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Abstract- The integration of both fronthaul and backhaul 
into a single transport network (namely, SG-Crosshaul) is 
envisioned for the future SG transport networks. This requires a 
fully integrated and unified management of the fronthaul and 
backhaul resources in a cost-efficient, scalable and flexible way 
through the deployment of an SDN/NFV control framework. This 
paper presents the designed SG-Crosshaul architecture, two 
selected SDNINFV applications targeting for cost-efficient 
resource and energy usage: the Resource Management 
Application (RMA) and the Energy Management and Monitoring 
Application (EMMA). The former manages SG-Crosshaul 
resources (network, computing and storage resources). The latter 
is a special version of RMA with the focus on the objectives of 
optimizing the energy consumption and minimizing the energy 
footprint of the SG-Crosshaul infrastructure. Besides, EMMA is 
applied to the mmWave mesh network and the high speed train 
scenarios. In particular, we present the key application design 
with their main components and the interactions with each other 
and with the control plane, and then we present the proposed 
application optimization algorithms along with initial results. 
The first results demonstrate that the proposed RMA is able to 
cost-efficiently utilize the Crosshaul resources of heterogeneous 
technologies, while EMMA can achieve significant energy savings 
through energy-efficient routing of traffic flows. For experiments 
in real system, we also set up Proof of Concepts (PoCs) for both 
applications in order to perform real trials in the field. 
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I. INTRODUCTION 

5G mobile transport networks will have to support 
multiple Cloud RAN functional splits in a flexible and unified 
manner [1]. This will allow for various degrees of Radio 
Access Network (RAN) centralization, varying from no 
centralization D-RAN (Distributed), to fully Centralized RAN 
(C-RAN). Thus, the 5G transport network will have to flexibly 
distribute and move base station functions across data centres, 
introducing another degree of freedom for resource 
management. In this context, the division between fronthaul, 
which is the interface between the Remote Radio Heads 
(RRH) and their associated centralized-processing units (Base 
Band Units, BBU), and backhaul will blur since varying 
portions of functionality of the base stations will be moved 
flexibly across the transport network as required for cost­
efficiency/performance reasons. In order to meet these 
requirements, we propose an adaptive and cost-efficient 
solution for future 5G transport networks integrating multi-
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technology fronthaul and backhaul segments into a common 
transport infrastructure, namely 5G-Crosshaul. This solution 
enables a flexible and software-defined reconfiguration of all 
networking elements through unified data and control planes 
interconnecting distributed 5G radio access and core network 
functions, hosted on in-network cloud infrastructure. 

This paper presents the key design aspects of the 5G­
Crosshaul architecture [2] and its main technological building 
blocks. On top of this architecture, two key SDN/NFV 
applications, namely the Resource Management Application 
(RMA) and the Energy Management and Monitoring 
Application (EMMA), are designed for managing the 
Crosshaul resources with the aim to improve energy efficiency 
and resource utilisation both cost-wise and performance-wise. 
• RMA: (i) to manage Crosshaul resources including 
networking, computing and storage resources in a flexible and 
dynamic way, (ii) to cope with the level and variation of 
demand expected from 5G Points of Attachment (5G PoA), 
(iii) to maximize the resource utilization and cost-efficiency 
while meeting various service requirements. 
• EMMA: to reduce energy consumption of the different 
Crosshaul elements. It is a special version of RMA with 
special focus on optimizing energy consumption and minimize 
energy footprint of the Crosshaul network. It also monitors 
and estimates the energy usage of the fronthaul and backhaul, 
providing monitoring data to other applications when required. 

The rest of the paper is organized as follows. Section II 
presents the design of the 5G-Crosshaul architecture, 
including control and data planes. Sections III and IV present 
the design of resource management and energy management 
application, the proposed algorithms and obtained results, and 
the setup of PoCs for conducting experiments in a realistic 
environment. In particular, we also apply EMMA to two 
special use cases of mmWave mesh networks and high-speed 
train scenarios. Finally, Section V draws our conclusions. 

