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INTRODUCTION

With the maturity and wider deployment of
fourth generation (4G) networks, future 5G
technologies have become a research focus. As
industrial progress accelerates, some achieve-
ments have been presented [1, 5]. Several white
papers have been published by various organiza-
tions such as Next Generation Mobile Networks
(NGMN), IMT-2020, Mobile and Wireless Com-
munications Enablers for 2020 Information Soci-
ety (METIS), 5G Infrastructure Public-Private
Partnership (5G PPP), and others, while some
proofs of concepts (PoCs) have been developed
to allow people to have a quick grasp on 5G.
Although the understanding of 5G may still dif-
fer among different people, there is a wide con-
sensus that 5G should be a software defined
network with the benefits of flexibility, quicker
time to market, unified management, and flour-
ishing applications [1]. Network functions virtu-
alization (NFV) [2] is a strong technology
candidate toward this end, and cloud radio
access network (C-RAN) [3, 4] is an NFV

instance on the RAN side to achieve soft RAN.
First proposed by China Mobile [3], C-RAN
centralizes baseband processing units and virtu-
alizes them into a resource pool. C-RAN has
been viewed as a promising 5G RAN architec-
ture. In addition to softness, C-RAN could also
bring operators such benefits as quicker network
deployment, system performance improvement,
and energy savings. 

On the road of C-RAN realization, the front -
haul (FH) issue has been one of the biggest
challenges. An FH connection is a link between
a baseband unit (BBU) and a remote radio head
(RRH). Typical FH interfaces include the com-
mon public radio interface (CPRI), open base
station architecture initiative (OBSAI), and
open radio interface (ORI). The data rate of the
FH connection for Long Term Evolution (LTE)
is on the order of gigabits per second. The com-
mon FH solution in C-RAN is to use dark fiber.
Due to the high FH data rate, centralization
requires consumption of a number of fiber cores,
which are scarce and not easy to afford.
Although other transport technologies such as
wavelength-division multiplexing (WDM) and
optical transport network (OTN) could save
fiber consumption, the cost of the introduction
of additional transport equipment makes eco-
nomic viability a concern of operators. Because
of the concern regarding FH cost, some opera-
tors are still not very convinced of the merits of
C-RAN deployment. Therefore, enabling large-
scale C-RAN deployment in 5G requires reduc-
ing the FH bandwidth. 

Current FH interfaces could also raise new
issues for C-RAN in an NFV environment. C-
RAN is supposed to run on general-purpose
platforms (GPPs) consisting of standard IT
servers, storage, and switches. However, the
GPP platform does not provide an FH interface
for telecom applications. To support FH, either
a new interface should be created on the GPP
platform or an adapter card is needed, both
complicating the system and introducing addi-
tional cost. It would be desirable for the 5G FH
interface to be based on existing GPP interfaces
to maximize efficiency and save cost. 

In addition, scalability issues exist for today’s
FH technology to support widely discussed 5G
technologies, including large-scale antenna sys-
tems (LSASs), coordinated multipoint (CoMP)
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processing, and so on. Take LSAS as an exam-
ple. It is possible that a 5G RRH could be
equipped with 64 or even 128 antennas. With
LTE, the FH bandwidth will rise to 100 Gb/s, at
which point it is unaffordable. It is clear that the
impact of the number of antennas on FH should
be minimized to the greatest extent possible. 

The industry is gradually realizing the defi-
ciencies of current FH solutions as well as their
importance to 5G, and making efforts on
improvements. In NGMN, schemes of the BBU-
RRH function split are analyzed, aiming to
reduce the FH bandwidth to facilitate C-RAN
deployment [5]. ORI is studying compression
technology to reduce the CPRI data rate. The
CPRI Forum has begun the discussion on radio
over Ethernet, the idea of which is to use Ether-
net to transport the CPRI stream, while in the
IEEE, the IEEE 1904.3 Task Force was founded
recently, targeting the design of CPRI encapsu-
lation on Ethernet packets [6, 7]. In addition,
IEEE 802.1 TSN decided very recently to initiate
the development of a potential new work item
on time-sensitive networking for FH. The IEEE
1588 Working Group is also considering adding
optional specialized solutions to the next edition
of IEEE 1588 to enable enhanced synchroniza-
tion accuracy for FH. 

