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AbstrAct

To meet the explosive growth of mobile data 
traffic, ultra-dense networks have emerged to 
enhance spatial and spectral efficiency. Densely 
deployed small cell architecture faces several 
major challenges, including low infrastructure uti-
lization ratio, severe inter-cell interference, and 
so on. In this article, we aim to develop a novel 
super base station (SupBS) network architec-
ture to tackle these issues. The proposed SupBS 
architecture consists of two layers, namely, an 
infrastructure layer and a virtualized network 
layer. In the infrastructure layer, there are three 
key physical components: the hybrid heteroge-
neous radio unit pool, line interface switch unit, 
and computing resources pool. In the virtualized 
network layer, there are two logical modules 
designed on top of the three physical compo-
nents, namely, the virtualized base station and 
virtualized software defined core network. The 
two logical modules are designed to facilitate 
the use of the underlying three physical com-
ponents by reducing the energy consumption 
and processing delay. We present the function-
alities of the two virtualized modules and explain 
how they are utilized to create virtual networks. 
Moreover, we demonstrate a recently developed 
SupBS prototype, and provide an application 
scenario for this prototype in an Internet infor-
mation broadcast-storage system to show the 
advantages of our architecture.

IntroductIon
To accommodate the dramatically increased 
demand on extremely high service data rate in 
wireless communications, one promising and 
effective solution is to densely deploy a large 
number of small cells in radio access networks 
(RANs) to achieve high frequency reuse, name-
ly, ultra-dense networks (UDNs) [1]. However, 
the dense deployment of small cells also brings 
new problems, including low infrastructure utili-
zation, severe inter-cell interference, and so on. 
To address these issues, cloud-RAN (C-RAN) 
becomes a vital solution for achieving high energy 
efficiency and effective interference management 
[2] in UDN architectures.

C-RAN architecture was proposed by China 
Mobile in 2009 [3]. Since then, it has attracted 
much attention from both academia and industry. 
Following C-RAN, IBM and Alcatel-Lucent have 
proposed the wireless network cloud (WNC) and 
Light Radio, respectively [4, 5], as possible solu-
tions for future centralized wireless networks. The 
key idea of these architectures is to decouple the 
RF heads and baseband processing resources, 
which are usually co-located in traditional base 
stations (BSs). The decoupling process places 
remote radio heads (RRHs) at cell sites to provide 
wireless signal coverage, while congregating the 
baseband units (BBU) to form a BBU pool. This 
BBU pool can be shared among a large number 
of cells to achieve much more efficient utilization 
of processing resources and interference manage-
ment.

In China, extensive field trials of BS central-
ization have been carried out using commercial 
second generation (2G), 3G and pre-commer-
cial time-division Long Term Evolution (TD-LTE) 
networks at different scales. Reports indicated 
that with centralized deployment, the operat-
ing expenditure (OPEX) and capital expenditure 
(CAPEX) can be reduced by up to 53 and 30 
percent, respectively [3]. However, the afore-
mentioned work has mainly focused on solving 
existing problems in current RANs with extreme-
ly high OPEX and CAPEX. How to meet other 
important requirements for UDN in the central-
ized architecture, such as supporting ultra dense 
deployment of RRHs, extreme low latency, low 
power consumption [6], and seamless coverage 
for a variety of topologies [7], has become a crit-
ical challenge.

To tackle these new challenges, in this arti-
cle, we develop a novel network architecture for 
future UDNs, namely, super BS (SupBS). SupBS 
exploits the joint design of the RAN and core 
network by considering a two-layer framework: 
an infrastructure layer at the bottom to imple-
ment physical functions, and a virtualized net-
work layer on top of it to fulfill logical functions. 
For the infrastructure layer, the SupBS takes 
the computing resource pool (CRP) as its core 
component, supplemented by the hybrid het-
erogeneous radio unit pool (HHRUP) and line 
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interface switch unit (LISU). Logically, a virtual-
ized network layer is developed for the SupBS 
on top of the infrastructure layer, with two key 
modules named virtualized BS (VBS) and virtu-
alized software defined core network (VSDCN). 
Through dynamic resource sharing and intelli-
gent control, wide area distributed cooperative 
multi-point transmission, and seamless coverage 
over a variety of topologies, the SupBS archi-
tecture is expected to be superior to traditional 
cellular architectures.

