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Abstract—Wireless over Cable (WoC) paradigm is a new Femtocell Access Point
technique to enable distributed antennas systems. WoC is bad —;Y@ L] PHY | | Nework | | PSLY
on the relay of radio frequency wireless signals over a cable REILE| | MAC | [Transpor) | jyertace |
infrastructure through a bidirectional (analog) amplify and ’ l
forward device that translates the bandwidth of wireless gjnals @ \Y prvs | | network | | OSL/
to comply with the specifications of the wired links. Followng the wELE| | MAC [rranspor | P80 o0 dand
WOoC concept, here xDSL connection in femtocell architectu is cable

L . . . (a) connection

replaced with a plain connection of the antenna with telephoe
lines after up/down-frequency conversion to enable Radio \er : Y i
Telephone Lines. Baseband processing and radio resource ma ) - —&) ol PHY || Network
agement is carried out simultaneously for multiple femtocés R B =||_mac [{Transport]; Core
_thus centralizing schedu_ling a_nd mitigation of radio frequency Y o Prvr || Nework network
interference among neighboring femtocells. We propose the , U =] mac []ranspont;
envisioned Radio over Telephone Lines architecture for fetocells RF/LF|I! Broadband '~~~ '
and get insights into the hindrances of propagation over twsted AA S0k Multi-cell FAP
pair copper lines via numerical analysis by employing OFDMA converter (Central Office)
signals over the air interface (WIMAX/LTE) that coexist (and
interfere) with xDSL services. }PSD B — - B —
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. INTRODUCTION Fig. 1. Comparison of (a) conventional Femtocell architextwith FAPs

. . . er xXDSL connections and (b) proposed FemtoWoC architeatuer the
Data rates envisioned for the 4G wireless systems in rééfne telephone lines. In FemtoWoC architecture (b), théogsta-analog

sonably large areas do not appear to be feasible with @) converters are remotely deployed in every cell to agpl conventional
conventional cellular architecture due to the spectrung@isaFAPs, while processing is centralized in Multi-cell FARfeplaced at Central

above the 2GHz band, where in-building radio penetration a%ee)hg,/Asigﬁ‘gf(echgg‘e’gﬁge) ;’:d"‘\','irfée\fesrzf?g.(w sizo) into a low
heavily penalized. This has been driving the cell-size cédn
trend that has been experienced in the last years. Celltieduc
down to the range 10-50m, possibly indoor, is the paradigm
of femtocells based on low-power, low-cost user-deployed Focusing on the PHY/MAC level, the operators experience
base stations. Figure 1-(a) shows a conventional femtoadithotomy between mitigating radio frequency (RF) inter-
system. The basic idea of femtocells lies in deploying iference and allocating spectrum to femtocell and macrocell
house base stations (or femtocell access points - FAPspleapaisers. The scarce availability of radio resources, togatita
of providing wireless voice and broadband services (sudlexibility in the deployment, would preferably lead to the
as UMTS, WIMAX and HSPA/LTE) to customers in homeusage of the same spectrum bandwidth, with the unpleasant
or office environments connected with the operator’s coedfect of the arising of RF interference, botb-tier (among
network through a broadband connection (such as xDSlnkighboring femtocells) anctoss-tier (femtocell-to-macrocell
Compared to other techniques for increasing system cagpaciind macrocell-to-femtocell). In this context, due to thavye
the key advantages of femtocells are the reduced deployméidiocation of the end-users that deploy customized FAPs,
cost for the service provider, and the increased indoaitmrt centralized frequency/power planning is prohibitive, batt
coverage (namely for spectrum allocation beyond 2GHz). FAPs are required to include some algorithms for the min-
However, the femtocell paradigm unavoidably has to fadgmization of the radio interference (both cross- and co-tie
with several (still) open issues such as synchronizatispge [2], e.g., based on the periodical optimization of poweelev
cially if using Orthogonal Frequency Division Multiple Aess and neighbors’ parameters. However, these self-configurin
— OFDMA - as access method), security, interference apdlicies are not suited to the highly varying nature of the
mobility management (see, e.g., [1]). All these issues ctoulemtocell environment, where fast fading effects of theicad
be more efficiently handled by a centralized approach ratterannel superpose with unpredictable femtocell actinediod
than by employing dislocated and likely uncoordinated FAPdeactivation. Moreover, the low cost target for the FAPs pre
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vents to perform sophisticated algorithms, so that deakréd T €B>> I €B=>
interference mitigation is an active area of research. ., [F] >

