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Abstract— We experimentally demonstrate transparent and
dynamic delivery of mobile front-/back-haul in conve rged optical
metro architecture, employing SDN-enabled S-BVTs based on
adaptive multicarrier modulation. The proposed architecture is
specifically tailored for a transparent servicesdelivery acrossthe
access and metro network segments. Therefore, several
challengesare discussed, such as functional split requirements
and bidirectional transmission (duplex) over these different
segments. In order to prove the validity of this concept, network
experiments have been carried out in a hybrid metro/access
testbed. Resultsshow successful connectivityatdistances up to
175 km, including the accesssegment, and capacities beyond
20Ghl/s per flow.

Index Terms— Multicarrier modulation,discrete multi-tone,
orthogonal frequencydivision multiplexing, flexi-grid netwo rks,
optical packet switching, software-defined networking,sliceable
bandwidth variable transceiver.

. INTRODUCTION

G services are conceived around the joint use of different
heterogeneous resources (includingtransport, fixed and
mobile), while combining networking and cloud functions.
Precisely, for mobile networking, it is proposed to host 5G
core functionalities in distributed data centers located at
different local metro nodesand close to cellsites [1][2][3]1[4].
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One of the key services to deliver in such networking
environmentis the mobile front-/back-haul. There, 5G metro
nodes can contain virtual pools of baseband units (BBUs),
featuring different functional splits, that are connected to a
majority of remote radio units (RRUs) located in the cell sites.
This service alsoentails a strict delay budget that would be
difficult to achieve in a centralized approach. In fact, the delay
budgetis highly contributed by the distance of the physical
locations. Therefore, the sites processing the radio signal
should move towards thecellside in orderto provide a more
affordable delay budget. Thus, mobile front-/back-haul traffic
is significantly decreased when compared to a centralized
approach, and more cost-effective equipment can be
employed, reducing the associated CapExand OpEx. In fact,
in a centralized approach, all this traffic is delivered to a
central site where user data are processed. Therefore, this
central site may become the bottleneck when traffic volume
grows (e.g. as expected in mobile front-/back-haul). So,
maintaining a centralized approach may not be technically
feasible oreven come at a high cost. Forexample, very high
capacity channels could be needed, featuring high spectral
efficiency, and the equipment related would be of high cost.

Different radio access network (RAN) architecturescan be
envisioned for providing this distributed connectivity.
Interestingly, the overlay of mobile back-/front-haul over
existing fixed optical metro/aggregation and access
infrastructures constitutes a cost-effective approach. However,
approaching sucha converged architecture is challenging, as it
should meet the needs of the network subscribers while
supporting the newtraffic.

The advent of elastic optical networking, enabled by the
adoption of the flexible channel grid and programmable
transceivers, opens the doorto an enhanced management of
optical networks [5][6]. This is especially interesting for
achieving the pursued integration between optical
metro/access and RAN. In fact, by approaching this paradigm,
specific channels can be set up according to the specific
requirements of the services to deliver. Therefore, elastic
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Fig. 1. Converged metro/access conceptforthe proposed mobile front-/back-hauling.

networking alsoenables to transparently setaRAN over the
optical metro/access by means of a dedicated channel. For
example, apoolofBBUs would be locatedat a selected node
of the metro network segment, while the RRUs could be
scattered along one or multiple access trees, both
interconnected by a mesh of exchange nodes (ENs). In this
scheme a more distributed traffic patternis expected, posing
different requirements in terms of latency, cost,and data rate
compared to typical transmission technologies for the
transport/core networking.

In this paper, we propose to transparently and dynamically
deliver mobile front-/back-haulin a converged metro/access
environment, following the elastic networking paradigm in
order to take advantage of the already deployed fiber
infrastructure. In orderto copewith that,we propose to use
sliceable bandwidth variable transceivers (S-BVTs) based on
orthogonal frequency division multiplexing (OFDM). For
keeping a low cost solution, direct detection (DD) is
employed. Therefore, an experimental proof-of-concept in a
photonic meshed network (the ADRENALINE testbed) is
provided, underlining the potential of these transmission
technologies forthe envisioned scenario.

