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Abstract— This paper presents test methodologies to measure quality and performance of ADSL service may be measured
and evaluate performance of ADSL modems which take into and evaluated taking into account some variables and method
account loss of packet rate, bit rate, and latency in transporting 15 measure and evaluate the CPE modem performance. To
ADSL service scenario. This evaluation method can be used by . .

ADSL provider (CO - Central Office) to guarantee the system perform such tests, data ratg_gnd data delay will be fulfilhed
quality and avoid low performance of service. In order to present Order to evaluate the capabilities of CPE modems under tests
this evaluation method, this paper considers a traffic generator, to support ADSL transmission. For these tests, we will use
modems under test, a telephony local loop carring ADSL service, three ADSL2+ CPE modems from different manufactories.
and DSLAM as the lab setup to perform such tests. It is well-know that major DSL vendors have been working

Index Terms—Loop qualification, digital subscriber line, cos- to combine VDSL2 (Very High bit rate DSL) technologies

tumer premises equipments, performance evaluation. with the advances made for ADSL2+ on the same multi-DSL
chipset. This integrated technology enables service geusi
I. INTRODUCTION to achieve higher data rates within their networks to suppor

Although there are some communications systems tHg€rative new triple play services (voice, data, and vidgo)
claim to be the solution for providing high bit rate accesdeliver triple play services, service providers need taveel
to residential customers, the last mile dilemma still congis Maximum bandwidth. The local loop and CPE modems must
to be a problem. The major concern about this problem $§/PPOrt sufficient bandwidth and functionality to enabiplér
related to the costs of the new infra-structure can demandRIgy Services to be successfully delivered to the consumer.
order to deployment of a new communication system. In thi€sting the CPE chipsets, modems and interoperability with
context, the utilization of the twisted copper wires of RlarPSLAM line cards requires wireline simulators and noise
Old Telephone Systems (POTS) is being widely exploited f§Pairment generators to emulate the copper local loop and
providing high bit rate Internet access. Such scenariohesed various impairments such as crosstalk within a cable binder
called the digital subscriber line (DSL) [1] access tecbg@s and radio frequency interference. This paper is aimed aibges
that has grown from just a few million lines in the beginningPE modem performance using wireline simulators, DSLAM,
of 2000 to over many million lines in last year. Brazil isand a traffic/analyzer generator [S].
following this tendency and it is ranked in 12th position in 1he present paper is organized as follows. The methodology
global broadband DSL growth. that will be followed to perform such tests are analyzed in

With these technologies, bit rates about 25 Mb/s and JSection |l comprising the testbed used in the lab in order to
Mb/s for downstream and upstream, respectively, in an Asy@PPly the methodology as well as CPE modems, variables,
metric Digital Subscriber Line 2+ (ADSL2+) [2], may pelocal loops, uncertainty analysis. Measured results aatysis
achieved which are sufficient to residential and some besin®f the CPE under tests are addressed in Section IIl. Section
applications. The ADSL performance is dependent basicaW presents the main conclusions and further directions.
on: subscriber local loop interference, such as noise and
crosstalk; status of local loop [3] [4]; nhumber of subscrihe Il. METHODOLOGY
present at the same binder; performance of DSLAM's (Digital T0 evaluate CPE modem performances, we submitted them
Subscriber Line Access Multiplexer) and costumer premist traffic such as IP (Internet Protocol) packets and compare
equipments (CPE). Additionally, the quality and performean the results of traffic achieved by the CPE under test to a-refer
of ADSL service is directly dependent on the CPE modefice, for example a CPE modem emulator or other reference
which is the goal of this paper. Furthermore, the targetdsi r modem. In this case, such comparison is made by analysis of
provided by the Central Office (CO) to the CPE modem wiflour traffic variables. In order to provide this quality ofgee

be satisfactory if CPE modem is up and running properly. TKE0S) tests required by triple play services, we have used
some equipments that help to reproduce a real scenario for
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Traffic TABLE |

Generatar TRAFFIC/ANALYZER GENERATOR CONFIGURATION
eth ATMIADSL [ Fixed Variables [ Upstream [ Downstream |
eth Packet Rate 125.47 p/s 1245.03 p/s
% Max. Bandwi dth 1.00 10. 00
Maclemn PC Dol AN % Max. Load 1.02 10. 20
: Dat agram Bit Rate 981. 64 kb/s 9780. 98 kb/s
R5-237 Line Bit Rate 999. 71 kb/s | 10000. 11 kb/s
H Packet L h 1
ATMIADSL i ATMIADSL acke engt 000 bytes 1000 bytes
Wifireline
Simulator