Contribution. We propose a centralized approach based on Remote REOA3km .
V\_/weless over Cable archl_tecture for femtocells illugtdain U, \—;lﬂ: » = .
Fig.1-(b). This novel architecture, referred to as Femt6GWo L 3<><><>,O§> =3 ad I and Y
architecture, aims at mitigating the interference aridiragn RN s |5 s |i
a group of neighboring femtocells sharing the same spectraly, . i<><><;><><> ol 8ol E
resource. The new paradigm is based on the concept of . =] s S
leaving to the in-home device the analog RF processingewhil : P g s |
deferring the PHY/MAC functionalities for multiple deviee . i ->‘-*' >I? ol Zlo
to a remote destination that employs the multiple femtocell \ ;L I R N
access points (Multi-cell FAP). Namely, on the one hand, the >  Multi-cell EAP
. . L . . ulti-cell FAP
in-home device acts as a bidirectional wireless-to-cadidgter MxM Wireless MxM Cable
that guarantees that the femtocell RF signals are traesferr MiMO H™  miMo H®
to/from antennas from/to the remote Multi-cell FAP node "
using the analog connectivity (telephone wire or coax orgrow Compound MIMO

lines or optical fiber) in place of digital link (as for xDSL).
On the other hand, the remote Multi-cell FAP guarante@g > wmutti-cell FAP exploits compound MIMO channel as ttmscade of
strict cell coordination/synchronization to efficientlxpdoit wireless MIMO and cable MIMO channel.
the concept of centralized multi-cell processing for rédgc
co/cross-tier interference. In this paper, deployment hef t
FemtoWoC architecture over twisted pair telephone lines ayailable cable infrastructure for the uplink, and vicesee
considered, thus enabling the Radio over Telephone Lin®$ the downlink (see fig. 1-(c)). Moreover, the A/A device
paradigm. The aim is to evaluate feasibility of the envisibn adapts the spectral mask of the signal both at the antenna
Radio over Telephone Lines architecture for femtocellpites and cable interface, so as to accomplish the standardfispeci
the hindrances arising from propagation over twisted pdiPwer requirements. Of course, the technological solutibn
copper lines (with emphasis to coexistence with xDSL-likde A/A converter as home-device depends specifically on the
services), together with the benefits of multi-cell progegs ~€Xisting home-to-Multi-cell FAP connections, namely cepp

In Sec. I, the reference paradigm of the proposed Fefp@sed (telephone line or coax or power line), or optical fiber
toWoC architecture is presented_ Baseband System mod&ll) Multi-cell FAP. The baseband prOCESSing functionalities
for the Radio over Telephone Lines architecture employifgPically implemented at the traditional FAPs (see fig. )-(a
OFDMA signals over the air interface is detailed in Sec. [IRre deferred to the remote Multi-cell FAP. Multi-cell FAP
Coexistence issues with xDSL and E1/T1 services deployé@h be located at the Telephone Company Central Office, and
in neighboring copper pairs for the case of IEEE 802.16e frovides PHY/MAC termination to different A/A devices, so

standard [3] are investigated in Sec. IV through numeric@$ t0 enable centralized control and resource management.
analysis. Conclusions follow in Sec. V. FemtoWoC architecture centralizes the processing

