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ESTIMATION OF BANDWIDTH UTILIZATION FOR SHDSL LINK
WITH EFM TECHNOLOGY

Vyacheslav I. Noskov, Anna A. Kulyas
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Background. The EFM technology is widely used in access network and assumes transformations chain of the Ethernet-
signal for its distribution and further transmission through multiple copper lines named pairs. Multipairs mode is used in order to
increase the capacity of the link. But copper pairs may have a different parameters and therefore different throughput. In this
case non-equal distribution of the Ethernet traffic is used between pairs. But this approach requires transmitting some
identificators in order to create original Ethernet frames at the receiving side. These identificators will impact on bandwidth
utilization for multipairs connection.

Objective. The aim of the paper is theoretical and practical researches of bandwidth utilization for multipairs SHDSL/EFM
connection in depending on traffic type.

Methods. Study all known publications and standards concerning EFM technology. Analyzing frames format for protocols
which are used for SHDSL systems with EFM in order to calculate relation between payload and special data. Installation of the

SHDSL link with EFM for practical researches.

Results. The theoretical and practical results concerning the bandwidth utilization for multipairs mode are achieved.
Conclusions. Methods of researches and their results may be used for estimation of the real throughput of SHDSL/EFM
links during service level agreement (SLA) conclusion with customers.
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Modern telecommunication systems are built in
accordance with conception of NGN (Next Generation
Network), where Ethernet is used as a unified transport
technology. It corresponds also to such important area
of general network infrastructure as a multiservice
access network. According to NGN conception
subscribers should have the opportunity to manage the
services they used. Thus subscribers are occupying key
position in a telecommunications process. Therefore
complex of equipment and environment between
subscriber and network access node now have the name
"The first mile" and not the "last mile" as was before.
Originally Ethernet technology was designed for using
in local computer networks. However this technology is
not fitted for traffic transportation through different
transmission system. This defect can be explained by
initially absence of monitoring, control and diagnostic
features to support the necessary level of QoS (Quality
of Service). The second problem connected with
Ethernet stream distribution between copper pairs in
SHDSL link and assembling these fragments in holistic
stream at opposite side of the link. There are two
approaches to resolve this problem. First of them is
“byte-to-byte” equal distribution of the Ethernet fames
between pairs transmitters. This method is widely used
in “traditional” SHDSL systems and sufficiently simple
to realize. But practically parameters of pairs may have
the differences. In this case common bandwidth of the
SHDSL link will be defined by pair with worst

parameters, although rest of pairs can transmit a data
with more rates. Therefore it is needed to have such
method which will allow distribute the Ethernet traffic
between pairs in depending on their rates capability.
Thus second method is non-equal distribution Ethernet
stream between pairs. Despite on expected efficiency
concerning capacity of the M-pairs SHDSL link this
method is more complex and needs to use a
segmentation procedure with fragments numbering.
This circumstance will impact on bandwidth utilization
of M-pairs link. But due to common efficiency of M-
pairs capacity utilization this method is used in modern
SHDSL equipment for establishing a first mile from
customer to provider’s access node. This method is
named PAF (PME Aggregation Function) and described
in EFM (Ethernet in First Mile) standard, which now
included in IEEE 802.3 standard and represented there
as section 5. EFM commonly provides practically
transparent transmission of Ethernet frames with adding
the functions of monitoring, diagnostics and quality
parameters control of the transmission. All these
possibilities united in general term named OAM
(Operation, Administration and Maintenance). There
are two EFM standards for copper lines — 2Base-TL
(2.7 km with 2.3 Mbit/s rate through the copper line
with 0.4 mm diameter) and 10PASS-TS (0.75 km with
10 Mbit/s rate through the copper line with 0.4 mm
diameter). The structure of SHDSL transmission pass
with elements of EFM technology is shown on Fig.1.
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Fig. 1. SHDSL EFM transmission passes structure

On this figure we can see n independent passes,
which named PME (Physical Medium Entities). Each
PME consist of the following elements: 64/65 octets
framer; MUX for multiplexing the payload and services
data; scrambler to create a sufficient number of
transitions; TC-PAM modulator based on Ungerboeck
principals; precoder, spectrum shaper and linear
circuits. The differences relatively to SHDSL standard
(G.991.2 are only in encapsulation method. SHDSL uses
HDLC frame and SHDSL with EFM uses 64/65 byte
framing. But the main difference EFM is the
distribution method of Ethernet traffic between pairs.
For SHDSL systems which are designed in accordance
with EFM principals method PAF is used.

Principle of PAF is shown on Fig.2.
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Fig. 2. PAF principle

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. Fragments number
consists of 14 bits. Also SOP (Start Of Packet) and EOP
(End Of Packet) one bit each are present. Combination
of these bits shows to which part of initial Ethernet
frame fragment belongs to (beginning, middle or end).
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Check sum named FCS (Fragment Control Sequence)
completes the fragment and has 4 bytes length. 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 should expect the decreasing of the
bandwidth coefficient usage in comparison with one
pair mode. For example shortest fragment includes 70
bytes were 64 bytes is payload and longest fragment has
518 bytes (512 bytes are payload). Therefore PAF
procedure decreases the bandwidth utilization for
1.16...8.5%.

