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Abstract

In this paper, we study the relaying and cache aided digital grid data transmission, where the relaying may
be equipped by caching or not, depending on specific applications. For both cases, we evaluate the impact
of relaying and caching on the system performance of digital grid data transmission through theoretical
derivation. To this end, an analytical expression on the outage probability is firstly derived for the data
transmission. We then provide an asymptotic expression on the system outage probability. Finally, some

simulation results are provided to verify the correctness of the derived analysis on the system performance,
and show the impact of relaying and caching on the data transmission of digital grid system. In particular,
the usage of caching at the relaying can help strengthen the data transmission performance of the considered
system effectively. The results in this paper could provide some reference to the development of wireless

transmission and scalable information systems.
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1. Introduction

Inspired by the information technology and scalable
information systems [1-3], power transmission lines
are generally called power lines, among which the
lines from power plants to power load centers
and the connecting lines between power systems
are transmission lines, which are erected between
substations (switchyards) and substations [4-6]. The
power distribution line is the line that the power
load center distributes power to each power user.
In particular, the overhead distribution line is a
distribution line that uses electric poles to suspend
the conductors in the air and directly supplies power
to users. The sectioning point of each overhead
distribution line shall be equipped with a single switch
(mostly on the column). In order to make effective use
of overhead corridors, co tower is mainly adopted in
urban areas. There are two circuits and four circuits
on the same pole, and there are 10kV and 380V on
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the same pole. Overhead lines are divided into trunk
lines and branch lines according to their locations in
the network. In the middle of the trunk lines, they can
be directly connected into branch lines (large branch
lines), and in the middle of the branch lines, they can
be directly connected and then formed into branch
lines (small branch lines). Sectional switches shall be
installed for trunk lines and large branch lines. The
overhead line has the advantages of simple erection,
low cost, sufficient material supply, and convenient
maintenance. It is easy to find and remove faults and
other advantages, but the disadvantage is that it is easy
to be affected by external environments, and the power
supply reliability is often poor in practice.

In the construction of traditional power distribution
network, due to the limitation of technology and equip-
ment, we may have to use wired communication for
data transmission. The most obvious difference between
wired communication and wireless communication is
cost. Wired communication requires more cables and
underground pipelines as the communication founda-
tion. However, most ground construction of wireless
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communication technology can often be avoided. Only
when information receivers are reasonably installed at
the receiving points, we can directly obtain the associ-
ated signals, which will certainly reduce the construc-
tion cost of communication systems more effectively. To
realize the transformation from traditional distribution
network to intelligent distribution network, we should
rely on the construction of communication systems
covering various forms. Under the background of sig-
nificant improvement of social and economic level and
scientific and technological level, wireless communica-
tion technology has developed rapidly in recent years,
especially in the application of intelligent distribution
network, which further enhances the intelligence of dis-
tribution network and effectively improves the security
and stability of distribution network during operation.

Wireless communication utilizes the electromagnetic
wave to convey information in free space, where
users can flexibly exchange their information. In
recent yeas, there have been great progress in the
development of wireless communication techniques,
and a lot of new applications have emerged [7].
There are many kinds of mobile communications,
such as electromagnetic wave, satellite communication
and near-field communication, which are the most
frequently used technology in people’s life. Wireless
technology has become the most exciting field in
telecommunications and networks. With the rapid
growth of mobile phone use, various satellite services,
wireless networks, wireless smartphones, tablets, 5G
mobile phones, various applications, and Internet
of Things have brought critical changes to the
telecommunications and network design [8, 9].

In this paper, the digital grid data transmission
assisted by relaying and caching is studied, where the
relaying may be equipped by caching or not depending
on the specific applications. For both cases, we study
the system performance of digital grid by jointly taking
into account the relaying and caching. Specifically,
an analytical expression on the outage probability is
firstly derived for the data transmission of digital grid
system. We then provide an asymptotic expression
for the outage probability on the data transmission
for the digital grid system. Finally, some simulation
results are presented to verify the effectiveness of the
derived analysis on the system performance, and show
the impact of both relaying and caching on the data
transmission of digital grid system. In particular, the
usage of caching at the relaying can help reduce the
outage event for the considered system effectively. The
results in this paper could provide some reference to
the development of wireless transmission and scalable
information systems.
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(a) Relaying without cache (b) Relaying with cache
Figure 1. Two kinds of wireless transmission system model for
digital grid data transmission.

