UBI QU'§|T'T SR9 / Mikrotik Study PTP

NETWORKS 900 MHz Network Performance Investigation

Mikrotik, RouterOS, and RouterBoard are trademarks of Mikrotikls SIA, Riga, Latvia

‘ DISCLAIMER I Rootenna is a trademark of PacWireless Corporation, Utah, USA
Ubiquiti and SuperRange are trademarks of Ubiquiti Networks Inc., California
Study Overview ™ ™
Point-to-Point and Point-to-Multipoint networks based on Mkrotik RB112 / Router OS paired with
Ubiquiti SuperRange9 900MHz radio cards have been created to characterize real-life performance
expectations. The affects of varying signal levels, antenna selection, network scaling, in-band and

out of and noise, and wireless settings upon network and throughput performance will be
investigated.

Network Setup

Testing location was Ubiquiti Networks Labs in Silicon Valley, CA. To model path loss in later testing,
attenuators were introduced before the antenna. The setups have been divided into two groups:

A.) Point-to-Point Network: SR9, RB112, 900MHz Rootenna 12dBi, 18V/1A Power supply

B.) Point-to-Multipoint Network: At the AP: SR9, RB532, 13dBi Sector, 18V/1A Power Supply
At the clients: SR9, RB112, 900MHz 12dBi, 18V/1A Power Supply

A Point to Point o RB112/SR9
(REPORT ON PAGES 2-17) '
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Point to Point Testing

Testing Procedure IMPORTANT!! ANTENNA USE

Using NetlQ Chariot, a throughput script was run

which stresses equal amount of TCP/IP traffic in Antenna mismatch can have

each direction of the link. Each test was was disastrous effects and can render a
completed over a 5 minute period. There are some | link unusable. Ensure antenna VSWR
noticable inconsisentices in some of the graphs 1.5:1 or better over 900MHz range of
due to random noise nature of the environment and | ©peration. Please see Appendix for
multi-path effects due indoor testing. Also further study and recommendations.
important to note is that throughput is typically It is critical that VSWR of antenna/
limited by the CPU (not the wireless link) and both cable is controlled to repeat the
throughput pairs in the graphs must be combined following results.

for total throughput representation. - 4

RB112/SR9 — I RB112/SR9

AP/Bridge AP/Bridge

Spectrum Analyzer + Noise Generator

The Spectrum Analyzer is
used to monitor inband and
out of band noise. The Noise
Generator is used to create
further noise to test radio
robusteness. This will be
utilized in advanced testing.

Testing Cases
Testl High Signal Test9 Mid Signal 10MHz
Test2 Mid-High Signal Testl0 Low Signal, 10MHz
Test3 Mid Signal Testll Low, 10MHz, Fixed Rate
Test4 Low Signal Testl2 High Signal, 5MHz
Test5 Low Signal, Fixed Rate Testl13 Mid-High, 5MHz
Test6 Low Signal, 802.11b Test14 Mid Signal, 5MHz
Test7 High Signal, 10MHz Testl5 Low Signal, 5MHz
Test8 Mid-High, 10MHz Testl16 Low, 5MHz, Fixed Rate




TEST CASE 1: High Signal Link

Frequency 912MHz
Mode 802.11b/g
Channel Size |20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-31dBm

Throughput

20.000

18.000

16.000

14.000

12.000

Mbps

8.000

6.000

10.000

Frequency 912MHz
Mode 802.11b/g
Channel Size [20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-31dBm

4.000

2.000

0.000 -
0:00:00

0:00:50

Response time

2.0000

1.8000

1.6000

1.4000

1.2000

Seconds

0.8000

0.6000

0.4000

0.2000

0.0000

1.0000

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10

MMW

0:00.00 0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10

Group Avg.(Mbps) |Min (Mbps) Max (Mbps)

Pairl 8.285 0.835 13.115

Pair2 7.946 0.453 16.000

Total 16.111 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.099 0.05 1.765