(PHY/MAC) tasks for a group of neighboring femtocells
and it is envisioned to merge advantages deriving from
conventional femtocell implementations and distributed
The new Femtocell through Wireless over Cable (Ferantenna systems [4], namely high indoor coverage and
toWoC) architecture in fig. 1-(b) resembles the convention®IMO processing/diversity exploitation. Time and frequgn
architecture of femtocell systems (fig. 1-(a)) except fog trsynchronization is mandatory to handle all these signals
in-house device. The underlying principle of the FemtoWwo&multaneously and to make the MIMO processing at
architecture is to ensure an amplify and forward transigrri the Multi-cell FAP be maximally efficient in interference
of the wireless signals from/to femtocell users belongmgt mitigation (or spatial-diversity exploitation).
group of neighboring femtocells towards/from a remote Mult The drawback of FemtoWoC architecture is the additional
cell FAP, so as to enable a paradigm of centralized intavéere source of interference that might arise from home-to-Mceti
handling via multi-user MIMO processing. With respect te thFAP cable connection. In other words, even if radio signéls o
conventional femtocell deployment, FemtoWoC architexiar two femtocells are operating over different spectrum (dmuc t
accomplished by the following devices: not-interfering), once signals are down-converted by thé A
(i) Analog-to-analog converter. Every in-house FAP is re- devices to fit onto the cable spectrum allocation, they could
placed by a bidirectional amplify and forward device, namebe interfering over the cable as for the case of twisted pair
analog to analog (A/A) converter, capable of handling t&lephone lines (Sec. IlI).
bidirectional analoglow to interface the radio environment Even if fiber to the home (FTTH) paradigm would be in
with the available cable infrastructure. Specifically, & the long term vision the ideal cabling situation [5], the so
converter is in charge of performing a frequency conversiaalledcopper last mile bottleneck is still the realistic situation
of the RF wireless signal incoming from a femtocell usdén up-to-day access network infrastructures. For thisaeas
to a lower frequency appropriate for transmission over thie short term the exploitation of existing phone lines wid b

Il. FEMTOWOC ARCHITECTURE
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: d | e Multi-cell FAP A. Uplink Baseband Model
Ui A E: § g 2 Each femtocell uset/,, in fig. 3 employs OFDM modula-
Z><Z: \ DY f S tion over N subcarriers with carrier spacinyf and transmits
U B . | <33 i . DN N symbols within time slot. Time division duplex (TDD) is
Twisted pair fla L assumed, so that no self-NEXT occurs over the cable. In this
@ telephone \ S section, system model is based on the following assumptions
lines . Termination (i) perfect frequency synchronization among flifemtocells,

so that no inter-carrier interference occufis) bandwidth of
each carrier is less than the end-to-end (cascade of varaefes

Fig. 3. FemtoWoC architecture composed Mdf femtocells (one user per ;s
femtocell) connected to the remote Multi-cell FAP througtiong twisted Cable) channel coherence bandw;d(dm) all femtocell users

pair telephone lines. xDSL services coexist in the sameedainider, creating €MPIOY a cyclic prefix with |§ngth greater tha'n t'he maximum
FEXT/NEXT interference to the FemtoWoC signals. compound channel memaryiv) block transmission to/from

the Multi-cell FAP is block synchronized. Accordingly, the

compound MIMO-OFDM channel reduces to a collection of
the necessary enabling element for spreading the FemtoWpLx )/ flat fading MIMO channels, one for each of thé
architecture, thus resorting to Radio over Telephone Linggbcarriers. Each MIMO channel is further composed of the
principle. In this case, multi-cell processing is adaptedhe cascade of\/ x M wirelessflat fading MIMO channel and
cascade of wireless (fading) MIMO arising from co-channel; x As cableflat fading MIMO channel. Per-carrier uplink
users and cable MIMO from the users employing interferingequency domain baseband model is detailed in the follgwin
copper twisted pairs in the same binder, as depicted in fig. 2.9) Wireless MIMO: Let s(t; k) = [s1(t; k), sa(t;k), ...,
Moreover, besides attenuation, propagation over the dablesM(t;k)]T denote the set of frequency domain symbols trans-
hampered by crosstalk (both near- and far-end, see Sec. Wfitted by the M femtocell users at time slot over the
due to possible coexistence of xDSL services employed #fh OFDM subcarrier. In the following, indicel and ¢ are
Other tW|Sted pail’s in the same Cable bindel’. In Sec. ”I, tl?%g'ected for S|mp||c|ty in notation. Symbo's are assumed

system model for the scenario in fig. 2 is defined. Coexistenge have normalized energy, such thaf]s,,|?] = 1 (for
issues with xDSL services are investigated in Sec. IV. eachm), and transmitted power is the same and equal to
P Frequency selective Rayleigh fading and path loss affect

