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Abstract—The emergence of sixth generation communication
(6G) wireless networks is set to revolutionize vehicular communi-
cation by enabling ultra-reliable, low-latency, and high-capacity
connectivity in cellular vehicle-to-everything (C-V2X) environ-
ments. This paper presents a theoretical framework on novel
cooperative vehicular communication and information perception
algorithms for large-scale 6G C-V2X networks while leveraging
integrated space-air-ground communication system. Specifically,
we address key challenges in real-time information exchange
and fusion among multiple vehicles. Utilizing inequality theory
and functional mapping theory, we derive an upper bound on
channel capacity for a fixed number of relays and propose a low-
complexity, multi-class relay selection algorithm. Furthermore,
we introduce an optimal mobile edge computing (MEC) based
correspondence strategy to improve vehicle-to-vehicle communi-
cation, alongside an efficient information estimation algorithm to
facilitate real-time data sharing. Our simulation results confirm
that the proposed algorithms significantly outperform existing
cooperative vehicular schemes in terms of channel capacity, while
the developed evaluation theory ensures accurate cooperative
perception with reduced computational complexity. The proposed
framework and theoretical contributions offer a foundational
basis for 6G C-V2X networks.

Index Terms—6G C-V2X, ultra large scale network, upper
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bound of channel capacity, information estimation.

I. INTRODUCTION

HE rapid advancement of wireless communication tech-
nologies has accelerated the global commercialization
and deployment of fifth generation communication (5G) net-
works, with infrastructures now reaching mature stages in sev-
eral countries, including China [1], [2]. In parallel, research on
sixth-generation (6G) wireless systems has gained significant
momentum, aiming to deliver transformative improvements in
communication quality, service flexibility, and the seamless
integration of space-air-ground networks [3], [4]. Compared
to 5G, 6G is anticipated to substantially enhance channel
capacity, reduce outage probabilities (OP), improve security,
and expand coverage. Furthermore, 6G will fully embrace
intelligent, adaptive, and ubiquitous computing capabilities to
meet the growing demands of ultra-dense internet of things
(IoT) ecosystems [5], [6]. Future 6G networks are expected to
integrate a wide range of foundational technologies, including
free space optical (FSO) communication, integrated sensing
and communication (ISAC), space-air-ground convergence,
edge computing, and Artificial Intelligence (AI) [6]-[9].
Among various application scenarios envisioned for 6G, the
cooperative internet of vehicles (CIoV) has emerged as partic-
ularly critical. This scenario entails extensive communication
among highly dynamic vehicles and incorporates advanced
technologies such as MEC, Al, and comprehensive space-air-
ground integration [8], [10], [11]. Numerous research efforts
have been dedicated to large-scale vehicular communication,
focusing on challenges such as cooperative relay selection, Al-
driven task execution across multiple vehicles, and intelligent
edge computing algorithms. For instance, the development of
MEC in connected vehicles has been reviewed within the con-
text of intelligent transportation systems, where edge cloud in-
frastructures are proposed to enable enhanced service delivery
[12]. The authors in [13] propose a tunnel-less multi-cluster
overlay scheme designed to surpass existing software-defined
networking mechanisms for MEC. A distributed cooperative
caching and content sharing strategy is presented in [14]
to maximize device-to-device (D2D) cellular traffic among
neighboring devices in 5G edge networks. Under constraints
on the total queue lengths of communication and computation
tasks, [15] introduces an energy allocation algorithm aimed at
minimizing the long-term average energy consumption within
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a stochastic framework. Similarly, the authors in [16] propose
a cross-layer framework that simultaneously optimizes user
association, packet offloading rates, and bandwidth allocation
in MEC systems. The study in [17] highlights how smart grids
can benefit from 5G-based distributed state estimation schemes
and provides a review of emerging state estimation techniques
in 5G mobile cellular networks. Collectively, these contribu-
tions demonstrate that relays selection, resource allocation,
and optimal sensing and communication are fundamental
challenges that must be addressed in future ultra-large-scale
C-V2X mobile networks under 6G.

On the other hand, cooperative multi-vehicle MEC networks
have also emerged as significant research topics in several
recent frontier studies. For example, [18] introduces a collab-
orative game-theoretic method to address the computation of-
floading problem in non-orthogonal multiple access (NOMA)
enabled multi-access edge computing systems. Compared with
existing schemes, the proposed algorithm demonstrates ad-
vantages in reducing computation overhead, increasing of-
floading efficiency, and minimizing the number of switch
operations. The authors in [19] propose a layered mobile
relays selection algorithm for cooperative MEC within space-
air-ground integrated scenarios, achieving an optimal upper
bound for channel capacity through full duplex (FD) NOMA
based D2D communication. To enhance the average resource
hit rate and reduce decision delay, an Al-driven cooperative
resource allocation algorithm is presented for 6G massive IoT
networks in [20]. Furthermore, to boost user throughput at the
edge of cellular networks, [21] investigates cooperative multi-
point operation techniques that improve the service quality in
dense small-scale network deployments. In pursuit of greater
prediction accuracy, [22] proposes an edge intelligence-based
resource allocation framework for vehicular MEC networks,
which also offers lower deployment costs. Overall, enabling
joint multi-vehicle communication with multiple relays and
MEC nodes presents a critical challenge in the realization of
future 6G C-V2X networks.

A. Motivations

Against the above background, several critical challenges
remain unresolved in ultra-massive C-V2X communication
scenarios:

1) Integration of Sensing Information from Vehicles:
In the 6G C-V2X era, vehicles exhibit high mobility
and sense around information in real time, in order to
access real-time road conditions, it is crucial to effi-
ciently integrate sensing information of multiple vehicles
together and this integration is vital for supporting future
autonomous driving systems.

2) Optimal Communication Scheme of D2D Based
on Multiple Relays: Based on Motivation 1), how
do we send integrated sensing information effectively?
Traditional fixed base station deployments are insuf-
ficient to support reliable vehicular communication in
environments characterized by high mobility. The rapid
movement of vehicles often leads to coverage gaps and
unstable transmission quality. Therefore, unlike [8]-[14],

novel adaptive multiple relays selection mechanisms are
essential to maintain robust and continuous connectivity
among fast-moving vehicles.

3) Real-Time Information Dissemination and Fusion:
Current vehicular traffic information systems rely heav-
ily on satellite-based services (e.g., Google Maps, Baidu
Maps), which often fail to reflect real-time road and
traffic conditions. While standards such as IEEE 1609.X,
IEEE 802.11p, and ETSI ITS-GS exist, real-time vehicu-
lar message dissemination remains underdeveloped. This
necessitates the development of new data processing
frameworks capable of enabling immediate responses to
dynamic traffic events in different time-slots.