2. System model and performance analysis

As to the relaying and caching aided digital grid
data transmission, we provide Fig. 1 to show the
structure of cache-aided wireless transmission model,
where the relaying may be equipped by storage space
due to specific needs and requirements [10-12]. To
illustrate the characteristics of the cache-aided wireless
transmission network, the cache-free model is also
introduced in this work. In Fig. 1 (a), it shows that the
signal transmitted from the source S to the destination
D must go through two channels without the cache
during the wireless path, where one is S — R channel z;
and the other is R — D channel z,. Once there is cache
in R, the signal can be transmitted from R to D directly,
as shown in Fig. 1 (b). From the above description, the
received SNR at D without cache is calculated as [13-
15]

2
=P (1)
pq1 +pq2+1
with
a1 =zl (2)
2 = lzol, (3)

where p represents the transmit SNR, and the
distributions of g; = |z;|?> and g, = |z,|? are expressed as
[16,17]

1 o
Jpla)=ze (4)

1 -
fqz(‘h) = Xe A (5)

Based on the following inequality [18, 19],
ab .
m < mln(a, b), (6)
we can obtain [20-22]

Yp <min(pqy, pg2) = p min(qy, 92)- (7)

Then, the outage probability from S to D can be written
as [23, 24]

1
Poug, = Pr (5 log(1+ ) < &) (8)
=Pr(yp < 2% -1), (9)

where & denotes a given threshold on the data rate.
Based on the approximation of y in (7), we can further
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write the lower bound (LB) on F,,;, as,

P =1-Pr(pmin(qy, q5) < 2% - 1), (10)
226 1
= 1—Pr(min(q1,q2)> 0 ), (11)
28 _ 28 _
:1—(1—Pr(q1<2 1))(1—Pr(q2<2 1))
P P
K; K,
(12)
For simplicity, we use S to denote,
226 -1
Bo = . (13)
P

According to the cumulative distribution function
(CDF) of g; and g, K; and K, can be calculated as
(8, 25, 26]

Ky =1-"Pr(q1 < po), (14)
Po1 -a
:1—f —e ¢ du, (15)
o C
_bo
=e C. (16)
Ky=1- PI'(K]Z < ﬂo), (17)
Bo1 g
=1- —e X dv, 18
J(; e v (18)
B
=e 1. (19)
Thus, one can obtain PDLuBt1 as,
LB o ko
Pouyy, =1-¢ Te 1, (20)
226 2%
=1l-e ¢ e P, (21)

Different from the signal transmission model in Fig. 1
(a) without cache, the model in Fig. 1 (b) can convey
signals from R to D directly. Therefore, the received
SNR from R to D can be given by

YD = P92- (22)

With the definition of SNR, the outage probability of
the system with cache is

Pout2 = Pr(log2(1 + P%) < E)’ (23)
befn < %) 2
=Pr < —, 2
qz 0
2641
=1-e ¢, (25)
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Moreover, according to the Taylor expansion formula
of exponential function e’, when |b| is small, we can
approximate e’ as

e’ ~1+0. (26)
Therefore, for a large p, the asymptotic expressions of
PLB and Pyyt, can be given by,

outy
228 _q 228 1
pLB :1-(1— )(1- ) 27
outl pc p/\ ( )
2261 221 226_12%_1
~ 1—(1— - + ),
pA pC pC  pA
(28)
2 _ 28 _
L2 1 . 2 1. (29)
pC pA
2¢ -1
Pout, =1 - (1 - ol ), (30)
2¢ -1
~ ) 1
) (31)

From (29), the system performance without cache
can be enhanced with the increase of p, indicating
that a larger transmit SNR can help improve the link
quality of wireless channels effectively. Moreover, the
asymptotic POLuBt1 decreases with a larger value of C and
A, as the dual-hop relaying links are strengthened.

Similarly, from (31), the system performance with
cache can be improved by the increasing p, as a
larger transmit SNR leads to enhancing the wireless
transmission effectively. Moreover, the asymptotic F,,;,
becomes better with a larger value of A, as the relaying
link from R to D is strengthened. In further, the channel
quality of the first-hop relaying has no impact on the
system performance, due to the usage of caching at the
relay.