The challenges faced by the SupBS architec-
ture include how to fully explore the efficient 
usage of the resource pool, effectively reduce 
the bandwidth requirements caused by extensive 
interconnections within the pool, address the low 
processing and energy efficiency for the pool to 
be commercialized, jointly design the core net-
work with lower power consumption, and mit-
igate the transmission latency for guaranteeing 
quality of service (QoS).

The main contributions of our work are in 
designing the key components in the two layers. 
First, for the infrastructure layer of the SupBS, our 
contributions include:

1. We propose a novel design of LISU by con-
structing a data switching network between the 
BBUs and RRHs so as to tremendously reduce 
bandwidth requirements of interconnection inside 
the BBU pool. Furthermore, with the LISU, our 
SupBS provides not only terrestrial radio access 
interfaces, but also additional interfaces (e.g., the 
satellite interface) for supporting more applica-
tions.

2. We design a heterogeneous CRP by inte-
grating digital signal processors (DSPs) and 
general-purpose processors (GPPs) to enhance 
processing and energy efficiency. The advantage 
of integrating DSP is obvious, since one LTE sub-

carrier (20 MHz bandwidth, 2-antenna configura-
tion) consumes around 50 W power using GPP, 
but only roughly 4 W with DSP [8, 9].

From the virtualized network layer perspective, 
our contributions include:

•To reduce the power consumption in the 
core network, we jointly design the RAN and 
core network in the SupBS, and propose a 
VSDCN logical architecture. In the VSDCN, the 
core network becomes software-defined enti-
ties running on a common hardware platform 
(e.g., GPPs) together with the VBS, constituting 
virtualized networks. An individual SupBS can 
contain multiple virtualized networks that can 
be shared by multiple virtualized operators. This 
architecture may open up new business models 
and increase the revenue of the infrastructure 
owner and network operators [10].

•To reduce the transmission delay, we develop 
a parallel middle layer software (PMLS) to accel-
erate protocol processing. The proposed PMLS 
exploits parallel processing to take full advantage 
and achieve high utilization of the resource pool. 
It is proved that the proposed parallel processing 
architecture can reduce the processing time by 
up to 80 percent for the LTE physical layer.

Additionally, we develop an application, name-
ly, a SupBS-based Internet information broad-
cast-storage (IIBS) system, to demonstrate how 
our SupBS reduces transmission latency. The pro-
posed SupBS-based IIBS system takes advantage 
of satellite broadcasting, information storage, and 
application acceleration function to deliver infor-
mation to end users directly, thereby significantly 
reducing the delay relative to conventional cellu-
lar networks [11].

The remainder of this article is organized as 
follows. We first introduce the infrastructure 
layer and its three components. Then we pres-

Figure 1. The architecture of the proposed SupBS.
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ent the concept of the virtualized network layer, 
along with its two key modules. Following that, 
we design a specific application, IIBS, based on 
the SupBS architecture to illustrate its advantages. 
Finally, we draw our conclusions.

InfrAstructure LAyer
In this section, we introduce the architecture 
of the SupBS. As shown in Fig. 1, the SupBS 
is composed of multiple virtualized networks. 
Each virtualized network can be further divid-
ed into an infrastructure layer and a virtual-
ized network layer. The infrastructure layer 
has three key components, HHRUP, LISU, and 
CRP, which are presented in this section. After-
ward, a SupBS prototype is demonstrated to 
verify the design.

