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Abstract—With the expansion of the IoT, it is important to
optimize available bandwidth to reliably support edge to device
communications. Thus we propose a wireless network where
each edge server communicates with its end devices using its
wireless band as a primary channel, assisted by a secondary
edge server that can relay communications via its own wireless
band as a secondary channel. The network can optimize capacity
by balancing load between primary and secondary wireless
bands, and we analyze the geometry of achievable rate regions,
depending on the state of bands modeled as Rayleigh fading
channels. The allocation of a connection to the primary or
secondary band is formulated as an optimization problem which
is then solved, and illustrated with numerical examples.

Index Terms—Edge computing, cooperation, non-orthogonal
multiple access, resource allocation.

I. I NTRODUCTION

With the growth of the IoT for homes [1], e-Health [2]
and other applications [3], secure, energy efficient and quality
of service (QoS) aware networks [4] need to be deployed
to support a myriad of different end devices. Real-time and
reliable connectivity is needed in such systems, for instance
in the medical domain [5] for the health monitoring of patients
both in and outside hospitals and care facilities [6]. thesereal-
time reliable needs can be met with the help of edge computing
[7], [8], QoS aware edge servers [9], and fast and dependable
wireless connectivity.

Existing work on edge computing for the IoT focuses
on the distribution of workload at the edges, especially for
content caching [9]–[11], and little attention has been paid to
extensions in which wireless communications may enhance
the system at the edge. Indeed, due to the broadcast nature of
wireless communications, nodes that overhear the transmitted
message from a source to a destination may help re-establishor
enhance the communication by acting as relays that collabora-
tively forward messages [12], [13]. Orthogonal multiple access
(OMA) allows resource sharing in the time and frequency
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domain, while non-orthogonal multiple access (NOMA) su-
perimposes the signals of multiple users at the transmitterwith
distinct power allocation factors, and successive interference
cancellation (SIC) at the receiver. In this regard, all users can
co-exist in the same time, frequency or code domain, leading
to extensions of NOMA to power domain resource sharing
[14]–[16].

In this work, we consider a 3-tier hierarchy architecture
that can help support IoT and other applications, composed
of mobile edge devices or IoT edge devices, edge servers,
and a control center. Edge devices can access the resources
of the corresponding edge server through a wireless local
area network. Each edge server is typically attached to an
access point (e.g. wireless router or base station), the wireless
access point is close enough for wireless communication with
the edge devices or an a IoT gateway. We also assume that
the edge servers are interconnected through backhaul to the
control center, and possibly to a remote cloud.

We focus on data delivery to and from the control center to
the edge servers and edge devices, and investigate the wireless
transmission efficiency between edge servers and edge devices.
Thus edge servers may cooperate to offer more reliable service
to the edge devices, using NOMA for data transmission
between edge servers and edge devices. We propose the use of
primary and secondary channels of each connection, so as to
provide more flexibility, dependability and QoS as compared
to simple intra-cell models [17], [18]. In the network that we
consider, if the network control center attempts to delivera
message to an edge device through a given server and the
channel is weak, another edge server with a better channel can
act as a relay while also carrying out its own transmissions as
a primary channel.

Specifically, we suggest a novel hybrid multiple access
strategy combining OMA and NOMA that improves system
performance and resource efficiency, and derive the achievable
rate regions depending on channel conditions. Furthermore,
we solve the optimal joint resource allocation problem at
both the control center and the edge servers. The results are
illustrated through numerical examples based on a geometrical
representation that highlights the impact of node geometry.

