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Motivation

Current vehicular Radio Access Technologies (RATSs):
e Dedicated short-range communications (DSRC) / 802.11p.
e Cellular V2X (C-V2X).

C-V2X designed for both in-coverage and out-of-coverage
Out-of-coverage In-coverage
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Scenario: competing cellular and DSRC users

e Users divided into 2 groups:cellular users (relays and transmitters) and DSRC users.
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Scenario: competing cellular and DSRC users

e Users divided into 2 groups:cellular users (relays and transmitters) and DSRC users. > Downlink
® Assumption: Bs does orthogonal scheduling in uplink. > Uplink

e CSMA: perfect sensing threshold (s;).

e CSMA: imperfect sensing threshold_(pe).
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Scenario: analytical framework

Stochastic geometry to capture the randomness of wireless networks.
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Relay selection and coverage probability

@ BS transmitters
1 ¥ Ru erelays
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® Neglect interference from parallel streets.

® High probability to be attached to a LOS Base Station.

&,  Base station Poisson Point Process
[} Streets Poisson Line Process

B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage-Improvement of V2| Communication Through Car-Relays in Microcellular
Urban Networks” in 2018 26th European Signal Processing Conference (EUSIPCO). le
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Interference mapping
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B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage Analysis of Relay Assisted V21 Communication in Microcellula
Urban Networks” in 2019 27th European Signal Processing Conference (EUSIPCO).
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B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage Analysis of Relay Assisted V21 Communication in Microcellula
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B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage Analysis of Relay Assisted V21 Communication in Microcellula
Urban Networks” in 2019 27th European Signal Processing Conference (EUSIPCO).




Interference mapping

LJ
® Mapping the interference of one perpendicular street to the }
street where the Ru is placed. |
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B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage Analysis of Relay Assisted V21 Communication in Microcellula
Urban Networks” in 2019 27th European Signal Processing Conference (EUSIPCO).
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® Mapping the interference of one perpendicular street to the \
street where the Ru is placed.

e Mapping constant: —8
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® Interference power:

I=l+Iv=> Pugillai)+ Y Pugl({xx,})
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Xy jE®s

B. Ramos Elbal, M. K. Miiller, S. Schwarz and M. Rupp, “Coverage Analysis of Relay Assisted V21 Communication in Microcellula
Urban Networks” in 2019 27th European Signal Processing Conference (EUSIPCO).
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® Mapping the interference of one perpendicular street to the \
street where the Ru is placed.

e Mapping constant:
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Urban Networks” in 2019 27th European Signal Processing Conference (EUSIPCO).




Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pETH(TIr)

TU

Slideg /15 WIEN



Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pE>H(T|r) = Plyss—ru > Tlr]

TU

Slideg /15 WIEN



Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pE>U(T|r) = Plyss—ru > Tlr]
=P[h > TBPL r*(N + Igs_ru)|r]

TU

Slideg /15 WIEN




Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pE>U(T|r) = Plyss—ru > Tlr]
=P[h > TBPL r*(N + Igs_ru)|r]

TU

Slideg /15 WIEN




Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pE=H(T|r) = Plyss_ru > Tlr]
=P[h > TBPL r*(N + Igs_ru)|r]
=B clexp(—Tr* Py} (BN + Iss—ru))]
ls—ru= Y &x/  +MPA > gx )

x1,i€Pp X0, €EPs
—a d —«
+ § &iXq,i + M°A E 8iXy i
x1,i€Py X3, €EPs

TU

Slideg /15 WIEN




Coverage probability

Conditioning on the BS-RU distance r, we can compute the direct link coverage probability as follows:

pE>H(T|r) = Plyss—ru > Tlr]
_P[h> TBPtxb (N-I— Igs_Ru)|r]
=E, G[eXP(—TfaP&:(/J’N + Igs—ru))l

BS —
= Ey glexp(— Tr* B8P N) exp(— Tr® 8Py gs_ru)] les—ru = Z gixy i +M>ZA Z 8%y ;"

t t
b b x1,i€Pp Xy ;€Ds
—a d —a
+ Y xS MIA Y g
x1,i€EPy X3, €EPs

TU

Slideg /15 WIEN




Coverage probability
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Coverage probability
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Coverage probability: interference bounds
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Coverage probability: imperfect sensing
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Coverage probability: imperfect sensing
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Coverage probability: relay-assisted link
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Coverage probability: relay-assisted link
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Simulation parameters

Parameter

Value

Pathloss exponent, «

Corner loss, Agg

Pathloss offset, 545

Noise power spectral density, Np
Bandwidth, B

Fading variance, o2

Base station transmit power, Py,
C-V2X user transmit power, Py,
DSRC user transmit power, Pigg, 11

2

20dB
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—174 dBm/Hz
10 MHz

1

40dBm
23dBm
13dBm
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Simulation results: combined link coverage probability
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Thank you for your attention!
bramosel@tuwien.ac.at
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