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Abstract—Residential power line is considered a cost-effective
communication media for building a digital indoor distributed
network thanks to its ubiquity in the indoor environment.
This paper investigates a front-hauling system under the split
centralized radio access network (C-RAN) architecture, aiming
to examine the feasibility of implementing common public radio
interface (CPRI) over power line communication (PLC) channels.
Particularly, we introduce a novel device called CPRI-PLC
gateway (CPG) that provides a virtual CPRI link over the PLC
channel to ensure high reliability and efficiency in delivering the
CPRI hyper-frames (HFs) between the data unit (DU) and radio
unit (RU). We examine the proposed CPRI over PLC system via
extensive simulations in terms of the achievable throughput and
reliability.

Index Terms—Centralized radio access network (C-RAN),
common public radio interface (CPRI), front-haul, hybrid au-
tomatic repeat request (H-ARQ), impulsive noise detection &
re-transmission (IND-Re), power line communication (PLC).

I. INTRODUCTION

IN 5G communication systems, the user mobile data traffic
is expected to reach more than seven-fold over the user

data traffic in 2017, where the expected average mobile
network data rate is 28.5 Mbps by 2022 [1]. [2] considers that
deployment of low-power small base stations (BSs) is the most
effective solution to meet this demand. This is particularly
critical in the case of indoor service provisioning, in which the
antennas should be located as close to the users as possible
for line-of-sight (LOS) transmissions.

In [3], Huawei proposed the digital indoor distributed net-
work (DIDN) as a promising indoor coverage solution in the
evolution to 5G. The typical DIDN characteristics are met by
the namely split C-RAN, which divides a conditional base
station (BS) into three entities, i.e., central unit (CU), dis-
tributed unit (DU), and radio unit (RU) [4]. RUs, performing
like active antennas, are distributed in each indoor chamber to
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serve the indoor users, CUs are located at the central office to
deal with the non-real-time base-band process, and DUs are
placed between CUs and RUs to host the real-time baseband
functionality. The high-speed CPRI links between RUs and
DUs, and DUs and CUs, respectively, are called front-haul
and mid-haul links.

Generally, optical fibers have been largely employed for
the C-RAN front-haul links. Although with very low bit error
rate (BER) and long reach, optical fibers may hardly be de-
ployed in every corner of a building and cannot solely supply
power to the end terminals. Note that installation of fiber optic
based front-hauls for indoor services could be expensive if not
impossible due to the requirement for infrastructural alteration.
Alternatively, using PLC on in-building residential power lines
could be a promising counterpart thanks to its ubiquity in the
residential buildings and inherent electrical power supply that
can greatly ease the deployment of the indoor devices [4], [5].

On the other hand, to take power lines as the media of
C-RAN front-hauls, many issues arise due to the harsh nature
of power lines. Note that the residential power lines are
accessed by household appliances, such as PCs, refrigerators,
cellphones, etc., and thus the PLC channel generally demon-
strate a hostile environment that is subject to various noises.
Specifically, the PLC channel is time-varying with Log-normal
deep frequency dependent attenuation, which can hardly be
described as additive white Gaussian noise (AWGN) and may
directly impact the signal transmission [6]–[8].

According to their time-domain nature, the PLC noises can
be classified into background noise and impulsive noise [9].
The impulsive noise is mainly caused by switching actions
of rectifier diodes of electrical appliances [10], [11], and is
considered the most harmful due to its significantly higher
power spectral density (PSD) than the background noise. The
spontaneous nature of the impulsive noise certainly causes a
devastating corruption to the data transmitted over the power
lines, and such corruptions can hardly be recovered by any
coding mechanism. Thus, although mitigating the effect of the
impulsive noise has been widely reported in the literature, they
are not effective as most of these techniques focus on the
handling, detection and removal of the data error caused by
the impulses rather than to avoid the exposure of data to a
noise impulse in the first place.

Note that impulsive noise mitigation has been extensively
investigated under general OFDM systems, but to the best of
our survey, has never been reported in the context of spread
spectrum channels considered in the study [12]–[14]. In the
event that we only follow the time-domain analysis, the state-
of-the-art noise detection and removal techniques, such as
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blanking/clipping, replacement, iterative threshold-based al-
gorithms, time-frequency domain equalizers, and compressed
sensing based techniques, strongly rely on signal processing
at the receiver side [12], [14]. The main limitation for these
techniques is that the noise characteristics must be known at
the receiver, which is nonetheless not the case in the residential
power lines. Thus, we have focused on re-transmission in the
considered CPRI-PLC scenario.