Despite these continuous efforts, from China
Mobile’s perspective we think that much more
effort is required. The current improvements
have not touched the root of the FH itself. A
new FH interface is required to better support
C-RAN large-scale deployment, NFV realization
in baseband virtualization, as well as serving
other 5G key technologies. 

In this article, we share our ideas on the
future FH, the called next-generation FH inter-
face (NGFI). From CMCC’s perspective, a desir-
able NGFI should have dynamic bandwidth with
traffic variation, be antenna-independent and
packet-based, and support collaborative tech-
nologies. We describe the shortcomings of CPRI
and the definition of NGFI. We elaborate on the
design principles of NGFI, while the major
impact and challenges of FH transport networks
are presented, followed by conclusions. 

DEFINITION OF NGFI
In this section, we describe our view on what the
NGFI should look like and the major advantages
we expect from such an interface redesign. In
this and the remaining sections, we use CPRI as
an example of traditional FH protocols since it is
the most widely used and the basis for other FH
interfaces such as ORI.

Figure 1 shows a C-RAN network architec-
ture combining the ideas of software defined
network (SDN) and NFV, which consists of a
radio cloud center (RCC), an NGFI-based FH
network, and new types of RRHs. An RCC pro-
vides a cloud platform consisting of standard IT
servers, storage, and switches. In an RCC all the
radio access network functions appear as soft-
ware applications running in virtual machines
(VMs). Furthermore, in an RCC, the control
plane and user plane can be separated based on
the wireless performance requirements. Under
this network architecture, an NGFI is proposed

to connect an RCC and new RRHs. Compared
to traditional RRHs, a new RRH contains not
only radio processing but also partial baseband
processing. What kind of baseband processing
should be included in an RRH is discussed later. 

REVISITING CPRI 
The CPRI helps separate the BBU and RRH to
enable the deployment of distributed base sta-
tions. Although in traditional networks the CPRI
is mainly deployed with short distances, usually
on the order of several meters or several hun-
dred meters, it can support up to 40 km between
the BBU and RRH. CPRI has been working
well for traditional mobile networks including
2G, 3G and 4G. With networks evolving to 5G,
the following three factors make CPRI more and
more unsuitable to accommodate such an evolu-
tion: 
• Constant data rate due to synchronous digi-

tal hierarchy-based (SDH-based) transmis-
sion mode [6]

• Fixed one-to-one correspondence between
RRH and BBU

• Sampling I/Q data rate dependent on the
number of antennas
First, mobile traffic varies in the temporal

dimension. For example, the data traffic in an
office area is high in the daytime but plummets
at midnight. For dense urban areas, the tidal
wave effect is noticeable. However, the CPRI
data stream is SDH-like [6], which means that it
is constant regardless of the change of traffic
even when there is no traffic at all. This then
leads to low utilization efficiency. 

Second, with CPRI an RRH has a one-to-one
correspondence to a BBU. The relationship is
configured offline. It may cause concern in the
context of C-RAN. In C-RAN, the BBUs are

Figure 1. C-RAN network architecture with NGFI.
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centralized and virtualized in a pool. Reliability
becomes extremely important as each pool takes
care of thousands of users. Therefore, for the
sake of protection, it would be desirable if in C-
RAN, one RRH could be automatically switched
to another BBU pool. Current CPRI, however,
does not support such flexible and automatic
rerouting. 

Finally, the CPRI bandwidth is dependent on
the number of antennas. As the number of
antennas increases, the CPRI data rate increases
in proportion. This could become a major hin-
drance for CPRI’s applicability in 5G as far as
multiple-antenna technologies are concerned. 

Based on the analysis above, we believe that
a new FH interface is required to better support
the 5G evolution. 

NEXT-GENERATION FRONTHAUL INTERFACE
The purpose of designing a new FH interface is
to facilitate C-RAN deployment, to make it
compatible with GPP platforms and scalable
enough to support the evolution to 5G. 

We define the new FH as the NGFI between
the BBU and RRH with the following four fea-
tures: 
• Its data rate should be traffic-dependent

and therefore support statistical multiplex-
ing. 

• The mapping between BBU and RRH
should be one-to-many and flexible. 

• It should be independent of the number of
antennas. 