I1l. FEMTOWOC OVER TELEPHONELINES propagation between each of thé femtocell users and th&/

Let us consider the svstem in fia. 3. wheté fermtocells A/A converters. Radio channels are assumed to be fixed during
are connected to a comymon Multi?(;elly FAP via twisted paft time-siot, and to vary independently over time sfots. Let
P [9i5(0), gi;(1), ..., gi;j(D — 1)] be the baseband equiv-

telephone lines deployed in the same binder and having %\ént channel between thith femtocell user and the antenna

same lengthd. To simplify, each femtocell serves a single . ST : i
user (denoted ag/,,, with m=1,2, ... M) thus creating a of the jth A/A device in time slott, being D the maximum

5 X
compound) x M MIMO system composed of the cascade OEhannel order of all thé/* radio channels. We assume that,

. . or each(i, j)th link, equivalent channed;; ~ CN(0, a;;T),
g‘il XZJ)V[ I\:Ag rri![f)?:falll\g IE';/:S SSnsdlj\rJng d]%i) Csit;ree'\t/ug/lga?::nsngztrwhereaij is the the propagation attenuation occurring over
9 ). P H}”e‘(z H)th link, and matrixt' = diag{~(0),7(2)....7(D —1)}

so that mutual interference arises on the radio environme(g:e ends on the normalized power dela roﬁ’rﬁ(é)}D’l
Crosstalk also occurs within the cable propagation, duédo t b b y P £=0

electromaanetic counling amona adiacent pairs. The | such thattrace(T') = 1. Recasting on the canonical vector-
9 pling gad pairs. A matrix baseband formulation for MIMO systems, received

of interference is generally classified as near-end créissta. o

) T Signal by the ensemble dff A/A converters is, in compact

(NEXT) when caused by signals propagating in opposfgr

directions, and far-end crosstalk (FEXT) when caused by \/— (w) (w)

signals propagating in the same direction. More specificalll Xa/a =V POH" s + 0", @)

B el A comererf afecte ! where 1) is the 11 < Af MIMO. channel mai oer
. ; w .

A/A to the Multi-cell FAP (referred to as self-crosstalk,tho wlreless medlum, such that the ent[}‘l( )L‘j IS t?e) kth

self-FEXT and self-NEXT), and by crosstalk from service@n Of th(g)Founer transform of channgj;;, and n®™” ~

deployed over other twisted pairs in the same cable bindeN (0, No"AfIas) is aM x 1 vector of i.i.d. Gaussian noise

(xDSL, EL/T1). NEXT is much larger than FEXT as intersamples with the same variancé{"’Af for noise power

fering transmitters are placed close to the receiver. E¥enspectral density\fo“’).

in principle self-NEXT can be avoided by selection of the 2) Cable MIMO: The A/A converter acts as a bidirectional

duplex (TDD or FDD), self-FEXT cannot be avoided, and iamplify and forward device, besides translating analogaiiy

is regarded as a performance-constraining factor, edlyeata (by up or down conversion) according to the specific radio

the coupling distance becomes shorter [6]. In the followingrotocol and cable connection. Power levels over subcarrie

due to space limitations, we discuss the system model for tten be also adapted and optimized to maximize the system

uplink. Downlink model is dual with respect to the uplinkdan performance (not covered in this paper). Here the received

can be easily derived. power from themth femtocell user can be adapted to a
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predefined spectral mask'®, and thus the gain for theth . PSD [dBmiHz]
-4
AJA converter becomes o
-50 FemtoWoC spectral mask VDSL spectral mask
B =PSBl [xa74],, - @ =
The M x 1 baseband signal received by the Multi-cell FAP™
over thekth subcarrier turns out to be 80
0 f ° 10 2 Frequenc&?MHz]
y =HBx,,4 + 0, ©) ee

whereH© is the M x M MIMO channel matrix over cable, Fig. 4. Spectral map of XDSL services over telephone-limes@existence

and diagonal matrixB = diag{~/By, /By, ... /Bas} ac- Nith FemtoWoC signal.