0:05:00

— Pair 1
— Pair2

0:05:00

— Pair 1
— Pair2




TEST CASE 2: Mid-High Signal Link

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-52dBm

Throughput

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-52dBm

20.000

18.000

16.000

14.000

12.000 4

10.000

Mbps

8.000

6.000

4.000

2.000

l|'I"I

1
il

] ‘IH-II'I' |‘} '.\l I[U’ IIIM |-||’|

0.000 -
0:00:00

0.00:50

Response time

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10

2.0000

1.8000

1.6000

1.4000

1.2000

1.0000

Seconds

0.8000

0.6000

0.4000 4

0.2000 1" l | " L
0.0000 —+

0:00:00

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10 0:05:00

Group Avg.(Mbps) |Min (Mbps) Max (Mbps)

Pairl 8.455 5.634 12.903

Pair2 8.152 5.556 11.268

Total 16.483 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.096 0.062 0.144

— Pair 1
— Pair2

— Pair1
— Pair2




TEST CASE 3: Mid Signal Link

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-70dBm

Throughput

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-72dBm

20.000

18.000

16.000

14.000

12.000

10.000

vibps

I

8.000

6.000

4.000

2.000

| ‘.” "||l ||I||I' II.|'| 1 l“ | ‘IHrlrIll' | 1} '.Hl J“’ |’|} |-||||

0.000
0:00:00

0:00:50

Response time

0:02:30 0:03:20

Elapsed time (h:mm:ss)

0:01:40

0:04:10 0:05:00

— Pair1
— Pair2

2.0000

1.8000

1.6000

1.4000

1.2000

1.0000 4

Seconds

0.8000

0.6000 4

0.4000

0.2000 -“ l | “ !
0.0000 -

0:00:00

0:01:40 0:02:30

Elapsed time (h:mm:ss)

— Pair1
— Pair2

THROUGHPUT

Group Avg.(Mbps) Min (Mbps) Max (Mbps)

Pairl 7.303 0.839 12.699

Pair2 6.937 2.105 14.546

Total 14.148 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.112 0.055 0.954




TEST CASE 4: Low Signal Link

Frequency 912MHz Frequency 912MHz
Mode 802.11b/g Mode 802.11b/g
Channel Size 20MHz Channel Size [20MHz
Rate Auto, 54Mbps Rate Auto, 54Mbps
Operation WDS AP/Bridge Operation WDS AP/Bridge
Signal (RX) -85dBm Signal (RX) -87dBm
Throughput — Pair 1
20.000 — Pair2
18.000
16.000
14.000
12.000
w
£ 10,000
=
8.000
6.000 A P
4.000
2.000 i |
0.000 ; : ; : :
0:00:00 0:00:50 0:01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
Response time — Pair 1
2.0000 — Pair2
1.8000
1.6000
1.4000
1.2000
2
S 1.0000
% 0.8000

oo

0:00:50 0:01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
THROUGHPUT
Group Avg.(Mbps) |Min (Mbps) Max (Mbps)
Pairl 3.314 0.782 6.504
Pair2 3.154 0.930 7.619
Total 6.447 N/A N/A
LOOP RESPONSE TIME
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.099 0.05 1.765




TEST CASE 5: Low Signal Link with Fixed Data Rate

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 18Mbps

Operation

WDS AP/Bridge

Signal (RX)

-85dBm

Throughput

Pair 1

Frequency

912MHz

Mode

802.11b/g

Channel Size

20MHz

Rate

Auto, 18Mbps

Operation

WDS AP/Bridge

Signal (RX)

-87dBm

20.000

18.000

16.000

14.000

12.000

Mbps

8.000

6.000

4.000

2.000

0.000

0:00:00

10.000

0:00:50

Response time

2.0000

1.8000

1.6000

1.4000

1.2000

Seconds

0.8000

0.6000

0.4000

0.2000

0.0000 +
0:00:00

0:01:40

0:02:30

Elapsed time (h:mm:ss)

