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WLAN Testing with IxChariot: Sample Test Plans

1. Test Overview
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A number of key questions need to be
answered when architecting an 802.11
network that relies on IxChariot for testing.
These are:

* location of the Console, E1 and E2, both
with regards to the WLAN system and for any
planned attenuation testing

e the 802.11 standard supported by

the WLAN access points (AP) and clients

(STA) equipped with 802.11 cards (i.e. the
infrastructure Basic Service Set - BSS)

* the protocols supported by the BSS (e.g.
IPv6, multicast support on APs and STASs)
The following topology presents a framework
for WLAN test. The BSS is a generic 802.11
b/g network (Figure 1).

IxChariot now natively supports RSSI
measurements and these can be viewed

T, Console

- ® = ces

. Performance ke jm:
Endpoint 2 " Performance
§ : Endpoint 1

Figure 1. WLAN test topology.
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2. Test results -
Managing
Expectations
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One of the principal data points in
IxChariot testing is throughput. In an
802.11 radio environment, there are a
large number of factors (e.g. antenna
design, scattering, interference) that need
to be kept in mind when benchmarking
different devices and networks. In
addition, the IEEE 802.11 standard

defines various physical layer rates (e.g.
802.11b = 11Mbit/s) that are important
when comparing results. Due to the
characteristics of 802.11 (e.g. additional
data in packets such as preambles,
headers), the maximum STA-level
performance is always less than link-layer
throughput.

Maximum Link Rate | Maximum TCP Rate | Maximum UDP Rate
802.11b 11Mbit/s 5.9 Mbit/s 7.1 Mbit/s
802.11¢g (with b) 54 Mbit/s 14.4 Mbit/s 19.5 Mbit/s
802.11¢ (only) 54 Mbit/s 24.4 Mbit/s 30.5 Mbit/s
802.11a 54 Mbit/s 24.4 Mbit/s 30.5 Mbit/s
802.11a (TURBO) 108 Mbit/s 42.9 Mbit/s 54.8 Mbit/s
Figure 2.

WLAN Testing with IxChariot: Sample Test Plans



3. Determine
Performance of
802.11 Networks
in Different
Environments
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Objective and Setup: A defining criterion of
an infrastructure BSS is the distance from
the clients to the access point. In addition,
as shown above, the specific 802.11
standard that is being used in the network
will influence key performance measurement
criteria such as Throughput and Response
Time. Any changes in the network
performance parameters (throughput,
response time etc.) that are suspected

to be due to a change in signal strength

can thus be tracked directly. This provides
network designers a means to test wireless
network performance as a function of the
signal strength, all from a single application.
Depending on the network, designers

can thus decide whether particular signal
strength is sufficient to run all applications
the network is designed to handle.

Test Methodology:

* Place STAs in close range of 802.11b/g
WLAN AP that has b only mode (Figure 1 test
used .5 meters).

e Create one 802.11b pair (use 802.11b
NIC) and run Filesndl application script.

e Create one 802.11¢ pair, change the AP
to ‘g only’ mode and run Filesndl application
script.

* Move the STAs to track RSSI vs network
performance parameters from AP.

e Use Compare Test function in IxChariot.
(See Figure 3a)

™ |[xChariot Comparison - WLAN throughput b.tst + WLAN throughput g.tst + WLAN throughput b low signal.tst + WLAN throughpu... \:\@@

File Edit View Window Help

@[] baa]

Test Setup _Thoughput | Transaction Rate | Response Time | € YolP | £ Onesway Delay | £ Lost Data |  Jiter | Raw Data Totals | Enpoint Contigu

Datagram | 80211 |

Timing Re..| 95% Cor
Completed

Minimum)
(Mibps)

Masiimun|
[Mbps)

werage!
Interval| * (Mbps)

Time (sec)| Preci

Firishe
-. Ran to completion
EHan 422 5632 1882 6838
e Pat Fiished 2 00es 58D 182 BA® 59643
it @ C:\Program Filesybiatlx... Ran to completion
[EAll Pairs 48 0645 0403 1340
& Pairl Finished 48 0.058 D645 0403 1340 53457
it @ C:\Program Filesybiatlx... Ran to completion
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Figure 3a. Compares the performance of 802.11b and 802.11¢g (only) test
using standard IxChariot long connection script Filesndl