counts for the amplitude gains of the A/A converters. Diagon

entries[H(C)]ii of cable MIMO channel represent the transferlv' ANALYSIS OF FEMTOWOC OVER TELEPHONEL INES

function of a twisted pair cable of length[7 _ '
P gth{7] Purpose here is to evaluate the benefits of FemtoWwoC

[H(C)]ii — o T(H)xd (4) architecture over telephone lines and the degree of ceexist
with xDSL services subject to spectral mask constraints on
where  the propagation constant I'(f) — both air and cable interfaces. Towards this goal, we conside

\/(R+j27rfL)(G + j2r fC) depends on cable characteristi@n IEEE 802.16e OFDM signal at the air interface, and we
parameters (i.eR, C, G andL are the resistance, capacitancéegard throughput;,, experienced by thenth user as the
conductance and inductance per unit length, respectjvelffetric function:
and frequencyf corresponds to the spectral position of the _ N
kth OFDM subcarrier over the cable. Off-diagonal terms Tn =Af/(L+9) Zk:l Samc(SINRgm), (1)
of cable MIMO channel matrixt (<) account for the cable wherey is the cyclic prefix ratio and 41¢(+) is the Adaptive
far-end crosstalk transfer function between thie and jth Code Modulation (AMC) function that maps the signal-to-
twisted pair { # 7), these are modeled as [8]: interference-plus-noise rati6/ N Ry, ,,, (given by (6) for the
J uplink) experienced by thenth user over theéith subcarrier
[H(C)]ij _ j27rfe—21"(f)><d/ cij(z)dw (i+7), () onto a specific code and mod_ulat_lon format. More specifically
0 SINR thresholds for AMC switching have been chosen based
on [3]. Notice that WIMAX scheduler is assumed to adopt
. A ) | carrier-by-carrier AMC for all theV carriers (i.e., throughput
IS assumed_z_as constant, for simplicity. Mor_eo v 1S the loss due to guard and pilot carriers is neglected). Perfoces
vector of M i.i.d. complex, zero mean Gaussian noise sampl8§e in terms of the average wireless throughput estimated

. . (c) . . . .
with variancesN), ,, Af depending on the noise single-sidegom, (7) using independent realizations of the wirelessioka
power spectral densityV, () at the mth cable termination vectors.

0,m
(m =1,2,..., M). Specifically, power spectral densitiag(f;)n
account for the following effects (in order of importancé): A. IEEE802.16e FemtoWbC Compatibility (M=1)
cumulative FEXT and NEXT produced by the XDSL/EL/T1 | o 5 consider an IEEE 802.16e OFDM signal with sub-
services coexisting in the same cable bun@l¢ cable thermal .o, spacingAf =10.94 kHz, N = 1024
noise. ' ’

where the coupling capacitaneg (x) between pairs and j

subcarriers,
sampling factor equal to 28/25, cyclic prefix ratjo= 1/8
(effective bandwidth isB = 11.2MHz) [3]. Each user is
constrained to transmit with powgP ™) /Af)B = 20dBm
over bandwidthB, while N{") = —166 dBm/Hz. Path loss
The Multi-cell FAP receiver performs linear MIMO pro-attenuation over the direct link of eachth femtocell user is
cessing. Decoding of symbadg of kth subcarrier is based ona.,,,, = —78 dB (corresponding to a distance of approx 10
M x M weight matrixW, as$,=W,y. The post-processing m at a 2GHz carrier frequency for indoor), while frequency
signal-to-interference-plus-noise ratio experiencedtanith selective radio channels have the same exponential power
subcarrier of thenth stream follows from (3) and it is: delay profile such thal = diag{1, e='/2,...,e=%/2} (D =6
taps). Typical characteristic parameters for twisted jyaérare
employed as in [7]. With the aim of minimizing the impact of