B. Contributions

Addressing the challenges outlined above, this paper
presents real-time sense and communication framework in Fig.
2, the primary contributions are as follows:

1) Firstly, we propose a dynamic and ultra-scalable C-
V2X network topology that utilizes cooperative relays
consisting of vehicles, UAVs and other mobile IoT
nodes. Unlike [8]-[15], we consider that a vehicle-to-
vehicle network (Fig. 2) for combining multiple vehic-
ular functions to meet stringent 6G requirements such
as higher channel capacity, ultra-low latency and low-
complexity radar point cloud information fusion.

2) Secondly, in order to achieve optimal real-time com-
munication, we prove that the channel capacity can
approach to an upper bound when the number of relays
is fixed. By employing inequality theory, we develop
a low-complexity multi-relay selection algorithm. Com-
pared with classical relays selection algorithms in [8],
[9], [12]-[14], simulation results indicate that the pro-
posed method yields a notable enhancement in channel
capacity—approximately 0.8 Kbps to 2.5 Kbps higher
than other algorithms.

3) Thirdly, according to optimal MECs subset selection al-
gorithm, we introduce a caching mechanism that selects
high-quality MEC nodes (which has not been presented
in other references before) to assist with D2D data
buffering and transmission. We also obtain maximum
channel capacity between fast-moving vehicles with the
aid of MEC-aided real-time communication paths. In
addition, it is shown that the proposed algorithms sup-
port real-time communication and enhance information
caching via MEC excellence selection across vehicle
groups.

4) Finally, numerical results demonstrate that the proposed
6G C-V2X framework and algorithms offer significantly
higher D2D channel capacity than traditional schemes.
Furthermore, the proposed methods achieve better sens-
ing information fusion and exhibit orders of magnitude
improvement in computational complexity.

Notations: We list main notations in Table L

II. PROPOSED C-V2X SYSTEM MODEL

Before we start, it is noted that all the major notations are
listed in Table I. In Fig. 1, we consider a 6G ultra-massive



IEEE TRANS. ON XXXXXXX, VOL. XX, NO. X, AUGUST 2026

TABLE I

SUMMARY OF MAIN NOTATIONS

air-space-ground C-V2X ubiquitous network consisting of a
large number of vehicles, unmanned aerial vehicles (UAVs),
fixed base stations, and mobile edge computing (MEC). Our
objective is to achieve relay aided optimal communication
and efficient information estimation in cooperative C-V2X
networks. Besides, we mainly assume that selected relays are
sufficiently robust and are allowed to forward information to
vehicles in source and destination. Following [5] and [10], it
is assumed that two-hop decode-to-forward (DF) relay mode
is adopted and each communication device operates in half-
duplex mode with a single antenna, and we neglect the impact
of multiple antennas and the resulting distinct channels for
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Fig. 1. 6G ultra massive C-V2X ubiquitous networks

We assume that there are k1(k; € N*) mobile vehicles in
the source set {Vso, } and k2(k2 € N*) mobile vehicles in the
destination set {V’4.s}. In successive time-slots, vehicles in
{V" 4es } firstly sense around for the real-time traffic conditions
and channel state information, before selecting certain relay
subsets, such as vehicle relays, UAV relays, mobile relays
(e.g., handsets, laptops, and small ToT devices), base station
relays, and MEC devices. Afterwards, the vehicles in {V” 4¢5}
send back the sensed environmental information to cooperative
relays and MEC devices, whereby the latter cache and compute
those sensing data from {V’g.s}. Finally, relays and MEC
devices transmit these sensing data to {V,.,}. Hence, in

RMXN Space of m X n-dimensional real matrices
KT Transpose of matrix K
o Hadamard (element-wise) product
| Absolute value
N Subsets intersection
U Subsets union
ACB Subset A belong to subset B
> Summation
o< Positive correlation . .
c Belong to different D2D links.
= Modulus operation
A4 For any
7! Factorial of positive integer ¢
N* Non-negative integer
A— B A transmits signals to device B
A+ B A and B transmit signals to each other
A— R, — B A transmits signals to B with relay Ry,
{Vsou} k1 vehicles in the source set
{V des} ko vehicles in the destination set
{RL} Relays subset with L relays
Uy k;-th vehicle in {Viou }
v’k]. kj-th vehicle in {V7 ge,}
Rm m-th relay in {Ry,}
Qa Transmission power of A
QR,, Transmission power of relay Ry,
{Q Ry Transmission power subset of relays { Ry, }
Qtot Total power of relays subset { Ry, }
Yo'y, Sensing information of vehicle v’
hap Channel coefficient between A and B
o2 Variance of AWGN for A
YA B Signals that A transmits to B
yimB Signals that A transmits to B with relay R,
y;{ARLé Signals that A transmits to B with relays { Ry}
SNRA_ B SNR between A and B
SN RZ’” B SNR between A and B with relay R,
SNRiRLg SNR between A and B with relays { R }
05’;_ ok, Channel capacity for v’kj — R — vy,
Cfij}—”%i Channel capacity for v’kj —{Rr} — vy,
M; The i-th MEC equipment
{Mq} MEC subset with ¢ MEC equipments
{VM,i} Vehicles subset that communicate with M;
Mi <~ {V]\{.} Mz communicates with {VIW-}

’
{Rz:j } Ly, relays for ULQ — {RLk2 } — Vg,
T Transmission delay
TV ges}—vn, Transmission delay for {V'ges} — vy,
MEC 4 MEC equipment which A communicates with
Infv/kj Information of vy, from v’ k;
Infryr, 3 Information of vy, from {V7 g}

Information of v, from {V'gupi—n, }

Inf{v/subifNi}
w

Unit: watt

Modulus operation

Kbps

Unit: thousand bit per second
MR, Number of factors for relay Ry
Km/h Unit: thousand meters per hour
m Unit: meter
n! n factorial
Cr, (k2!)/(al(k2 = 4)1)
NETs Number of evaluation times

the presented dynamic C-V2X mobile networks, as vehicles
keep moving, both the power allocation and channel fading
coefficients may change. More information on this can be
found in Section VI. A, B, (42) and (43). (Moveover, such a
dynamic analysis method has also been applied in [9-14]).

It is assumed that the vehicles in {Vi,,, } and {V’ 4.5} are
distinct from the vehicles in the cooperative relays. In the
subsequent sections, we first investigate optimal communica-
tion algorithm with relays (Section III) and MECs (Section
IV), then we investigate effective information estimation for
multiple vehicles (Section V).
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Low-complexity and
effective sensing
information fusion

?