Figure 3b, 3c and 3d show the relation
between the RSSI and the throughput/
response time. (These are outputs takes
directly as .gif files after the results were
exported to an html file)

As the signal strength drops (as indicated

by the dropping RSSI), the throughput is
seen dropping and the response time of the
wireless network increases. The timelines
from left to right indicate the drop in
strength and the corresponding changes in
network performance parameters.
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4. VoWLAN Test
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Objective and Setup: Regarded by many as networks, a key data point to measure voice
a “killer application” for WLAN networks, quality is the MOS estimate.

VoWLAN is challenged by the mobility Using IxChariot, the MOS score can be
aspects of a wireless network and the QoS correlated to the signal strength of the
sensitivity of packetized voice. Extending the  wireless connection. In addition, the

proven VoIP test functionality of IxChariot carriage capacity in terms of the mixture of
to the WLAN space is easy. As in wired application traffic may also be determined.
Test A:

e Setup series of VOIP pairs with showing acceptable MOS (e.g. 3 pairs with MOS higher
than 4.).

e Setup additional pairs running Application scripts (e.g. SAP, HTTP) and show MOS score
deterioration.
Figure 4a shows the average MOS estimate of 3 bi-directional VoIP pairs running across an
802.11b BSS.

™ |xChariot Test - C:\Program Files\Ixia\IxChariot\Tests\VolP.tst

File Edit View Run Window Help

=) [T [o8) (e=[ece[eee e ceTeRom[ER ) (e eefeealeen[em e ec] (2] (] DTN

Test Setup | Thioughput € VolP | Onew/ay Dy | [ Lost Data € diter | Raw Data Totals | Endpaint Configuration | Datagran | 802,11 |

EX
Pai2

TimngRecords|  MOS|  MOS|  MOS| Rvalue| Oneway Delay| Endo-End Delay| RFC 1883Jitter| Percent Bytes Lost| Maximum Consecutive| — J
Gioup Run Status Completed| Average| Minimum| Masimum| Aveiage| — Average (ms]|  Average [ms]|  Average [ms) Elto Lost Datagrams | Lost [
EIVolP -Ato B 60 424 175 437 8851 3 64 1.433 0.078 2
T Pair1  Finished 20 26 205 437 3 1
[T Psr2  Finished 20 424 178 437 8857 3 64 1.300 0100 2
™} Psr3  Finished W 4z 18 437 ens? 3 64 1.450 0100 2
EValP -Blo A 60 419 100 436 8643 2% a7 1.000 0211 2
1] Pard  Finished 200 419 100 436 ee42 7 &3 1.300 0.200 2
T} Psir5  Finished 2 419 100 436 8643 % a7 1.000 0.200 2
™} Par6  Finished 00 413 100 436 8644 E] ] 0700 0233 2
< | >
. Legend
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—Pair 2-YolP -4 0B
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[Pais: & [Start B/20/2005, 11:26.07 &M [End: 6/20/2005, 11:27.08AM  [Run tme: 00:01.02 |Fian to completion

Figure 4a. Average MOS score of 4.24 for 3 bi-directional VoIP pairs
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Figure 4b adds data traffic (HTTP transactions) to the VolP traffic above and we can see the
result on the MOS score (i.e 2.6).