• It should be packet-based, that is, the FH
data could be packetized and transported
via packet-switched networks. 
A traffic-aware FH interface could fully lever-

age the tidal wave effect of mobile networks so
that the FH data rate is variable with traffic
change. This way the FH transmission efficiency
is improved. With a reduced average data rate, it
will increase the likelihood of FH transport net-
works to deploy C-RAN. The antenna-indepen-
dent feature ensures that the NGFI can support
5G antenna technologies. The packet-based fea-
ture makes it possible to use Ethernet to trans-
port FH data. The benefits would be manifold.
First, an Ethernet interface is the most common
interface on standard IT servers, and the use of
Ethernet makes C-RAN virtualization easier and
cheaper. Then Ethernet can fully make use of
the dynamic nature of NGFI to realize statistical
multiplexing. The flexible routing capability
could also be used to realize multiple paths
between a BBU pool and an RRH. 

With the novelty of NGFI, it is clear that it
will have a great impact on the FH transport
network. In the following sections, we elaborate
on our design principles for NGFI, and analyze
the impact and challenges confronting FH trans-
port network design. 

RETHINKING THE
BBU-RRH FUNCTION SPLIT

Traditionally, the baseband-related functions
are processed by the BBU while the RRH pro-
cesses radio frequency related functions. It is
this simple partitioning that leads to the short-
comings of CPRI, as mentioned above. There-
fore, the NGFI design should start with a
paradigm shift by rethinking and redesigning
the function split between BBU and RRH.
Moreover, the function split between BBU and
RRH may be different according to the band-
width and latency of FH, which is adaptive to
different scenarios. 

DECOUPLING THE FH BANDWIDTH FROM THE
NUMBER OF ANTENNAS

The air interface bandwidth per carrier on 2G,
time-division synchronous code-division multiple
access (TD-SCDMA) and time-division LTE
(TD-LTE) are 0.2 MHz, 1.6 MHz, and 20 MHz,
respectively. Correspondingly, FH transport
bandwidth per carrier is 30 Mb/s, 400 Mb/s, and
10 Gb/s [8], respectively. At the same time, FH
is facing a bandwidth explosion, considering the
rapid traffic growth in 5G (potentially 1000× by
2020). Compared to the air interface bandwidth,
the existing FH interface transportation efficien-
cy is low. One of the most important reasons is
that FH bandwidth is proportional to the num-
ber of antennas. In order to increase transport
efficiency, a BBU/RRH function split scheme
should enable NGFI to decouple FH bandwidth
and the antenna number. 

Taking TD-LTE and a large-scale antenna
system (LSAS) as an example, an 8-antenna
TD-LTE carrier FH bandwidth is 10 Gb/s
based on the current BBU/RRH function split.
If it is a 128-antenna LSAS system, a TD-LTE
carrier FH bandwidth will increase to 160 Gb/s.
Thus, the existing FH faces a big challenge
with the increase of the number of antennas.
In order to reduce the bandwidth, one poten-
tial idea is to redesign the BBU/RRH function
split, that is, the antenna related functions
should be moved to the RRH and the non-
antenna related functions should remain on the
BBU. In particular, in order to phase out the
effect of the number of antennas, it is pro-
posed that antenna related functions (e.g.,
downlink antenna mapping, fast Fourier trans-
form [FFT], channel estimation, equalization)
should be moved from the BBU to the RRH.
It is shown that an LTE carrier FH bandwidth
may decrease on the order of 100 Mb/s no
matter how many antennas are used [9]. There-
fore, FH bandwidth will decrease significantly
if the BBU/RRH function split can decouple
non-antenna-related processing and antenna-
related processing. 

Table 1. Statistical data of traffic load of site 1.

Site 1

Peak Valley

RB (%) BH
(Mb/s) Duration RB (%) BH

(Mb/s) Duration

DL 83.54 175 15: 30~
16: 00 0.72 0.96 0: 30~

6: 00

UL 20.19 12.5 15: 00~
15: 15 3.02 0.23 1: 30~

6: 30
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DECOUPLING CELL/UE PROCESSING

Dynamic variation is a major feature of wireless
traffic. The tidal wave effect is obvious in many
wireless deployment scenarios such as residen-
tial, office, and commercial districts. Moreover,
the traffic load of most areas is usually in the
valley between late night and early morning. 