Vehicles in {Vw} fuse
traffic conditions in real

Vehicles in {Vd’m} sense
around traffic

Send sensing traffic
+——» conditions with relays
and MECs

conditions in real time time

Multiple relays and
MECs real-time
cooperative optimal
communication

Fig. 2. Real-time sense and communication process for multiple ultra large-
scale device subsets

III. OPTIMAL COMMUNICATION IN ULTRA-LARGE-SCALE
C-V2X NETWORKS

A. D2D communication for single vehicle to single vehicle

Considering the communication process presented in Sec-
tion II, we assume that for a source set {Vs,,, } with k; vehi-
cles and a destination set {V’ 4.5} with ko vehicles, let Yoy,
be a vehicle in {Vs,, } (defined as {Vio } = (v1, 02, vy Uk, )
where 1 < k; < k1, and Vo', be a vehicle in {V' 4.}, defined
as {V'ges} = (V'1,0'2,...,0'k,), where 1 < k; < ky. When
v'y, sends signals to vy, (v'g; — vg,), an arbitrary set of L
relays (defined as {Rr} = (R1, Ra, ..., Rr), where L € N*)
is selected from the total relay set.

Furthermore, we assume the transmission power of re-
lay R, is Qr,, for R,, € {Rp}, and the transmission
powers of the relay subset {Rp} are given by {Qg,} =
(Qr,,QRry,---,Qr, ). In certain time-slot, the sensing in-
formation of vehicle v’ k; is Yo'y, » its transmission power is
Q. . the channel coefficient between v’ k; and relay R,

Ry Ky Rom> and the noise at relay R,, is modeled as add1t1ve
Whlte Gaussian noise (AWGN) with variance o2 &, - We assume
the following dimensions for the vectors: y., SRm € gixn

V,k E§Rl><n R emlxn Q E&elx , ka E§Rl><n
Yvig € RIX7  and O’R IS 8‘%“" In the first tlme slot, the
51gna1 which relay Ry, received from vehicle v'y; is expressed

as:
— 2
yv’kjﬁRm — 1/ QV’k_i © hV’ijm © yV'kj + ORm" (D

Supposing that the channel coefficients of Ry, — vy, is
hg,,v,, . and the noise at vy, is AWGN with variance O"z,ki.
Depending on DF relays, the received signal in the second
time-slot is given by

=V QRm o hl:tmvki © yvlkj —Rm + ngi . (2)

Substituting (1) into (2), the signal received by vy, from
V'y; through relay Ry, is obtained as yf,{,‘:. “vy.- When the

YRm *)Vki

selected relay subset is {Ry}, the combined received signal
is denoted as y;{,i{“i‘,k_. The corresponding SNR for the
transmission from v’ K; to Vi, via the relay set {R} is given
by (3), as shown at the top of the next page.

Lemma 1 Upper bound of SNR for single vehicle
to single vehicle: Consider L distinct communication paths
from vehicle v;j to vehicle vy, via relays Ry, Ro,..., Ry,

:O,

is upper-

respectively. If the noise variance at vy, is zero, i.e., agkl
then SNR for the combined path SN R{RL}
k

— v
bounded by the sum of the SNRs for the 1nd1v1dual paths
Sk SNRRk

Proof: Please refer to Appendix A.

*)’Uk

In this paper, focusing on the theoretical benchmark aspect,
we have adopted a simplified system model by assuming that a
robust and resilient V2X physical layer will deal with research
issues caused by mobility.

It is noteworthy that in Lemma 1, when o2  +# 0, one can
obtain an upper bound of D2D SNR in pracncal scenes. In
fact, with the aid of (50), (51) and (60), we have (4). In (4),
although we may not directly obtain the optimal upper bound,
by means of optimal relay diversity selection and efficient
power allocation (Section III, part B), we can attain an SNR
value which is close to the theoretical upper bound value. On
the other hand, o2 ) is irrelevant to some other key factors
(e.g., power Values “channel coefficients, and relay diversity).

Therefore, based on Lemma 1, we conclude that in real
cooperative D2D communication, adjusting the transmission
strategy of each relay to maximize the D2D SNR yields
near-optimal SNR, thereby enhancing communication quality.
Furthermore, we evaluate the maximum upper bounds for
SNR{RL} and 25_1 SNRZ"“HW_, revealing potential

V. —Vk
optlmaljchannel capacity bounds in 6G cooperative multi-path
ultra-massive mobile networks. Additionally, we determine
the upper bound of optimal communication when two
arbitrary mobile devices are located in specific positions.
Moreover, an optimal cooperative strategy can be identified
to optimize D2D communication for any two fixed devices in
6G intelligent Internet of Everything (IoE) networks.

Lemma 2 Derivation of the SNR upper bound for
V', = {Rp} — vg,: In view of Lemma 1, we derive upper

bound of SNR{RL}

ST . For relay Ry, we define:

{ (pl(Rt) = \/ QRt th’Uk,L A /2Q’U/kj h’U/kj Rtyv’kj (5)
Rt) =V QRt thvki aRt'
We assume that {Ry} is
Ryo U (R}, Bl Ry _y). ©

On one hand, if VR; € {R.} and 0123% # 0, the functions
of p1(-) and pa(+) are constrained by:

01(Rgs) _ p1(R'1) _ p1(R'2) o1 (R'p-1)
2 (Rye) = 02(B1) = o) = pa(ip)

If L = N, the upper bound of optimal D2D SNR for multi-
path cooperative communication v’y — vy, with relay subset
{Ry} is given by

> (7

(¢1 (Rg*))2 _
(e2(Rye)) + (02, )

®)
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2
VOQrLy MR}, © 1/ Qv © By (R}
R ‘ i 3 3 2
SNRM,,, = o lyun | - (3)
V@) o Bragw, 007
L 2 L 2
( Z \/ hR Uk, Qv’k]. hy/k]- ngv/k].) ( Zl \/QiRghngki Q’U/l«j h”Ulkj R, yv,kj > L
o = R, > _
L 2 ) - L 2 < 1; SNRv’kj — Uk, |(O-vki - 0)
Z \/ hRgvk O'Rg + (LO’%M) Zl‘/QRghRgUkiaRg
g=1 9=
)

On the other hand, for (R}, RS, ..., R} _,), if there are L —
Lo(L > Lg) relays that can effectively eliminate noise, we
assume

2 + 2 + 2 +
O—R/14>0 ,O—R/Q*)O ,...,O—R/LU*)() s (9)
and

2 2 2
O.R/L(H»l >O7O'R/ >O,...,O’R/L > 0. (10)

Lo+2

Therefore, the upper bound of SN Rrifird is derived as:

v kj —>’Uki
2

(iR + X 1(R,)

(p2(Ry2)) + (02,
Proof: Please refer to Appendix B.

(1)

+L003k.)2.

