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Background. In modern access networks based on copper cable, EFM is widely used. This technology, using the
PAF function, allows you to unevenly distribute data stream between pairs of cables depending on their quality.
However, the function of PAF decreases the throughput of the transmission system due to the additional fields in PAF
data frame. In addition, there is crosstalk interference between pairs, which also reduces the throughput of the
connection. Therefore, research of impact of these two factors on EFM transmission systems throughput is the actual
task.

Objective. The purpose of the paper is theoretical research of the throughput for multipair SHDSL EFM connection
depending on number of aggregated pairs and distance.

Methods. Study all known publications and standards concerning EFM technology. Analyzing frames’ format for
protocols used for SHDSL systems with EFM to calculate relation between payload and special data. Research of

crosstalk interference impaction on SHDSL EFM link throughput.
Results. The theoretical results concerning the throughput which can be achieved in multipair mode.
Conclusions. Methods of research and their results may be used for estimation of the real throughput of SHDSL

EFM links during the planning and project process.
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In the modern access networks built on the
copper cable, technology of EFM (Ethernet in the
First Mile) is widely used. This technology is
standardized by the International Institute of
Engineers of  Electronics and  Electrical
engineering (IEEE), driven to the standard of
IEEE 802.3, clause 5 and is called 2base - TL.
This standard is modified version of well-known
G.SHDSL technology (ITU-T G.991.2). There are
two differences between G.SHDSL and EFM.
First of them 1is encapsulation method for
Ethernet-frames. G.SHDSL standard uses HDLC
protocol and EFM uses 64/65B frame instead.
Also, in multipair mode EFM uses PAF algorithm
(PME Aggregation Function - function for
transceivers aggregation) and G.SHDSL simply
distribute Ethernet frame between pairs on per
bytes basis.

Using the EFM technology we are facing a
few factors that reduce the throughput of the
transmission system. First of all, this is PAF
protocol itself. Protocol PAF has additional fields
which are used for control functions. Data in these
fields occupies some part of the links capacity.
Secondly, at the multipair mode there is a
crosstalk between pairs, that create an interference
which also decrease throughput. Therefore,
research of simultaneous influence of these two
factors on the throughput is an actual task and

results will help to more precise planning of the
access network based on copper cable. Also, it
will help in installation and operation processes.
To quantify the decrease of the throughput
under the influence of the PAF protocol and
transitional factors, the coefficient is used:

K = Kp4r*Ke;,

where: Kps4r - coefficient of throughputs
decreasing due to the PAF algorithm factor; K., -
coefficient of throughputs reducing due to
crosstalk between pairs.

Therefore, throughput for EFM link will be
defined as:
Cy =21, Ci*K;,

where: C; — throughput for one pair in case of
crosstalk is absent and Kpsr= 1.

At first lets study impaction of PAF
procedure on EFM link throughput. PAF
principals [1, 2] are shown on Fig. 1.
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Fig 1. PAF principals

During the PAF procedure all Ethernet
frames are being segmented into fragments 64...
512 bytes long depending on initial Ethernet
frame size. Exceptions are Preamble and IPG
(Inter Packet Gap). In order to reconstruct initial
Ethernet frame at receiving point, fragments
numbers are added. Fragment number consists of
14 bits. Also, SOP (Start Of Packet) and EOP
(End Of Packet) per one bit each are present.
Combination of these bits shows to which part of
initial Ethernet frame fragment belongs to
(beginning, middle or end). Check sum named
FCS (Fragment Control Sequence) completes the
fragment and has length of 4 bytes. All fragments
are being distributed between PMEs depending on
transmissions speed which is set in them.
Numbers of fragments are assembling in integral
Ethernet frame at the opposite side of line. Due to
adding the special fields (6 byte length) during the
PAF procedure the decreasing of the bandwidth
coefficient usage in comparison with one pair
mode should be expected. For example, shortest
fragment includes 70 bytes were 64 bytes are
payload and longest fragment has 518 bytes (512
bytes are payload). Therefore, PAF procedure
decreases the throughput for expected Kpar =
0.91...0.98.