II. SYSTEM MODEL

Consider a hierarchical network model consisting of a
control center (CC), two edge servers (ES1 and ES2) and
one e-Health device (DE) correlated to ES2, as shown in
Fig. 1. The ESs attempt to receive and process messages
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Fig. 1: System model of cooperative edge nodes with non-
orthogonal multiple transmissions.

delivered by the CC, denoted asI1 to ES1 andI2 to ES2.
In case of the geometry location of ES1 being far away from
the CC, or the weak channel condition caused by varying
network environment, ES2 takes on the role of a potential
relay for the transmission to ES1. Meanwhile, it may utilize
the opportunity of cooperation to transmit a messageI3 to
DE3. With NOMA signaling at the CC, transmission ofI1 and
I2 are accomplished simultaneously. Similar to the relaying of
I1 and the transmission ofI3 at ES2. The transmit power at
the CC and the ESs are limited byPc andPe, respectively.

Denote byd11, d22, d21, and d23 the distances from the
CC to ES1, CC to ES2, ES2 to ES1, and ES2 to DE3, respec-
tively. All channels experience independent but not necessarily
identical (i.n.i.d) Rayleigh fading, with the corresponding
channel coefficientsgij where ij ∈ {11, 22, 21, 23}. The
path-loss exponentα > 0 and gij is a complex Gaussian
variable with gij ∼ CN (0, d−α

ij ). We assume that perfect
channel information is always available at the receiver side. All
channels are quasi-static such that channel coefficients remain
constant within one protocol cycle. For the ease of exposition,
the additive white Gaussian noisez0 at each user is modeled
as independent and identically (i.i.d) distributedCN (0, σ2).

The transmission process consists of two phases where
a time-division multiple access scheme is exploited for the
CC transmitting in Phase I and ES transmitting in Phase II.
Assume that the CC transmitsI1 intended for UE1 andI2 for
ES2 with a split of transmit powerPc, in a fraction of the time
in one protocol cycle and share the remaining time to ES2.
ES2 needs to extract its own message before relaying to ES1.
In Phase II, ES2 broadcasts the superimposed signals with a
fraction of its total powerPe for relayingI1 and the remaining
of Pe for transmittingI3. For the whole transmission process,
the protocol we designed is a joint OMA and NOMA.

In this paper, we study decode-and-forward and analog
network coding-based forward applied at ES2 for the re-
laying scheme. Two schemes are proposed as Decode-and-
Forward based NOMA (DF-NOMA) and Analog-Network-

Coding based NOMA (ANC-NOMA). In the DF-NOMA
scheme, ES2 needs to decode the signal it received before
relaying. To alleviate this problem, ANC-NOMA allows ES2
to simply forward the signal it receives without decoding
required. Aside from the power allocation at ES2 in Phase II,
jointly considering the power split at CC in Phase I introduces
a complex resource allocation strategy.

III. A CHIEVABLE RATE REGIONS

In this section, we denote byβ the factor of time sharing
for OMA and θ, ω the factor of transmit power allocation at
CC and ES2 for NOMA, respectively.x{1,2,3} is the signal of

I{1,2,3} with zero mean and unit-powerE
[

x⋆
{1,2,3}x{1,2,3}

]

=

1. The CC transmitsx1 to ES1 andx2 to ES2 in Phase I.
With power split parameterθ, the signal transmitted by CC is
a mixture ofx1 andx2,

x12 =
√

θPcx1 +
√

(1− θ)Pcx2.

Accordingly, the signalsy1,I received at ES1 andy2 at ES2
are

y1,I = g11x12 + z0 and y2 = g22x12 + z0.

Based on the channel quality, ES2 has two decoding strate-
gies. When|g22|2 ≥ |g11|2, ES2 is able to decodex1 first, and
then extract the interference out of the received signal before
decodingx2; while ES1 treatsx2 as noise. For decodingx1,
the SNR at the ES2 is

Γ1,2 =
θρc|g22|2

(1− θ)ρc|g22|2 + 1
,

where ρc = Pc/σ
2 represents the transmit SNR of CC.