Lemma 3 Derivation of the
L
S SN REw

V' . VR
w=1 J v

signals have been combined at the receiver vy, the upper

bound of the total SNR max Z SNR:

upper bound of

: In view of Lemma 1, when multi-path

e, —H)k for cooper-

ative multiple relays {Ry} can be obtained.
Proof: Please refer to Appendix C.

One can see that Lemma 2 and Lemma 3 can be
implemented in practical scenarios with non-zero noise. At
the relays and MECs, we compute and select better relays
to increase cooperative diversity, then adopt effective power
allocation algorithm to attain the SNR value which is close to
the upper bound (see the derived algorithm in Section III, part
B). Based on the above discussions, the SNR upper bound for
cooperative multi-path transmission is obtained essentially.

B. Optimal D2D communication based on ultra large scale
relays

According to [11, eq. (2)], the channel capacity is given by

C= %logz(l—f—SNR), (12)

where C' represents the D2D channel capacity, and SN R is
the D2D signal-to-noise ratio. Therefore, the channel capacity
of the communication path vfﬁj —{Rr} — vy, is:

{Rc}
v/kj — Uk,

1
= 5 logy(1+ SNR™ ). (13)

B-1. Uniform Power Allocation: For an arbitrary relay
selection subset { Ry}, if the total power is Q+,t, and the power
of each relay is constant, the channel capacity C’i jvk is

k:

limited by:

Qr, =Qr, = =Qp, = Q20t~
B-2. Optimal Relay Selection with Uniform Power:
Unlike the arbitrary relay selection in B-1, considering the
constraints imposed by relay characteristics (e.g., location,
fading coefficients, bit error rate), the D2D channel capacity
of each relay may vary. We re-arrange the relays in the
subset {Rn,.,} {Rr} € {Rn,,}) in descending order of
their individual channel capacities, denoted as { Ropt—n,,, } =
(Ropt—1, Ropt—2, - - .y Ropt—n,,, ), such that:

(14)

Roptfl Ropt72 opt Nio
Cv,’c_%vk,i 2 Cv;vﬁvki 22 Cvk avkt ° (15)
f i
where
chom-—w _ 1 (14 SNRer—» ) (16)
Ul,c7_w’% 9 082 vLj—wki .

We select the L optimal relays from {Rp,,,} to form
{Ropt—r} Ropt—1), and compute
C{Ropt L}'

vk —)vk

(Roptfh Ropt727 ey

B-3. Optlmal Relay Selection with Optimized Power
Allocation: Building upon B-1 and B-2, cooperative trans-
mission introduces interference due to antennas, duplex-
ing, and mutual interference. Therefore, it is essential to
allocate the total power more effectively among the se-
lected optimal relays. For the selected set {R}, .}, we
assume that the corresponding power subset is {Q},,_;} =
(Qopt—1> Qopt—2s - - -+ Qppy—r,) and total power is Qtor. Each
selected relay requires a minimum power for signal for-
warding, denoted as (Q1,Q2,...,QL) (Q1 > 0,Q2 >
0,...,Qr > 0), such that:

OU,jiJk > Cv;p;i R ()
with
Qopt—1 = Q1,Q0p—2 = Q2. .., Qo > Qr,  (18)
and .
Z szt—w = Qtot- (19)
w=1
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In summary, optimal relay selection and efficient power
allocation based on real-time computations of relay features
are crucial. For the subset { R, ;} with non-uniform power

allocation (Q%, # Qg, # --- # Q, ), We have:

C{R:pt—L} 2 C{/Ropt—L} Z O{RL}

Uk, —>v;cj vkj —vg, v;cj —vg, (20)
IV. D2D COMMUNICATION WITH MEC EQUIPMENTS
SUBSETS
A. Optimal correspondence among vehicles and MEC equip-

ments
In Fig. 2, when vehicles in source ({ Vs, }), vehicles in des-
tination ({V”4c5}) and cooperative mobile relays are selected,
we propose an algorithm for MEC subsets selection to further
assist D2D communication. We assume that there are ¢ MECs
in subset {M,}({My} = (M1, M2, ..., M,)). Supposing that
MEC M; is corresponds vehicles {Vy, }, then we have
Mi A4 {VM]} ({VM]} - {V:eou} U {Vldes})a (21)

where

{‘/sou} U {V/des} = U {VM;}

i=1

(22)

Based on discussion above, we can optimize real-time
vehicle-to-vehicle (V2V) communication by means of coop-
erative mobile relays and multiple MECs at the same time.

B. D2D communication with MEC subsets for ultra massive
vehicles to single vehicle

At certain time-slot, sensing vehicles (subset {V’ges})
detect surrounding real-time information with vehicle mo-
tion sensors, and forward it to single moving vehicle vy,
that will move into a geographical area which contains
{V'4es} in a planned way. Hence, we establish communi-
cation for multiple vehicles to single vehicle with coopera-
tive mobile relays. We assume that there are ko vehicles in
Vaesd(Vides} = (04 0hoestf))s Yo € {Viaes}(1 <
i < k2), v} sends information to vy, with selected L; relays.
Thus {V’4es} sends information to vg, with different relays
subsets ({Rg’;},{R;’;},...,{RZ;;}). I (v, 04, ... 0))
send detected signals (Yo, Yu'ys - Yoy, ) TESpectively to vy,
for vehicle v/, (1 < w < kg), we obtain (23).

Similar to (1) - (3), we obtain the SNR of vehicles-to-
vehicle for real-time information transmission in (24). When
v, receives real-time sensing information, in order to process
the total sensing information of destination area for {V” 4.5},
we assume size each data block size for (Yo, , Yury, s Yury, )
is the same. Therefore, we evaluate the lower bound of channel

capacity for {V'jes} — v, as
’U,k
C{RLk22}

RV RY'2
C{ Ll} C{ L2} , U/kz_rUki

arg su 25
g p 'Ull_VUki’ 'U/2_>'Uk:137 ( )

On the other hand, by selecting MECs, we derive
communication process for {V'g.s} — {Mq} — vy, to
aid vehicles-to-vehicle communication. We assume vy, is
associated to MEC equipment M; and {V”4.s} is associated

to MEC M, ;. Therefore we establish communication as
{V/des} <~ Mi+1 — Mi & Vg, -

C. D2D channel capacity upper bound with MEC subsets

We assume that the fading channels coefficients are re-
spectively (hv’1N1i+17hv'2Mi+1?"'>hv'k2]\4i+1)’ hMiJrlMi and
h]\/[ivki for (v{,vé,...,vkz) — Mi+1, Mi+1 — Mi+1 and
M; — wvg,. The power levels of M; and M, are Qy,
and Qpy,,,, the noise variances of M;, M, ; and vy, are
respf.:ctively 7%4i+1’ o%/[ and ogki. At the receiver vy, , the
maximum ratio combining (MRC) 1s adopted. At the first time-
slot, for receiver M;;, we have:

ko
2
YV es = Mig1 = Z Qv/qhv’in+1yv’q + OM;qq1s (26)
q=1

At the second time-slot, for receiver M;, we have:

YUMo —M; = ) QM At MYV gy My T UJ2VII»~ 27

At the third time-slot, for receiver vy,, we have:

2
YMi—vr, = V@M AM v, YMi M + 0y

Combined with above equations, {V'gs} < M;y1 —
M; < vy, is shown in (29). Since y,, is the desired signal
and channels of relays are different from that of MECs, it
is noteworthy that the perceptual capability of each vehicle
remains the same in general, and the perceptual data block also
remains the same for each vehicle in the fixed time. Therefore,
the maximum D2D SNR for MEC communication is shown
in (30).