Crosstalk impaction on EFM link was
estimated as follows.

Coefficient K., which defines the
decreasing of throughput due to crosstalk between
pairs can be found as:

_ 12 g2 _ 2 2
Ko =ho/ho, or Keag = Wer - hoo,

where: h’., — ratio of signal energy for 1 bit to
spectrum density “white” noise and crosstalk
interference at receiving point; 4y — ratio of signal
energy for 1 bit to spectrum density of “white”
noise only.

Ratio 4”) can be written as:

h?o = Ps/(R*Ny), or h’o, a5 = Ps — R - N,

where: Ps — signals power at the receiving point;
R — data rate; Ny — spectrum density of “white”
noise at the receiving point.

Spectrum density of “white” noise is not
depended on frequency and equal minus 120
dBm/Hz, or 10> mW/Hz according to accepted
model of noise.

Power of signal at receiving point can be
found as:

pPs= [(PSDe(f)/ L()df .

where: PSDix(f) — signals spectrum density at the
transmitter output; L(f) — signal losses in copper
cable; '/ = 5 kHz — minimum frequency for TC-
PAM16/32/64/128 line signal which is defined by
the transformer at the output of the transceiver; F2
= fym — maximum frequency of line spectrum TC-
PAM  signal according to mask [3];
Jom=(R+8000)/K — modulations symbol rate; K —
quantity of information symbol in modulation
block (TC-PAM16 — 3, TC-PAM32 — 4, TC-
PAMO64 — 5, TC-PAM128 -6).

Signal spectrum density at the transmitter
output is defined as [3,4]:

PSHDSL 1
— X

PSDtx (f), dBm/Hz =

135 fsym
. f
sin( )
fsym’ N2 1
X( f ) X1+( 7 )onrderxfz 2°
fsym F3dB +F1

where: PSHDSL = 7,86 (R<2048 kbps) and 9,90
(R=2048 kbps) — scales coefficient; F3o5 = fom/2 —
bandwidth of output filter at 3dB level; order = 6
— order of output filter.

Losses of signal power in copper cable
line can be defined as follows [5]:

L(H),dB =D x 8,69 x \/% (rg — lc(2uf)? + 7Y,

where: D, km — cable length; », g, [ ¢ —
resistance, conductivity of cable isolation,
inductance and capacity of cable pair respectively;
f— frequency.

Y=/(r? + 122nf)?)(g? + c2(2nf)?)

Ratio 4’ which related to crosstalk
interference, looks like this:

het = Pc/R(Np+Ney),
where: N, — average spectrum density of NEXT
and FEXT interference.

Taking into account that NEXT
approximately in 10 times less than FEXT, it is
reasonable to calculate N, for NEXT only.

In this case N, can be drown as:
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_ 1 F2 -1 PSDExi (f)
Net =351 fFl =1 NEXTIi(f)’
where: NEXTi (f) — crosstalking between pairs on
near end as a function from frequency; m —
number of copper pairs which are being used.

NEXTi (), dB = NEXTi - 1000 ki) - 151g (f71000)

Accordantly to approaches above and
taking into account the PAF algorithm losses the
calculations of throughput as line length function
for one pair in 50-pairs cable were performed.
Initial data: line code TC-PAM 128, NEXT=60 dB
at frequency of 1000 kHz, SNR margin 4 dB.
Results are shown in Tab. 1 and Fig. 2.