The HHRUP provides pooled heterogeneous 
terrestrial radio heads and satellite. The LISU 
decouples RRHs and BBUs through constructing 
real-time mapping between the HHRUP and CRP, 
which greatly reduces the data transmission bur-
den within the CRP. The CRP incorporates both 
DSP and GPP computing resources, which are 
shared by the VBS, VSDCN, and user application 
acceleration platform so as to achieve efficient 
infrastructure utilization.

HHruP
HHRUP is the radio front-end of the SupBS. 
Unlike traditional BS and C-RAN architectures, 
the HHRUP contains hybrid and heterogeneous 
radio heads. The term “hybrid” means that the 
HHRUP includes both terrestrial radio access 
and satellite access heads, which is a distinctive 
and important characteristic of the SupBS. The 
term “heterogeneous” means that the HHRUP 
includes radio heads for different radio access 
modes, including 2/3/4G radio heads, WiFi 
radio heads, and so on. By incorporating satel-
lite, WiFi, and so on, the SupBS provides seam-
less coverage for the surface of land and sea, 
or even in the air, which extends the coverage 
from two-dimensional space to three-dimen-
sional space compared to traditional cellular 
networks. Since all radio heads are located at 
the same SupBS, advanced interference control 
strategies can be realized and implemented in 
practice.

LIsu
In the SupBS architecture, the LISU is a switch-
ing network between CRP and HHRUP. The data 
from HHRUP can be switched to any computing 
unit (CU, analogous to BBU in C-RAN) of CRP 
by the LISU. In traditional wireless networks, one 
radio head is usually dedicated to one BS. This 
static connection makes load balancing among 
different BSs difficult. In the C-RAN architec-
ture, the RRHs are connected with a BBU pool 
using optical fiber, and resource sharing can be 
achieved inside the BBU pool. However, the dis-
advantage is that high data transmission band-
width is needed between BBUs for data exchange; 
for example, a TD-LTE configuration with 20 MHz 
bandwidth and 8 antennas needs 10 Gb/s rate.

Note that the LISU is deliberately designed to 
reduce the bandwidth requirements caused by 
the interconnections of the BBUs inside the pool. 
The structure of LISU is shown in Fig. 1. It provides 

an “all-in-one” RRH interface solution. Each port is 
a replaceable interface module. It supports multi-
ple kinds of interface modules, including common 
public radio interface (CPRI), Open Base Station 
Architecture Initiative (OBSAI), intermediate fre-
quency (IF) interface, and so on. For the uplink, 
signals are passed from HHRUP to CRP, and vice 
versa for the downlink. With the help of the front-
end switching network, data exchange require-
ments inside the CRP is greatly reduced. As such, 
the LISU enables integration of interfaces in the 
SupBS for the new communication system with-
out introducing additional data transfer burden 
to the BBU pool. By providing satellite ground 
station interface, the LISU can incorporate the 
terrestrial and satellite telecommunication systems 
into one.

The typical switching latency caused by the 
LISU mainly depends on its switching chips. For 
instance, the switching latency of 80HCPS1848 
is 100 ns. Thus, the total latency caused by the 
LISU is approximately equal to the signal delay 
in an optical fiber of 30 m length. Usually, the 
optical fiber between the RRH and LISU can be 
several kilometers long. In this sense, the latency 
produced by the LISU would not cause a notable 
performance degradation.

For the design of LISU, there are several chal-
lenges. One is the design of an efficient routing 
algorithm. Not only do different transmission sce-
narios need to be included (i.e., one-to-one, one-
to-many, and many-to-one transmissions), but also 
the time and frequency synchronization mecha-
nisms need to be jointly considered in the routing 
algorithm due to the requirements of strict latency 
control and data sampling. Another challenge is 
the design of the control and management layer. 
Besides the self-management of the LISU, the real-
time response to the SupBS needs to be particu-
larly processed.

crP
The CRP is the main part of our SupBS. Physical-
ly, the CRP includes the computing unit cluster 
(CUC), server cluster (SEC), and storage cluster 
(STC). The reason for dividing the CRP into clus-
ters is that when the number of CUs gets very 

Figure 2. Infrastructure utilization of SupBS.
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large, it is very hard to make all CUs fully connect-
ed due to the great challenge of fully intercon-
necting hardware networks and stringent delay 
constraints.