The paper is structured as follows. In section Il the
proposed network and signal delivery schemes are detailed
and discussed. Afterwards, section Il provides the actual
testbed implementation details. Section IV deals with the
experiment results. Finally, conclusions are drawn in
section V.

Il. NETWORK SCHEME AND SIGNAL DELIVERY

The network and signal delivery scheme is depicted in
Fig. 1. There, programmable S-BVTs are present at the 5G
metro nodes in orderto concurrently serve different cellsites.

At the other end of the network, each cell site has a
programmable BVT. The (S-)BVTs can be remotely
configured by thecontrol plane, foran optimal management of
the network resources [6][7]. In addition to the bitrate
variability that can cope with a dynamic traffic variation (e.g.
daily traffic variation), the (S-)BVTs also feature other
benefits alsothere are other benefits suchas the capability to
attain a specific capacity demand for a given connection
[5][8]. Additionally,the S-BVTs can be sharedto concurrently
serve more than one connection. Therefore, multiple paths can
be assigned to a given S-BVTs, in order to keep it highly
utilized and reducethe totalnumberand cost of transmission
solutions [8]. The parameters to be configured at each (S-
)BVT include wavelength, spectral occupancy and modulation
format/power per flow. So, the proposed (S-)BVTs deliver
data flows with variable spectral occupancy and rate,
accordingto the network and path conditions.

Among all the options for implementing the (S-)BVTs,
those based on DD-OFDM are the most attractive for cost-
effectively coping with the flexibility requirements of elastic
optical networks [6]. In fact, OFDM provides advanced
spectrummanipulation capabilities, including arbitrary sub-
carrier suppression and bit/power loading. Thanks to these
features, DD-OFDM transceivers can bead hoc configured for
achieving a certain reach and/or copingwith atargeted data
rate adopting low complexoptoelectronic subsystems [6][7].

In order to ensure full compatibility with the deployed
optical metro and access networks, a specific wavelength plan
is envisioned. In fact, legacy access standards (e.g. GEPON,
GPON) use 1490 nm for downstream; while late standards
(10G-EPON and XGPON) recommend the range of 1575-
1580 nm also for downstream[9][10][11]. Regarding the
upstream, all the cited standards envisionthe use of O-band.
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Thus, the entire C-band is available for performing a
wavelength overlay of channels in orderto provide different
additional services overthesame accessinfrastructure [12].
Interestingly, NGPON2 also offers the option to establish
virtual point-to-point (PtP) links, assigning different
wavelength division multiplexing (WDM) channels to
different services [13]. For PtP WDM, an expanded spectrum
option is available in order to flexibly reuse unoccupied
spectrum. These channels could be allocatedin the range of
1530-1565 nm, values alsobelongingto the C-band.

Atthe exchangenodes ofthe metro network, the mobile
front-/back-haul signals are filtered out and transparently
routed/droppedto their destinationaccess tree. This fact d oes
not pose any strictconstraint, since commercial standard flexi-
grid spectrumselective switches (SSS) and opticalamplifiers
typically operate at C-band. Also, each exchange node
includes the corresponding optical line terminals (OLTs) and
aggregation switches/units for delivering fixed access services
to the network users across the corresponding access trees.