This paper investigates using residential power lines as part
of C-RAN front-hauls to support the transportation of time
division multiplexed (TDM) CPRI frames for 5G indoor ser-
vice provisioning, where a single-input single-output (SISO)
PLC system is considered. Particularly, we introduce a novel
device, namely CPRI-PLC-gateway (CPG), for enabling the
power lines to support CPRI streams in the presence of the
noisy PLC environment. Specifically, the CPG is installed at
the DU and RU to form a CPG pair, which creates a virtual
datapath that ensures the CPRI hyper-frames to be transported
with satisfactory data rate and bit error rate (BER). This is
achieved by the functional module of the proposed CPG,
namely, impulsive noise detection & re-transmission (IND-Re)
incorporated with Hybrid automatic repeat request (HARQ).
We will show that the proposed approach can shape the power-
lines into qualified CPRI links in supporting the desired indoor
services.

The rest of this paper is organized as follows. We outline
the in-door communication system in Section II.A, while
studying PLC channel transfer function and noise models in
Section II.B. Section III presents the IND-Re based HARQ
scheme. We numerically analyze the simulation results in
Section IV, and conclude this paper in Section V.

II. SYSTEM MODEL

A. System Architecture

Fig. 1 illustrates the split C-RAN scenario which has been
proposed in [4], where a conventional BS is divided into three
entities: CU, DU, and RU. The CU is located at the central
office and connected to the DU via the first segment of front-
haul(I)/mid-haul [15], mostly on an optical fiber link carrying
the eCPRI or CPRI signal. The DUs are further connected to
the RUs distributed in each indoor chamber via the second
segment of the front-haul (II) carrying digital CPRI hyper-
frames.

In this model, CPG serves as an agent to creating a virtual
CPRI link between each DU and RU. Specifically, the CPG
attached with the DU and RU are denoted as D-CPG and R-
CPG respectively. To avoid any modification to the DU and
RU, the CPG is made to be a plug-and-play device that can
be deployed to interface between the front-haul system and
the power lines, where a high-pass filter (HPF) is adopted
at both CPGs to obtain the CPRI signals. Specifically, a 5-
conductor three-phase line is deployed to connect the D-CPG
and the indoor power distribution unit (PDU). The PDU is
further connected to each R-CPG via one of the single phase
lines containing 3 conductors: The phase/live (P), neutral (N)
and protective earthing (PE) conductors. Finally, Each R-CPG

is connected to the corresponding apartment chamber via a
distributed RU.

Fig. 1. Proposed split C-RAN system architecture for 5G indoor.

Fig. 2 illustrates the detailed functional diagram of the
proposed PLC based front-hauling system. Here, the DU
serves as a TDM hub that multiplexes/de-multiplexes the
CPRI streams between the CU and the RUs. It may also
bear some split functions from the original baseband unit
(BBU); while how the splitting is performed is out of the
scope of the study. The DU and RUs host CPRI modules
without modification to ensure the communication using CPRI
between them. The CPG contains the HARQ module that
functions as the transmitter/receiver unit of selective repeat
HARQ mechanism operating the re-transmission of HFs, while
the IND-Re modules execute the proposed re-transmission
algorithm. The PDU, on the other hand, is a dummy device
simply interfacing the three-phase line with the single-phase
line. Each antenna of the RUs is connected to the PDU via
one of the shared single-phase lines.

Fig. 2. The functional diagram of the proposed system architecture-DL.

Table I explains the specification of CPRI option 1, 2,
and 3, i.e., length of basic frame and the corresponding
CPRI requirement on the throughput. For CPRI-enabled PLC
network, the protocol data unit is CPRI hyper-frame and its
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size is varied from option to option but its duration is fixed as
66.67 µs with the line rate which can be flexible according to
the selected option.

TABLE I
CPRI SPECIFICATION.