(number of packets that were lost, less out-of-sequencle- pac
Fig. 1. Measurement Setup for Modem Performance Test. ets) and Maximum Transfer Delay (maximum transfer time
in milliseconds since the analyzer was started). By anslgsi
A The Testbed sgch meas.urement results, the modem pgrformance e\_/allslatio
: will be fulfilled through comparison. Besides generating th
In order to specify the measurement setup we have reptgxffic, the traffic generator it is also responsible for gmig
duced the setup specified in [6] with a little modification. I the results.
the case of this paper, we have not used a noise impairmentable | shows the traffic generator’s transmission setup for
generator, because we want to make a QoS test which providgperiments. Thus, it is very clear that data rate and dagy de
an easier way to analyze the results, considering only thehieved by CPE under test will be worst than transmitted one

local loop effects. The CPE modems are connected to thecause such scenarios will introduce loss in the system.
traffic generator to analyze the downstream and generages th

upstream traffics. Fig. 1 shows the measurement setup at our
lab. C. Local Loops

As we could see, the traffic/analyzer generator is resplinsib In order to provide test local loop for the experiments,
to provide downstream and upstream traffics. The ADShis paper have taken into account the Tedsbstandard for
wireline simulator [7] simulates a local loop to be used iBrazilian loops [8]. Then, two different local loops will be
the experiments. Keeping in mind that we are looking for ased in the measurements. These test local loops are shown in
modem performance evaluation, thus we intend to make thRig. 2. The reader should note the gauge and length differenc
customer promises equipment as the bottleneck and not tiedween two test local loops used in the measurements; this
service provider (Central Office) represented by DSLAM.-Fuassumption makes possible to analyze the CPE performance
thermore, it is worth pointing out that our DSLAM, that is thalifferences for local loop with different physical and dtezal
equipment responsible to transmit ADSL/ATM (Asynchronousharacteristics.
Transmission Mode) signals through local loop forward the
customer, is configured to provide up to 20Mb/s and 2Mb{§
bit rates for downstream and upstream, respectively, assur
that CPE modem will be stressed. The PC is responsible tdn order to predict the uncertainty of such results, a brief
manage the experiment via software. discussion related to statistical methods for experimetdta

1) Modems To Be Testedde have chosen three differentProcessing [9] is presented. It is worth pointing out that
modem manufactories to be tested that are available in i€ traffic/analyzer generator was configured to provide a
commerce nowadays. Thus, we intend to compare the Qogwgfmal distribution of data, that is, the arithmetic mearhaf
these modems. All the CPE modems that we have chosen @pgervations may be taken as an estimate of the true value of
able to support ADSL2+ standard, the goal of this paper is td¢ measured quantity. The error of a measurement is defined
provide methods and techniques to performance evaluation &S the difference between the estimate of a quantity (medsur
ADSL service providers, therefore the manufactories wat n Value) and the true value (real value) of that quantity; teat

be mentioned in this paper. The CPE modems will be indicatéd= Vi — VrREAL.
by CPE A, CPE B, and CPE C. However, this error definition cannot be used in this paper

for the simple reason that the true value of the measurable

quantity is always unknown because we are dealing with

random quantities. For this reason, we shall consider te tr
In order to provide a CPE modem performance evaluati@@alue of the measurement as the arithmetic mean of that

and tests, we have chosen some variables which will Gegantity defined in the following equation.

compared to a reference, e.g. a modem emulator. In this paper

CPE modem emulator will not be used as a reference, thus 1

the results achieved by CPE under test will be compared VvMpa =1 = *'Zl‘i @)

to each other (CPE A, B, and C). These test will comprise "

four variables: Packet Rate (IP Packet Rate transmitted byin order to completely characterize the measured result, it

DSLAM), Bit Rate (achieved by CPE), Lost Packet Counteshould be estimated the variancé?(z;)) and the standard

. Calculation of Uncertainty of the Measured Data

B. Measured Variables
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deviation ¢(«;)) of the observations for a normal distributio
which are defined bellow.
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A. Data Rates Achieved by CPE Modems

From the rates achieved by the CPE, we can conclude about
the best performance CPE modem for ADLS transmission.