We propose to employ the same wavelength forupstream
and downstreamfor maximizing the utilization of the network
resources andspectral efficiency in the access segment. Since
the access part of the network is a single fiber tree, this
approach comes at the expense of the transmission
performance degradation. So, the main challenge of this signal
delivery scheme is regarding the establishmentof bidirectional
transmission over this converged infrastructure. Precisely, the
metro part of the network usually relies on a dual fiber duplex,
while the access segment typically implements a dual-
wavelength duplex Nevertheless, in order to optimize the
usage ofthe network resources, thesame wavelength should
be used for upstream and downstream. Therefore, an
interesting point is how to deal with that in the access
segment, where typical deployments feature a single fiber tree.
In principle, a single fiber bidirectional transmission
employing the same wavelength would be desirable in order to
facilitate the network management while covering the
maximum number of potential locations for RRUs. In that
case, bidirectional transmission over more than 10 km of
standardsingle mode fiber (SSMF) will be highly affected by
the Rayleigh backscattering effect [14], which is something
that should be taken into account when dimensioning a
specific front-/back-haul deployment. This effect could be
mitigated by employing different wavelengths for upstream
and downstream, at the expenseofincreasingthe complexity
of the metro network segment, where a dual fiber duplexis
commonly employed. Asan alternative, we should note that
the feeder cables ofthe access segment coverthe majority of
the distance (from the exchange node to the splitter
distribution hub) and typically have a loose-tube design
containing several fibers, some of them being unused [9].
Thus, in case the RRUs can be directly attachedto the splitter
distribution hub, a dual-fiber duplex across the entire
transmission link (including metro and access segments) can
be ensured with no need for deploying new cables, but
limiting the places where the RRUs can be deployed.
However, a high costshould be takenintoaccountin case new

cables should be deployed for approaching this dual-fiber
duplex

Regarding the dimension of traffic to support, it should be
noted that the most bandwidth hungry service is the mobile
front-haulbased onthe common public radio interface (CPRI),
which on the other hand does not allow any dynamic
management of the capacity in the transport network, since
this kind of traffic requires high constant bit rate
independently of the cell loads. In order to relax these
requirements, several radio functions can be decentralized and
adopted bythe RRUs, trading latencyand data rate against
flexibility. This is envisioned in the recent recommendations
from the 3GPP [15], where different functional splits have
been reported. Thus, different requirementsin terms of data
rate and latency have been set accordingto each functional
split. Forexample, split options 1-2 can tolerate up to 10 ms of
one way latency, while option 8 tolerates only up to 250 ps
[15]. This entails a high limitation of the transmission distance
depending on the functional split adopted, since the
transmissiondelay is mainly contributed by propagation. In
fact, for transmitting up to 100 km, a propagation delay of
about 500 ps should be expected in SSMF. This requires a
functional split at PHY2 or MAC-PHY level [15][16],
relaxing the bitrate requirement [15][17]. Regarding capacity
the requirementsare of up to 4 Gb/s forsplit options 1-2 and
beyond 150 Gb/s for option 8 [15]. Consequently, all this
shouldbe taken intoaccountwhendimensioning the use of
specific network resources in orderto provide such services.
Indeed, the most bandwidth hungry connections (i.e. those
requiring split options 7-8) should be served by the immediate
nodes (e.g. the exchangenodes) in order to meet the stringent
latency requirements, while the ones with a more relaxed
latency budget (e.g. those connecting metro nodes with large
distance between them) could also relax the capacity
requirement (i.e. as for split options 1-2). Furthermore, it is
desirable to have mechanisms for the dynamic management of
bandwidth and/or capacity in the transport network, being the
(S-)BVT one ofthe suitable technologies forthat. In fact, the
(S-)BVTs can be adapted to the actual load at radio cell level
as it is aggregated.

A centralized software defined networking (SDN) controller
is proposed for efficiently managing the devices and
provisioning the services. In fact, all the proposed network
systems canbe programmed by means ofthe corresponding
SDN agents, allowing an automated path establishment
between the metro nodes and the cell sites, across the two
network segments.