Option Size of basic
frame (bits)

Required data
rate (Gbps)

1 128 0.6144
2 256 1.2288
3 512 2.4576

B. PLC Channel Model

We consider the noise in the PLC as the sum of background
noise and impulse noise. By assuming a balanced three-phase
line with symmetrical components, the mutual coupling among
the three main phase lines can be neglected [16]. Furthermore,
the shunt admittance can be neglected as they contribute for
< 5% for power lines that are less than 80 km in length [17].
Therefore, the interference between the different single-phase
lines can be neglected in comparison to the interference among
the same single-phase line of different ports.

1) Background noise model: The background noise in PLC
is a kind of colored Gaussian noise, which can be assumed
to be cyclostationary with a level which strongly relies on
the number and type of electrical devices connected to the
network [11]. Such noise can be characterized in terms of
PSD in unit of dBm/Hz through a simple model with three
parameters [18] as follows:

Sbg(f) = a+ b ∗ |f |c [dBm/Hz] (1)

where f is frequency in unit of MHz. The value of a, b, and c
have been specified by [9] as shown in the Table II and have
been adopted in [19].

TABLE II
BACKGROUND NOISE PARAMETERS USED.

a b c

Best case −140 38.75 −0.72

Worst case −145 53.23 −0.337

2) Impulsive noise model: Possibly caused by switching
transients in the network, impulsive noise could yield much
higher PSD than that of background noise by 50 dB [20],
causing destructive effect on the performance of PLC network.
[20] also discovered that both width and inter-arrival time of
an impulsive noise generally correspond to super-positions of
several exponential distributions. The practical values of the
impulse time width can be 50–60 µs in the PLC while that of
impulse inter-arrival time may reach 0.015–0.02 ms.

3) Channel transfer function: We represent the frequency
response of PLC channel through a well-known top-down
model adopted in [21] as follows

H(f) = A

N∑
i=1

|gi(f)|e(a0+a1f
k)di e−j2πfτi , (2)

where A, a0, a1, and K are the variable attenuation parameters
which have been specified in [22]. N and gi stand for the
number of path and path gain respectively. f denotes the
frequency while τ means the delay of the path which can
be given by

τ =
di
v
, (3)

where di and v are the path length and the velocity of
propagation. In addition, v can be calculated from the speed
of light c0 and the dielectric constant of the insulating material
as

v =
c0√
ϵr
. (4)

III. PROPOSED FRONT-HAUL USING CPG

The proposed CPG is a device aiming to enable the power
line to serve as the front-haul link while being completely
transparent to the CPRI protocol operations between the DU
and RU. The target of the CPG is to provide robust function
for mitigating the malicious effect high BER and thus high
frame error rate along the PLC channel via the HARQ based
IND-Re mechanism.

A. Impulsive Noise Detection & Re-transmission (IND-Re)

Since the impulsive noise is several folds stronger than the
background noise with a time span of 4–100 µs, it definitely
damages one or two hyper-frames. Note that the bit errors can
only be restored in the data plane that will cause considerable
delay and additional processing overhead.

IND-Re is positioned to mitigate the malicious effect of
impulsive noise by restoring the lost hyper-frames via a light-
weight re-transmission upon the detection of any impulsive
noise. Specifically, the proposed IND-Re has the transmitter
and the receiver CPGs (i.e., D-CPG and R-CPG) to constantly
sense the peak to average power ratio (PAPR), calculated as
10 log10(Ps/Pmean), every one HF duration (∆t = 66.67 µs).
The impulsive noises can be detected when the sensed PAPR
is greater than a certain threshold (Th = 10 dB as the
background-to-impulsive noise ratio is set to Γ = 0.1), and
the impulsive noise is passed when the sensed PAPR drops
below another threshold.