Conditioning on successfully decodingx1, ES2 subtractsx1

and decodesx2. Then, the SNR at ES1 to detectx1 and at
ES2 to detectx2 is given by

Γ11 =
θρc|g11|2

(1− θ)ρc|g11|2 + 1
, (1)

Γ22 = (1− θ)ρc|g22|2. (2)

On the other hand, when|g22|2 < |g11|2, ES2 treatsx1 as
noise but ES1 will decodex2 beforex1. In this case, the SNR
at ES1 to decodex2 is

Γ2,1 =
(1− θ)ρc|g11|2
θρc|g11|2 + 1

.

Thus, the SNR at ES1 to detectx1 and at ES2 to detectx2 is
given by

Γ11 = θρc|g11|2, (3)

Γ22 =
(1 − θ)ρc|g22|2
θρc|g11|2 + 1

. (4)

An interesting observation here is, when the receiving chan-
nel of ES2 performs better than ES1, ES2 is able to decode
both messages from the CC. As a result, ES2 can exploit the
decode-and-forward scheme to relay the message to ES1 in the
next phase. When the receiving channel of ES1 outperforms



ES2, although ES2 could not decodex1, it can extractx2 out
of the received signal and then relay the remaining part to ES1.
Obviously the analog network coding-based scheme can be
exploited for relaying. Through the analysis above, we find that
the transmission process can be classified as two schemes, the
DF-NOMA scheme and the ANC-NOMA scheme. Therefore,
we re-denote the SNRs above asΓD

11 in (1), ΓD
22 in (2), ΓA

11

in (3) andΓA
22 in (4).

In Phase II, ES2 broadcasts the superimposed signals with
a fractionω (0 ≤ ω ≤ 1) of its total powerPe for relaying
I1 to ES1 and1 − ω of Pe for transmittingI3 to DE3. In
DF-NOMA scheme, the decoded signalx1 is combined with
the transmit signalx3. In ANC-NOMA scheme, the signal
extracted fromy2 is combined withx3. Hence, the transmit
signal x13 encoded byx1 and x3 is different in each case,
given by

xD
13 =

√

ωPex1 +
√

(1 − ω)Pex3, (5)

xA
13 =

√

ωPe

√
θPcg22x1 + z0

γ
+
√

(1− ω)Pex3, (6)

whereγ is the normalization factor used to ensure that the
transmit power for the signal ofI1 always equalsωPe. Thus,
we haveγ =

√

θPc|g22|2 + σ2. Correspondingly, the received
signaly1,II at ES1 andy3 at DE3 can be denoted as

y1,II = g21x13 + z0 and y3 = g23x13 + z0.

When |g21|2 ≥ |g23|2, ES1 can decodex3 first, and then strip
this interference off the received signal before decodingx1;
while DE3 will treatx1 as noise and decodex3 directly. Vice
versa when|g21|2 < |g23|2.

A. Decode-and-Forward NOMA

For DF-NOMA, since ES2 has decodedx1 in Phase I, the
transmit signalxD

13 is directly superimposed withx1 andx3

in Phase II, and the received signal at ES1 is degraded byg21,

yD
1,II =

√

ωPeg21x1 +
√

(1 − ω)Peg21x3 + z0;

and the received signal at DE3 is the same but degraded byg23.
The corresponding SNR at both receivers for two decoding
strategies based on the quality of channels are derived as

{

ΓD
21 = ωρe|g21|2

ΓD
23 = (1−ω)ρe|g23|

2

ωρe|g23|2+1

if |g21|2 ≥ |g23|2; (7)

{

ΓD
21 = ωρe|g21|

2

(1−ω)ρe|g21|2+1

ΓD
23 = (1− ω)ρe|g23|2

if |g21|2 < |g23|2. (8)

ρe = Pe/σ
2 represents the transmit SNR of ES2.

Proposition 1. The achievable rates(RD
1 , R

D
2 , R

D
3) given in

the following region:

RD
1 = min

{

RD
1,2, R̄

D
1

}

(9a)

RD
2 = β log (1 + ΓD

22) (9b)

RD
3 = (1− β) log (1 + ΓD

23) (9c)

for every possible time sharing factorβ and power allocation
factorsθ andω.