Different from the conventional C-RAN archi-
tecture, where the BBU pool is composed of 
GPPs [3], the CUC consists of massive DSP arrays 
and embeded processors. The DSPs are mainly 
used to process tasks that have intensive digital 
signal processing demands, such as physical layer 
(PHY) processing and the higher-layer protocol 
processing in LTE systems. It is shown that to sup-
port the signal processing of an 8-antenna LTE 
cell, 2.5 Xeron CPU cores are required, and each 
core consumes about 25 W power [8]. For the 
same processing, using DSP only needs four DSP 
cores, and each core only consumes less than 1 
W of power [9].

One BBU cabinet using a commercial Xeron 
CPU server (with 2 Xeron CPUs, each with 8 
cores) consumes around 500 W power and 
supports around 7 LTE carriers. In contrast, one 
BBU cabinet of our prototype system consumes 
around 700 W power while supporting 20 LTE 
carriers. Therefore, for each LTE carrier, on aver-
age, our prototype consumes 35 W power, com-
pared to around 70 W using a commercial Xeron 
CPU server.

It is obvious that DSP has great advantages in 
both performance and power consumption for 
conducting digital signal processing. Compared 
to the GPP-only structure, integrating DSPs and 
GPPs in the CRP can achieve significantly more 
advantages and is promising in commercialization. 
In the CUC, embedded processors are dedicated 
for lightweight protocol stack processing [12]. To 
reduce transmission delay, they are close to the 
DSP arrays in physical location or even within the 
same chip.

The SupBS strategically incorporates SEC and 
STC as part of the BS, where the SEC mainly con-
sists of GPPs, while the STC is composed of stor-
age arrays. This can be regarded as an extension 
of the C-RAN architecture, where only GPPs are 
included in the BBU pool. In CRP, SEC and STC 
are used to support three main functionalities, the 

high layer software in the VBS, VSDCN, and user 
application acceleration platform. VBS’s high-layer 
software includes higher-layer protocol stack soft-
ware (e.g., L3 of an LTE system) and VBS’s man-
agement software. VSDCN is scalable software 
running on SEC and is introduced later.

The user application acceleration platform 
is also a highlighted functionality enabled by SEC 
and STC. It provides acceleration for various Inter-
net-based applications by moving the application 
server to the BS (i.e., the edge of network), which 
dramatically shortens the distance between users 
and servers. It also builds a platform in which third 
parties can implement innovative applications with 
high-throughput low-latency services. This new struc-
ture is very similar to integrating a content delivery 
network (CDN) within the BS, which brings new rev-
enue for operators. These three functionalities share 
the hardware of SEC, and all of them are scalable 
for various traffic or business needs.

In the centralized BS architecture, the infra-
structures of different functionalities are simply 
gathered together. In contrast, in our SupBS, all 
these functionalities (e.g., VBS, VSDCN, and user 
application acceleration platform) share the same 
hardware platform, which enhances the utiliza-
tion to a large extent. Figure 2 shows the utiliza-
tion comparison of using a heuristic simulated 
annealing (HSA) resource allocation scheme with-
in SupBS and a simple put-on-together (conven-
tional) scheme. It can be observed that the HSA 
scheme achieves significant higher infrastructure 
utilization compared to the conventional scheme.

A suPbs PrototyPe

Based on the proposed SupBS architecture, we 
have built a SupBS prototype as shown in Fig. 3. 
In this prototype, the HHRUP includes tradition-
al 2G and 4G remote radio heads. The LISU is 
implemented to support both CPRI and interme-
diate frequency (IF) interfaces. The CRP is con-
structed by both CUC and SEC. All the devices 
are controlled by a central controller, which per-
forms overall configuration. The SupBS prototype 
was tested with the TD-LTE systems. The proto-
col processing is executed in CUC, where L1 is 
implemented on DSP, and L2/L3 is on embedded 
processors. The test data shows that the LISU can 
support up to 40 Gb/s data transmission rate. IQ 
data from HHRUP can be efficiently transferred 
to any processing unit in CUC, which helps verify 
the proposed CUC resource sharing scheme.