The goal of present researches is theoretical and
practicak estimation of bandwidth utilization for
SHDSL link which is built in accordance with the
standard 2Base-TL of EFM.

An estimation was performed both for the one pair
mode, where standard 2base - TL differs from SHDSL
only by the Ethernet encapsulation method, and for the
M-pairs mode, where principle PAF is used.

The estimation of bandwidth utilization coefficient
was performed both theoretically and practically.
Researches were performed for different traffic type
and number of copper pairs.

Theoretical calculations are based on the analysis of
the ratio between payload fields and other special fields
(headers, checksum, etc) which take a place in stack of
protocols and technics used for transmission: from
subscribers application to directly TC - PAM linear
signal. As widely known from OSI model, TCP/IP
protocols stack looks like is shown on fig. 3.
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Fig. 3. TCP/IP protocols stack

As shown on Fig.3 encapsulation method is used for
transmission the data from upper layer (applications) to
Data link Layer (Ethernet). Packets for all layers have
the headers which are being used for addressing,
identification and others purposes. All of these headers
decrease the bandwidth utilization. Common coefficient
of bandwidth utilization may be defined from following
formula:

CBU = CT*CN*CD*CF*CPAF, where:

Cr — coefficient for transport layer (UDP/TCP;
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Cy — coefficient for network layer (IP);

Cp — coefficient for data link layer (Ethernet)

Cr — coefficient for framing (SHDSL and 64/65
byte);

Cpar— coefficient for PAF.

All these coefficients can be defined as ratio
between payload part of corresponding packet and full
its size. Packet size depends on the application. The
structure of packets for all layers can be find in the
relative RFC documents and other sources. Structure of
PME’s frame is described ITU-T G.991.2
recommendation and IEEE 802.3 standard.

The results of calculations for different type of
traffic (applications) are presented in Table.1.

Table 1. Theoretical calculation results

Ethernet Coefficient 0
Traffic type M | pandwidth utilization
frame size
1 pare| 2 pares| 4 pares
VolIP 76 0.48 | 0.39 0.38
Web(HTTP) 1518 091 | 0.89 0.88
FTP 1518 091 | 0.89 0.88

For practical researches the natural model of SHDSL
line was built based on Watson EFM (SZ.868.V654)
modems. The scheme of line is presented on Fig.4.
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Fig. 4. The scheme of SHDSL line with EFM

The programs JPERF 2.0.2 and Bandwidth Tester
(BT) from Mikrotik company were used for traffic
generation and bandwidth utilization analysis:
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The results of practical researches are shown in
Table.2.

Table 2. Practical results of researches

Coefficient of bandwidth
Ethernet e
utilization
Traffic type | frame
. 1 pare |2 4 pares
size
pares
VoIP ~76 0,51 0,46 0,41
Web(HTTP) | 1518 0,95 0,94 0,93
FTP 1518 0,95 0,94 0,93
Conclusion

The technique of PAF that is used in 2Base-TL
standard is effective in order to increase common
bandwidth in M-pairs mode but some losses of
bandwidth utilization take a place due to necessary to
have additional fields for aggregation process control.
Losses of bandwidth utilization are in limits of
1.16...8.5% for PAF only and depend on the quantity of
pairs and traffic type. Common coefficient of
bandwidth utilization varies from 48 to 91 percent.

The minimum coefficient of bandwidth utilization
corresponds to shortest Ethernet frame which is specific
for VoIP packets.

Differences between theoretical estimation and data
of practical researches are within the limits of 3.6%.
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B.1. Hockos, A.A. Kynac

Ouinka koedinieHTy BUKOpucTaHHS nepenyckHoi cipoMokHocTi SHDSL-ninii 3 rexnomnoriero EFM

IIpo6aematuka. Texnosnoris EFM, ska nommpeHa Ha Mepexax JIOCTYIY 110 MiJHMM KaOeJIbHHM JIiHisIM, nependadae
HHU3KY nepeTBopeHb Ethernet-curHany Juist Horo po3mnojiieHHs Ta nepenadi mo 0araTboM mapam Kadento 3 METOIO IMiJBHIICHHS
MEePeyCKHOI CIIPOMOXKHOCTI 3’€qHaHHA. Tak K mapu KaOemro MOXyTh MaTH pi3HI HepeaaToyHi XapaKTEePUCTHKH, TO
3aCTOCOBYIOTBCS METOIHM HepiBHOMIpHOTO po3mosniny Ethernet-motoxy mixk mapamu. Lle mpu3BoanTs 10 moTpeOm mepemaBaTé
TIeBHi iIeHTH(}iKaTOpH MapaMeTpiB mepeaadi, Mo BUKINKAE 3HIKEHHS ITEPeITyCKHOT CIIPOMOKHOCTI O0araTomnapHoro 3’ €THAHHS.

Merta gociaigKeHb. AHAIITHYHE Ta MPAKTUYHE JOCITIMHKEHHS KOe(]ili€eHTY BUKOPHUCTAHHS IEPEIyCKHOI CIIPOMOXKHOCTI
baratonapuoro 3’ennanas SHDSL 3 EFM y 3anexxHoCTI Bif BHAY Tpadiky, IO IepeIacThes.