0:03:20

0:0410 0:05:00

1.0000

0:00:50

0:01:40

0:02:30

Elapsed time (h:mm:ss)

0:03:20

0:0410 0:05:00

THROUGHPUT

— Pair1

— Pair2

— Pair1

— Pair2

Group Avg.(Mbps) Min (Mbps) Max (Mbps)

Pairl 4.598 1.551 8.421

Pair2 4.262 .1530 6.897

Total 8.821 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.181 0.095 0.555




TEST CASE 6: Low Signal Link in 802.11b mode

Frequency

912MHz

Mode

802.11b

Channel Size

20MHz

Rate

Auto, 11Mbps

Operation

WDS AP/Bridge

Signal (RX)

-85dBm

Throughput

11.000
10.000
9.000
8.000

7.000

Mbps

4.000
3.000 4
2.000
1.000 4

0.000

£.000 4

5.000 4

Pair 1

Frequency

912MHz

Mode

[802.11b

Channel Size

20MHz

Rate

[Auto, 11Mbps

Operation

WDS AP/Bridge

Signal (RX)

-87dBm

ML@J~»&«M-~1~W*LMMWMMWWMW%W“‘“M@,

0:00.00 0:00:50

Response time

2.0000

1.8000

1.6000

1.4000

1.2000

>

Seconds

0.8000

0.6000

0.4000

0.2000

0.0000

1.0000

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:0410 0:05:00

bl R, b

0:00:00 0:00:50

0.01:40

0.02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10 0.05:00

Group Avg.(Mbps) [Min (Mbps) Max (Mbps)

Pairl 1.828 0.832 4.624

Pair2 1.689 0.703 2.462

Total 3.508 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.456 0.173 1.138

— Pair1

— Pair2

— Pair1

— Pair2




TEST CASE 7: 10MHz Channel, High Signal
Pair 1

Frequency 912MHz
Mode 802.11g
Channel Size |10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-31dBm

Throughput

Frequency 912MHz
Mode 802.11g
Channel Size [10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

|-31dBm

20.000

18.000

16.000

14.000

12.000

10.000

vibps

i

8.000

6.000

4.000

2.000

0.000
0:00:00

0:00:50

Response time

0.01:40

0.02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10 0:05:00

— Pair1

— Pair2

2.0000

1.8000

1.6000

1.4000

1.2000

Seconds

0.8000

0.6000

0.4000

1.0000

P A e AR
0.0000

0:00:00

0:00:50

0.01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10 0.05:00

— Pair1

— Pair2

Group Avg.(Mbps) [Min (Mbps) Max (Mbps)

Pairl 5.782 3.828 9.195

Pair2 5.280 2.500 7.477

Total 11.011 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.145 0.087 0.32




TEST CASE 8: 10MHz Channel, Mid-High Signal Link

Frequency 912MHz
Mode 802.11g
Channel Size [10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-51dBm

Throughput

20.000

18.000 4

16.000

14.000

12.000 4

vibps

I

8.000 4
6.000 -
4.000 4

2.000

0.000

0:00:00

Pair 1

Frequency 912MHz
Mode 802.11¢g
Channel Size |10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-52dBm

10.000

0:00:50

Response time

2.0000

1.8000 4

1.6000

1.4000

1.2000

Seconds

0.8000 -
0.6000 -
0.4000 -
02000 memmmmmmmmm
00008 ot00 0:0230

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10 0:05:00

1.0000

0:00:50

0:01:40

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10 0:05:00

Group Avg.(Mbps) [Min (Mbps) Max (Mbps)
Pairl 5.814 3.620 9.524
Pair2 5.272 3.620 7.407
Total 11.033 N/A N/A
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.145 0.084 0.221