It is shown that there is no system performance 
degradation compared to a traditional BS, where 
the resource is occupied exclusively. This initial 
prototype has demonstrated that the proposed 
SupBS architecture is effective and efficient. We 
are currently working on the implementation of 
virtualized network functions introduced in the 
following subsection.

VIrtuALIzed network LAyer
The virtualized network layer is implemented on 
top of the infrastructure, which consists of two 
key elements: VBS and VSDCN. Each VBS is allo-
cated with a slice of the infrastructure resource 
(HHRUP, LISU, CRP) and constructed from this 
slice of resource. The VSDCN is constructed with-
in the CRP. Both VBS and VSDCN occupy the 
infrastructure resources in a dynamic manner. 

Figure 3. The prototype of SupBS.
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Thus, a SupBS with flexible capacity and high utili-
zation efficiency can be achieved.

Setting up a virtualized network consists of 
several stages as detailed below. First, the SupBS 
allocates a slice resource of the infrastructure 
layer for the virtualized network. After the infra-
structure resource is allocated, a number of VBSs 
and VSDCNs are then created using this resource. 
Each virtualized network is in charge of at least 
one VSDCN and a number of VBSs. During the 
operating period, the resource occupied by the 
VBSs and VSDCNs changes dynamically accord-
ing to the traffic needs. At the end, when the 
virtualized network is no longer in use, the VBSs 
and VSDCNs are dismissed, and the resources are 
recycled back into the infrastructure layer.

In this virtualized architecture, all these virtual-
ized entities (e.g., VBS, VSDCN) share the same 
infrastructure platform, which increases the uti-
lization to a large extent. Thus, the unoccupied 
infrastructure can be kept in a low-power mode 
or even shut down. Therefore, this architecture 
can help bring down the power consumption. 
Through the realization of a virtualized network, 
our SupBS will be able to support a mobile vir-
tual network operator, enrich wireless network 
business models, enable diverse resource sharing 
strategies, and create new revenue sources.

VIrtuALIzed bAse stAtIon

Physical layer software, usually termed L1 software, 
is mainly composed of intensive signal process-
ing units, which are generally executed serially 
and thus time-consuming. In order to satisfy the 
strict time constraint (e.g., LTE requires about 15 
ms round-trip latencies and 1 ms subframe inter-
val [6]), software engineers have been struggling 
with the program optimization. In many cases, they 
even need to employ low-level primitive language 
(e.g., assembly language), which makes the design 
work more difficult and complex. It can be seen 
that this design methodology can hardly meet the 
challenge and requirements of 5G. In 5G networks, 
round-trip latency of around 1 ms will be satisfied, 
roughly an order of magnitude faster than LTE.

To address this issue, in the SupBS architec-
ture, we propose a common platform to support 
the operations of all VBSs, namely, PMLS. This 
platform provides a unified programming inter-
face for the VBS, and makes efficient use of paral-
lel computing to achieve high performance while 
increasing the infrastructure utilization. The PMLS 
is dedicated to dealing with the signal processing 
and supporting the realization of both physical 
layer and upper layer protocol stack software.

The main task of the PMLS is to reduce pro-
cessing time through parallel computing, increase 
the infrastructure utilization, and provide a unified 
program interface for signal processing software 
engineers. Through the PMLS, the resources can 
be dynamically added or removed according to 
the processing or traffic needs, which means that 
the VBSs can be reconfigured easily without inter-
rupting the service. Meanwhile, with the PMLS, 
the hardware becomes scalable. Specifically, 
when processing cards are inserted or extracted, 
the PMLS can dynamically add or remove these 
cards from the parallel processing resource pool, 
thereby achieving a flexible, programmable, run-
time reconfigurable SupBS.