Hence, at the receiver vy, we adopt MRC to combine D2D
SNR for relay subsets and MEC subsets. Therefore, the total
channel capacity of {V”' 4.5} — vk, can be expressed as:

(28)

1
C{V/des}_njki = 510g2(1+SNRA+SNRB), (31)
where: .
°2 ’
wul {RZ:
SNRy = SNR{‘;/des}_VUki (32)

SNRp = SNRMi+1UM:

{V'des}—vg,;

D. D2D latency analysis

In practical communication system, transmission delay 7 is
defined in (33). When communication entities are determined
in some time-slot, if block size, channel length, speed of radio
waves, queue time of data packets and data processing time are
constants, the transmission delay (v, .} v, for {V'ges} —
vy, satisfies the following condition:

1

o . 34
C{V/des}g)vki 4

T{V/des}_N)k,;

In this work, we mainly investigate upper bound of D2D

channel capacity and effective sensing information fusion.

From (34), it is shown that when D2D channel capacity
increases, transmission delay decreases accordingly.
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(ryw) L
yﬁ = (@r,ryo, NV Qurhor Yoy + 1\ Qityhiyor, OF,) + Lo, - (23)
g=1
‘ Q{va Oh Rv W}Vk QV’ Oh {R 5
SNR i = o yval™ (24)
N
k2
YM;—op, = A/ @ @y hngjop, Pona, v (Z Qv ot M1 Yoy + 012\4i+1) + V@M hasvy, oy, + ngi- (29)
qg=1
IV @t hatyog, /@M,y hatyyy v, min Z VQu o My Yo, |
SNRMMi (30)

{V"des } vk,

IV Qu Ay, A/ QM vt 1 M, 0M7+1

2
(o

’\/ h’M'Uk 0—1\1’ +

Algorithm 1 Real-time Communication for Multiple Percep-
tual Vehicles {V..} to Single Vehicle vy, in 6G Ultra-Large-
Scale C-V2X Networks
1: In certain successive time-slots, vehicle vy, € {Vyo, } fore-
casts surrounding traffic areas that it will travel through,
and identifies a critical vehicle subset {V. } to establish
communication.
2: for each vehicle v € {V{..} do
3:  Compute and select optimal L; cooperative mobile
relays.
:  Transmit perceptual information to vehicle vy,.
5: Search for optimal corresponding MEC to support D2D
communication in the new path.
6: end for
7. With selected MEC equipment, v, and {Vj..} jointly
compute to optimize dynamic vehicle-to-vehicle commu-
nication over different time intervals.

V. EFFECTIVE INFORMATION ESTIMATION FOR MULTIPLE
VEHICLES TO SINGLE VEHICLE

A. Minimal subsets for cooperative mobile relays and MEC
equipments

In certain area, we divide the traffic information into three
classes. The first class contains slow changing traffic infor-
mation, such as fixed buildings, trees, road facilities, etc. The
second class contains fast changing traffic information that
vehicles can sense. For example in the perceptual range of
moving vehicles, one can sense moving vehicles, pedestrians,
mobile IoT devices, and structures that are under construction.
The third class contains fast changing traffic information that is
out of perceptual range of moving vehicles {V’ 4.5 }. At certain
time-slot, because of a limited number of moving persons
and objects, the total information of that area is assumed to
be fixed. Hence, for the second class fast changing traffic

information, vy, selects vehicles subset {V’ 4.5} to obtain real-
time information. Since v}, v},..., v}CQ are independent from

each other, if relay subset of v/; with L relays is {Rz/i}, we
ko ,
have minimal cooperative mobile subset as U {R” } Sim-

ilarly, for D2D communication {V’ 4.5} —> {Vsou} (v, C
{V'des}tsVk; € {Vsou}), we assume that vk is assomated to
MEC, ko vk is assoc1ated to MECUk , minimal MEC sub-

1

sets are expressed as U U {MEC,,, MEC,,}. Therefore
1=17=1

we obtain minimal subsets of cooperative mobile relays and

MECs for optimal D2D communication.

B. Effective information estimation algorithm for integrated
sensing and communication

In view of the total information classification discussed
above, we assume that the total information of the area that
vy, Will travel into contain three classes: the first class is the
slow-changing traffic information, the second class is the fast-
changing traffic information that vehicles can sense, the third
class is the fast-changing traffic information that is out of
perceptual range. Since we mainly investigate optimal sensing
information fusion from destination vehicles subset {V” 4.} to
source vehicles subset { Vs, }, we just discuss the second class
information-fast changing traffic information which vehicles
sense and transmit to v, in real-time in real-time.

Therefore, we investigate sensing and transmission process
of {V’4es} and assume that total real-time sensing informa-
tion is Infgy/, 1. At some time-slot, as sensing information
for (vi,v3,...,vy,) is expressed as (Infy/,, Inf,/,, ..., Infy, )
respectively, if Inf,/,, Inf,,,..., and Infu/kz are independent
and they are not intersected with each other, the total real-
time information is defined as

ka2
Inf{v/des} = Z Il’lfvll

i=1

(35)
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_ block
" channel

size channel length

capacity speed of radio waves

+queue time

of data packets+ data process time. (33)

On the other hand, in general case if Inf,,, Inf,,,..,
and Inf,, are intersected, we divide (v],v5,...,v} ) into n
0o 2
subsets, in which elements are intersected with each other and
elements in different subsets are independent. Assuming that

(kg = Xn: N;),

the numbers of n subsets are N1, No,..., N,

i=1
we have:
{V/des} = ({V/sublle} P {V,sub27N2} gy {Vlsuban”})-
(36)
whereby the ¢ — th subset with IV, vehicles is
{V subi— N} ( subz 17 ;ubz 29 '7Uf<;ubi7Ni)' (37)

The sensing information of {V’'g,4;,— N, } can be expressed
as:

Inf{v'subi_Ni} = (Inf7)/sub1717Infv/subi—2’ - Infv/oubz N; )
(38)
Since Infy_,,, ., Infy .. ..., and Infy .  are not

independent, the total information of {V’sp—n,} can be
written as:
N;

Inf{vlsubi—Ni} = U Infv/subiik.