Proof. The transmission rate of the CC is limited by the link
to ES2 as

RD
1,2 = β log (1 + Γ1,2) . (10)

R̄D
1 represents the maximum rate at which ES1 can reliably

decodeI1 given repeated transmissions from the CC and
ES2. Requiring both the ES2 and ES1 to decode the signal
without error in two phases results in the minimum of the
two maximum rates in (9a). By exploiting maximum-ratio
combining (MRC) at the receivers,̄RD

1 is given by

R̄D
1 =β log (1 + ΓD

11 + ΓD
21)

+ (1 − 2β) log (1 + ΓD
21) , β ∈ [0, 0.5] ; (11a)

R̄D
1 =(1− β) log (1 + ΓD

11 + ΓD
21)

+ (2β − 1) log (1 + ΓD
11) , β ∈ [0.5, 1] . (11b)

Additionally, the achievable rate for ES2 reliably decoding
x2 is determined by the transmission in Phase I only as in
(9b), while for DE3 it is determined by the transmission in
Phase II only as in (9c).

B. Analog-Network-Coding NOMA

For ANC-NOMA, ES2 only decodesx2 and subtracts it
from y2 in Phase I. Withx3 superimposed, the received signal
yA
1,II at ES1 in Phase II is impacted by the propagated noise

from ES2 as

yA
1,II =

√
θωPcPeg22g21

γ
x1

+
√

(1− ω)Peg21x3 +

√
ωPeg21
γ

z0 + z0,

and similar to the received signalyA
3 at DE3. The correspond-

ing SNR at ES1 and DE3 for each decoding strategy is
{

ΓA
21 = θρc|g22|

2ωρe|g21|
2

ωρe|g21|2+θρc|g22|2+1

ΓA
23 = (1−ω)ρe|g23|

2

ωρe|g23|2+1 if |g21|2 ≥ |g23|2
(12)

{

ΓA
21 = θρc|g22|

2ωρe|g21|
2/(θρc|g22|

2+1)
(1−ω)ρe|g21|2+ωρe|g21|2/(θρc|g22|2+1)+1

ΓA
23 = (1−ω)ρe|g23|

2

ωρe|g23|2/(θρc|g22|2+1)+1 if |g21|2 < |g23|2
(13)

Proposition 2. The achievable rates(RA
1 , R

A
2 , R

A
3) are given

in the following region:

RA
1 (see(15)) (14a)

RA
2 = β log (1 + ΓA

22) (14b)

RA
3 = (1− β) log (1 + ΓA

23) (14c)

for every possible time sharing factorβ and power allocation
factorsθ andω.

Proof. Different from DF-NOMA, ES2 is not able to decode
the message for ES1 for the poor channel condition here. In
this case, the transmission rate of the CC is not limited by
the link to ES2. The ES2 extracts its own signalx2 out of
the received signal and then superimposes the remaining part
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Fig. 2: Rate regions on different rate pairs with varying positions of ES2. For each position, the correspondingd22 =
{0.57, 0.4, 0.8, 1.26} andd21 = {0.72, 1.08, 1.28, 1.34}.

to x3 aimed for DE3. As shown in (6), the relayed signal is
normalized byγ with the additive noise. The achievable rate
for ES1 is therefore impacted by the propagated noise as

RA
1 =β log (1 + ΓA

11 + ΓA
21)

+ (1− 2β) log (1 + ΓA
21) , β ∈ [0, 0.5] ; (15a)

RA
1 =(1− β) log (1 + ΓA

11 + ΓA
21)

+ (2β − 1) log (1 + ΓA
11) , β ∈ [0.5, 1] . (15b)

For RA
2 andRA

3 , the derivation is similar to that of the DF-
NOMA scheme.