I1l. EXPERIMENTAL SETUP

Figure 2 depicts the experimental setup for N=2 flows. The
digital signal processing (DSP) and electrical
up/downconversion at thetransmitter/receiver are common to
the S-BVT and BVT, either fordownstreamor upstream. This
DSP is performed off-line, following the steps detailed in
Fig. 2 according to [6]. There, randomly generated data are
parallelized and mapped into thecorresponding constellation
(ranging from BPSK up to 256 QAM). Adaptive bit/power
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Fig. 2. BExperimental scheme fortesting the proposed mobile front-/back-hauling.

loading is implemented using the rate adaptiveversion of the
Levin-Campello algorithm [6] in order to test the maximum
capacity perflowthat the systemcan offer. Then, 4 training
symbol (TS) are included every 100 OFDM frames. The
resulting symbols feed an inverse fast Fourier transform
(IFFT) of 512 subcarriers. Afterwards, a 2% cyclic prefix (CP)
is added and the obtained OFDM symbols are then serialized.
The digital OFDM signal, fixed to be running at 20Gbaud, is
clipped and upconverted to an intermediate frequency of
10GHz by mixing with a digital oscillator. The resulting signal
is converted to the analog domain by a digital to analog
converter (DAC) at 64GSa/s. This signal drives the
corresponding Mach-Zehnder modulator (MZM) biasedat the
quadrature pointand excited by atunable lasersource (TLS).
For the BVT, the resulting signal after modulation passes
throughatunable optical filter of 25 GHz, slightly detuned for
obtainingan optical single sideband (SSB) signal. For the S-
BVT, the flows aftereach MZM are aggregated usingan SSS,
configured to have 25GHz bandwidth per channel and
detuned for SSB generation. Two flows are generated at
1550.12 nm (flow 1) and 1550.92 nm (flow 2), as shown in
Fig. 2 inset.

The optical signal generatedat the S-BVT is injected into
the ADRENALINE testbed, whose simplified scheme is
depictedin Fig. 2. Itis a 4-node photonic mesh network with
amplified links of different lengths, ranging from 35 km to
150 km [18]. A 25 km fiber spoolis attachedto selected ENs
in orderto emulate the feeder sectionofthe accesstrees. The
power delivered to each tree is set to +5dBm for the
downstream signal. In the upstream, the signal at the BVT
output (-4.2 dBm) is injected to the 25 km fiber spool and
suitably routed in the ADRENALINE testbed.

At the receiver, the incoming signal is filtered out and
photodetected. At the BVT an optoelectronic front-end (O/E)

No, Time Source

40.000124.,

Length Info.

389 POST /rest/api/bvt HTTP/1.1 (application/.. 84.§]

» Transmission Control Protocol, Src Port: 36348 (36348), Dst Port: hfc

» Hypertext Transfer Protocol
~ JavaScript Object Notation: application/json
~ Object

~ Member Key: slice
Number value: 2
Key: slice

= Member Key:. FEC
String value: HD-FEC_4.62E-3
Key: FEC

~ Member Key: wavelength
Number value: 155892
Key: wavelength

= Member Key: algorithm
String value: LCRA
Key: algorithm

~ Member Key: SNR_estimation
False value
Key: SNR_estimation

= Member Key: bitrate
Null value

Fig. 3. Sample JSON object for the configurationofthe S-
BVTs at maximum capacity.

that would include a high bandwidthavalanche photodiode is
emulated by the combination of gain-stabilized EDFA, optical
band pass filter (OBPF) and PIN diode. This combination is
calibrated to obtain a -28 dBm sensitivity at 10 bit errorratio
(BER) for non-return to zero (NRZ) on-off keying (OOK)
transmission at 10.7 Gb/s. At the S-BVT reception side, an
EDFA is acting as preamplifier, prior to an array of PIN
diodes and TIAsused for photodetection. Either at the BVT
and S-BVT, the photodetected current is digitized by a real-
time oscilloscope (OSC) running at 100 GSa/s. Afterwards,
the baseband OFDM signal is recovered after downconversion
and off-line demodulated, accordingto [6].

