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Abstract— Very fast link failure recovery and high throughput 
can be achieved via the synergistic combination of Diversity and 
Network Coding (DC-NC), an open-loop coding technique, in a 
wide variety of network architectures.  In this paper, DC-NC is 
applied to enable recovering from a wireless link/node failure in 
the fronthaul portion of downlink Coordinated Multi Point 
(CoMP) 5G wireless network in a C-RAN environment. Our 
results demonstrate that by utilizing DC-NC coding in CoMP 
systems, resource consumption is reduced by about one-third and 
ultra-reliability with near-instantaneous fault recovery is 
achieved. 
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I. INTRODUCTION 

Wireless 5G networks require ultra-low latency 
communications for many key applications, as well as high 
throughput and reliability [1]. Link/node failure is one of the 
principle contributors that increases latency, reduces system 
throughput, and decreases reliability. Synchronous Optical 
Networking (SONET) and p-cycle ring are examples of 
technologies that used to protect wired communication networks 
from link and node failures [2]-[3]. However, these solutions are 
not appropriate for wireless fronthaul network configurations, as 
their delay performance is still considered to be too high to meet 
5G ultra-low latency requirements. Many applications in 5G 
communication systems will require very low delay (around 
1ms) and high reliability, and solutions need to be developed to 
address these two challenges. Near-instantaneous recovery from 
fronthaul wireless link failures is essential to improve reliability 
and enable very low delay networking. This can be achieved by 
Diversity Coding [4]-[5], which predates Network Coding [6], 
as it is a feedforward technique that uses forward error control 
technology over diverse paths, and provides near-instantaneous 
recovery of the lost data is possible as soon as the failure is 
detected with no need to retransmit messages and perform 
rerouting. 

In [7] and [8] Diversity Coding is applied to a C-RAN 
(Cloud Radio Access Network) network to enhance 
performance by improving the reliability with near-instant 
link/node failure recovery. C-RANs are one of the evolving 5G 
wireless network architectures, where distributed Remote Radio 
Heads (RRHs) are connected to a centralized baseband unit 
(BBU) via a fronthaul network. This architecture enables very 
low latency, high bandwidth, accurate synchronization, and 

interference management capabilities [9]. Also, it was shown 
that multiple simultaneous link failures can be recovered via 
Diversity Coded systems [8]. Although ultra-low latency and 
high reliability are very important in C-RANs, high data rate 
coverage is another important factor that effects C-RAN 
performance. One of the techniques to improve high data rate 
coverage is by managing the interference and mitigating inter-
cell interference using Coordinated Multi Point (CoMP) 
technology [9]. Coordinated Multi Point (CoMP) shares both 
data and channel state information (CSI) among neighboring 
cellular base stations (BSs) to coordinate their transmissions in 
the downlink and jointly process the received signals in the 
uplink. In this way,  harmful inter-cell interference  becomes 
useful signals, enabling significant power gain, channel rank 
advantage, and/or diversity gains [9]-[10]. A challenge in the 
implementation of CoMP is reducing the additional network 
resources that are used for simultaneous redundant 
transmissions to several RRHs. This issue can be addressed by 
Network Coding [6], also called Linear Network Coding (LNC), 
which is a particular form of coding at a network node. LNC 
improves network throughput, which in turn reduces 
consumption of network resources and saves system bandwidth 
for data broadcasting/multicasting [6].   

A new coding technique called DC-NC coding, based on the 
synergistic combination of Diversity Coding (DC) and Network 
Coding (NC) was recently introduced [11]. DC-NC can enable 
ultra-low latency communications systems, enhance network 
resource utilization for broadcasting/multicasting applications, 
and improve wireless fronthaul network reliability. Latency is 
lowered owing to the open-loop nature of DC-NC coding. 

The contribution of this paper is to extend the application of 
DC-NC coding to downlink CoMP within a C-RAN to decrease 
wireless fronthaul resource consumption, enhance wireless 
fronthaul C-RAN reliability, and enable ultra-low recovery 
time. 