In order to quantify wireless traffic features,
a TD-LTE traffic investigation on a commercial
LTE network was done via network monitoring
systems. There were six base station sites in the
investigation, each having at least three carriers.
Two of them are indoor distributed systems
while the others are outdoor macro base station
sites. The investigation period was 7 days during
which the traffic load was sampled and collected
by network monitoring systems every 15 minutes. 

In Table 1, Table 2, and Table 3, the statisti-
cal traffic load of two TD-LTE base station sites
is shown where DL means downlink and UL
means uplink. Site 1 is an indoor site and site 2
is an outdoor site. In the table, RB means
resource block utilization, which is expressed as
a percentage. BH means backhaul transportation
bandwidth, which is in the unit of megabits per
second. The duration of peak/valley is the abso-
lute time in 24 hours. The duration of average
load is the time length during which traffic load
distributes in [average load–1%, average
load+1%]. Based on the statistical data, several
traffic load features were observed: 
• The tidal wave effect is obvious in the test

districts, where the traffic load is almost
zero for 12 hours. 

• Even when the site is at peak status the RB
usage is not high. The duration of a site at
peak status is short, usually not exceeding
30 minutes. 

• The probability that different sites are
simultaneously in peak status is almost
zero. 

• When the site is at valley status the RB
usage is low and the duration is long, usual-
ly exceeding two hours. 

• Different sites are frequently in valley status
at the same time. Moreover, the overlap-
ping time is long among different sites. 

• Most of the time the traffic load stays at the
average level, which is low. 
Based on the above observations, it is clear

that constant-rate FH transport does not match
the mobile traffic features, which results in a
waste of resources. To address this issue, we first
observe that the existing baseband processing
can be divided into cell processing and user
equipment (UE) processing. Cell processing is
irrelevant to traffic load and is fixed no matter
how many UEs are active. Some examples of
such processing units in LTE include inverse
FFT (iFFT)/FFT), cyclic prefix (CP) addition/
removal, cell-specific reference signal/primary
synchronization signal/secondary synchronization
signal (CRS/PSS/SSS) generation, and physical
broadcast channel (PBCH) processing. It is
therefore proposed to move these cell processing
functions from the BBU to the RRH, that is,
decoupling the cell and UE processing. 

If cell processing is moved from the BBU to
the RRH, the FH bandwidth will be lower and

load-dependent. The load-dependent feature
gives an opportunity to exploit the statistical
multiplexing gain when it comes to FH transport
network design for C-RAN deployment. Thanks
to statistical multiplexing, the bandwidth needed
for transport of a number of FH links in C-RAN
could be greatly reduced, thereby diminishing
the cost. 

Cell/UE processing decoupling can further
help reduce power consumption and enhance
network reliability. This is because cell basic cov-
erage signal processing is a kind of cell process-
ing. Therefore, cell basic coverage will be
provided by the RRH if cell processing functions
are moved from the BBU to the RRH. On one
hand, BBU software can be switched to a dor-
mant state to save power when there is no active
UE. On the other hand, RRH is able to provide
continuous air interface coverage, even when a
BBU breaks down. This way, it provides suffi-
cient time for BBU fault processing. 

FOCUSING ON HIGH-PERFORMANCE-GAIN
COLLABORATIVE TECHNOLOGIES

CoMP has been viewed as one of the important
5G technology candidates to improve system
performance, which can be divided into two
classes: medium access control (MAC) layer
coordination and physical layer coordination.
For example, collaborative scheduling is one of
the MAC layer coordinated mechanisms. Joint
reception (JR) and joint transmission (JT) are
physical layer coordinated technologies. The
design of NGFI should take into account sup-
port for CoMP. The above two principles lead to
a low-bandwidth traffic-dependent FH. In the
meantime, some physical-layer-coordinated tech-
nologies are difficult to implement since some
collaborative information has be processed and
terminated by an RRH. Fortunately, it is found
that the performance gain of JR/JT decreases
significantly as the number of antennas increases

Table 2. Statistical data of traffic load of site 2.

Table 3. Average load distribution.