B. Uplink Multi-cell FAP Processing

PO |[WHBH, 2

SINEym = PW HWkH](:)BkH](‘:w)]mF ©) FemtoWoC signals onto the existing XDSL and E1/T1 services
N N(M)Z}"Z WL HO B, over the cable, we allocate the spectral mask of the FemtoWoC
0 o L Rk R signal so ag\") /A f = -60dBm/Hz similar to VDSL [9], and
+2, No,anAﬂ[Vv’ﬂ]m”| ) starting frequencyfyy,c=100kHz (see fig. 4).
; ; . DL and UL communication over the cable is impaired by
Due to space constraints, we only conS|Tder the zero formanree different noise scenario) AWGN with power speciral

(ZF) receiverW,, = (VP(w)Hzgc)Bkngw)> density equal to -140dBm/Hzdse A); (ii) case A noise +
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Fig. 5. Coexistence of FemtoWoC signal with other servid@swnlink Fig. 6. Analysis of coexistence in moderately interfereénsgio ¢ =
and uplink communication over the cable is impaired by thtifferent noise  700m without VDSL users): (a) uplink average spectral efficieot M = 1
scenarios: if -140dBm/Hz AWGN (ase A); (ii) case A noise + 10 ISDN, femtocell user employing an IEEE 802.16e signal with effecbandwidth
10 ADSL, 4 HDSL, 2 T1 servicescése B); (iii) case B noise + 20 VDSL equal to 1.4MHz (line with circles), 5.6MHz (dashed linejidrl.2MHz (solid
disturbers ¢ase C). Dashed lines refer to DL, solid lines to UL with no NEXT line) versus different frequency allocations over the edbi terms offyy ¢,

mitigation, solid lines with stars to UL with 10 dB NEXT redian. see f;g- 43 )(b) FEXT and NEXT power spectral density versus frequenaggc
in fig. 5).

10 ISDN, 10 ADSL, 4 HDSL, 2 T1 servicezdse B); (iii) P ; .
case B noise + 20 VDSL disturbe C). Crosstalkers are ]ESO|Id line) and DL (dashed line). The NEXT interference

. om VDSL over the high portion of the spectrum severely
assumed to exist at both the far- and near-end of the cable {qr: :
each link direction. Power spectral densities of ISDN, ADS Ifﬂﬂts the UL throughput below SMbit/s for :61000m (case

HDSL and T1 signals, as well as NEXT and FEXT crosstal ). However, 10dB of NEXT processing gain (line with stars)

. . . an restore the benefits for the UL (there is no benefit for
coupling functions, are generated according to [10], anAiNFS DL as NEXT onto the downlink FemtoWoC service cannot
method has been used for crosstalk summation [11]. In Bi‘