The hierarchy of the PMLS is shown in Fig. 
4, which can be further divided into five layers. 
The top one is the application layer. The software 
for each VBS on this layer can be regarded as an 
application, and VBSs with heterogeneous modes 
— for example, LTE mode and time-division syn-
chronous code-division multiple access (TD-SCD-
MA) mode — can coexist and run in parallel.

The layer below the application layer is the sig-
nal processing program library layer. It provides 
all pre-verified functions for constructing a VBS, 
including PHY module and L2/3 protocol mod-
ule, including turbo coding/decoding, fast Fourier 
transform (FFT)/inverse FFT (IFFT), LTE radio link 
control (RLC) function, LTE PDCP function, and 
so on. All these functions are optimized, and the 
parallel programming technology is used for fur-
ther performance improvement. Take LTE PDCP 

Figure 4. The hierarchy and programming models of PMLS.
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function as an example. The PDCP is responsible 
for IP header compression and ciphering, which 
is independent for each packet. Thus, in the real-
ization of the PDCP function, the processing pro-
cedure can be divided into multiple tasks and 
performed by CUs in parallel.

To implement a VBS, the programmer can 
either directly call a VBS initiation function or 
integrate some predefined modules to build on 
their own. We thus claim that the designed signal 
processing program library layer can simplify the 
BS software design by breaking the static binding 
between software and hardware, which enables 
the programmer to assign the hardware resource 
for a VBS.

The next layer is the kernel layer, which is 
the core of PMLS. It has a memory control unit, 
hardware management unit etc. The key compo-
nent of kernel layer is its process management 
unit, which is dedicated for run-time parallel task 
scheduling. While the VBS is running, the pro-
cess management unit dynamically provides task 
scheduling and constructs the mapping between 
the tasks and hardware.

The lowest layer is the hardware management 
layer. It integrates drivers for various hardware 
(e.g., DSPs from different vendors). This enables 
the isolation of hardware from upper layers and 
increases the PMLS platform’s compatibility.

It is worth pointing out that there are a 
number of challenges to realize the PMLS. For 
example, to dynamically map the tasks onto the 
hardware, several factors need to be considered, 
such as the synchronization control between tasks 
while deploying dynamic mapping, the trade-off 
between performance and energy consumption, 
and load balancing of the CUs. For the program 
library design, it is also challenging to efficient-
ly increase the performance of the algorithm by 
using a parallel computing technique.

VIrtuALIzed softwAre-defIned core network

In traditional wireless networks, the core network 
usually has a number of entities. For example, LTE 
Evolved Packet Core (EPC) architecture includes 
the mobility management entity (MME), serving 
gateway (SGW), packet data network gateway 
(PGW), and home subscriber server (HSS) as 
the main functionalities. The telecommunications 

equipment manufacturers normally realize these 
entities in the form of different kinds of hardware 
equipment.

Specifically, Huawei has the product 
USN9810 for MME and UGW9811 for SGW 
and PGW. Due to the fixed scale and limited 
capacity of single equipment, the EPC may not 
be efficient to tackle various emerging challeng-
es in networks, such as the “tidal effect” (i.e., the 
traffic load varies with time [3, 5]) or network 
load imbalance. To guarantee the service quality, 
the service provider has to increase the capacity 
of the core network according to peak service 
requirements. This may lead to low utilization as 
peak service only occurs at low probabilities, and 
more than 70 percent of hardware resources are 
not actually used in off-peak periods during daily 
operation.

Motivated by the aforementioned problems, in 
the SupBS architecture, we propose the VSDCN 
and evolutionarily incorporate the core network 
as part of the SupBS. The VSDCN is an appli-
cation that provides services to users who are 
interconnected by the RAN. It implements all the 
functionalities in the traditional core network in 
software and runs on the common platform.