The rest of this paper is organized as follows: Section II 
describes the network topology based on C-RANs where 
downlink CoMP is applied to several RRHs, which are 
connected to the BBU via wireless links. Section III 
demonstrates the benefit of the synergistic combination of 
Diversity and Network Coding to enable less resource 
consumption and faster recovery from multiple simultaneous 
link failures in wireless fronthaul networks that utilize downlink 
CoMP. The paper ends with concluding remarks in Section IV. 
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II. SYSTEM MODEL 

A C-RAN separates traditional base station functions by 
virtualizing and centralizing processing and control functions in 
the BBU of the core network, and distributing communications 
via RRHs at the cell sites to perform the radio functions with 
ability to manage the interference [9], [12]-[13].  As discussed 
above, CoMP may be used to improve interference management 
capabilities in C-RANs. CoMP has been standardized in Release 
11 of the LTE mobile network specifications [10]. To implement 
CoMP, a set of cells, called a CoMP set, where each cell is 
served by a RRH, team up to serve a single or multiple user 
equipment (UEs) based on feedback from the user(s). Fig. 1 
shows three cells (1, 2, and 3), each represented by a RRH, are 
grouped as a CoMP set to serve a UE. As all RRHs are controlled 
by the same BBU pool, very tight synchronization and 
coordination among the RRHs in a CoMP set can be easily 
achieved [9], [14], [15].  

There are three ways to deploy downlink CoMP: the 
simplest way is called Coordinated Scheduling/ Coordinated 
Beamforming (CS/CB) where the UE deals with only one RRH 
(called the serving RRH) while other RRHs in the CoMP set 
help in preventing interference [9], [14]. The second type of 
CoMP is an extension of the above scheme which is called 
Dynamic Point Selection (DPS). In this scheme, the required 
data for a particular UE is made available to all RRHs in a CoMP 
set. However, only one RRH deals with a mobile at a given point 
of time. The BBU decides which one should do the actual 
transmission based on the quality of its transmission path to the 
UE [9], [14]. 

The last and the most advanced CoMP scheme is Joint 
Transmission (JT). Here, all RRHs in the CoMP set receive the 
required data and they simultaneously transmit the same 
information with accurate timing to the user(s) with the 
expectation of achieving a high SINR. Although, this scheme 
generally guarantees high data rate coverage, it consumes 
several RRHs resources [9], [14]. 

In this paper, we focus on applying DC-NC to downlink JT-
CoMP in wireless fronthaul C-RAN to enhance resource 
utilization and improve the reliability with ultra-low recovery 
time. We consider the C-RAN topology where most RRHs are 
connecting directly to the BBU/BBUs pool via wireless links. 
Moreover, RRHs are connected to each other in a general mesh 
topology as illustrated in Fig. 2. Furthermore, downlink JT-

CoMP is used, where CoMP set cells are represented by RRH3, 
RRH4, and RRH5. This CoMP set serves a UE as shown in 
Fig. 1. 

III. APPLYING DC-NC CODING TO COMP IN C-RAN 

As a 5G wireless C-RAN utilizes downlink JT-CoMP to 
mitigate inter-cell interference, it needs to broadcast downlink 
information to several RRHs called a CoMP set. The redundant 
transmission consumes network resources. Reducing overall 
network resource consumption is important to overcome the 
limitations of wireless link capacity. In addition, due to weather 
changes or other environmental factors such as blockage, link 
failures can occur. To enhance resource utilization and improve 
the reliability with near instant link/node failure recovery, the 
DC-NC technique is very appealing, as depicted below.  

Fig. 3 shows the application of DC-NC coding to downlink 
JT-CoMP in a 5G wireless fronthaul C-RAN network, where a 
link failure is considered. In this scenario, a direct wireless link 
between the BBU/BBUs pool and most RRHs is considered. In 
addition, RRHs are connected to each other by wireless links. 
However, when the distance between RRH5 and BBU/BBUs 
pool is considered to be too great, no direct link exists with the 
BBU/BBUs pool, but RRH5 is connected to other RRHs and 
thus can reach the BBU/BBUs pool. For simplicity, the 
connections between the user(s) and the CoMP set RRHs are not 
shown in Fig. 3. However, it is similar to that in Fig. 1. Each 
fronthaul link is bi-directional. In this study, a downlink point-
to-multipoint network topology is considered to model the 
application of downlink JT-CoMP. The CoMP set RRHs are 
RRH3, RRH4, and RRH5. So that using the DC-NC coding 
method, four disjoint paths are needed to broadcast two data 
streams (for the same user or each one for different user) from 
the BBU/BBUs pool to all RRHs in the CoMP set. Utilizing 
direct links, data streams ݔଵ  and ݔଶ  are sent from the 
BBU/BBUs pool to RRH3 and RRH4 respectively. In addition, 
coded data ܿଵ  and ܿଶ  are formed in the BBU/BBUs pool as 
follows: ܿଵ = ଵݔଵଵߚ + (1) ܿଶ																																							ଶ,ݔଶଵߚ = ଵݔଵଶߚ +  (2)																																							ଶ,ݔଶଶߚ
then sent to RRH1 and RRH2 respectively. Where ൣߚ௜௝൧ is the 
parity generator matrix for ܿଵ and ܿଶ. Note that as multiplication 
and summation are performed in ܨܩ(2௠), they correspond to 
the AND and XOR operations respectively. RRH5 receives ݔଵ 

 
Fig. 1.  Group of cells team up as a CoMP set to serve a UE in wireless 
fronthaul C-RAN. 

