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Abstract: This paper summarizes the motivations and resalitsined regarding the optical
distribution of a 60GHz radio signal throughoutlBirigs to provide users with Ultra-Broad-Band
Wireless Home Area Network with datarates >1Gbms@mtinuous coverage.
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1. Introduction and motivations
Ultra-Wide Band (UWB) over fiber has attracted & db interest, leading to numerous publications gwhnical
demonstrations of the feasibility of remoting UWReo optical fiber at high data rate, high carriexgluencies and
over large distances [1-6]. In the communicationsna, remoting UWB over fiber allows an UWB device
communicate with another one beyond the very lichiteach of the UWB radio signal (less than 20 mjlekd,
UWB has been mainly designed to allow high data teansmissions over short distances primarilynidoor
environments where delay spread is potentiallydaBuch transmissions used for Wireless Persored Networks
(WPAN) allow communications between devices indbkers reach e.g. computers, personal organizergoteers,
TV sets, DVD players, printers etc... and have bessighed in group such as, for instance, ECMA-3¢8HCMA-
387 [8], IEEE802.15.3c [9] as well as industry aantis. such as WirelessHD [10]. This is driven bgad of in-home
communication lifestyle that have been promotedvajous groups such as DLNA [11] or HGI [12] whibhave
performed many studies focusing on the requirertettie years to come regarding en-user servicessd btudies
conclude that a data rate of 1 Gbps must be suggbarthome networks by 2010-2020 (also confirmefL8j). To
accompany this trend, Telecom operators are imgdtrge amounts of money in the deployment of s&ce
solutions that are able to provide an ever increggbandwidth (currently up to symmetric rates afusad 100 Mbps
via Fibre to the Home FTTH, increasing to 1 Gbpd arore in the coming years [14]). However, and ibithe key
idea of this paper, it is impossible to market aness bandwidth greater than what the home neteamkhandle.
Finally, an implementation factor has to be tak#n account: end-users are determined to contising @ wireless
end-connectivity to preserve the flexibility andseaof use provided today by WiFi. UWB radios ceiftaican
achieve the high data rate goal set-out in thiglystespecially the ones operating in mm-wave RFdband in
particular the 60 GHz band where no coexistencelenas with WLAN and other radio mobile systems exut,
such systems create typically small high speedradils (WPANSs) limited to a single room. Associgtiseveral
WPAN cells together will indeed create the requitdira Broad-Band Wireless Home Area Network (UBB-
WHAN). To link the different radio access pointgéther, some kind of backbone network must be gegdlo
(Figure 1). Such backbone must be able to trandaigé amounts of data (several Gbps) over onlytstistances
(typically 50 m with a maximum of around 100 r
[15]). The cable must comply over a long period
time (10s of years) to a datarate evolution (séve
Gbps?) that is difficult to forecast today and assult,
it seems preferable to deploy Silica single modécap
fiber (SMF) as the UBB-WHAN backbone. In thi
paper we report recent results demonstrating
potential of radio-over-fiber in the Home Networ
context to successfully transport and distribute
bidirectional 60 GHz radio interface.
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Figure 1: 60GHz UBB-WHAN architecture proposal
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Figure 2: 60GHz bi-directional UBB-WHAN buildingdztk. Wireless Network Controller interface (lef@mote access point (right)

2. 60GHz Radio-over-Fiber for UBB-WHAN
The building block for the architecture proposed axperimented is represented on Figure 2. We sgpfiat a
radio transceiver is used in the central radio petwnanagement element generating and receivirigtarmediate
frequency (around 5 GHz) radio signal carrying salvgigabits per second. The downlink radio sigfiadm the

central element to the user), to be used and loliged in the different rooms of the house, mustdreverted to an
optical signal as well as converted to the 60 GH=zjdency window. This is achieved by means of tiectl

modulation of a 55 GHz self pulsating Fabry Perota@um Dot Laser (FPL). This modulation procesate®
intermixing products between the oscillation fremgyeof the laser and the intermediate frequendpefradio signal
thus transposing it to 60 GHz (55 GHz + 5 GHz).tA¢ remote radio head, a Reflective Electro-Absonpt
Modulator (REAM) is used as a photo-detector tagfar the signal back into the electrical domaid arseries of
filters (to remove the lower frequency side band #me 55 GHz carrier) plus amplifiers are used rieppre the
signal for transmission into the air. On the uplpdth (from the user to the central element), &6z radio signal
is first amplified to modulate the REAM. The pulskght from the FPL is again re-modulated thus tinga
intermixing products and transferring the incomiadio signal to around 5 GHz (corresponding to & @&inus 55
GHz). In the central element, a conventional 10 GHadwidth photo-detector, transfers the down-caedesignal

back to the electrical domain for demodulation hg tF radio transceiver. In this set-up the radgmal protocol

relies on Time Domain Division (TDD), that is, tfrequencies used in the uplink and downlink dil@tsi are the
same and only one transmission direction is alloatea time, so that, when the uplink signal modigdahe FPL in
the REAM, the FPL is un-modulated. This allows tiias of the REAM to be changed in order to optimitse
performance when operating as a photo-detectnr
(downlink) or modulator (uplink).