C. Comparison of Two NOMA Schemes

Based on the achievable rate regions derived above, we
compare the performance of two NOMA schemes in an
experimental environment. We assume ES2 and DE3 as mobile
while the CC and ES1 as stationary at coordinates(0, 1) and
(1, 1). All distances between users are normalized w.r.t the CC-
ES1 distance. Without loss of generality, the position of ES2
and DE3 is considered relatively stationary and the distance
between is fixed as1. Experimental assumptions are as fol-
lows: α = 3 as the path-loss exponent;ρc = ρe = 10dB with
power constraintPc = Pe = 10 and unit-power additive white
Gaussian noise;T = 1 as normalized time period of each
protocol cycle. Each possible set of the resource allocation
factors(β, θ, ω) yields a pentagon-shaped rate region. We vary
the parameters over a sufficiently fine grid and take the convex
hull over all corresponding regions.

In Fig. 2, we plot the rate regions for varying positions
of ES2 on two rate pairs. Fig. 2a depicts the achievable rate
regions on(R1, R3) while Fig. 2b on(R1, R2). According
to each user position, we calculate the distance ofd22 and
compare it tod11, since channel quality is w.r.t distance in our
channel model. As previously defined, whend22 ≤ d11, ES2 is
able to decodex1 so that DF-NOMA scheme is applied. In our
experiment, rate regions1, 2 and3 represent the performance
when exploiting DF-NOMA as hereind22 < d11; while region
4 represents the performance when exploiting ANC-NOMA
with d22 > d11. There are three rate regions coincided in

Fig. 2a even though different schemes are exploited. It is
also the boundary of rate regions achievable with optimal
orthogonal schemes. Whend22 increases, ES2 will choose
ANC-NOMA to avoid decodingx1 so that it is not limited by
the quality of channel between the CC and ES2. Meanwhile,
with d21 increasing, the relay channel does not sustain a
better performance than the direct transmission to ES1, the
performance of NOMA schemes is bounded by the optimal
OMA schemes but not influenced by the channel withd22.
Thus in Fig. 2b, we observe thatR2 is simply determined by
the quality of channel between CC and ES2. As shown in the
plot, rate region2 performs the best onR2 becaused22 is the
shortest in this case.

Through the analysis above, we get insights into the impact
of channel qualities on the achievable rate of each user.
Moreover, considering varying channel qualities, the resource
allocation strategy should be adjusted.

IV. OPTIMAL RESOURCEALLOCATION ON ACHIEVABLE

RATE MAXIMIZATION

We form an optimization problem on maximizing the
achievable rate of DE3 to find an appropriate resource alloca-
tion strategy in certain application scenarios.

(OP) : max
β,θ,ω

R3(β, θ, ω) (16)

s.t.R1, R2, R3 ≥ R0, (17)

0 ≤ β, θ, ω ≤ 1, (18)

where for a target rateR0, ES1, ES2 and DE3 can successfully
decode the received signal respectively, as in (17).

We notice that the objective functionR3 is neither a convex
nor a concave function ofβ, θ andω, and not amendable to a
convex formulation. Considering that the resource allocation
factors are independent with each other, we decompose this
problem into sub-optimization problems on each factor. More-
over, the objective function and constraint functions are mostly
monotonic on each factor. All these properties enable us to
derive a tractable result through decomposition of variables.
One of the sub-optimization problems is to optimize time



sharing of the whole transmission process under a given power
allocation, asOP1 on R3(β); OP2 is to optimize the power
splitting ratio at CC onR3(θ) within a given time-sharing
period; andOP3 is to optimize the transmit power allocation
at ES2 onR3(ω). To approach a joint optimal solution on
(β∗, θ∗, ω∗), we try to find local solutions ofOP1, OP2 and
OP3 first and a mapping method can be applied. For any
pair of two optimized factors in these three sub-optimization
problems, denote the mapping fromA to B by function

f as A
f7−→ B, the joint optimal time-sharing and power

allocation strategy(β∗, θ∗, ω∗) satisfiesβ∗ (OP1)7−−−→ (θ∗, ω∗),

θ∗
(OP2)7−−−→ (β∗, ω∗) andω∗ (OP3)7−−−→ (θ∗, β∗).