Site 2

Peak Valley

RB (%) BH
(Mb/s) Duration RB (%) BH

(Mb/s) Duration

DL 20.38 144 13: 30~
13: 45 0.70 0 21.00~

8.15

UL 47.06 34.2 14: 00~
14: 15 3.00 0 21.00~

8.15

Site1 Site2

RB (%) BH
(Mb/s)

Duration
(hours) RB (%) BH

(Mb/s)
Duration
(hours)

DL 3.29 3.95 4.3 1.27 2.20 22

UL 4.22 0.31 15 4.00 0.40 22
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[10]. Moreover, it is also found that MAC-level
collaborative technologies can bring comparable
performance gains with lower complexity, easier
implementation, and fewer constraints. 

In order to verify this, a CoMP field trial was
conducted in 2014 in which two CoMP schemes
including JT and CS were examined and com-
pared. The testing zone was a central business
district including around 7000 active user equip-
ments (UEs), which is a typical CoMP test sce-
nario. It was covered by 35 base stations with
different antenna heights in which inter-cell
interference is serious because of the high-ratio
overlapping area. 

Test results show that cell edge UE through-
put increased by 127.45~173.65 percent when
the serving cell reference signal received power
varied from –88 dBm to –106 dBm. Table 4
shows the utilization factor of JT, CS, and the
CoMP application. In Table 4, CoMP/Total
means the utilization factor of CoMP, which is
defined as the ratio of the number of CoMP
transmission time intervals (TTIs) to the total
number of test TTIs. Similarly, JT/CoMP and
CS/CoMP are defined as the ratio of the number
of JT and CS TTIs to that of CoMP TTIs,
respectively. 

From Table 4, it is found that the network
load growth results in a small reduction of CS
usage. For example, when the network load
increases to 100 percent, the usage ratio of CS is
still around 75 percent, similar to other cases.
The usage of JT is only around 25 percent, much
lower than CS. It is therefore fair to say that
most of the performance gain is contributed by
CS. Compared to JT, CS does not need complex
matrix computing. It is easier to implement CS
with current base station equipment. On the
contrary, JT performance is influenced by anten-
na calibration accuracy, channel estimation accu-
racy, and channel variation speed, all requiring
high FH bandwidth. 

The test results demonstrated that MAC-level
collaborative technologies could solve most net-
work interference. Therefore, NGFI design
should focus on high-performance gain collabo-
rative technologies rather than all the collabora-
tive technologies. This principle provides
guidance on how to make a trade-off between
wireless and FH performance. 

RETHINKING FH TRANSPORT
Earlier, it was pointed out that a desirable FH
interface should be packet-based, which makes it
easy to transmit by packet-switched networks,

especially Ethernet. This could make full use of
the advantages of Ethernet to achieve multi-
point-to-multipoint connection, statistical multi-
plexing, flexible routing, and so on. However,
the adoption of Ethernet also introduces new
challenges. In this section, we analyze such chal-
lenges and propose potential solutions. 

RELIABLE SYNCHRONIZATION ON
PACKETIZED NETWORKS

Time-division multiplexing (TDM) systems
require strict synchronization that includes two
aspects: frequency and time (or phase). For TD-
SDMA and TD-LTE, the accuracy of frequency
synchronization should be in the range of ±0.05
ppm, while the accuracy of time synchronization
should be in the range of ±1.5 ms [11]. 

In CPRI three types of data including wire-
less protocol data, synchronization data, and
control and management data are packaged
together and transmitted in TDM mode. Upon
receiving the CPRI frames, the clock and data
recovery (CDR) circuit of an RRH can extract
the frequency information to achieve frequency
synchronization. Meanwhile, the CPRI transport
time is nearly constant and can be measured by
the BBU. Based on the measurement, the timing
between the BBU and RRH can be configured
in advance. With the timing information extract-
ed from CPRI frames, time synchronization at
the RRH can be achieved. 

For Ethernet–based NGFI, as opposed to
CPRI, the transport time of FH data is no longer
constant due to the packet-switched nature of
Ethernet. As a result, frequency and time syn-
chronization between the BBU and the RRH
potentially becomes difficult. To address this
issue, one potential solution is to use a syn-
chronous Ethernet (SYNC-E)/1588v2 hybrid net-
work. The working principle of SYNC-E is
similar to CPRI as both use 8B/10B encoders in
the physical layer. Therefore, high-accuracy fre-
quency synchronization can still be achieved [12]. 