Metoauka peasnizanii. AHani3 BciX BiJoOMHX ITyOmiKaIiiii Ta crannapTis, npucsstyeHnx texHosorii EFM. Ananiz ¢opmaris
(dpeiiMiB TIPOTOKOITIB, 1O BHUKOpHCTOBYIOThCS B SHDSL cucremax 3 EFM, 3 Meror BHpaxyBaHHS CITIBBIJIHOIICHHS MiX
KOpUCHUMH Ta ciyxO6oBumu nanumu. [ToOymoBa HatypansHoi mozeni jinii 3 SHDSL EFM Tta npakrtuuni nociijpkeHHs il
MepeIryCKHOT CIIPOMOHOCTI.

PesyabTaTH npocaimkenb. OnepxaHi TEOPETHYHI Ta NPAKTUYHI Pe3yIbTaTH INOMO KOE(IIiEHTy BHKOPHCTAHHS
MEePEeyCKHOI CIIPOMOXKHOCTI y OaraTtonapaomy 3’eqrani SHDSL 3 EFM.

BucHoBku. MeToanka OOCTIKEHbP Ta OAEp)KaHI pE3yNbTaTH MOXYTh OYTH BHKOPHCTaHI IS OIUHKH pearbHOL
nepemnyckroi 3patHocTi niHii# SHDSL 3 EFM y nporieci ykiragaHHs yroJ Ipo SKiCTh HaJaHHS MOCITYT KOPUCTYBady.

KurouoBi cioBa: SHDSL; EFM; nepenyckHa 31aTHICTD

B.U. Hockoe, A.A. Kynac

Ouenka ko3 punuenTa ucnoab30BaHus nponyckHoii cnocoonoctu SHDSL-munum ¢ Texnosorueii EFM

IIpo6aemaTtuka. Texunonmorus EFM, mmpoko wucrnonb3yemMass B CEeTSX JOCTyNla MO MeEIHBIM KaOEIbHBIM JIMHHSAM,
npenronaraeT Lenoyky npeodpasoBanuii Ethernet-curnana [uis ero pacipeneleHdst W Iepefadyn o MHOTUM IapaM Kabens ¢
LEIbI0 YBEIUUCHUS IPOIYCKHOM CIIOCOOHOCTH coequHeHMs. Tak Kak mapbl KaOenss MOTYT MMETh pa3Hble MEpeIaTOYHbIE
XapaKTEPUCTHUKH, TO UCIIOIB3YIOTCSI METO/bI HEpAaBHOMEpPHOTO pacnpeneneHus Ethernet-notoka Mexxay mapamu. 3T0 NPUBOJUT
K TOTpeOHOCTH IepeAaBaTh ONpe/eICHHbIE HICHTH()UKATOPHI TapaMEeTPOB IIE€peadn, YTO BBI3BIBACT CHM)KEHHE IPOIYCKHOM
CIOCOOHOCTH MHOTOIIAPHOTO COETMHEHMS.

Leanr uccaenoBanmii. AHAJUTHYECKHE W NPAKTUYECKUE HCCIeNOBaHHUS Kod(duIMeHTa HCIONb30BaHMS MPOITYCKHON
cniocobHocTr MHoromapHoro coequaennss SHDSL ¢ EFM B 3aBucuMocTy OT Bujia niepeaBaeMoro tpaguka.

MeTtoauka peajau3anuu. AHaIN3 BCeX M3BECTHBIX MyOJIMKAIMH U CTaHAAPTOB, MOCBAIIEHHBIX TexHonornn EFM. Ananu3
(dbopmatoB GppeiiMOB MPOTOKOJIOB, KOTOPbIe HCob3yioTes B SHDSL-cucremax ¢ EFM, ¢ 11e1bi0 BRIYHUCICHUST COOTHONICHHUI
MEXy IOJIE3HBIMUA M CiIy)keOHbIMH nNaHHbIMH. [locTpoenne HaTypanbHOM moxenu ysuaud ¢ SHDSL EFM u npaxruueckue
UCCIIEJOBaHMS €€ MPOITYCKHOM CIIOCOOHOCTH.

PesyabTaThl HcciaeqoBanmii. [lomyueHbl TeopeTHdyecKHe M IMPAKTHUECKHUE PE3YNbTaThl OTHOCHTENBHO Ko3(dduimeHrta
HCTIOJIB30BaHUS MPOITyCKHOH criocobHocTi MHOTOMapHoro coennaerns SHDSL ¢ EFM.

BeiBoabl. MeTonmka HCCIEOBaHWN M TONYyYCHHBIE PE3yJbTAaThl MOTYT OBITh HCIOJB30BAaHBI IJISl OLEHKH pEealbHOU
nponyckHoi crocobHocty nmHNE SHDSL ¢ EFM B mporecce 3akifodeHUs JTOTOBOPOB O KadeCTBE INPEIOCTABICHUS YCIYyT
MOJIB30BATENIO.

KimroueBsie ciioBa: SHDSL; EFM; npomyckHas cniocoOHOCTh