(39)

With aid of
U Inf, . . is derived as (40). To sum up, for {V’'ges}

the the inclusion-exclusion principle,

k=
w1th n (n € N*) independent subsets, the total information is
derived as eq. (41).

Algorithm 2 Effective Information Estimation for Moving
Vehicle vy,

1: Based on Algorithm 1, vehicle vy, and the set of ve-
hicles (v{,v5,...,v},) construct an intelligent IoE, and
compute minimal subsets of cooperative relays and MEC
equipment to achieve optimal D2D communication.

2: Vehicles (vi,v5, ..., v}, ) sense and transmit surrounding
second-class information to v, in real time.

3: Vehicle vy, senses first-class and third-class information
and receives second-class perceptual information to derive
Infy,.

VI. SIMULATIONS

In this section, we present simulation results for the pro-
posed algorithms. Simulation conditions are similar to those in
[9]-[14], [21], [25], [26], whereby we consider ultra large-scale
V2X networks with multiple relays for D2D communication.
Similar to [9-14], we assume that the total number of relays
is 50. In order to present dynamic C-V2X mobile network
feature, power allocation and channel fading coefficients be-
tween relays and vehicles keep changing from one time slot
to another (Section VI. A, B, (42) and (43)). To compare

our proposed schemes with the existing ones, it is assumed
that there is a bandwidth of 1 kbps for the channel capacity,
channel fading coefficients are belong to a certain range, and
flexible power allocation is adopted to both the device subsets
and relay subsets.

Our objective is to demonstrate the advantages of multiple
relay selection for V2V communication, and illustrate the
theoretical principle of optimal communication in 6G ultra-
large-scale V2X networks. Based on the proposed Algorithm
1 and Algorithm 2, our numerical simulations show that
the number of selected relays can not be too large, and an
excessive number of selected relays and inappropriate power
allocation can significantly degrade the communication perfor-
mance. Therefore, up to a total of 20 selected relays are con-
sidered. We also analyze the sensing characteristics of MM-
wave radars in vehicle networks and show that information
evaluation theory can significantly reduce the computational
complexity for real-time total sensing information.

A. Optimal Communication with Ultra-Large-Scale Relays

We first evaluate the optimal communication for V2V links
based on ultra large-scale relays. Consider an arbitrary mobile
relay R, which is contained in relay subset with total relays
number 100. If R, moves towards vk , we set the channel
coefficients h,, of, Ry € [0.8,0.95] and hRgvk [0,0.65]. If R,

moves towards vk we set b,y r, € [0.75,0.9] and hp o, €
; ‘

[0,0.7]. In Fig. 3 and Fig. 4, we assume |y, ( )2 = 2 and

2 2
Ton, = OR,

v, = 1. Following transmit power range for each
antenna 5 W 25 W) as reported in [3], [7], [9], [10], [12],
[13], we set ka, = 15 W and the average Qr, = 20 W in
Fig. 3. ’

In Fig. 3, we evaluate the channel capacity versus the
number of relays for the fading channel coefficient interval
values of d = 0.001 and d = 0.004. The results show that as
the number of relays increases, the channel capacity improves,
and a larger d corresponds to a higher channel capacity. This
is due to the multi-relay diversity provided by multiple relays,
and the necessity of appropriate fading coefficient values for
increasing channel capacity. Furthermore, we observe that with
an average Qr, = 20 W (where the total power of relays
increases with the number of relays), higher transmit rates are
achieved with the optimal solution. This is because relays with
higher d values are selected.

Based on the observations in Fig. 3, in Fig.4 we investigate
the channel capacity changes when QQg, is not constant and
Qv = 15 W, 20 W. Our simulation results indicate that
the power value of the source (),; is more critical than the
power value of the relays Qr, Therefore we should prioritize
allocating more power to kaj when selecting optimal relay

subsets.
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Fig. 3. Channel capacity versus number of relays when number of relays is
100, Qsou = 18 W
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Fig. 4. Channel capacity versus the number of relays for algorithms
comparison

B. Comparison with Existing Algorithms

Building upon the results in Fig. 3 and Fig. 4, we further
analyze our proposed algorithm and compare it with existing
algorithms. Similar to [8], [9], [12] - [14], we consider cooper-
ative C-V2X scenarios with pseudorandom vehicle distribution
at a given time slot. We set Q,; = 18 W, [y, 2 =2

h/‘ R, € [0.5,0.9], hRg'Uki € [O 07} d = 0004 Qr, €
[10 wW,25 W], o —lforgzl,2(m0d3), quo
for g =0 (mod 3), and o = 2. For the algorithm in [12],
relays are selected based on hlgher fading coefficients. For the

algorithm in [13], relays are selected based on larger power
values with constant and different fading coefficients.

11.0
- -m- - Sub-optimal power allocation
10.5 1

--®--Optimal power alocation
10.0§--A-- Algorithm in [25]

R 9.5 v -Algorithmin [26]

Algorithm in [21]

8.5
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7.5+
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6.5 1
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5.0 1

i

Channel capacity (

T T T T T T
10 12 14 16 18 20
Number of relays

Fig. 5. Channel capacity versus number of relays when number of relays is
100, QRQ is constant

Fig. 5 shows that our proposed algorithm achieves a 0.8-
2.5 Kbps higher channel capacity compared to that in [9],
[12], [13]. (Algorithms in [8], [14] have similar models to
[9], [12], [13], so we only compare with [9], [12], [13]) This
is because we comprehensively consider various relay types,
compute optimal and sub-optimal channel capacities, and then
select better relays from various vehicle subsets. In contrast,
the algorithms in [9], [12], [13] only consider one or partial
relay types and do not present an optimal power allocation
scheme.

Interestingly, we observe that increasing relay diversity does
not always yield a higher channel capacity. In Fig. 5, the
channel capacity decreases when the number of relays exceeds
12. This is because the noise from some relays has a greater
impact than their signals when signals are combined at the
receiver vy, resulting in a smaller total SNR. The descending
rate also varies among different algorithms.

On the other hand, we evaluate D2D channel capacity with
MEC (because we have compared our algorithm with other
core C-V2X algorithms, we just simulate our scheme in Fig.
6 and Fig. 7). We assume that the number of total MECs is

75, QuEec, = Qu BC,, = 20 W. In order to present optimal
selection for MECs, we ‘further assume that
hv,in+1hMi+lMihMi'Uki =0.7, (42)
with
h’l)/q]\/fi+17 hMi+1]\/Ii ’ hMrL'Uki e [077 1} (43)
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From Fig. 6 and Fig. 7, it is concluded that we can continu-
ously improve channel capacity by adopting signal separation
at the receiver vy,. Furthermore, optimal/sub-optimal MEC
algorithm does not improve the channel capacity when the
number of relays is more than 12. Besides, it is found that our
proposed MEC algorithm is approximately 2.5 Kbps higher
than the sub-optimal MEC algorithm.