A two-dimensional linear search algorithm is developed
on the basis of solving each sub-optimization problem with
mapping. Firstly,β∗ is derived from OP1 and the corre-
sponding local optimumR3(β

∗) and (θ(β∗), ω(β∗)) can be
obtained. Secondly,θ∗ is derived fromOP2, so asR3(θ

∗)
and (β(θ∗), ω(θ∗)). Thirdly, ω∗ from OP3 andR3(ω

∗) and
(β(ω∗), θ(ω∗)) are obtained accordingly. Finally, the max-
imum R∗

3 = max{R3(β
∗), R3(θ

∗), R3(ω
∗)} is determined

with the corresponding optimal solution(β∗, θ∗, ω∗).
Analysis on Optimization for DF-NOMA and ANC-

NOMA Systems:Since the relay scheme is determined by
the channel quality corresponding to CC, the system exploits
DF-NOMA scheme and ANC-NOMA scheme in different use
cases. When|g22|2 ≥ |g11|2, ES2 is able to decodex1 and
forward it, which is then defined as a DF-NOMA system.
As RD

1 = min
{

RD
1,2, R̄

D
1

}

, constraint (17) can be rewritten as
two inequalities withRD

1,2 andR̄D
1 separately. Firstly, we solve

OP1. When(θ, ω) is fixed, we find thatRD
3 is monotonically

decreasing withβ while RD
2 increasing; forRD

1 , RD
1,2 is

increasing withβ too, yet R̄D
1 varies in different conditions.

The feasible interval of the optimal solution is determined
by analyzing the monotonicity of the functions. Same to the
other two sub-optimization problemsOP2 andOP3. In ANC-
NOMA systems with|g22|2 < |g11|2, we observe that the
objective functionRA

3 is w.r.t (β, θ) when |g21|2 ≥ |g23|2 but
on (β, θ, ω) when |g21|2 < |g23|2, while RA

1 andRA
2 are the

same as in DF-NOMA systems. To obtain a general solver for
the optimization problem, we hold the scenario when|g21|2 <
|g23|2 in ANC-NOMA systems as a paragon and provide a
brief analysis. When|g21|2 < |g23|2, RA

3 is monotonically
decreasing withβ. Meanwhile,RA

2 is monotonically increasing
with β. On the other hand,RA

1 for β ∈ [0, 0.5] is monotonically
increasing when(c1) : u1 − 2u2 > 0 and decreasing when
(c2) : u1 − 2u2 < 0 with u1 = log (1 + ΓA

11 + ΓA
21) and

u2 = log (1 + ΓA
21). For β ∈ [0.5, 1], RA

1 is monotonically
increasing when(c3) : 2u3 − u1 > 0 and decreasing when
(c4) : 2u3 − u1 < 0 with u3 = log (1 + ΓA

11). The feasible
interval of β under each condition(c1), (c2), (c3) and (c4)
can be derived respectively. Within which,β∗ locates at the
minimum value. Similar to the power allocation factorθ at
CC andω at ES2. It is worth noting that the methodology
to solve this problem is through analyzing the boundary for
each monotonic function. With all the results derived above, a

joint optimal(β∗, θ∗, ω∗) can be found by the two-dimensional
linear search algorithm.

V. NUMERICAL RESULTS

In this section, we evaluate the performance on joint optimal
resource allocation in the transmission rate maximizationprob-
lem above. In particular, we are interested in how the system
behaves for varying locations of the cooperative ES2 and
depict the results on its coordinates. We discover the perfor-
mance altering with the position of ES2 and the corresponding
receiver DE3, which determines the quality of relay-related
channels w.r.t the distance between corresponding users. On
the basis of the solution to the optimization problem derived in
the previous sections, the numerical results are demonstrated
for each use case correlated with relations between user
positions.