Such an IND mechanism can greatly facilitate the efficiency
of the HARQ protocol operation. When an impulsive noise
is detected, the HARQ transmitter simply holds the trans-
mission, while the receiver drops the currently received HF.
The transmitter initiates re-transmission of the HF held due
to the impulsive noise, while the receiver starts to take the
next received HF as soon as impulsive noise is determined
passed. With this, redundant re-transmissions can be avoided
particularly when a HF is received with its acknowledgment
(ACK) destroyed by the impulsive noise. Instead, the receiver
will re-transmit the buffered ACKs and meanwhile accept the
next incoming HF. While waiting for that ACK, the transmitter
continues to send new HFs to maximize the channel utilization.
After a pre-defined timeout, it initiates the re-transmission of
the HFs if that ACK is not received and vice versa.
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Algorithm for impulsive noise detection/
re-transmission (IND-Re)

Input: {Pmean}, {Γ}

1. Set Th = 10 log10(1/Γ), ∆t = 66.67 µs
2. Measure Ps

3. While 10 log10(Ps/Pmean) > Th, Loop
a. Transmitter: Hold hyper-frame transmission
b. Receiver: Discard incoming hyper-frame
c. Measure Ps over time = ∆t

4. end
5. Transmitter: Transmit CPRI hyper-frame
6. Receiver: Accept incoming hyper-frame

With HARQ, the receiver acknowledges each received CPRI
HF in the vendor specific fields of the CPRI HF [23] in the
reverse direction. The readily present frame check sequence
(FCS) based on cyclic redundancy check (CRC) in the Control
and Management (C&M) information of the CPRI hyper-frame
is used for hyper-frame error checking [23].

IV. SIMULATION

The simulation is divided into two parts. One is with a 3×3
single user (SU) MIMO PLC channel and the other is with an
SISO PLC channel. The former stands for the case where a
single phase line of all the three P, N and PE conductors are
used to provision a single RU, while in the later case each of
the connectors is used to connect with an RU.

(a)

(b)

Fig. 3. Link level simulator block diagram: (a) Single code scenario and (b)
concatenated code scenario.

We conduct a two-stage simulation, i.e., a link-level simula-
tor (LLS) in the first stage for physical signal communications
and a discrete event simulator (DES) in the second stage for
the channel access of hyper-frames. Since the PLC channel

should be idle once the transmitter detects an impulsive noise
in IND-Re, we do not consider impulsive noise in LLS and
handle the impulsive noise in DES. The FEC function and
IND-Re mechanism are implemented in both LLS and RES.
Figs. 3(a) and 3(b) illustrate the block diagram LLS when
using the single block coding scheme and the concatenated
code scheme, respectively. In concatenated code scheme, the
CC acts as an inner code to deal with random errors while the
RS code serves as an outer code to correct burst errors caused
by the Viterbi decoder and noise from channel.

TABLE III
PARAMETERS FOR ERROR CORRECTION MECHANISM.

RS encoding
(N, K) (192,128) (224,128) (128, 64)

(144, 64) (168, 64) (192, 64)

Convolution encoding
Octal generator polynomial [171, 133] [171, 133, 165]

Our simulation approach is given as follows. We first obtain
the BER performance of PLC channels in LLS. The outcomes
of the LLS are used in DES to simulate an integrated PLC
system, including the SR-ARQ scheme and IND-Re. In the
DES stage, we evaluate the system throughput efficiency, i.e.,
η, and various delays. The throughput efficiency η determines
whether the system capacity satisfies the CPRI requirement on
throughput and is calculated by

η =
θsys

θCPRI
, (5)

where θsys refers to the system capacity in the simulation
and θCPRI is the CPRI specification on throughput for each
option as shown in Table I. The impact of window size and
error correction schemes on the system performance are also
evaluated. Table III shows the configuration of error correction
scheme applied in the simulation.

We consider the full-duplex bi-directional communication
model by implementing the power lines in both directions.
The interval rate of frames is equal to a CPRI HF duration.
The occurrence rate and duration of an impulse noise are
fixed as 51.1 s−1 [20] and 60 µs [24], respectively. This
ensures that an impulsive noise can completely exhibit its
negative effect on the system performance within a limited
simulation time. The signal propagation velocity along the
PLC channel is 150 m/µs, which is calculated by (4) with
the dielectric constant ϵr of four in [25].We also consider the
worst background noise case in this experiment.

A. Front-haul on a 3×3 MIMO PLC Channel

Four scenarios are considered in this part of simulation:
Sc1: CPRI Only: Sending CPRI HFs without any modifica-

tions.
Sc2: CPRI + HARQ: CPRI HFs are sent over the power

line with HARQ.
Sc3: CPRI + IND-Re: CPRI HFs are sent onto the power

line while applying the proposed IND-Re.
Sc4: CPRI+HARQ+IND-Re: CPRI hyper-frames are sent

onto the PLC line while enabling HARQ and IND-Re.
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In all scenarios, polar non-return to zero (P-NRZ) is applied.
The main evaluating metric for our system is the bit error rate
(BER) and frame error rate (FER). In (6), the instantaneous ca-
pacity (CMIMO) of the PLC MIMO channel is calculated [26].