In Fig. 8, we evaluate the computation complexity versus
the number of relays for the proposed low-complexity se-
lection algorithm. It is assumed that number of relay subset
({Rs} = (R1, Ra,......, Rg)) is S, the number of relay types
in Ry, is mp, (mpg, € N*). One can show that the computation
complexity can be expressed as follows:

logy (my™* + (S — my)™*),
log, (S™*),

if mp<S

it my > S. “4)

As shown in Fig. 8, when the total number of relays types
is 8, the computation complexity of the proposed algorithm
is nearly half (m; = 5) and one fourth (m; = 2) of that
of the exhaustive search method. This is because we consider

52
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Fig. 8. Computation complexity versus number of relays for proposed low
complexity selection algorithm

selecting more effective relay types and relay subsets, thus
leading to improved channel capacity with less selection times.
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Fig. 9. Computational total information versus number of sensing vehicles
for five vehicles subsets (3,4,5,6,7)

Lastly, we present integrated sensing computation for
{Vsou} with MM-wave radars. There are three types of MM-
wave radars (240 Km/h) for vehicular networks, including
long-distance range radars (LRR, perception range is 10 m
- 200 m), middle-distance range radars (MRR, perception
range is 1 m - 100 m) and small-distance range radars (SRR,
perception range is 0.5 m - 30 m). We assume that the total
number of vehicles in {V’ 4.5} is ko, which can be expressed
as:

(45)

J
ky =) kai.
i=1

where ko1, koo, ...,kay € N*, for ko sensing vehicles. By
calculating the total joint sensing information, the NETs can
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Fig. 10. Computational total information versus the number of sensing
vehicles for five vehicles subsets (3,5,5,6,6)

be expressed as :

(46)

where C = (k2!)/(i!(k2—i)!). However, in practice, the total
sensing information is not uniformly distributed. Therefore, in
order to better perceive critical area information and reduce
NETs, the total sensing information is divided by J partial
sensing information, and the NETSs are reduced to:

J ka2

ZZC’in"

j=1i=1

Clearly, the NETs in (46) are far less than that in (47). To
have lower NETs, we assume that sensing capabilities remain
the same for each vehicle, and sensing information of each
vehicle is 1, the total number of vehicles is 25 and the number
of vehicles subsets are (3,4,5,6,7) and (3,5,5,6,6) (we will
compare computational total information in Fig. 9 and Fig.
10 for different NETs). Consequently, we simulate multiple
moving vehicles sensing with two cases:

(47)

1) Sparse vehicles scenario (block diagram in Fig. 9 and
Fig. 10). We propose front and back sensing method to
evaluate information of adjacent vehicles. Distances of
adjacent vehicles for five vehicles subsets are respec-
tively 150 m, 125 m, 100 m, 75 m and 50 m.

2) Dense vehicles scene (block diagram with slants in Fig.
9 and Fig. 10). We propose multiple subsets sensing
method to evaluate information of multiple vehicles.
Minimal distances of arbitrary two vehicles for five
vehicles subsets are 100 m, 80 m, 60 m, 40 m and 20
m, interval distance increment is 20 m.

Computational total information with (3,4,5,6,7) and
(3,5,5,6,6) are respectively simulated in Fig. 9 and Fig. 10.
If we compute all vehicles 25 at the same time, NETs of
front and back sensing/multiple subsets sensing are 49/325, for
(3,4,5,6,7) NETs of front and back sensing/multiple subsets

sensing are just 44/80, and for (3,5,5,6,6) NETs of front
and back sensing/multiple subsets sensing are just 45/78.
This shows that if we take front and back sensing in spare
vehicles scenario, NETs almost never change. However, we
take multiple subsets sensing in dense vehicles case, we shall
find critical multiple areas with corresponding vehicles, and
NETs will be reduced as low as possible. On the other
hand, combined with Fig. 9 and Fig. 10, for better perceptual
accuracy, one needs to increase total computation informa-
tion and NETs to coordinate cooperative sensing of multiple
vehicles. Therefore it is important to weigh computational
total information against NETs under conditions of perceptual
accuracy in 6G C-V2X networks.

VII. CONCLUSION

This work has presented a novel framework for optimal
real-time communication and efficient information evaluation
tailored for vehicle-to-vehicle in 6G ultra-large-scale C-V2X
networks. By leveraging intelligent relays selection and MEC
equipments coordination, the proposed algorithms significantly
outperform existing cooperative vehicular methods in terms of
channel capacity while maintaining exceptionally low com-
putational complexity. We analytically establish the existence
of an upper bound on D2D channel capacity based on in-
equality and functional mapping theories, and introduce a
scalable multi-class relays selection mechanism. In addition,
an effective information estimation theory has been derived
for vehicles equipped with mmWave radar systems to enhance
cooperative perception. These contributions lay a solid theoret-
ical and algorithmic foundation for future developments in 6G-
enabled real-time communication, dynamic map construction,
and large-scale C-V2X systems.

In addition, security is a fundamental challenge in 6G
cooperative relays communication. As a future work, we plan
to consider message dissemination latency, latency, eavesdrop-
ping, and tampering.

APPENDIX A
PROOF OF LEMMA 1
From (1) and(2), the received signal at vy, via the relays
{Ry} is given by (48). The SNR for the combined path is
expressed as:

2
L
< Zl \V QRg hRgvki Qv’k], h'u’k.,j Ry y'u’k.,j )
g=

SNRU®Y =

’
v k; A)Uki

3
L

(Z VR, R v, GRQ> + (ngk,)Q
g=1 ‘

(49)
When o2, =0, (49) simplifies to:

2
L
<921 v QRQ hRgvki Qv’kj h’u’kj Ry y’u’kj )

SNRIH =

’
v kj _H}ki,

2
L
( > VQr, R, JRQ>
g=1

(50)



IEEE TRANS. ON XXXXXXX, VOL. XX, NO. X, AUGUST 2026 12
L
R} = h h h Lo? 48
yv; —vE, QRQ Rgvg, Q’U]/Cj v,’cj Ry y'%j + QRQ Rgu, TRy + Ovg, - (48)
J K 7 J i

g=1

On the other hand, when ogk_ = 0, the sum of the individual
SNRs is given by (51). '
Define:

U’w = QRw thvkv Qv’k. hv’k, Ry, Yv'y,.
i J J J

(52)
I, = ‘ V4 QRw thvki U?gw‘ .
Then (51) can be written as:
L L

U2

Ry _ w
Z SNRU,’CJ_ —ug, IT (53)

w=1 w=1 "W

Since U,, > 0 and I, > 0, let U,, = u 1, Where u,, is a
non-negative real number. Thus,

L L

Ry, _ 2
> SNRE = ul.
_ J ‘ _
w=1 w=1

Multiplyinég the numerator and denominator of (54) by
(Zi:l Iw> , we have

(54)

B L 2 (L 2
R D=1 Y (Zw:l LU)
> SNRIv., = 72— (55)
Ukj vk’i L
w=1 <Zw:1 Iw)
. L 2
Expanding (szl Iw) , we have
L 2 L
(Z Iw> =Y I2+2 > LI (56
w=1 w=1 1<i,j<L,i#j
Therefore, it is clear that
L 2 L
(Z Iw> > I (57)
w=1 w=1
Using (55) and (57), we obtain:
L L 2 L 72
Z SNRiw . Z Zw:l Uny Zw:zl w (58)
K ki L
w=1 7 (Zw:l I’w)
Applying the Cauchy-Schwarz inequality, we have
2
: (2hsnet)
> SNRf,kw ey, 2 ————— (59)
w=1 T (Zi:l Iw)
Finally, we conclude that the SNR upper bound is
{RL} -
R Ru
SNRy™,, < > SNR . (60)
w=1

APPENDIX B
PROOF OF LEMMA 2

On one hand, if VR, € {RL} and 0% +# 0, it is obvious
that o1 (R;) > 0 and @2(R:) > 0 in (5). We use mathematical
induction to derive the conclusion (11).

When L = 1, the proposition is evident.

When L = 2, {Rr} can be expressed as (R, R}). With
the aid of known condition, we have

©1(Rgx)pa(Ry) > 01(Ry)p2(Rgs).

We sum ¢1(Rg+)p2(Rgs) at the same time for both sides
of inequality and obtain:

@1(Rgi) (92(Rgx) + 92(R1)) > p2(Rya) (p1(Rya) + p1(RY)).
(62)
Because @2 (Rg.) > 0 and 2 (Rgx) +p2(R]) > 0, we have
P1(Rgx) _ p1(Rgx) + 1 (1)
P2 (Ryx) p2(Ryx) + p2(R'1)
Combined with (7), Vi1, iz(i1,io € N*), if 1 < iy < iy <
L — 1, we conclude that

(61)

> (63)

orlBy) o o Ba) terFu)
@Q(Rg*) @Z(Rg*) + 802(R Lfl)
Thus, for L = 2, we have
P1 (Rn) > P1 (Ril) + @1(R12) (65)

p2(Riy) — pa(Riy) + @2(Ri,)
When L = 3, {R.} is expressed as (Rg«, R'1,R’2), we

also have
p1(Rge) o p1(R')
P2(Rge) ~ p2(R'2)’
With the help of (63) - (66), we obtain:
P1Bgx) o p1(Bge) +o1(RY) _ @1(R) + @1 (R'2)
©2(Rgs) ~ @2(Rgs) + p2(R'1) ~ @2(R'1) + @2(3'2)((;7)

Combining with case of L = 2, inference for L = 3 will
be derived as

PrRge) o p1(Bge) + @1(B) + o1 (R'2)

©2(Rgs) — @a(Rgs) + 02(R'1) + p2(R'2)

When L = N, {R1} = (Ry«, R}, RS, ..., Rly_,), with the

aid of conclusions for L =1, L =2,..,and L = N — 1, we
have

(66)

(63)

) (69)

Also with the aid of (6), we obtain

N-—1
01(Rgs) + > o1(R'))
> — . (70)

N-—1
P2 (Ryx) + 21 p2(Rp)
p:

Sﬁl(Rg*)
902(Rg*)
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‘ A\ QRw hR“’U’%‘ Qv’kj hv’kj Ry yv’kj

2

-y

Z SN R —

61V

2
‘VCQRthww%J%w‘

w=1
Hence, we square both sides of (70) and have In (79), for relays subset { Ry}, different relays correspond
9 to different power, fading coefficients, noise power, etc. So
(onlBo) + Nil o1 (R) VR, € {RL}, we define different sequences as
g* P
(21(Ry))” = . —
(¢2<R )2 = N—1 2" (71) = Qv’l. hv’k Ry yv’kj
g*

(p2(Rgx) + ; pa(R'p))

With the help of conclusions for L = 2, we have

rlRe)+ 5 n(R)
p1(Rys) + p1(R
(Qpl(Rg*))z > ! p=1 b . 0
(pa(Rye))® N=t T (02)
! (p2(Rgx) + Zl p2(R'p)) "
=
(72)
Therefore if L = N, the upper bound is given by (73),
where:
N-1 2
. (p1(Rgx) + Zl p1(R'p))
R p=
SNRv kL—M)k = N-1 2 ) :
(e2(Ror) + T ealR) + (o2, )
’ (74)
On the other hand, since 0%, — 0%,0%, —

0%, ...,0%, — 0%, for (R, R, RLO) we assume that
0

WQ(Rll) 4>0+;§02(R/2) %0+7"'7902(R/Lo) %O+7 (75)

Since the noise appears at the receiver, if we select these
relays, corresponding SNR can be derived as:

2

Lo
(61(R0) + 35 21(,) 6

(a(Ry))* + (03,

In a special case, if we extract relative main signals for
different cooperative paths and eliminate noise at the receiver
vk, the upper bound of SNR is given by

+ Loo2, )’

2

(iR + 35 1(R,)

(p2(Rgx))” + (02, )’

(77)

APPENDIX C
PROOF OF LEMMA 3

The total SNR based on relays subset {Ry} is expressed
as:

Z SNRJ: _,,, < max Z SNR: ., (78)

w=1

\/ QR "R, (80)

C’ =03,

Therefore, the right-hand-side of (79) can be expressed as

=

Next, we seek solution for the upper bound in (81). For A,
and C,,, we have:

(AwBy)?
chw) (U%ki )2 .

81

L
S SNRUPEY x4,
w=1

’
G g

(82)

Vg Dk, Cuy

L
ST SNRUL o L
w=1

By defining A, = A and C,, = C, s0 if 0 < By, < By11,
we have:

BB 1 C? + Bhoy, < B BLC®+ Bi 0y, . (83)
Furthermore, we obtain:
4233 A2B? )
BLC? oy, B2,,C?+ To,
Hence, we have
L
3 SNRE?LW x By, (85)

- (R}
Therefore, max Z SNR!*

oy ooy B, is obtained as

=1
high as possible for max A, max B, and as low as possible
for min C,.
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