— Pair1
— Pair2

— Pair1
— Pair2




TEST CASE 9: 10MHz Channel, Mid Signal Link

Pair 1

Frequency

912MHz

Mode

802.119g

Channel Size

10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-70dBm

Throughput

Frequency

912MHz

Mode

802.11g

Channel Size

10MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-70dBm

20.000

18.000

16.000

14.000 4

12.000 4

10.000 4

vibps

I

8.000 4

6.000 4

4.000 4

2.000 4

0.000
0:00:00

Response time

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10 0:05:00

2.0000

1.8000 4

1.6000

1.4000 4

1.2000

1.0000 4

Seconds

0.8000

0.6000

0.4000

0.0000

0:00:00

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10 0:05:00

THROUGHPUT

Group Avg.(Mbps) |Min (Mbps) Max (Mbps)

Pairl 5.294 2.439 8.511

Pair2 4.751 2.996 6.957

Total 10.001 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.16 0.094 0.328

— Pair1
— Pair2

— Pair1

— Pair2




TEST CASE 10: 10MHz Channel, Low Signal Link

Pair 1
Frequency 912MHz Frequency 912MHz
Mode 802.11g Mode 802.11g
Channel Size 10MHz Channel Size |10MHz
Rate Auto, 54Mbps Rate Auto, 54Mbps
Operation WDS AP/Bridge Operation WDS AP/Bridge
Signal (RX) -85dBm Signal (RX) - m
Throughput — Pai1
20.000 — Pair2
18,000 -
16.000
14,000 -
12,000
£ 100004
=
£.000 -
£.000
e R A ol
oo LAY M R Ol AT A
0000 oo 0:00:50 0:01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
Response time — Pai1
2.0000 — Pair2
1.5000
1.6000 -
1.4000
, 1-2000
E 1.0000 - l
“ 0.8000 | & . '
oso00 4 \ | |
0.4000 h ‘ “ A
0.2000 ‘ h M |
00000 a0 0:00:50 0:01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
THROUGHPUT
Group Avg.(Mbps) Min (Mbps) Max (Mbps)
Pairl 1.820 0.547 4.103
Pair2 2.052 0.745 5.298
Total 3.865 N/A N/A
LOOP RESPONSE TIME
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.415 0.151 1.462




TEST CASE 11: 10MHz Channel, Low Signal Link, Fixed Data Rate

Frequency 912MHz
Mode 802.11g
Channel Size 10MHz

Rate

Auto, 18Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-85dBm

Throughput

Pair 1

Frequency 912MHz
Mode 802.11g
Channel Size |10MHz

Rate

Auto, 18Mbps

Operation

WDS AP/Bridge

Signal (RX)

= m

20.000

18.000

16.000

14.000

12.000

10.000

vibps

i

8.000 4

6.000 4

4.000 4

0.000
0:00:00

Response time

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:0410

2.0000

1.8000

1.6000

1.4000

1.2000

1.0000

Seconds

0.3000

0.6000

0.2000

”“‘”””’J*V«WMMWWMWWWMWMWWWW

0.0000
0:00:00

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:0410

Group Avg.(Mbps) [Min (Mbps) Max (Mbps)
Pairl 2.588 1.100 4.000
Pair2 2.389 1.114 3.019
Total 4.965 N/A N/A
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.322 0.2 0.727

0:05:00

— Pair1

— Pair2

0:05:00

— Pair1

— Pair2




TEST CASE 12: 5MHz Channel, High Signal Link
Pair 1

Frequency

912MHz

Mode

802.11g

Channel Size

5MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

-31dBm

Throughput

10.000

9.000 4

8.000

7.000

£.000

Mbps

4.000 4

3.000 4

2.000

1.000

0.000

5.000

Frequency

912MHz

Mode

802.11g

Channel Size

[5MHz

Rate

Auto, 54Mbps

Operation

\WDS AP/Bridge

Signal (RX)