CMIMO =

Nf∑
n=1

∆f

NP∑
i=1

log2

(
1 +

PTx
(fn)λi(fn)

NRx
(fn)Np

)
(bps),

(6)
where λi(fn) is the eigenvalues of HH† at a given frequency
fn. PTx

(fn) is the transmitted power and NRx
(fx) is the noise

at the receiver. Nf is the number of samples in the frequency
range, ∆f is the sampling frequency used (frequency step)
and Np is the number of transmit/receive ports used [26].

The parameters used in the simulations are shown in Table
IV. The regulations of general electro-magnetic compatibility
(EMC) have been respected; such that the maximum PSD
is set to −50 dBm/Hz up to 30 MHz and to −80 dBm/Hz
for higher frequencies [27]. The system is simulated with
bandwidth that extends to include the very high frequency
band (≤ 300 MHz). Moreover, to pursue a more conservative
approach the maximum length (800 m) of a PLC system
recorded in the literature has been used; despite the fact that
within a full apartment building the length might not exceed
100 m.

TABLE IV
SYSTEM SIMULATION PARAMETERS USING CPRI OPTION 1 FOR MIMO

PLC FRONT-HAUL.

Parameters Values
Eb/N0 range −20–50 dB

Power line length 800 m

MIMO PLC ports (3-Phase) 6 Tx/Rx ports

PLC BW / port 1–300 MHz

Chip rate (∆f) 3.84 MHz

HARQ limit/frame (T ) 4 re-transmission

RS-FEC rate (134,128)

Interleaver rate 32

Selective repeat window 75 hyper frame

IND-Re threshold (Th) 10 dB

IND-Re mean power (Pmean) −115 dB

CPRI hyper frame size 256 basic frames

CPRI hyper frame duration 66.67 µs

CPRI frame size 150 hyper-frames

CPRI frame duration 10 ms

Fig. 4 presents the system BER and Fig. 5 shows the FER
for all the four scenarios. When the CPRI signal is sent over
the PLC channel without any modifications, the BER and FER
are extremely high even for high SNRs; therefore, its not
possible to implement the system as such. HARQ improves
the system performance with imposed limitation of 4 times
on the number of HF re-transmissions. For SNR higher than
20 dB the residual bit error rate is recorded as zero with 1013

simulated bits (i.e., BER< 10−12).
Compared with bare CPRI, the use of IND-Re yields a clear

positive impact on BER and FER. When IND-Re is applied,
for SNR higher than 40 dB, the number of bits received in error

reaches zero without any re-transmission by higher layers. We
have seen that zero residual BER and FER can be achieved
for SNR >−15 dB when both HARQ and IND-Re are used in
the system simulations with 1013 bits and 474 HFs simulated
per SNR.
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Each of the four scenarios has been run 20 times per port,
the mean and maximum capacity and effective throughput
values at Eb/N0 = 35 dB are reported in Table V. Higher
data rates can be achieved by expanding the bandwidth further
in the very-high-frequency range (> 300 MHz) [28]. The
effective throughput when both HARQ and IND-Re are used
constitutes for ∼ 89% of the system full capacity.

TABLE V
EFFECTIVE THROUGHPUT OUTCOMES FOR Eb/N0 = 35 dB: MIMO PLC

(6× 6), SAME CIRCUIT, 10 RUNS.

Outcomes (Gbps) Sc. 1 Sc. 2 Sc. 3 Sc. 4
Mean sys. cap. 5.465

Max sys. cap. 12.72

Mean thrpt. 0.83 0.6630 5.0977 4.9061

Max thrpt. 2.0405 1.544 11.8721 11.4260
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B. Front-haul on a SISO PLC Channel
This section evaluates the proposed PLC scheme on an SISO

PLC channel through simulation experiments for CPRI options
1, 2, and 3 using parameters shown in Table VI. We consider
CPRI option 3 when evaluating the impact of window size on
throughput and use RS (192, 128) for FEC. Fig. 6 illustrate
the throughput performance under SNRs for different window
sizes, i.e., 4, 8, and 16. We consider a data rate of 5 Gbps,
from the CPRI perspective. A larger window size indicates
higher throughput efficiency under lower SNR, which is more
obvious for larger data rate as shown in Fig. 6.