The SDN controller configures the (S-)BVTs by setting
slices active, forward error correction (FEC), central
wavelength of slice and bit/power loading algorithm. Also,
two operationmodes are available at each (S-)BVT: signal-to-
noise ratio (SNR) estimation and data transmission. When
operating in SNR estimation, all the OFDM subcarriers are



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) <

®B2B :25km --Path 1
o0 v A® 20
a) " o0 b) -
50 [ Y i 40 Ayt
I B ae w L3
La0 !paﬁ a®s £ '.'Io.o
¢ o So
23 " = z st X
= ] ‘."-o = 20 " .
=) 'LIE{ Lt -3 * $
Pt G\“z o + Uupl 8 - & #—Upl
- 'g ‘!,_. 3 B Up2 10 1 ] - upz
1. W ad A— Down 1 4 —&— Down 1
ad W @ Downz| —&— Dovn
1] o
=35 =30 —25 =20 =15 =10 =35 =30 =25 =20 =15 =10
Received power (dBm) Received power (dBm)
10-1 10-1
e) f)
10-2 4.62:103 10-2 4.62:10°
— — T - sae— - - SRag - — —
R T TR AW
& 10-2 & + o v 10-3 am L]
4+ Upl 4+ Upl
10-4 "up2 10-4 & up2
& Down 1 & Down 1
- Down 2 - Down 2

10-5 + . . . .
=35 =30 =25 =20 -15
Received power (dBm)

=10

-3

=30 =25 =20 -15
Received power (dBm)

=35 =10

--Path 2 ----Path3
40 > 30
Cc >
) ‘.‘. o 25 d) P 11 ;’J..
%0 S @ ’i"-' e’
3 a* . 520 om Aw
] / A ] i. ate
220 " 2 215 * e
‘G L ‘G *m .
2 ] ., 3 M »
5 ! A + upl 510 A + upl
Y10 ? " up2 © t. - Upz
b —&— Down 1 5 —&— Down 1
—@— Down —&— Down
o
=35 =30 =25 =20 =15 =10 =35 =30 =25 =20 =15 =1
Received power (dBm) Received power (dBm)
10-1 10-1
g h)
10-2 4.62:10° 10-2 4.62:10°
L esbde | ~ welgtmag el 3% —
! ‘E!ll t3édi il o .2;! A
& 10-2 | J 4 & 10-2 * AT Adagagdy
1] 1]
4+ Upl 4 Upl
10-4 B upz 10-4 moup2
Y Down 1 Y Down 1
- Down 2 - Down 2
10-5 + . . . . 10-5 + . . . .
=35 =30 =25 =20 =15 -10 =35 =30 =25 -20 -15 -1

Received power (dBm) Received power (dBm)

Fig.4. Bperimental results in terms of maximum capacity (a, b, ¢, d)and BER (e, f, g, h) versus received power for the cases
of: (a,e) B2B (filled markers), after 25 km (open markers); (b,f) path 1; (c, g) path 2; (d, h) path 3.

TABLEI
NETWORK PATHS EXAMINED IN THE EXPERIMENTS
ID Route No. of hops Length”
Access Access tree - 25 km
Path 1 MN1-EN2 1 75 km
Path 2 MN1-EN2-EN1 2 110 km
Path 3 MNZ1-EN1 1 175 km

TABLEII
MAXIMUM CAPACITY FOR 20 DB POWER BUDGET
Case Downstream  Downstream Upstream Upstream
1550.12 nm 1550.12 nm 1550.12 nm 1550.92 nm
B2B 46.0 Gb/s 42.2 Gb/s 32.6 Gb/s 31.5Gb/s
Access 36.0 Gb/s 32.4 Gbls 26.5 Gb/s 26.6 Gb/s
Path 1 41.1 Gbh/s 38.0 Gb/s 28.1Gb/s 26.8 Gb/s
Path 2 31.8 Gb/s 35.6 Gb/s 28.8 Gb/s 27.3 Gbl/s
Path 3 25.5Gb/s 23.2 Gb/s 21.7 Gbl/s 20.4 Gb/s