-31dBm

W *\MWMM%MM f; A I

0:00:00 0:00:50

Response time

2.0000

1.8000

1.6000

1.4000

1.2000

Seconds

0.8000

e

0.0000

1.0000

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10

0:05:00

— Pair1

— Pair2

i

MWM**\JM ol

0:00.00 0:00:50

THROUGHPUT

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10

0:05:00

— Pair 1

— Pair2

Group Avg.(Mbps) |Min (Mbps) Max (Mbps)
Pairl 2.526 1.667 4.494
Pair2 2.353 1.401 2.952
Total 4.867 N/A N/A
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.328 0.178 0.571




TEST CASE 13: 5MHz Channel, Mid-High Signal Link
Pair 1

Frequency

912MHz

Mode

802.11g

Channel Size

[5MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-50dBm

Throughput

Frequency

912MHz

Mode

802.11g

Channel Size

[5MHZ

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

|-51dBm

10.000

9.000 4

8.000

7.000

6.000

5.000 4

Mbps

4.000

1.000

AR o A

0.000
0:00:00

Response time

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

0:04:10

2.0000

1.8000

1.6000

1.4000

1.2000

1.0000

Seconds

0.8000

0.6000

0.2000

e AN

0.0000
0:00:00

0:00:50

0:01:40

0:02:30

0:03:20

Elapsed time (h:mm:ss)

THROUGHPUT

0:04:10

Group Avg.(Mbps) |Min (Mbps) Max (Mbps)

Pairl 2.588 1.100 4.000

Pair2 2.389 1.114 3.019

Total 4.965 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.322 0.2 0.727

0:05:00

— Pair1

— Pair2

0:05:00

— Pair1
— Pair2




TEST CASE 14: 5MHz Channel, Mid Signal Link

Pair 1
Frequency 912MHz Frequency 912MHz
Mode 802.11g Mode 802.11g
Channel Size [5MHz Channel Size 5MHz
Rate Auto, 54Mbps Rate Auto, 54Mbps
Operation WDS AP/Bridge Operation WDS AP/Bridge
Signal (RX)  [-70dBm Signal (RX) -72dBm
Throughput — Pair 1
10.000 — Pair2
9,000 A
£.000
7.000 A
£.000
é 5.000
4.000
3.000 A | \
A ekl
2000 4 MM’ n")l‘ f | w.|| ! IR ’I | "JI y .
1.000 V ! j
0.000 + . : : ; :
0:00:00 0:00:50 0:.01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
Response time — Pair1
2.0000 — Pair2
1.8000
1.6000
1.4000
, 1-2000 1
g 1.0000
“ 0.8000 - 1
0.6000 (|
0.4000 meyL ‘*‘H@é A" J \I L)ﬁ L
0.2000 :
0.0000 - . : : : :
0:00:00 0:00:50 0:.01:40 0:02:30 0:03:20 0:04:10 0:05:00
Elapsed time (h:mm:ss)
THROUGHPUT
Group Avg.(Mbps) |Min (Mbps) Max (Mbps)
Pairl 2.230 0.841 4.819
Pair2 2.085 0.628 4.020
Total 4.307 0.628 4.819
LOOP RESPONSE TIME
Group Avg.(Sec) Min (Sec) Max (Sec)
Total 0.371 0.166 1.273




TEST CASE 15: 5MHz Channel, Low Signal Link

Pair 1

Frequency 912MHz

Mode 802.11g

Channel Size [5MHz

Rate Auto, 54Mbps

Operation WDS AP/Bridge

Signal (RX) |-85dBm

Throughput

Frequency

912MHz

Mode

802.11g

Channel Size

[5MHz

Rate

Auto, 54Mbps

Operation

WDS AP/Bridge

Signal (RX)

l-87dBm

10.000

9.000

8.000

7.000

6.000

5.000

Mbps

4.000

3.000

2.000

1.000 +

sl

WWWW%MW

0.000

0:00:00 0100250

Response time

0101:40

0:02:30

Elapsed time (h:mm:ss)