our simulations, we adopted the FDD Band Plan 998 for reduced in any way).
VDSL [9] (the optional 30-138kHz band is not used). Centr . _
office hosts both physical termination of the xDSL/T1 safsiceg' Soectral_ Allocation Over The C_:able (M=1)
and the Multi-cell FAP. NEXT interference of xDSL towards Scheduling of FemtoWoC signals needs to account for
FemtoWoC signal can be mitigated by making xDSL modefnterference both over the radio and cable enwro_nment, as
and Multi-cell FAP to cooperate in exchanging Sigm”ngown-converted wireless spectrum from the A/A device W(_)ul_d
(soft information) on interference. This results in a reiare P& @llocated over the cable on the same spectrum of existing
of NEXT for the FemtowoC service (only UL) and it isXDSL services. To highlight this con(_:e_pt, figure 6-(a) an@)-
accounted for by the NEXT processing gain (or equivalentBOW the uplink average spectral efficiency of fe= 1 fem-
NEXT attenuation) that here is 0dB (no NEXT mitigationjocell user employing an IEEE 802.16e signal with effective
and 10dB (typical NEXT reduction capability with respect t¢@ndwidthB = 1.4MHz (line with circles), 5.6MHz (dashed
signal, as a worst case in [12]). line) qnd 11.2MHz (solid I|r.1e) versus different frequency
Fig. 5 shows the average throughput of fife= 1 femtocell @llocations over the cable (in terms gy.c) for case B
user versus cable distangefor both uplink and downlink @nd C noise (see Sec. IV-A), respectively (without any NEXT
for the different noise scenarios (for the uplink, 0 and 1fitigation). System parameters are selected as in fig. &péxc
dB NEXT processing gain at the Multi-cell FAP has beefpr d = 700m. Best s_pectral allocation results in a trade
considered). Even in this simple case of one user, upli@f between crosstalk interference (whose frequency power
and downlink behavior is asymmetric because of the differepPectral density in terms of FEXT and NEXT is shown in
xDSL interference experienced on the cable-link. Nameigec fig- 6-(b) and 7-(b) for case B and C, respectively) and low-
A is used as reference of the throughput vs cable attenuatRf#FS response of the cable (notice that for this scenario the
as there is no interference. Therein, UL curve is lower than Dn@ximum achievable spectral efficiency is 4bit/s/Hz fortladl
curve due to the asymmetry in the nofi®or at the receivers. bandwidths). Specifically, for low spectrum usage, sceniari
Compared to the full WIMAX throughput (44.8Mbit/s for thisNEXT dominated, while in the high spectral region it is mpstl
scenario), the loss arises for distante- 1000m due to the Cable-attenuation dominated.
low-pass characteristic of the cable medium. When case B ] ]
cable interference impairs the FemtoWoC signal over the Idw MIMO Processing Analysis (M=2)
part of the spectrum, or VDSL services are superimposedPurpose here is to highlight the benefits of MIMO pro-
(case C), the throughput is reduced and asymmetric for dessing. Towards this goal, we consider = 2 femtocells,
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Fig. 7. Analysis of coexistence in highly interfered scémé& = 700m with ~ Fig. 8.  Multi-cell MIMO processing throughput performasc@iplink) vs

20 VDSL users): (a) uplink average spectral efficiencyMif= 1 femtocell

cable coupling distancd for IEEE802.16e FemtoWoC scenario and AMC

user employing an IEEE 802.16e signal with effective bawthviequal to scheduling (case C noise of fig. 5).

1.4MHz (line with circles), 5.6MHz (dashed lines) and 11R¥/(solid lines)

versus different frequency allocations over the cabledmms of fy;,c, see

fig. 4), (b) FEXT and NEXT power spectral density versus frequenagséc
C in fig. 5).

(1]

each employingNV 1024 subcarriers B = 11.2MHz). g
Broadband connections over twisted pairs are impaired over
a coupling lengthd by case C noise (Sec. IV-A). Other 3]
system parameters are selected as in fig. 5. Fig. 8 shows the
uplink average throughput of each femtocell user versus thHél
cable distancel for different values of path-loss coefficients 5]
a1 = o1 < Q1] = Qo9 (Wlth 10 dB gain in NEXT
reduction by Multi-cell FAP). As a reference, the maximumis]
achievable throughput for this scenario is also plottedi&étp

44.8 Mbit/s from (7)). Large distanaémakes crosstalk more [7]
severe with a throughput reduction. Interference mitagati
by multi-cell MIMO processing makes the throughput aImos}
insensitive to the coupling over the air of the two users
(cv12/a11 = aw1 /a1 < 1). The benefits of MIMO processing
are compared with the scenario where there is no reductiod
of wireless interference (i.e., weight matiWy;, = (HE‘f)Bk)T [10]
only accounts for cable MIMO channel). Notice that, in the
latter case, in severe wireless §/a11 = ao1/a1 = 1) and
cable condition (case C crosstalk noise) the throughputwof f
Mbit/s can be guaranteed ovér= 1 — 1.5km.

8]

[12]

V. CONCLUSIONS

Wireless over Cable architecture is presented as a novel
paradigm to exploit the advantages of MIMO processing in
femtocell systems. In particular, study has been focusetien
Radio over Telephone Lines. Despite the hindrances degrivin
from this hostile propagation medium, the proposed archite
ture has been shown to be highly beneficial in overcoming
detrimental radio interference among neighboring fenitece
Scheduling of the wireless signals when transferred over th
cable necessitates dynamic spectrum allocation politias t
open future scenarios in this context.
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