“Includes 25 km of the access segment.

automatically setto operate using4QAM modulation at the
transmitter while, at the receiver, the noiseand power ofeach
received symbol are estimated and further averaged per
subcarrier. This information is collected by the corresponding
agent and passed to the SDN controller. In turn, the SDN
controllerusesthis information in orderto accommodate the
suitable modulation format at each OFDM subcarrier
accordingthe targeted performance. Then, the (S-)BVTs are
setto operate in transmission mode, ensuring that the optimum
modulation format is used. A sample configuration is shown
in Fig.3. Since offline processing is employed, the
reconfiguration of the transceivers is limited by the processing
time of the computeremployed.

IV. RESULTS AND DISCUSSION

In order to analyze the performance of the proposed
approach, the experiments are focused to determine the
maximum achievable capacity in a precise number of cases.
First a back-to-back (B2B) configuration is tested. Next, we
test the maximum achievable capacity after bidirectional
transmissionover 25 km for considering the accesssegment.
Finally, the different flows are transmitted over the
ADRENALINE testbedandthe access tree, covering different
paths in order to prove the sliceable functionality while
featuring full bidirectionality. The different paths tested are
summarized in Table I.

The network is envisionedto covera power budgetof20dB
in the access tree. In addition, we set a 3dB power margin.

Since the transmitted power is +5 dBm for downstreamand
-4.2 dBmfor upstream, the received power threshold is set to
-18 dBm for downstream and -27.2 dBm for upstream. The
received power is measured after optical attenuationat points
(A) and (B) of Fig.2 for upstream and downstream,
respectively. Please notethatpoint (A)is placed at the entry
pointofthe accesstree, since it corresponds to oneofthe ends
of the PON.

Figure 4 shows the results for the analyzed cases, assuming a
4.62-10° BER threshold for a 7% FEC overhead [19]. In all
these cases, we ensure a BER below this value (Fig. 4e-h).
Furthermore, the capacity values at the proposed power
thresholds are detailed in Table Il. The BER measurements
where performed by error counting on a total of 491520
symbols, each featuring a different modulation format
accordingto the bit loading algorithm. Therefore, in the wors t
case we might assume that all the symbols feature BPSK,
achieving a BER resolutionof2.04-10°°.

In the backto back configuration (Fig. 4a, filled markers) we
obtain a maximum gross capacity well beyond 55 Gb/s per
flow, either for upstream or downstream. At the received
powerthreshold, the maximum capacity is more than 42 Gb/s
for downstream while for upstream is slightly higher than
31 Ghls.

Figure 4a (open markers) shows the results when featuring
bidirectional transmission overa 25km fiber spool, emulating
the feeder section of the access tree. There we can observe that
the results are aligned with the back to back case, but with
power penalties of around 2dB for downstream at the
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received power threshold. For upstreamthe capacity is limited
to about 26.5 Gb/s for both flows. This is due to the optical
signal to Rayleigh backscattering ratio (OSRR) caused by
bidirectional transmission overasingle fiber [14]. The OSRR
measured is of 34.3dB for downstream and 18.5dB for
upstream. This case is reportedin tables lland 11 under the
access label.

For proving the sliceable functionality while featuring full
bidirectionality, the different flows are transmitted over the
ADRENALINE testbedandthe access tree, covering different
paths of MN1-EN2 (path 1, red), MN1-EN2-EN1 (path 2,
blue) and MN1-EN1 (path 3, green). Results are shown in
Fig.4b-d and Fig.4f-h. There we can see how the
accumulationof optical noise, anddispersionimpacts on the
system performance (besides the limited OSRR due to the
opticaltree). In the worst case (path 3, Fig. 4d), we observe a
capacity penalty of less than 45 % with respect to the back-to-
backforall the cases, achieving 20 Gb/s per flowand beyond
atthe received power threshold.

