changing topology;
· Energy and overhead efficiency requirements, especially for pedestrian UEs.

The R12 D2D communication framework appears as a reasonable starting point for V2X, however some changes are needed in order to fulfill the above requirements. In particular:

· In R12/13 a single pool periodicity is defined per carrier. For V2X, multiple resource periodicities should be associated with different transmission periodicities (or with event-triggered transmissions). In order to maximize resource efficiency it is preferable to allow full overlap of such pools instead of reserving orthogonal resources to pools/patterns with different periodicities. One way to achieve the above flexibility with limited specification change is to define a basic pattern/pool with short length (e.g., 20ms according to the shortest periodicity defined by SA1). Such short pattern can be derived from R12 discovery or SA patterns. Longer patterns/pools are obtained by repeating 
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Figure 2: Multiple overlapping pools/patterns with different periodicities need to be supported concurrently.

· In R12/13 SA resources are allocated semi-statically. System simulations show that the R12 scheduling framework results in too large overhead, leading to unfavorable benchmarking with competing technologies that do not use SA. A significant revision of the R12 scheduling framework is thus needed, e.g., by multiplexing the SA information into the data transmission. A framework similar to the one for carrying UCI on PUSCH may be considered.
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Figure 3: Multiple overlapping pools with different need to be supported concurrently.
· The R12 T-RPT patterns and pools are optimized for VOIP traffic, with multiple MAC PDUs transmitted within each pool repetition. Such framework doesn’t fit the characteristics of V2X traffic. On the other hand, the R12 discovery (or SA resource allocation) framework with one PDU transmitted per pool repetition seems as a much better suited starting point for carrying V2X traffic. We suggest to define the V2X data patterns based on the R12 discovery or SA patterns.
· Solutions with centralized and distributed resource allocation should both be specified. In case of centralized allocation, the eNB must have the possibility of obtaining information on the radio environment sensed by the devices.

Observations:

· Multiple overlapping pools with different periodicities should be considered for V2X traffic.

·  
Devices access the corresponding pool based on their transmission periodicity.

· Carrying SA information directly within the data transmission greatly improves the scheduling overhead and reliability.

· A framework similar to UCI on PUSCH may be considered.

· Patterns for V2X traffic may be derived from R12 discovery or SA patterns.

· The R12 T-RPT patterns are not suitable for V2X traffic.

· Both distributed and centralized resource allocation solutions should be considered.

· The eNB should be able to benefit from reports from the UEs.
3.3 Enhancements to Synchronization Procedures

V2X scenarios are characterized by much higher mobility, varying topology and Doppler spread than the D2D scenarios addressed in R12/13. The distributed synchronization solution from R12/13 is not suitable for V2X scenarios due to the very stringent synchronization accuracy requirements, especially for frequency synchronization. 
Considering a carrier frequency of 5.9GHz, the 0.1ppm assumption from R12 is unacceptable e.g. for DMRS design a) in Figure 1. The situation is less critical assuming DMRS design b). It is in any case recommended that the frequency reference is derived by the devices directly from the GNSS reference, relaxing also the impact on inter-eNB synchronization accuracy.
In order to reduce cell-edge effects, it is also recommended to derive timing synchronization from UTC timing, according to a NW-signaled offset.
Observations:

· The frequency synchronization accuracy requirements depend on the considered DMRS pattern. In any case, GNSS-disciplined oscillators should be considered.

· Timing synchronization benefits from absolute timing based on UTC, as (pre-)configured by the NW.
4 Conclusions

In this contribution we have clarified some aspects of the V2X SID and suggested some enhancement areas for further considerations:

· Complexity, Cost and Other Constraints for eNBs and UEs differ depending on the deployment and service provided by the node.

· Table 1 provides a summary of the proposed assumptions.
· The V2X performance goals should be enabled by allowing configurability of the Uu and PC5 interfaces based on a limited number of enhancements.

· Mapping DMRS to every OFDM symbol with frequency domain interleaving with data provides largely improved performance.

· Multiple overlapping pools with different periodicities should be considered for V2X traffic.

·  
Devices access the corresponding pool based on their transmission periodicity.

· Carrying SA information directly within the data transmission greatly improves the scheduling overhead and reliability.

· A framework similar to UCI on PUSCH may be considered.

· Patterns for V2X traffic may be derived from R12 discovery or SA patterns.

· The R12 T-RPT patterns are not suitable for V2X traffic.

· Both distributed and centralized resource allocation solutions should be considered.

· The eNB should be able to benefit from reports from the UEs.
· The frequency synchronization accuracy requirements depend on the selected DMRS pattern. In any case, GNSS-disciplined oscillators should be considered.

· Timing synchronization benefits from absolute timing based on UTC, as (pre-)configured by the NW.
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Each basic “blue” pool
contains basic resource
patterns with 20ms length.

UEs transmitting with 20ms
periodicity select resources
from each blue pool repetition
(e.g., blue packet)

Each “red” pool contains resource
patterns with 100ms length. Each
100ms pattern is obtained from 5
repetitions of the “blue” patterns.

UEs transmitting with 100ms
periodicity select resources
from each red pool repetition
(e.g., red packet)

Each “green” pool contains resource
patterns with 1s length. Each

1s pattern is obtained from 10
repetitions of the “red” patterns.

UEs transmitting with 1s
periodicity select resources
from each green pool repetition
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