Fig. 2.  Example C-RAN with wireless fronthaul network links. 



and ݔଶ  directly from RRH3 and RRH4 respectively. Hence, 
RRH5 receives both broadcasted data streams. RRH1 sends ܿଵ 
to RRH3 and RRH4. Coded data ܿଵ  and data stream ݔଵ are 
decoded in RRH3 to obtain ݔଶ as follows: ܿଵ̃ = ܿଵ  (3)																																									ଵ,ݔ	ଵଵߚ	+
and applying (1) to (3),  ܿଵ̃ = ଵݔଵଵߚ + ଶݔଶଵߚ + ଵݔଵଵߚ 	= ଶݔ (4)															ଶ,ݔଶଵߚ = ܿ̃ଵ/ߚଶଵ.																																															(5) 
 Note that the coefficients ߚ௜௝ are fixed and known at all nodes. 
Similarly, ܿଵ and ݔଶ are decoded in RRH4 to get ݔଵ as follows: ܿଵ̃ = ܿଵ  (6)																															ଶ,ݔ	ଶଵߚ	+
and applying (1) to (6),  ܿଵ̃ = ଵݔଵଵߚ + ଶݔଶଵߚ + ଶݔଶଵߚ 	= ଵݔ (7)															ଵ,ݔଵଵߚ = ܿ̃ଵ/ߚଵଵ.																																															(8) 
 If only standard routing were allowed, then the link that 
connects the BBUs pool and RRH1 would be only able to carry ݔଵ  or ݔଶ , but not both. Suppose we send ݔଵ  through this link; 
then RRH3 would receive ݔଵ  twice and not know ݔଶ  at all. 
Similarly, Sending ݔଶ poses the same problem for the RRH4. So 
that routing is insufficient because no routing scheme can 
transmit both ݔଵ  and ݔଶ  simultaneously to both destinations. 
Hence, by encoding the data ݔଵ  and ݔଶ  at the BBU, the 
throughput is improved by one-third in this application. This 
illustrated the network resource utilization enhancement of DC-
NC coding, which is similar to that of Network Coding.  

Wireless fronthaul network reliability can be improved by 
transmitting ܿଶ from RRH2 to the CoMP set RRHs. The coded 
data ܿଶ  will be ignored when there is no link failure. In the 
presence of a link failure, for example if the link from the 
BBU/BBUs pool to RRH3 fails, RRH3 detects the failure then 
recovers ݔଵ and ݔଶ by utlizing ܿଵ and ܿଶ as follows: 

Expressing (1) and (2) in a matrix form ቂܿଵܿଶቃ = ൤ߚଵଵ ଵଶߚଶଵߚ ଶଶ൨ߚ ቂݔଵݔଶቃ,																																	(9) 
Using the inverse matrix transform, ݔଵ and ݔଶ can be easily 

recovered. The parameters ௜௝ߚ	 ’s should be chosen such that ߚଵଵ, ,ଶଵߚ  .ଶଶ are linearly independentߚ ଵଶ andߚ

Therefore, RRH3 obtains ݔଵ and ݔଶ as follows: ቂݔଵݔଶቃ = ൤ߚଵଵ ଵଶߚଶଵߚ ଶଶ൨ିଵߚ ቂܿଵܿଶቃ.																													(10) 
Furthermore, if ܿଵ lost, RRH3 has ݔଵdirectly and ܿଶ then can 

quickly and easily form ܿ̃ଶ = 	 ܿଶ +  (11)																																							ଵ,ݔଵଶߚ	
and applying (2) to (11),  ܿ̃ଶ = ଵݔଵଶߚ + ଶݔଶଶߚ + ଵݔଵଶߚ = ଶݔ (12)													ଶݔଶଶߚ = ܿ̃ଶ/ߚଶଶ.																																															(13) 
 Similarly, data streams ݔଵ and ݔଶ can be recovered at RRH4. 
However, since ܿଵ will not be received by RRH5, if ݔଶ is lost, it 
can be easily and quickly obtained as shown in (11)- (13). 
Also, if ݔଵ  is lost, it can be easily and quickly obtained as 
follows: ܿ̃ଶ = 	 ܿଶ  (14)																																							ଶ,ݔଶଶߚ	+