To achieve time synchronization, a potential
solution is to use 1588v2, which is a high-accura-
cy time synchronization protocol based on pack-
etized networks. In order to meet the high time
synchronization requirement, a 1588v2 module
should be added in both the BBU and RRH. At
present, the accuracy of 1588v2 is on a magni-
tude order of 100 ns for one hop [13]. The major
issue of 1588v2 when adopted in RRHs is the
time hopping issue since an RRH only obtains
time offset information between it and the BBU.
Time hopping could result in discontinuous
transmission on RRHs, which is intolerable for
mobile communications. One potential solution
is to use a frequency adjustable oscillator to cali-
brate time in the RRH, which can adjust the
oscillator frequency gradually to ensure a contin-
uous time variation. 

When it comes to support for MIMO or TX
diversity transmission technologies, the time syn-
chronization requirement is stricter, and should
be in the range of ±65 ns [14]. This imposes a
big challenge for Ethernet-based NGFI even
when 1588v2 is leveraged. More efforts are
needed to figure out how to meet the ±65 ns
time synchronization requirement such as

Table 4. Utilization factor of JT and CS.

Network load JT/CoMP CS/CoMP CoMP/Total

20% 20.04% 79.96% 42.02%

50% 18.09% 81.91% 34.43%

70% 20.89% 79.11% 54.33%

100% 24.89% 75.11% 47.31%
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deploying a GPS antenna on the BBU, improv-
ing the accuracy of timestamps, increasing clock
frequency, and optimizing the deviation adjust-
ing algorithms. 

RELIABLE DATA TRANSPORT ON
PACKETIZED NETWORKS

In Fig. 2, an example of FH topology of a C-
RAN system is shown. All the RRHs are con-
nected to a BBU pool through a ring Ethernet
network. There are multiple routes between the
BBU and RRH to help to enhance network reli-
ability. When one of the routes fails, FH packets
can be transported through another route. 

FH downlink data is encapsulated with the
Ethernet header in the BBU and de-encapsulat-
ed from the Ethernet header in the RRH and
vice versa for the uplink. In Fig. 2, the structure
of NGFI-supporting Ethernet packet is pro-
posed. It includes the traditional Ethernet head-
er, the NGFI header, and the payload. The
source MAC address, destination MAC address,
and packet type are filled in the traditional Eth-
ernet header. The packet type here is the new
NGFI type to distinguish NGFI packets from
other packets. The NGFI header consists of the
NGFI packet sub-type, the packet length, and
the reserved field for protocol extension. There
could be at least two NGFI packet sub-types,
one for wireless data, and the other for control
and management data. For the control and man-
agement types, it may include the link delay test,
link status monitoring, RRH configuration, and
RRH status report. 

In CPRI jitter is negligible, while it is com-
mon and unavoidable in Ethernet-based NGFI
since all the packets are processed in every net-
work node based on the store-and-forward pat-
tern. Therefore, transport latency fluctuates over
a range. In order to meet RRH air interface tim-
ing, an appropriate circular buffering may be
needed in the RRH. On one hand, data packets
can be sorted in order. On the other hand, data
is continuously sent to the air interface because
the transport jitter can be isolated by the buffer. 

The maximum transport latency is another
big factor influencing FH transport performance.
Take China Mobile’s current packet transport
network (PTN) as an example. For PTN equip-
ment, the processing time of one hop is 50 ms
[15]. A typical PTN ring consists of 6 nodes
(hops) and has 20 km length. The transmission
time of fiber for 20 km is 100 ms. In the case of 6
hops, the total delay is 100 + 50*6 = 400 ms.
However, a RAN has strict timing requirements.
For example, it is specified by the Third Geera-
tion Partnership Project (3GPP) that in LTE
from the instant a RRH receives a frame from
UE, within 3 ms it must respond by beginning to
transmit the responding DL frame. The 3 ms
time budget is consumed by BBU processing,
RRH processing, and FH transportation, which
includes the transmission latency on fiber and
processing latency by FH nodes. The more time
the BBU and RRH processing takes, the less
budget can be allocated to FH transport. As a
result, the maximum allowable transport latency
for FH networks requires co-design from both
the wireless and transport perspectives. 