Files\Ixia\lxC| ests\VoIP n HTTP wo QoS.tst

Edit View Run Window Help
] B

Test Setup | Thioughput | Transaction Rate | Responss Time | VP | € Onewiay Delay | € LostData | £ Jiter | Raw Data Totaks | Endpoint Configuration | Datagram | 80211 |

Fai
pair2

‘ALL|TCP‘SCR‘EP1|EP2‘ sa ‘PG | PC

Timing Records MOS MOs MOS| R-valus| OneWay Delay| Endto-End Delay| RFC 1883 Jitter| Percent Bytes Last| Masimum Consecut
Group Furt Status Completed| Average| Minimum| Masinum| Average|  Avetage ms)|  Average (ms)|  Average (ms) EltaE2 Lost Datagra
[EIHTTP Transfer - A to B 33 nfa nfa n/a n/a nfa nfa n/a n/a n
1] Pair 7 Finished 16 na nfa nta nta nfa nfa nta nfa i
"] Pair 3 Finished 17 nia nla néa néa néa néa néa nfa t
[EIHTTP Transfer - B to A kil n/a n/a nia nia nla nla nia n/a n
"] Pair & Finished 16 nia nla néa néa néa néa néa nfa t
i Pair 11 Finished 15 nia nla néa néa néa néa néa nfa t
[ElVolP -Ato B 60 206 1.00 437 31.98 43 104 10.517 3.967
] Pair 1 Finished 20 218 1.00 437 3\21 42 103 3950 3733
[} Pair 2 Finished 20 200 1.00 437 3143 44 105 11.000 4067
"] Pair 3 Finished 20 1.99 1.00 437 297 43 104 10,600 4100
ElVolP -Bto A 60 197 1.00 435 2925 81 142 11.467 4.600
"] Pair 4 Finished 20 1.96 1.00 4.3 29.00 =5} 144 11.950 4.567
] Pair & Finished 20 187 1.00 435 2712 82 143 11.580 4767
[} Pail & Finished 20 207 1.00 435 3163 78 133 10800 4467
< 3
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Pairs: 10 Start: 6/20/2005, 125336 PM  |End: 6/20/2005. 1:00:38 PM Run time: 00:071:02 Ran to completion

Figure 4b. MOS score drops to 2.06 with the addition of data traffic
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Test B:

e Setup series of VOIP pairs with different codecs (eg. 1 bi-directional pairs per codec)

* Run test and check for MOS score variation with respect to the RSSI by increasing the
distance successively.

Figure 4c shows voice pairs with different codecs (G.711u, G.729, G.723) and their effect
in a WLAN environment. Some codecs may be better suited to be used at particular signal
strengths than others.

We can check if a codec is acceptable at a signal strength level with its average MOS score.
As the MOS score also depends on the codec used due to the delay in compression time
and the dependency of the codec algorithm on packet loss, various codecs have a varying
performance at the same signal strength.

M [xChariot Test - C:\Program Files\Ixia\IxChariot\Tests\VOIP diff codec.tst

File Edit Wiew Run Window Help

1 R 5[] oo e e[ B 8] (e[ een[eva[ee[sa s [ec] (= (2] (6D DT

Test Setup | Thioughput | | ValP | & Onetwiap Delay | £ Lot Data | | Jiter | Raw Data Totals | Endpeint Configuration | Datagram | 80211

i
Pair2

Timing Records Netwark | Service | Script/Stream | Pail Fair Group | Console knows | Console |Console | Endpoint T knows

Gioup Fiun Status Completed | Endpaint 1 | Endpaint 2 | Protocel | Qualty | Filename: Comment |Name Endpaint 1 Pratocel | Serv. Qual | Endpaint 2
EG6711u 40

i Pait 1 Firished 2015123 15121 RTP G711 G711y NoGroup 15123 cP nla 18121

] Fai 2 Finished 2015121 18123  RIP G711 G711y NoGroup 151.21 TCR nla 18123
E6723 42

[} Pait 3 Firished 2115123 16121 RTP G.7231-ACELP G723 NoGroup  161.23 TcP nla 18121

"] Pait 4 Firished 2115121 15123 RTIP G.7231-ACELP G722 Mo Group 15.1.21 TcP nla 18123
EG6729 40

1] Fai § Finished 2015123 15121 RIP G.723 G723 NoGoup  151.23 TCP nla 15.1.21

Pait B Firished G.729 G729 No Group 151.21

. Legend
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Figure 4c. MOS measurement for VoIP traffic with different codecs
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Figure 4d and 4e show the relation between the RSSI and MOS score. As with the “data only”
tests, the signal strength may be tied to the MOS score. A drop in signal strength may result
in packet loss, increased one-way delay and hence may result in a degraded quality of voice
reflected in the MOS score.
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Test C:
* Setup series of VOIP pairs with different codecs and see the throughput of the VOIP traffic