Table 1. One pair throughput as function of cable
length

Doyl 2 3 | a|ls|el] 7| 3
km

m=1 15,4 | 15,4 | 10,6 | 6,6 | 45 |32 |23 1,6

m=2 | 154 | 13,6 | 75 |49 (34|24 |17 1,1
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Fig. 2. One pair throughput as function of cable
length for different m

From the above results it can be seen that
when adding to the initially one-pair xDSL
interface at least one more pair, the throughput of
the line is sharply reduced (up to 30%), especially
in the range of distances of 2 ... 3 km, which are
the most frequently used. The reason for this is the
crosstalk interference, which is much larger than
the “white” noise in the cable. By itself, the PAF
algorithm has a small effect (from 2 to 9%) on the
throughput of the line. Thus, it can be assumed
that precisely the crosstalk interferences are the
factor that significantly reduces the throughput of
the line. In order to reduce the level of
interference, it is necessary to maintain the
parameters of the cable in the normal way,
especially for a parameter such as longitudinal
conversion loss (LCL). You also need to pick up
the cable pair carefully. The method of selecting
pairs is given in the manual [4].

Conclusions

The PAF protocol reduces the throughput
of the line by 2 ... 9% depending on the initial size
of the Ethernet frames.

Crosstalk interference significantly reduces
the throughput of the line even when using a cable
with passport characteristics

To reduce the loss of the throughput of the
line, it is necessary to maintain the parameters of
the cable in the normal way and to select for
operation of a pair with minimal mutual influence
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Hockoe B.1.
JocainxenHs nepenyckHoi 31aTtHocti cuctemu SHDSL EFM y pexumi arperauii nap

TIpo6aemaTuka. CydacHHX Mepekax JOCTYILY, [0 BUKOPHCTOBYIOTh MiHUI Kabesb, MoIIupeHa TexHooris EFM.
Llst TexHOJIOTISI y pex)nMi arperanii nap BUKOpUcToBYe (yHKIi0 PAF, sika 103BoJIsie HEPIBHOMIPHO PO3MOMUISTH MOTIK
TaHUX MDK TapamMy y 3alIeKHOCTI Bin ix sikocti. Onnak, ¢ysHKOiss PAF 3HMKYye nepemyckHy 34aTHICTb CHCTEMH
rnepenadi BHACIIAOK CIYy)KOOBUX MOMIB y ¢opMmati ¢peiiMy, 0 BUKOPUCTOBYETHCS. J|OAAaTKOBO, ICTOTHY pOJIb B
3HIDKSHHI MEepernycKHOI 3/1aTHOCTI BIAIrparOTh MepexiaHi 3aBagud. TakuM YWHOM, JOCIHI/DKSHHS BIUIMBY IUX JIBOX
(dakTopiB Ha nepenyckHy 3naTHicTh cuctemu SHDSL EFM e akTyanbHOIO 3a/1a4ero.

Merta mocJigxkennb. TeopeTuyHi JOCITIHDKEHHsI TEPEITyCKHOT 31aTHOCTI /iUt 6araronapHoro 3’eqnanus SHDSL EFM
Y 3aJIeKHOCTI BiJl KUJIBKOCTI Iap, L0 arperyrThCs, Ta BiICTaHI.

Metoauka peadi3anii. AHami3 BCix BigoMux myOsikaiiii Ta cTaHgapriB, npucBsdeHux texuosorii EFM. Awnami3
dopmariB ¢peimMiB TTPOTOKOIIB, MO BUKOPUCTOBYIOThCst B SHDSL cucremax 3 EFM, 3 MeTor0 BHupaxyBaHHSI
CITIBBIJTHOIICHHSI MK KOPUCHHUMH Ta CIIY>)KOOBUMHU NaHUMU. JIOCIIJDKCHHS BIUIMBY IEPEXiHUX 3aBaji HAa MEPEITYCKHY
s3patHicTh aiHil SHDSL EFM. PesyabTaTn aociigkenb. TeopeTudHi pe3yiabTaTH BiJHOCHO IE€PEILyCKHOI 31aTHOCTI
JIHIT, sIKi MOXKYTB OyTH TOCSITHYTI y 6araTormapHOMY peXXHMi.