and applying (2) to (14),  ܿ̃ଶ = ଵݔଵଶߚ + ଶݔଶଶߚ + ଶݔଶଶߚ = ଵݔ (15)													ଵݔଵଶߚ = ܿ̃ଶ/ߚଵଶ.																																															(16) 
As DC-NC coding has the ability to simultaneously recover 

from one link failure at each destination node [11], hence, in this 
example for a fronthaul network, DC-NC can recover from three 
link failures simultaneously (one failure for each targeted RRH), 
but NOT two or more links for the same RRH. In general, when 
link failures are associated with different RRHs, then DC-NC 
can recover from these simultaneous failures. For example, 
when ܿଵ  at RRH3, ݔଶ  at RRH4, and ݔଵ  at RRH5 fail 
simultaneously, DC-NC can recover from all these simultaneous 
failures since each failure belongs to a different RRH. However 
when more than one failure belongs to the same RRH , DC-NC 
cannot recover from these failures. For example, when ܿଵ and ݔଵ	fail simultaneously at RRH3, DC-NC cannot recover because 
both failures belong to the same RRH. 

Furthermore, in addition to link failure recovery, DC-NC 
coding can recover from one intermediate node failure [11] such 
as RRH1 because this corresponds to simultaneous link failures 
that are associated with different CoMP set RRHs. Also, when 
RRH2 fails, protection of the network will be lost i.e. ܿଶ, but, if 
this is the only failure, successful data communication can still 
be achieved. However, when more than one node failure occurs, 
DC-NC cannot recover from these failures because this will 
cause two or more link failures at the same targeted RRH. For 
example, when RRH1 and RRH2 fail simultaneously, DC-NC 
cannot recover since ܿଵ and ܿଶ will be lost simultaneously. 

 
Fig. 3.  DC-NC coding applied to downlink JT-CoMP in wireless fronthaul 
C-RAN, where the CoMP set RRHs are RRH3, RRH4, and RRH5. 



In this example network, we utilized four redundant links to 
protect from one link failure at each CoMP set RRH, which 
consists three RRHs. To protect the JT-CoMP network 
completely, another set of four links should be utilized as shown 
in Fig. 4 (note the addition of RRH6 and distribution of coded 
data ܿଷ). Hence, each RRH at the CoMP set has the ability to 
tolerate two simultaneous link failures. As only two links are 
required for each RRH at the CoMP set in this example network 
to deploy the JT-CoMP operation, complete protection to the 
network at the expense of redundant transmission links is 
provided. In general, to tolerate ݊ link failures for each RRH at 
the CoMP set that contains ݆ RRHs, ݆݊ + ݊ redundant links are 
required. 

It is clear that this work does not need to simulation because 
the link failure is taken into account regardless of the failure 
reason and it is shown mathematically how the JT-CoMP 
operation can be enhanced and protected by DC-NC coding 
scheme. The recovery latency is lower bounded by the time it 
takes to detect a facility failure which will vary from system to 
system. 

This will enhance network reliability with ability to tolerate 
multi-link failures at the same time in addition to near-instant 
link/node failures recovery. Therefore, both reliability and 
network resource utilization are improved by applying the DC-
NC coding scheme. 

Although in this study, we solely focused on applying the 
DC-NC coding scheme in a downlink JT-CoMP with a wireless 
fronthaul network that can simultaneously tolerate multi-link 
failures, our future work will investigate this approach to more 
general and complex network topologies that include optical and 
wireless links. 

IV. CONCLUSIONS 

This paper presented the application of our recently 
introduced coding technique, DC-NC, that synergistically 
combines Diversity and Network Coding, to improve the 

performance of downlink JT-CoMP in 5G wireless fronthaul C-
RANs. In this study, (most) all RRHs in C-RAN are connected 
directly to the BBU/BBUs pool via wireless links. It is shown 
that DC-NC has the ability to simultaneously recover from 
multiple link failures when these failures are associated with 
different RRHs. In addition, DC-NC coding can recover from 
one intermediate node failure. Furthermore, DC-NC networks 
can tolerate ݊ link failures for each RRH at the CoMP set that 
contains ݆ RRHs, however, ݆݊ + ݊ redundant links are required. 
Hence, applying DC-NC coding reduces the resource 
consumption in the network by about one-third, while 
simultaneously minimizing the impact on latency of multiple 
link/node failures in wireless fronthaul network links. 
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