Figure 4f shows the bandwidth consumption for each VolIP pair using multiple codecs.

olP diff codec throughput.tst

File Edit View Run Window Help
i B e

Test Getup { Thioughpl]| € volP | € Oneway Delay | € Lost Data | € Jiter | Raw Data Totals | Endpoint Corfiguration | Datagram | 802.11 |

[ it
T E g‘mzl |ALL|TDP‘SDR‘EP1|EP2|SD ‘PG ‘PE

Tiing Recards| 95% Confidence| Average | Mirimum| Maximum| Messured| Relative )
Group Fiun Staltus Completed Interval| ~ (Mbps)|  [Mbps)|  [(Mbps)| Time sec)| Frecision
EIG.711u Pair 479 0606 0.043 0.076
i Pair1  Finished [E] 00Dz 0060 0049 00BB 150039 3823
i Pair2  Finished ] 00D 0060 0050 QOE7 149972 2147
i Pair3  Finished ] 000z 0060 0049 QOBE 149989 26ER P
T Paird  Finished 43 0003 0062 0050 QOB 149968 4413
T Pait5  Finished It 0003 0050 0046 0076 149989 4763
T PaitE  Finished a7 0002 0050 0046 00E7 149955 2649
T Pait7  Finished ] 0003 0050 0046 0O0BB 149959 4382
T Pair8  Finished a7 0002 0050 0043 O0E7 149351 316
T Pair3  Finished ] 0003 0050 0046 0070 149518 4891
T Pair 10 Finished It 0002 0061 0047 0070 150031 3589
EI6.723 Pair 477 0050 0004 0.006
" Pair 11 Finished [H] 0000 0005 0004 OODS 149465 4909
™ Pait12  Finished It 0000 0005 0004 OO0 149417 4013 :
Legend
Throughput — Far 1 ~G7TTuPar ~
— Fait 2 - 6711 Fair E
D07 — Pait 3~ 6711 Pair
0.0700 — Pait 4~ 6711w Pair
i W —— Pt 5 G.71 T Pt
| — Pait 6~ G.71 1 Pair
00500 — Pait 7 - G717 Pair
— Fait 8 - 6717 Fair
0.0500 — Fait § - 6711 Fair
w 1 — Pait 11~ G.723 Pair
20040 — Pair 12 G723 Pai
= -~ Pair 13~ G.723 Pair
0.0300 4 Pail 14~ G.723 Pai
Pait 15 - G.723 Pai
| Pait 16 - G.723 Pai
00200 Pait 17 - G.723 Pai 1
Pail 18 - G.723 Pait
0.0100 4 Pait 19 G.723 Pai
e e et —-— S Pair 20~ 6,723 Pai
50000 | I T | | | | Pail 21 - G723 Pai
0.00.00 00020 0.00:40 0.01:00 0:01:20 0:01:40 0:02.00 0:02:20 00z40 |[ - Pair 22 G725a Pai v
Elapsed time (h:mm:ss) Tootomm B
[Paits: 30 [Start 6/13/2005, 24742FM [Endt 6/13/2005. 250:13 P [Fun time: 00:02:31 [Ran to completion

Figure 4fc.
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5. Dual Stack Test
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Objective and Setup: Many higher-end
networking devices now simultaneously
support IPv4 and IPv6 to respond to
customer requirements to be future-proof
for pure IPv6 networks. From a link-layer
perspective, the 802.11 framing conventions
used in a BSS should seamlessly support
both IPv4 and IPv6 encapsulation. As

shown in Figure 5, IxChariot allows you to

simultaneously run both IPv4 and IPv6 traffic
through the WLAN to the client, thus testing
the dual stack capabilities of both the AP and
the STA.

Test Methodology
e Setup one IPv6 pair. Run test.
* Setup additional IPv4 pair. Run test.
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