Electrical up-conversion

3. Experimental demonstration ! w *

Among the different modulations recommended by t ~ os- 5 g .

IEEE802.15.3c group, we chose to use OFDM as it| 3 o - -

more stringent requirements in terms of linearitg][ ¢ - E e
The OFDM signal under test is created on a PC us " * \W L
Matlab® with a FFT block size of 512 with 336 dai =~ bl

sub carriers. Each sub carrier is modulated in QP! T Frequoncy, e 1o
The baseband is sampled at 2.59 GHz. A total raw ¢ Figure 3: 60GHz all electronic reference perfornearesults.
rate of 3.03 Gbps is achieved for a bandwidth 87 1. Constellation (left) and spectrum (right)

Arbitrary Waveform Generator (AWG) and bot
outputs (representing both | and Q components}eme

to a RF mixer to generate the radio signal on &&3+&
carrier. After amplification, the RF power is +1Brd.

For the reference measurement, this signal isisent
commercial mixer fe_d with a +_16 dBm 54.5 GHz loc Figure 4: 80GHz downlink performance resu
oscillator to transfer it to a carrier frequencys8f GHz. and spectrum (right).
After filtering (to remove the Ilower modulatior
sideband) a power of +13 dBm is obtained. To meas
the performance, the signal is first attenuatedhi®
optimal power level (around -22 dBm) then dowi
converted using an electrical mixer fed with a 5319z
Local Oscillator (LO) and finally, it is captureder 10
us using a 40 GS/s Real-time oscilloscope (RT(

GHz. The signal is generated by a 10 GS/s dualubut ! *
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OFDM demodulation and Error Vector Magnitud ‘ ‘ oo

(EVM) [17] evaluation are then performed off-lin Figure 5: 60GHz uplink performance results. Cotesieh (Ieft)‘and
spectrum (right
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using Matlab®. The spectrum of the received OFDlyhal and the associated constellation diagram roédaafter
demodulation are shown on Figure 3. The mean EV®I% for a signal-to-noise ratio (SNR) of 25.2 dfBom the
EVM, the Bit Error Rate is evaluated to be (theiogly) better than 16"

To test the downlink transmission, the IF signab(@Hz) is used to modulate the bias current offRe (average
bias current set to 260 mA). The optical output poef the FPL is +6.5 dBm. The signal passes thramgoptical
circulator before a 50 m Standard Single Mode FH{B&F) transmission. This fiber simulates the disttion of the
radio signal within the home. At the end of theefiba 70 GHz REAM (Bias reverse voltage set to \).tonverts
the 60 GHz signal into an electric signal, subsatjyetwo Low Noise Amplifiers (LNA, G=18 dBm fror5 to 65
GHz) and a band pass filter (58 to 64 GHz) weradusesimulate the TX head. Performance analysigdage as
described earlier. The computed EVM is 11.06% f@NR of 23.5 dB (Figure 4). From the EVM, BER can b
estimated around 16,

To test the uplink set-up, The IF radio signal @13z) is electrically up-converted to 59.8 GHz bgammercial
mixer fed by a LO at 54.8 GHz. At this point, thE Rower is adapted with a variable attenuator &s plarough the
two LNAs and the pass band filter. The signal mathd the REAM (-2.8 V bias voltage) with an inpoiver of
+11.6 dBm. The power of the laser at the input BARI is +5.9 dBm. The reflected IF signal is therofmhdetected,
captured by the RTO and analyzed. The computed E/M.79% and the SNR is 20.37 dB (Figure 5). Fthen
calculated EVM, the BER can be estimated arountf.10

4, Conclusion

The technical challenges created by the increasish to exchange/share multimedia content betwdends and
family is only partly answered by telecom operateploying high bandwidth access networks. Thieretias also
to be extended to enabling Ultra-Broad Band Homewiiks with wireless interfaces, allowing userctmnect at
high data rates (>1Gbps) with the same ease casisehat WiFi currently provides. 60 GHz UWB radiebpfiber
in this context can achieve the required functiod performance. We demonstrate in this paper thguéncy
conversion and distribution (bidirectional) of a ltirgigabit wireless radio interface (3 Gbps) o m of SMF
using a Mode Locked Fabry Perot Laser and a Réefle&lectro-Absorption Modulator.
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