As shown in Fig. 5, in each VSDCN realiza-
tion, there are two main planes: the control plane 
and data plane. The control plane integrates all 
control entities (i.e., MME, SGW-C, PGW-C, etc.), 
where the SGW-C and PGW-C stand for the con-
trol function of SGW and PGW, respectively. The 
data plane includes SGW-D and PGW-D and so 
on, where the SGW-D and PGW-D represent the 
data link of SGW and PGW.

To tackle dynamic traffic needs, the control 
plane may create new data links or release data 
links without modification of the control plane 
and assign the data links according to the ses-
sions’ quality of service (QoS) requirements. Dif-
ferent from traditional core network equipment, 
which have specific hardware, all the VSDCN 
functions are software-based and realized on SEC. 
This indicates that the scale of each VSDCN reali-
zation is no longer bounded by the hardware and 
can rapidly expand or shrink.

Moreover, in our SupBS, the VSDCN shares 
the same hardware server platform with appli-
cation acceleration functionalities. In this case, 
when the hardware resource is not occupied by 
the VSDCN, it can be allocated to application 
acceleration functionalities or kept in a low-pow-
er mode to achieve optimal utilization. Further-
more, several VSDCN entities can be created and 
coexist in the same hardware, which means that 
the VSDCN can be shared by different operators. 
This can also bring new income for the operators. 
Since all VSDCN realizations are within SupBS, 
the VSDCN has a global view of the whole net-
work. Thus, the control entity is enabled to imple-
ment global load balance, even among different 
operators, which dramatically improves the net-
work utilization efficiency.

cAse study: 
A suPbs-bAsed IIbs system

With the built-in virtualized network and user 
application acceleration platform, SupBS is well 
suited for a wide variety of services. Here we pres-

Figure 6. The architecture of SupBS-based IIBS.
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ent a SupBS-based IIBS system to demonstrate the 
merits of SupBS.

According to the Statistical Report on Inter-
net Development in China, the Internet penetra-
tion rate in China is still not high; it was only 46.9 
percent by the end of 2014. The low Internet 
penetration rate results in an information barrier, 
especially in remote areas. Meanwhile, the con-
tinuous increase of Internet users brings a heavy 
burden on the backbone network. The bandwidth 
growth of the network cannot catch up with the 
growing demand.

In [11], an IIBS system was proposed to tackle 
the aforementioned issues. In IIBS, the aggregated 
and selected information is first sent to the sat-
ellite periodically, then broadcast to distributed 
servers by the satellite, and finally pushed to end 
users by servers.

The proposed SupBS can be used to implement 
the IIBS system, where the SupBS can serve as 
the center that temporarily stores the information 
received from the satellite, as shown in Fig. 6. This 
is a natural implementation since the SupBS inte-
grates the functionalities of satellite ground station 
and Internet server. In this SupBS-based IIBS sys-
tem, the SupBS can receive the aggregated infor-
mation from the satellite in off-peak time (e.g., at 
night), and pushes this information to the subscrib-
ers who have ordered them. For example, in the 
morning, the subscribers can receive newspapers 
and magazines. Thus, the SupBS-based IIBS sys-
tem delivers the information to wireless end users 
directly. This implementation scheme can dramati-
cally extend the coverage of the IIBS system.

Furthermore, with the SupBS, the routers 
between the information source and users can 
be reduced to less than three. This means that the 
SupBS-based IIBS system can effectively reduce 
the stress of the backbone network, cut the delay, 
and enhance the information security.

concLusIon
In this article, we propose SupBS as a new net-
work architecture toward UDNs. The concept of 
the SupBS is introduced, along with its main differ-
ences from traditional BSs and C-RAN. Then we 
explain the key physical components, HHRUP, 
LISU, and CRP, in the SupBS architecture, and 
present a SupBS prototype to verify the architec-
ture design. From the perspective of logical com-
position, we introduce VBS, VSDCN, and network 
virtualization within the SupBS. Finally, we present 
one representative application, the SupBS-based 
IIBS system, to illustrate the advantages of the 
SupBS architecture.
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