It should be emphasized that these rates are related to
downstream and upstream packet rate from traffic/analyzer
generator configured according to Table I.

1) Packet Rate:This sub-section presents the results ob-
tained fromPacket Rateneasurements as summarized in Figs.

3 and 4 for Local Loop 1 and 2, respectively. The transmitter
was configured to provide a target packet rate of 1245.03
packets per second for downstream and 125.47 packets per
second for upstream. According to result for Local Loop 1,
we could conclude that CPE C exhibited the best performance
considering the downstream and upstream packet rate ache

r;hat is the mean of CPE C packet rate, downstream was about

1100 p/s and upstream was about 118 p/s, has been closer the
target than others CPE modems. The results show that some
packets was lost during the test. After CPE C, CPE A has
gotten better packet rate than CPE B which has exhibited the
lower performance according to packet rate reached.

In Loop 2, it is possible to see CPE B has been better than
CPE A in downstream packet rate, CPE B reached about 830

However we are interested in the values related to tiés while CPE A reached about 770 p/s. For upstream packet

arithmetic mean, thus we are looking for the standard dieviat

rate, CPE A has remained better than CPE B, however both

of the mean which will be taken as the uncertainty of the teséPE A and B have stayed lower performance than C in overall

as follows.

u(®) = o(z) = ij;) (@)

The uncertainty equation above should be followed &
its confidence interval which is the interval that includes
with a prescribed probability called the confidence proligbi
(«), the true value of the measured quantity. The confiden
interval is constructed based on Student’s distributiohictv
is the distribution of the quantity = ff‘;‘,
true value,o(Z) is the estimate of the standard deviation c
the arithmetic mean. Thereforé; — t,0(z),z + t,0(z)] is
the confidence interval which corresponds to the confiden
probability P {|z — A| <t,0(Z)} = «, wheret, is the q
percent point of Student’s distribution. In this paper, th
confidence probability will be taken as = 95.45% which
corresponds td, = 2, thus the confidence interval will be
[T — 20(Z),Z + 20(T)].

I1l. ANALYSIS THE RESULTS

This section presents the measured results obtained fr
CPE modem performance evaluation taking into account t
variables discussed in previous sections. Each CPE mod
has been tested ten times throughout one hundred secol
therefore the final result was obtained from mean of te
measurements. The test time of one hundred seconds
chosen in order to decrease the effects of dynamics ertas,
error which is caused by inertial properties of the measurii
devices [9].

Fig. 3.

results.
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It is worth pointing out that two scenarios were taken into

account;Local Loop l1and Local Loop 2as mentioned in Fig. 4.

Section 1I-B.

Packet Rate for Loop 2.



It is worth pointing out that following variables, bit ratad
lost packet counter, depends on packet rate. Bit rate rdacl
by the CPE modems under test is equal to packet rate tin
packet length in bits, and lost packet is equal to lost pack
rate. Therefore, following results for these variablesudtho
exhibit in the same way CPE C with the best performance. S S S S T R Y

2) Bit Rate: As it has already been discussed, CPE C oug
to reach the highest bit rate, it stayed about 870 kb/s wh ”
CPE A stayed about 650 kb/s and CPE B about 640 kb/s 1
downstream. The results are shown in Figs. 5 and 6 for Loc
Loop 1 and 2, respectively. The transmitter was configured
provide a target bit rate of 9780.98 kb/s for downstream ai
981.64 kb/s packets per second for upstream as summari

in Table .

3) Lost Packet CounterThe results obtained fronhost
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Fig. 7. Lost Packets for Loop 1.

Packet Countemeasurements are summarized in Figs. 7 and 8

for Local Loop 1 and 2, respectively. According to such resul ‘
for Local Loop 1 and 2, CPE C exhibited the best performan: s e o e
because it lost less packets than the others CPE modem:
downstream and upstream, C lost about 15 packets while
lost about 43 and B lost about 44 packets for downstream ‘ HE
Loop 1. The reader should note the highest variance for Cl e
B in upstream. In Loop 2, CPE B lost less packets than CF
A how it was discussed in Section I1l-A.1.
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Fig. 8. Lost Packets for Loop 2.