Table 11l summarizes the functional split options compatible
with the results obtained. In fact, it comes after carefully
balancing transmission delay and capacity obtained in the
experiments. Regarding the transmission delay, we assume
that it is mainly due to propagation over fiber and, thus,
transmission distance is the main constraint. Forthe capacity,
we take into account the values obtained in table Il and
compare themwith the requirements reportedin [15]. When
targeting only theaccess part of the network (up to 25 km), the
propagation delay is relatively small and the achievable
functional split is limited to option 7a, due to the capacity
reported in table Il. Nevertheless, when increasing the
transmission distance, the accumulated path delay also
increases, limiting the attainable functional split. In fact, when
envisioning path 3 (175 km, including access segment) the
accumulated delay is limiting the functional split to option 3.

V. CONCLUSION

A transparent delivery of mobile front-/back-haul in a
converged metro networking scenario has been experimentally
demonstrated with SDN-enabled DD-OFDM (S-)BVTs.
Results show successful connections from BBUs to the RRUS
when servingdifferentpaths upto 175km along aconverged
metro/access scenario, attaining the requirements of different
functional split options. Therefore, a trade-off is found,
enforcing a balance between capacity and transmission
distance. At small distances the (S-)BVT flexibility allows to
adapt the bit rate to the RRU requirements for a functional
split option 7a, while large distances are limited by the
propagation delay and the minimumattainable functional split
option is 3. Thus, the proposed architecture offersa promising
solutionforservingthe multiple endpointswhen featuring a
flexible functionalsplit.
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TABLE Il
LATENCY AND FUNCTIONAL SPLIT CONSIDERATIONS
Maximum
1
Case Delay functional split?
Access 122.6 ps Ta
Path 1 367.8 us 5
Path 2 539.4 s 5
Path 3 858.1 us 3

! Estimated from the specifications of the fibers employed.
2 According to [15].

[1]

[2]

[3]

[4]

[

[6]

[7]

[8]
[0

[10]
[11]

[12]

[13]

REFERENCES

J. M. Fabrega, M. Svaluto Moreolo, L. Nadal, F. J. Vilchez, R. Casellas,
R. Vilalta, R. Martinez, R. Mufioz, J. P. Feréandez-Palacios,
L. M. Contreras “Experimental Validation of a Converged Metro
Architecture for Transparent Mobile Front-/Back-Haul Traffic Delivery
using SDN-enabled Sliceable Bitrate Variable Transceivers” in Proc.
ECOC 2017, Sep. 2017, paper M.2.A.5

NGMN, “Next Generation Mobile Networks 5G White Paper”, February
2015, published.

P. Rost, C. J Bernardos, A. De Domenico, M. Di Girolamo, M. Lalam,
A. Maeder, D. Sabella, D. Wiibben, "Cloud technologies for flexible 5G
radio access networks," in IEEE Communications Magazine, vol. 52, no.
5, pp. 68-76, May 2014.

5GForum white paper “5G Vision,
Technologies,” March 2016

N. Sambo, P. Castoldi, E. Riccardi, A. D'Erico, A. Pagano,
M. Svaluto Moreolo, J. M. Fabrega, D. Rafique, A. Napoli, S. Frigeiro,
E. Hugues-Salas, G. Zervas, M. Nolle, J. K. Fischer, A. Lord,
J. P. Fernandez-Palacios  “Next Generation Sliceable Bandwidth
Variable Transponders,” in IEEE Communications Magazine, vol. 53,
no. 2, pp. 163-171, Mar 2015.