II. 5G-CROSSHAUL ARCHITECTURE 

A. 5G-Crosshaul Architecture Concept 
Fig. 1 presents the architecture of 5G-Crosshaul defined in 

[2]. The design follows the principles of SDN architecture laid 
down by Open Networking Foundation (ONF) by decoupling 
data and control plane. Our design leverages the state-of-the­
art SDN and NFV architectures to maximize the compatibility 
and integration of the system design with the existing standard 
frameworks and reference specifications, and to allow the 
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C. RMA algorithm for pc-VNFP service 
To provide the PC-VNFP service the RMA algorithm tries 

to optimize the objective function U (-) . This is done in terms 
of: (i) VNF placement, i.e., placement of services on 
processing nodes in such a way that service requests are 
fulfilled, and (ii) Flow allocation, i.e., the computation of the 
optimal path for a t10w in such a way that the services demand 
is fulfilled. Since 5G-Crosshaul includes the possibility of 
deploying VNFs on XPU nodes and connecting XFEs through 
different transmission technologies, the optimization problem 
is formulated accordingly. In particular, the objective of RMA 
to perform PC-VNFP services consists in the following 
minimization: 

U = min(CVNF + C/ +Cd ) , (1) 

where CVNF is the cost associated with deploying a VNF over 

an XPU node; Cf denotes a fixed parametric cost associated 

with a transmission technology and Cd is a dynamic 
parametric cost associated with that technology. Costs are 
introduced as a penalty that the system incurs in case specific 
decisions are made. Overall cost minimization clearly yields 
the optimal solution. All costs are unit-less and serve the 
purpose of describing the differences between selected 
transmission technologies. The algorithm is formulated as an 
equivalent Integer Linear Programming (ILP) problem. The 
formulation focuses on minimization of the objective function 
defined in Eq. (1) , subject to different constraints that stand 
for the service. The ILP formulation relies on the work in [6]. 

D. Simulation Results 
The initial evaluation of the RMA algorithms for the PC­

VNFP service is performed through Matlab simulations of a 
random network topology including a deployment of 
switching and computing nodes as generic as possible. We 
consider two transmission technologies in the network, 
connecting the switching elements: Gigabit Ethernet and 
mmWave. As anticipated, the fixed cost of Ethernet is chosen 
to be higher than that of mmWave, but this is exactly the 
opposite for the dynamic cost.The latter is quantified whereby 
the link success probability p, E [0,1]. For Ethernet it is 
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function is computed as Cd = 1/ p, irrespective of the selected 
technology. The probability of success for mmWave links is 
obtained combining the work done in Table 1 [7] and Eq. (2) 
[8]. Due to the high attenuation, mm-wave links are typically 
confined in a relatively short-range depending on whether they 
are outdoor or indoor. Figure 3 shows that, as expected, the 
probability of success for mm Wave links decreases very 
rapidly with the distance between the transmitter and receiver 
and with the increase of the central frequency. Here, the 3GPP 
propagation model at 2.5 GHz is assumed. 

The RMA algorithm can select any of the technological 
options available for transmission (i.e., either Ethernet or 
mmWave). For evaluation, an ILP formulation in which t10ws 
are allocated in consecutive fashion is formulated. The 
fraction of used link resources is computed as 17=number of 
used links/total number of links separately for each technology 

option connecting XFEs and for the total number of used 
links. Table 1 shows the numerical values used in simulations. 

Table I· Numerical values used to obtain initial results 
Parameter 

Geographic area 
Coverage radius of a mm-Wave transmitter 
Percentage of XPU s and XFEs 
Percentage of video & voice flows 
Latency constraint for video & voice traffic 
Fixed cost [Eth, mmwave] 
Capacity [Eth, mmwave] 
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Figure 3: Probability of success for mm Wave technology as a 
function of distance between transmitter and receiver. Curves are 
shown for different propagation models and central frequencies. 

Figure 4 shows the utilization of various link technologies 
over the overall available links in the network, while 
increasing the total number of t10ws with a number of nodes in 
the graph equal to 30. It can be noticed that even in 
correspondence of 100 t10ws to allocate, the overall utilization 
of network resources remains below 50%. This result allows 
us to preliminary conclude that the objective of avoiding 
fragmentation in resources utilization has been achieved 
compatibly with the compound demand of t1ows. ' 
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Figure 4: Percentage of the total number of links used in a network 
with 30 nodes (XPUs+XFEs), while varying the number offlows to 

be allocated in the network on a Flow-by-Flow basis. 
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