3. Numerical and Simulation Results and
Discussions

In this section, we provide a few experiments for the
considered system aided by caching and relaying, to
observe the effect of caching and relaying on the system,
through which we find how to design and optimize the
system. Specifically, the links in the system are subject
to Rayleigh flat fading [27, 28], and note that the results
in this paper can be readily extended to other fading
channels, which will not lose the generality [29, 30].
We will observe the effect of the parameters such as p,
&, and A on the system outage probability, to show the
effectiveness of the proposed studies in this work.

3.1. Experimental Results and Analysis for
Cache-Free Model

In Table 1 and Fig. 2, we depict the system outage
probability without caching versus p and &, where
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Table 1. Numerical outage probability of the system without caching versus & and p.

/dB
Method P
ethods | ¢ 20 25 30 35 40
1.0 | 0.0376 | 0.0112 | 0.0035 | 0.0010 | 0.0004
Simulation | 1.5 | 0.0864 | 0.0278 | 0.0082 | 0.0027 | 0.0008
1.0 | 0.0360 | 0.0114 | 0.0036 | 0.0011 | 0.0004
Analysis | 1.5 | 0.0840 | 0.0266 | 0.0084 | 0.0027 | 0.0008
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Figure 2. Outage probability of the system without caching versus & and p.

&=1 or 1.5, and p varies from 20dB to 40dB. As
observed from Table 1 and Fig. 2, the simulation result
is quite near the analytical result. For example, when
p = 20dB and & = 1, the simulation P,,;; and analytical
P,,11 are 0.0376 and 0.0360, respectively. When p =
40dB and ¢ =1, the simulation P,,;; and analytical
P,,:1 are both 0.0004. When p = 20dB and & = 1.5, the
simulation F,,;; and analytical P,,;; are 0.0864 and
0.0840, respectively. When p = 40dB and & = 1.5, the
simulation P,,;; and analytical P,,;; are both 0.0008.
These results can verify the correctness of the derived
analysis on the system performance. Moreover, the
outage probability improves when p increases, as a
larger transmit power can help enhance the wireless
transmission. In further, the system P,,;; deteriorates
with a higher &, due to a larger threshold on the data
rate.

In Table 2 and Fig. 3, we show the system outage
probability without caching versus & and A, where
p=30dB, £ =1 or 1.5, and A varies from 1 to 5.
From Table 2 and Fig. 3, the simulation result is
also close to the analytical one. For example, when
A=1 and & =1, the simulation P,,;; and analytical
P,,:1 are 0.0066 and 0.0060, respectively. When A =5
and & =1, the simulation P,,;; and analytical P,,;,
are 0.0037 and 0.0036, respectively. When A =1 and
& = 1.5, the simulation FB,,;; and analytical P,,,; are
0.0139 and 0.0140, respectively. When A =5 and & =
1.5, the simulation and analytical outage probabilities
are 0.0081 and 0.0084, respectively. These results also

O EA

show the correctness of the derived analysis on the
system performance. Moreover, F,,;; becomes smaller
with a higher p or decreased value of &, which is similar
to the results in Fig. 2.

3.2. Experimental Results and Analysis for
Cache-Aided System

In Table 3 and Fig. 4, we illustrate the system outage
probability with caching versus p and &, where & =1
or 1.5, and p varies from 20dB to 40dB. From Table
3 and Fig. 4, we can see that the simulation result is
also quite near the analytical result. For example, when
p = 20dB and & = 1, the simulation P,,; ; and analytical
Pyuto are 0.0021 and 0.0020, respectively. When p =
35dB and & =1, the simulation P,,;, and analytical
P,,t,2 are both 0.0001. When p = 20dB and & = 1.5, the
simulation P,,;, and analytical B,,;, are 0.0036 and
0.0037, respectively. When p = 35dB and & = 1.5, the
simulation P,,;, and analytical P,,;, are both 0.0001.
These results can verify the correctness of the derived
analysis on the system performance. Moreover, the
outage probability becomes better when p increases, as
a larger transmit power can help enhance the wireless
transmission. In further, P,,;, becomes worse with a
higher &, due to a higher data rate threshold.