B. Data Delay

Finally, the results obtained froddaximum Transfer Delay
measurements as summarized in Figs. 9 and 10 for Local
Loop 1 and 2, respectively. As could be seen in Fig. 9, CPE
C reached lower delay than CPE A and B for downstream,
however, in upstream CPE A was the best in Loop 1. In Loop
2, CPE C obtained the lowest delay in downstream which
was almost similar to CPE A. The maximum transfer delay
acquired by CPE C in upstream for Loop 2 was about 50 ms.
Analyzing all the results, we may conclude that the measured
variables indicated CPE modem C as the best CPE taking into
account such test scenarios. It achieved the highest dizta ra
and the minimum data delay. CPE modem A was better than
CPE B.

C. Uncertainties Results

In order to find the uncertainties of such evaluation perfor-
mance results, it follows Table Il and Table III includingeth
uncertainties for the variables (data rate and data dedeyjlts
achieved by the CPE modems for two test local loops. It is
worth pointing out that the confidence probability was taken
being 95.45% which corresponds to, = 2.



TABLE I
UNCERTAINTY RESULTS FORLOOP1.

[ I CPE A [ CPE B [ CPE C ]
Down Up Down Up Down Up
Packet Rate (p/s) 0. 08 0. 04 0.21 0.11 0.18 0. 07
Bit Rate (kb/s) 6. 29 0. 35 16. 32 0. 84 13.76 0.54
Lost Packet (p) 0.009 | 0.012 | 0.014 | 0.100 | 0.031 | 0.016
Max. Transfer Delay (ms) 0.032 | 0.004 | 0.082 | 5.123 | 0.096 | 0.023

TABLE Il
UNCERTAINTY RESULTS FORLOOP 2.

[ i CPE A [ CPE B [ CPE C |
Down Up Down Up Down Up
Packet Rate (p/s) 0.10 0.12 0.2 0.1 0.18 0. 10
Bit Rate (kb/s) 7.56 0.93 | 15.93 | 0.81 | 13.80 | 0.75
Lost Packet (p) 0.010 | 0.005 | 0.013 | 0.093 | 0.037 | 0.000
Max. Transfer Delay (ms) 0.022 | 0.004 | 0.080 | 5.025 | 0.102 | 0.026
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Fig. 9. Maximum Transfer Delay for Loop 1. Fig. 10. Maximum Transfer Delay for Loop 2.

IV. CONCLUSIONS establishment of a testbed with adequate equipments ¢traffi

The performance evaluation of ADSL systems may Hgenerator, wireline simulator); adequate choice of patarse
interpreted as analysis of some parameters of serviceegetiv Or variables of the system (this step is very sensitive in the
to the customer. In this way, Telecom Operators must be afplerformance evaluation process because inadequate leariab
to guarantee a particular level of quality of service tortioeis- Or parameters can lead to incorrect analysis of performjance
tomers. In this context, many performance criteria can leel us~rom the results presented in this paper, we conclude teat th
in order to characterize the service which include: aviitgb Cchoice of Packet Rate, Bit Rate achieved by CPE, Lost Packet
of service, error performance, response time and throughpad Maximum Transfer Delay can be used in the analysis of
lost data and speed of fault detection and correction, radigrformance evaluation of CPE modems as well as the data
interference and crosstalk level. However, in genera|5&heprOCGSSing should include the mathematical treatmentdaror
criteria are evaluated considering that all system dewigark t0 estimate the uncertainty of measured data.
appropriately. In this way, the local loop and CPE modems Telecom Operators should have in mind that such test and
must support sufficient bandwidth and functionality to deabperformance evaluations, in order to provide QoS, are kept
services to be successfully delivered to the consumer (with with errors and uncertainties that may mask the result,
QoS). If, for example, CPE modems do not work properlyherefor it is better to know the reliability of such results
it is become impossible to have a satisfactory performangéis reliability is carried out by uncertainty determireati
of service offer to customers even though the performan@éth this uncertainty, the ADSL providers could find out the
criteria are in accordance with the required service leviterval (with a certain probability) where the result isthim.
agreement. In order to consider this issue, this paper piede It is worth emphasizing that there are a lot of uncertainty
a method for improving the performance analysis of ADL8ontributors, however, in this paper was fulfilled just the
systems by using a modem diagnosis methodology. From tivecertainty introduced by the variance of the results (©amd
results presented here, the proposed methodology is basedquantities with a normal distribution). Additionally, usre



tainty information about the results of tests and evalustiof
CPE modems gives to the Telecom Operators the knowhow
needs to guarantee that ADSL service will be delivered with
high quality and performance to the customer.

Further direction is aimed to include real cables, a campus
network and a city telephone city.
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