M. Svaluto Moreolo, J. M. Fabrega, L. Nadal, F. J. Vilchez, A. Mayoral
R. Vilalta, R. Mufioz, R. Casellas, R. Martinez, M. Nishihara, T. Tanaka
T. Takahara, J. C. Rasmussen, C. Kottke, M. Schlosser, R. Freund,
F. Meng, S. Yan, G. Zervas, D. Simeonidou, Y. Yoshida, K. Kitayama
“SDN-enabled Sliceable BVT Based on Multicarrier Technology for
Multi-Flow Rate/Distance and Grid Adaptation,” Journal of Lightwave
Technology, vol. 34, no. 8, Apr. 2016

J. M. Fabrega, M. Svaluto Moreolo, A. Mayoral, R. Vilalta, R. Casellas,
R. Martinez, R. Mufioz, Y. Yoshida, K. I. Kitayama, Y. Kai,
M. Nishihara, R. Okabe, T. Tanaka, T. Takahara, J. C. Rasmussen,
N. Yoshikane, X. Cao, T. Tsuritani, |. Morita, K. Habel, R. Freund,
V. Lopez, A. Aguado, S. Yan, D. Simeonidou, T. Szyrkowiec,
A. Autenrieth, M. Shiraiwa, Y. Awaji, N. Wada “Demonstration of
Adaptive SDN Orchestration: A Real-Time Congestion-Aware Services
Provisioning Over OFDM-Based 400G OPS and Flexi-WDM OCS,”
Journal of Lightwave Technology, vol. 35, no. 3, pp. 506-512, Feb. 2017
V. Lopez, L. Velasco (eds.), Elastic Optical Networks, Springer, 2016
A. Girard, FTTx PON Technology and Testing, EXFO Electrical
Engineering, 2005.

ITU-T recommendation G.987 (2012)

Physical Layer Specifications and Management Parameters for 10 Gb/s
Passive Optical Networks, IEEE 802.3av Standard, 2009

J. M. Fabrega, M. Svaluto Moreolo, M. Chochol, G. Junyent
“Decomposed Radio Access Network Over Deployed Passive Optical
Networks Using Coherent Optical OFDM Transceivers,” Journal of
optical Communications and Networking. vol. 5, no. 4, pp. 359-369,
Apr. 2013

J. S. Wey, D. Nesset, M. Valvo, K. Grobe, H. Roberts, Y. Luo, and J.
Smith “Physical layer aspects of NG-PON2 standards—Part 1: Optical
link design [Invited],” Journal of optical Communications and
Networking, vol. 8, no. 1, pp. 33-42, Jan. 2016.

Requirements,and Enabling



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) <

[14]

[15]

[16]

[17]

[18]

M. O. van Deventer, Fundamentals of Bidirectional Transmission over a
Single Optical Fibre, Springer Science & Business Media, 2012

3GPP TR 38.801 V14.0.0 “ Technical Specification Group Radio Access
Network; Study on new radio access technology: Radio access
architecture and interfaces” (2017)

U. Détsch, M. Doll, H. P. Mayer, F. Schaich, J. Segel and P. Sehier,
"Quantitative analysis of split base station processing and determination
of advantageous architectures for LTE," in Bell Labs Technical Journal,
vol. 18, no. 1, pp. 105-128, June 2013.

T. Pfeifer “ Next generation mobile fronthaul and midhaul architecture,”
Journal of Optical Communications and Networking, vol. 7, no. 11,
Nov. 2015

R. Mufioz, L. Nadal, R. Casellas, M. Svaluto Moreolo, R. Vilalta,
J. M. Fabrega, R. Martinez, A. Mayoral, F. J. Vilchez, “The
ADRENALINE Testbed: An SDN/NFV Packet/Optical Transport
Network and Edge/Core Cloud Platform for End-to-End 5G and loT
Services,” in Proc. EUCNC 2017, Jun. 2017

[19] ITU-T recommendation G.975.1 (2004)

7



	I. INTRODUCTION
	II. Network Scheme And Signal Delivery
	III. Experimental Setup
	IV. Results and discussion
	V. Conclusion
	A transparent delivery of mobile front-/back-haul in a converged metro networking scenario has been experimentally demonstrated with SDN-enabled DD-OFDM (S-)BVTs. Results show successful connections from BBUs to the RRUs when serving different paths u...

	Acknowledgment
	References