In Table 4 and Fig. 5, we show the system outage
probability with caching versus £ and A, where p =
30dB, £ =1 or 1.5, and A varies from 1 to 5. From
Table 4 and Fig. 5, the simulation B,,;; is still near
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Table 2. Outage probability of the system without caching versus & and A.

A
Methods & T 3 7 5
1.0 | 0.0066 | 0.0047 | 0.0041 | 0.0038 | 0.0037
Simulation | 1.5 | 0.0139 | 0.0104 | 0.0087 | 0.0084 | 0.0081
1.0 | 0.0060 | 0.0045 | 0.0040 | 0.0037 | 0.0036
Analysis 1.5 | 0.0140 | 0.0105 | 0.0093 | 0.0088 | 0.0084
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N — — — Simulation
12 \\ b
N
“a
>10r S~ &S
:;%3 \D_ o
BT :
&
8 b~
I
4r |- _ & 1
2 . . . . . . .
1 15 2 25 3 35 4 45 5

Average channel gain A

Figure 3. Outage probability of the system without caching versus & and A.

Table 3. Numerical outage probability of the system with caching versus & and p.

p/dB
Methods | & 20 30 35 40
1.0 | 0.0021 | 0.0006 | 0.0002 | 0.0001 | 0.0000
Simulation | 1.5 | 0.0036 | 0.0012 | 0.0003 | 0.0001 | 0.0000
1.0 | 0.0020 | 0.0006 | 0.0002 | 0.0001 | 0.0000
Analysis | 1.5 | 0.0037 | 0.0012 | 0.0004 | 0.0001 | 0.0000

Table 4. Numerical outage probability of the system without caching versus & and A.

A
Methods & T 3 7 5
1.0 | 0.0010 | 0.0006 | 0.0004 | 0.0002 | 0.0002
Simulation | 1.5 | 0.0002 | 0.0012 | 0.0006 | 0.0005 | 0.0004
1.0 | 0.0010 | 0.0005 | 0.0003 | 0.0003 | 0.0002
Analysis 1.5 | 0.0018 | 0.0009 | 0.0006 | 0.0005 | 0.0004

the analytical P,,;,. For example, when A =1 and & =
1, the simulation P,,;, and analytical P,,;, are both
0.0010. When A = 5 and & = 1, the simulation F,,;; , and
analytical P,,;, are both 0.0002. When A =1 and & =
1.5, the simulation P,,; , and analytical P,,;, are 0.002
and 0.0018, respectively. When A =5 and £ = 1.5, the
simulation P,,;, and analytical P,,;, are both 0.0004.
These results also show the correctness of the derived
analysis on the system performance. Moreover, P,,;,
becomes smaller with a higher p or decreased value of
&, which is similar to the results in Figs. 2-4.

O EA

4. Conclusions

In this paper, we studied the digital grid data
transmission with the help of relaying and caching,
where the relaying may be equipped by caching or
not depending on the specific applications. For both
cases, we evaluated the effect of relaying and caching
on the system, by firstly providing an analytical
outage probability for the data transmission. We
then provided an asymptotic outage probability for
the data transmission. Some simulation results were
finally provided to show the correctness of the
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Figure 4. Outage probability of the system with caching versus
& and p.

Pyt - - - : : :
b \ — — — Simulation
187 \\ O Analytic | 4
\
L \ ]
16 N
\
L \ ]
EM N
3 \
ERPAS \ ]
3 12 N
s A
(%
NE=15 ]
% LN . N
N
5 ~ N
O o8 S \ 8
~N N
~ AN
=1
06 [ ~ &= &~ .
o S~ Te—o
S~ e
04 ~ ~4
o =~
-
~a___
02 L L L L L ; =
1 15 2 25 3 35 4 45 5

Average channel gain A

Figure 5. Outage probability of the system without caching
versus & and A.

derived analytical and asymptotic expressions of outage
probability, which clearly show that the usage of
caching at the relaying can help enhance the data
transmission performance for the digital grid system
effectively. The achievements in this paper could
provide some important references to the development
of information technology and scalable information
systems.

The data of this work can be obtained through
emails to Shuangbai He(shuangbaihe@hotmail.com),

Chun Yang(chunyang2022@hotmail.com),
Yuda Li(yudali2022@hotmail.com), Binyu
Xie(binyuxie@hotmail.com), and Jiaqi

Zhao(jiagizhaoCSG@hotmail.com).
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