TABLE VI
SYSTEM SIMULATION PARAMETERS FOR SISO PLC FRONT-HAUL.

Parameters Values
E b/N 0 range 0–30 dB

Power line length 100 m

Propagation speed 150 m/µs

PLC bandwidth 1–300 MHz

Chip rate ∆f 3.84 MHz

Selective repeat window 4–16 hyper frames

CPRI hyper frame size 256 basic frames

CPRI hyper frame duration 66.67 µs

Processing delay 10 µs

Data rate 5 Gbps

35.5 36 36.5 37 37.5 38 38.5 39

SNR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

T
hr

ou
gh

pu
t e

ffi
ci

en
cy

, 

Throughput efficiency,  for different window sizes

Window size: 16
Window size: 8
Window size: 4

Fig. 6. Throughput under different window size with 5 Gbps data rate.

We evaluate the queuing and transmission delays for the
successfully transmitted HFs to investigate the impact of win-
dow size on the system delay, as shown in Figs. 7(a) and 7(b).
Fig. 7(a) shows that the average queuing delay increases
slightly with increasing window size.

Fig. 7(b) shows that extending the window size can signif-
icantly decrease the transmission delay. However, this impact
decreases with the increasing SNR, i.e., from 36 dB to 36.5 dB
and 40 dB, since the system capacity gradually reaches its
upper bound. On the other hand, the average transmission
delays are the same for all window sizes when SNR is large
enough.

Then we simulate for CPRI options 1, 2, and 3 when the
window size is 16.
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Fig. 7. System delay for Option 3 under different window size: (a) Average
queuing delay and (b) average transmission delay.

Fig. 8 shows the minimum SNR (or maximum BER)
required for the system to meet the CPRI specification for
the three CPRI options. The higher option demands higher
SNR to reach the needed throughput by CPRI, i.e., η = 1,
because hyper-frames with larger sizes demand lower BERs
for successful transmission. Specifically from Fig. 8, the
minimum SNR allowed for CPRI option 3 is close to 37 dB,
which corresponds to a BER below 10−4. Therefore, it is
critical to guarantee a BER lower than 10−4 at low SNR when
adopting CPRI option 3 for the CPRI link over PLC noisy
channel.
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Fig. 9. BER performance for option 3 under different error correction
configurations.

Modifying the FEC configurations is an appropriate way to
reduce the minimum SNR needed to reach a specific BER
value. For this, We compare the BER for RS with different
code rates as error correction mechanisms for CPRI option 3
in the LLS stage. Fig. 9(a) shows that the system with lower
code rate has better performance, because lower code rate
indicates more significant error correction capacity with larger
redundancy when the frame length is fixed. We also compare
different error correction codes under the same code rate, i.e.,
RS, CC, and a concatenation of them, namely RS + CC under
the same code rate. Fig. 9(b) shows that the system with the
concatenated code performs better because its BER reaches
the value below 10−4 at the smaller SNR compared to the
other counterparts.

V. CONCLUSIONS

This paper presented a novel approach for indoor provi-
sioning of mobile services via low-voltage residential power
lines, and investigated the feasibility of taking a power line
communication (PLC) channel as the last hop of the C-RAN
front-haul, where reliable transfer of the CPRI HFs is achieved
via the PLC channel between the RU and DU. Particularly, we
introduced CPG as an agent for creating a virtual CPRI link
over a PLC channel to achieve the system capacity required
by CPRI. Simulations showed that the CPG operating the pro-
posed impulsive noise detection (IND) technique along with
hybrid ARQ (HARQ) based re-transmission can effectively
create a valid CPRI link over the noisy PLC channel without
modification of any existing protocol operation and hardware
arrangement (DU & RU). Specifically, we found that with
low code rates in HARQ can yield a significant boost to the
BER performance at a very limited expense in terms of higher
redundancy.
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