To keep consistency of the numerical experiments, the
environmental parameters are set the same as in Section III-C.
We build a geometrical model as a spatial area ranging from
(−0.5,−1) to (2, 1) in coordinate system. ES2 is assumed
moving within the spatial region with the distance to its
receiver DE3 set as1. The target rate for receivers successfully
decoding the received signal is set asR0 = 0.5 bits/s/Hz,
where feasible transmission could be done at a reasonable
sensitivity. At each position of ES2, we find the optimal
transmission efficiency, such that a contour figure will be
depicted showing the variations of the achievable rate and the
resource fractions in geometry. Fig. 3 compares the achievable
rateR3 and the optimal time sharing and power allocations
when ES2 transmits to ES1 and DE3 simultaneously. Each
plot depicts the same spatial region, where the positions of
CC and ES1 are marked by white circles while the position
of ES2 varies. Fig. 3a shows the achievable rateR3, Fig. 3b
corresponds to the time fractionβ allocated to the CC and
Fig. 3c and 3d to the power fractionsθ andω allocated for
transmission to ES1 at CC and relaying to ES1 at ES2. Note
that the relay scheme is determined naturally on the location
of cooperative users. Therefore, the plots indicate the output
of an intelligent scheme selection.

In Fig. 3a, the transmission could obtain a higher rate
once ES2 locates within the area closer to the CC than ES1.
Especially in a small area between the CC and ES1, the
peak performance is achieved as both the receiving channel
and the relay channel are in good conditions, w.r.t small
(d22, d21). Moreover, when ES2 locates closer to ES1 but
further from CC, since it needs to receive and decode its own
messageI2, such that the CC has to allocate more resource
for the transmission ofI2 and thereby affects the transmission
efficiency for other users. The tendency to time sharing for
the transmission phase of the CC is altering reversely to the
transmission rate of ES2 to DE3 in Fig. 3b. Obviously, when
the cooperative users are closer to the CC, less resource is
required for the transmission ofI1 and I2, as ES2 is able
to decode both messages and compensate by relaying in the
next phase. For power allocation in Fig. 3c, CC allocates the
transmit power in accordance with the channel quality. If the
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Fig. 3: Optimal solution of (a) transmission rate and resource sharing fractions in (b) time domain and (c),(d) power domain.

ES2 has a better receiving channel, the CC will leave more
power for transmission to ES1. It implies a strategy that in
the cooperation phase, ES2 is able to allocate more power
for transmission to DE3 as less is demanded for relaying to
satisfy the requirement of ES1. Therefore, in general the power
allocation for relaying at ES2 is small as most of the power
can be allocated for its own transmission, as shown in Fig. 3d.

VI. CONCLUSIONS

In this paper, we have investigated composite resource allo-
cation through hybrid multiple access in hierarchical networks
supporting cooperation between edge servers. To enhance the
system performance, we proposed a joint OMA and NOMA
protocol in a system model where transmissions share the
resource in time domain orthogonally and in power domain
non-orthogonally. Compared to decode-and-forward based re-
laying, we exploit analog network coding to avoid decoding
the received message in accordance with varying network en-
vironment. We derived the achievable regions for both relaying
schemes and the results consolidate the advantage of applying
adaptive schemes. We then formulated an optimization prob-
lem which jointly optimizes the strategy on time sharing and
transmit power allocation at the control center and the cooper-
ative edge server. We thoroughly demonstrated the significance
of applying NOMA jointly with OMA in possible application
scenarios and proposed a resource allocation strategy, showing
the efficiency and practicality of intelligent cooperationin
hierarchical networks. While the approach we propose may
result in a larger energy consumption both for processing and
wireless transmission [19], the power consumption analysis
will be carried out in future work.
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