CONCLUSIONS
Traditional FH interfaces are not suitable for 5G
technologies such as C-RAN, NFV, and LSAS
due to the features of SDH-based transmission,
point-to-point connection, and low transmission
efficiency. In this article, a new FH interface
called the next-generation fronthaul interface is
proposed. The design principles are described,
and the major impact, challenges, and potential
solutions of and for FH transport networks are
analyzed. NGFI requires redesign of the BBU-
RRH function split and packetization of FH
data. By decoupling the FH bandwidth from the
antenna number, NGFI can better support large
antenna technologies. With decoupling of cell
and UE processing, the NGFI data rate varies
with traffic change, which enables exploiting the
statistical multiplexing gain to improve efficien-
cy. The use of Ethernet for NGFI transmission
brings the benefits of improved reliability and
flexibility due to the packet switching nature of
Ethernet. While SYNC-E and 1588v2 could be
introduced to address the time and frequency
synchronization issues, they still need careful
design in order to support CoMP technologies.
In the meantime, jitter and latency remain the
other key difficulties to overcome to finally real-
ize NGFI.

In addition to the challenges analyzed in this
article, in the future there remains a lot of work
to do to deeply understand NGFI. For example,
the analysis of traffic performance with NGFI in
5G networks is necessary to evaluate the perfor-
mance gain of NGFI. In addition, the control,
data, and management channels that are trans-

Figure 2. An FH topology example and illustrative Ethernet packet format
to support NGFI.
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ported via NGFI should be analyzed and care-
fully designed to make NGFI a better fit in dif-
ferent 5G architectures. 

REFERENCES
[1] C.-L. I et al., “Toward Green and Soft: a 5G Perspective,”

IEEE Commun. Mag., vol. 52, no. 2, 2014, pp. 66–73. 
[2] ETSI NFV ISG. “Network Functions Virtualisation,” Dec.,

2012, http://portal.etsi.org/portal/server.pt/community/
NFV/367

[3] C. M. R. Institute, “C-ran: The Road Towards Green
RAN,” v. 1.0.0, Apr. 2010, labs.chinamobile.com/cran

[4] C.-L. I et al., “Recent Progress on C-RAN Centralization and
Cloudification,” IEEE Access, vol. 2, 2014, pp. 1030–39. 

[5] www.ngmn.org. 
[6] CPRI, “Common Public Radio Interface (CPRI) Specifica-

tion (V6.0),” tech. rep. Aug. 2013, http://www.cpri.info.
[7] www.ieee1904.org.
[8] H. Lee, Y. O. Park, and S. S. Song, “A Traffic-Efficient

Fronthaul for the Cloud-RAN,” Info. and Commun.
Technology Convergence, Oct. 2014. 

[9] D. Wubben et al., “Benefits and Impact of Cloud Com-
puting on 5G Signal Processing: Flexible Centralization
through Cloud-RAN,” IEEE Sig. Processing Mag., Nov.
2014, pp. 35–44. 

[10] A. Davydov et al., “Evaluation of Joint Transmission
CoMP in C-RAN based LTE-A HetNets with Large Coor-
dination Areas,” IEEE GLOBECOM Wksps., Dec. 2013.

[11] 3GPP TS 36.101, “User Equipment (UE) Radio Transmis-
sion and Reception (Release 9),” v. 8.9.0, Mar. 2009. 

[12] ITU-T Rec. G.8262/Y.1362, “Timing Characteristics of
Synchronous Ethernet Equipment Slave Clock (EEC),”
Aug. 2007. 

[13] ITU-T Rec. G.8273.2/Y.1368.2, “Timing Characteristics
of Telecom Boundary Clocks and Telecom Time Slave
Clocks,” Apr. 2014. 

[14] 3GPP TS 36.104, “Base Station (BS) Radio Transmission
and Reception (Release 11),” v. 11.4.0, Mar. 2013. 

[15] YD/T 1704-2007, “General Technical Requirement for
Intelligentized PSTN Network,” 2007. 