BucHoBkH. MeToauKa JOCHIIKEHb Ta OJIEp)KaHi pPe3yJIbTaTH MOXKYTh OyTH BHUKOPHCTaHI JUIsl OLIHKH peajbHOL
neperryckHoi 3patHocti Jiniit SHDSL 3 EFM y nporteci mitanyBaHHsI Ta MIPOEKTYBAaHHS MEPEX JOCTYITY.

Kurouosi ciioBa: SHDSL; EFM; nepenyckna 3natHicts; PAF; NEXT; FEXT

Hockoe B.U.
Hccnenosanue nponyckHoii cnocodoHoctu cucrembl SHDSL EFM B pexxnMe arperanuu nap

IlpodaemaTuka. B COBpeMEHHBIX CETSIX [OCTYyId, HCIOIB3YIOINIMX MEIHBIH Kabelb, MIMPOKO HCHOIB3YeTCs
texHosoruss EFM. DOra TexHonorus B peXuMe arperanuu nap ucnonbsdyer ¢yHkuuioo PAF, xoropasi mo3BoiisieT
HEPaBHOMEPHO PaCIIpeIeNIATh MOTOK JAaHHBIX MEXK/IY MapaMH B 3aBUCHMOCTH OT UX KadecTBa. OnHako, pyHkuus PAF
CHIDKAET IIPOITYCKHYIO CIIOCOOHOCTH CHCTEMBI MepeIadu BCIIEICTBUE CIY)KEOHBIX Moyied, conepskamuxcs B (opmare
HCTIOJIb3yeMoro (peiima. JIOTTOTHUTENIBPHO, CYIIECTBEHHYIO POJIb B CHIDKEHHHM IIPOIYCKHON CIIOCOOHOCTH JIMHUM
WUrparoT IepexoiHble INoMexXH. Takum 00pa3oM, HCCIEAOBAaHHUE BIUSHHUSA STHX JABYX (AKTOPOB Ha IPOILYCKHYIO
cnocooHocTh cuctembl SHDSL EFM siBsieTcst akTyanbHOM 3a1adeid.

eab uccaegoBanmii. TeopeTnueckue UCCISAOBAHMS MPOITYCKHON CIOCOOHOCTH JUIsi MHOTOIAPHOTO COEIMHEHUS
SHDSL EFM B 3aBUCHUMOCTHU OT KOJIMYECTBA arperupyeMbIX Map U PAcCTOSIHUS.

MeToauka peajqu3anui. AHaJIN3 BCEX M3BECTHBIX IyOJMKAIMH M CTAHIAPTOB, MOCBAIICHHBIX TexHosornu EFM.
Ananus popmatoB GpeiMOB IIPOTOKOIOB, KOTOpbie ucnonb3ytoTcss B SHDSL-cuctemax ¢ EFM, ¢ 1ieipi0 BEIYHCICHUS
COOTHOUIICHUM MEXAy IOJE3HBIMU M CIIY)KEOHBIMH NaHHbIMU. lcclienoBaHue BIMSIHUS IIEPEXOJHBIX IOMEX Ha
nponyckHyro crnocoonocts muanu SHDSL EFM.

Pe3yabTaTthl McciaenoBaHmii. TeopeTmdueckue pe3ynabTaThl OTHOCHTEIBHO IIPOITYCKHOHM CIIOCOOHOCTH JIMHWH,
KOTOPBIE MOTYT OBITH JIOCTUTHYTHI B MHOTOIIAaPHOM PEXHUME.

BeiBoabl. MeTomKa NCCIEIOBAaHUI U MOJyYeHHBIE PE3yIbTaThl MOTYT OBITh HCTIOIB30BAHEI TSI OLIEHKH peajbHOM
nponyckHoi ctocodonoctr Mt SHDSL EFM B niponiecce nmiiaHUpPOBaHUS M IPOSKTHUPOBAHUSI CETEH JOoCTyma.

Kmrouesbie ciaoBa: SHDSL; EFM; nponycknas criocodnocts; PAF; NEXT; FEXT