BIOGRAPHIES
CHIH-LIN I is the China Mobile chief scientist of wireless
technologies, in charge of advanced wireless communica-
tion R&D effort of China Mobile Research Institute (CMRI).
She established the Green Communications Research Cen-
ter of China Mobile, spearheading major initiatives includ-
ing 5G Key Technologies R&D; high energy efficiency
system architecture, technologies, and devices; green ener-
gy; C-RAN; and soft base station. She received her Ph.D.
degree in electrical engineering from Stanford University,
and has almost 30 years experience in wireless communica-
tion area. She has worked in various world-class companies
and research institutes, including the Wireless Communica-
tion Fundamental Research Department of AT&T Bell Labs;
the headquarters of AT&T, as director of wireless commu-
nications infrastructure and access technology; ITRI of Tai-
wan, as director of wireless communication technology;
and Hong Kong ASTRI, as VP and the Founding GD of the
Communications Technology Domain. She received the IEEE
Transactions on Communications Stephen Rice Best Paper
Award, and is a winner of the CCCP National 1000 Talent
program. She was an elected Board Member of IEEE Com-
Soc, Chair of the ComSoc Meeting and Conference Board,
and Founding Chair of the IEEE WCNC Steering Committee.

She is currently Chair of the FuTURE Forum 5G SIG, a Sci-
entific Advisor Board member of the Singapore NRF-Prime
Minister’s Office, an Executive Board Member of Green-
Touch, and a Network Operator Council Member of ETSI
NFV. 

YANNAN YUAN received her B.S. degree in electronic engi-
neering and M.S. degree in communication and informa-
tion systems from Xiamen University in 2009 and 2012,
respectively. She was a visiting researcher at Tsinghua Uni-
versity from 2010 to 2012. After graduation, she joined
the Green Communication Research Center of China Mobile
Research Institute. Her current interests include the next
generation fronthaul evolution, open source software base
station design and development, radio access network
function virtualization, virtual base station accelerators,
and so on.

JINRI HUANG received his B.S. degree from Xiamen Univer-
sity in electronic engineering in 2001, and his M.S. and
Ph.D. degrees in wireless communication from Tsinghua
University in 2004 and 2008 respectively.From 2008 to
2011, he was a project manager with the Network Insti-
tute of Technology at SK Telecom in South Korea. From
2011 until now, he has been a project manager with
China Mobile Research Institute. He has been actively
involved in various SDOs including NGMN, ITU-T, ETSI,
and so on. His main interests include next generation
RAN evolution, wireless resource management, next gen-
eration optical transportation technology, fiber-wireless
convergence, network functions virtualization, green com-
munication, and so on. 

SHIJIA MA received his B.S. degree from Beijing Jiaotong
University in communication engineering in 2010, and his
M.S. in communication and information systems from Bei-
jing Jiaotong University in 2013. From 2013 to 2015, he
was a project manager with China Mobile Research Insti-
tute. He has been actively involved in Cloud-RAN proto-
typedesign and development, radio over Ethernet research,
NGFI research, and so on. 

CHUNFENG CUI is director of the Green Communications
Research Center of China Mobile Research Institute. He
obtained his Ph.D. degree from Beijing University of Posts
and Communications in 2003 and has been with China
Mobile R&D Center since then. His work focuses on stan-
dardization of wireless communications and research on
advanced wireless communications. He has been active in
3GPP, IEEE, CCSA, IMT-Advanced Promotion Group, and
Future Forum, and was formerly Chair of the requirement
group of Future Forum, and Vice Chair of CCSA TC5 WG6
and requirement group of IMT-Advanced Promotion
Group. Currently his research interests focus on 5G, cloud
RAN, and wireless green communication technologies. He
has published more than 20 papers and is a co-author of
two books. 

RAN DUAN received his B.S. degree from Beijing University
of Posts and Telecommunications (BUPT) in electronic engi-
neering in 2003 and his M.S. in wireless communication
systems from BUPT in 2006 respectively. From 2006 to
2011, he was a development project manager with 3G BBU
design and development in ZTE Telecom in Shanghai. From
2011 until now, he has been a project manager in China
Mobile Research Institute. He has been actively involved in
cloud RAN prototype design, CPRI over Ethernet analysis,
centralization deployment, edge service, and so on. 

While SYNC-E and

1588v2 could be

introduced to

address the time and

frequency synchro-

nization issues, they

still need careful

design in order to

support CoMP tech-

nologies. In the

meantime, jitter and

latency remain the

other key difficulties

to overcome to 

finally realize NGFI.

HUANG_LAYOUT_Author Layout  9/3/15  5:45 PM  Page 88



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Cadmus settings for Acrobat Distiller 9)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (Cadmus_Flattener_Presert)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