0:03:20

0:04:10

:05:00

— Pair1
— Pair2

2.0000

1.8000

1.6000
1.4000 }
f

1.2000 I

1.0000

Seconds

0.8000

0.6000 J‘I
0.4000

0.2000

0.0000

0:00:00 0:00:50

Mot all results are araphed

THROUGHPUT

0:01:40

0:02:30

Elapsed time (h:mm:ss)

0:03:20

0:04:10

0:05:00

Group Avg.(Mbps) Min (Mbps) Max (Mbps)

Pairl 0.993 0.381 2.305

Pair2 1.048 0.363 2.447

Total 2.037 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.784 0.327 2.206

— Pair1
— Pair2




TEST CASE 15: 5MHz Channel, Low Signal Link, Fixed Data Rate

Frequency 912MHz
Mode 802.11g
Channel Size [5MHz

Rate

Fixed, 18Mbps

Operation

WDS AP/Bridge

Signal (RX)

-85dBm

Throughput
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THROUGHPUT

Group Avg.(Mbps) Min (Mbps) Max (Mbps)

Pairl 1.074 0.646 2.062

Pair2 1.023 0.681 1.333

Total 2.095 N/A N/A
LOOP RESPONSE TIME

Group Avg.(Sec) Min (Sec) Max (Sec)

Total 0.763 0.388 1.239

— Pair1

— Pair2




CONCLUSIONS AND OBSERVATIONS

1.) Antenna Matching is Critical: |f the antenna and/or RF cable causes RF output
mismatch in the frequency of operation, the link can become unstable and even
useless. In order to ensure a good RF output match, make sure the VSWR of the
antenna/cable combination being used is at least 1.5:1 or better.
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20000 — Pair2 20000

18,000 18,000

16,000 16,000
14000 14000

12000 12000

2 2
£ 10000 £ 10000
= =

5000 AT RINTAT VY R AR A 8000

6000 6000

4000 4000
2000

Ll ‘ i
0.000 0.000

00000 00010 00020 00020 00040 00050 00100 00000 00010 00020 00020 00040 00050 00100
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Link with Good Antenna Match Same link with bad antenna match on one end

In this report, all testing was performed using
the PacWireless Rootenna R2T9-12-XX

http://www.wisp-router.com/items.asp?Cc=Client900

2.) Lower signal level and narrow bandwidth links benefit from limiting Data
Rates: At high and mid signal levels in 20MHz mode, the auto rate setting works
well, but when getting to lower signal levels (in -80's dBm), it appears link stability
(response times) improves with limiting the maximum data rate. This also becomes
even more important when operating narrow channel links at lower signal levels. It
is recommend to limit lower signal level links and especially lower signal 5/10 MHz

channel links to 18Mbps. This strategy also is benekcial in high random noise
environments.
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5MHz link with -85dBm signal level in Same link with data rate limited to
auto/54 data rate mode 18Mbps



3.) Environmental noise: Quanitifying the affect of noise on a SR9 link is difpcult.
For the most part, the SR9 has excellent out of band rejection and is able to
maintain a stable link with mid strength level out of band interferers. The description
below provides some insight into problems associated with noise and suggestions
on how to overcome them.

Fri 2006 Dec 29 07:28 Fri 2006 Dec 29 07:26
REF -10.0 dBm DL -72.5 dBn HKR B886.4 MHz REF -10.0 dBm DL -72.5 dBm MKR 886.4 MHz
1048/ A_Write Posi B _Blank Horm -51.78 dBnm 10dB/ A¥Write Posi B_Blank HNorm -48.55 dBm

Harker Harker
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B N ! |\' E—
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1 Uleoratdpn . I [
° Harker B Marker
OFF OFF
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Ambient noise in Ubiquiti Labs, San Jose CA Noise relative to SR9: (10ft. spacing from

transmitting SR9) Note: level is further
attenuated by 50dB+ in selected tests

A.) Proximity of the Interferer to the Link Operating Frequency

The closer the interference is to the frequency of operation, the more it
will degrade the stability of the link. SR9 links can sustain very high
880MHz interferers without any affect on link performance. However,
low-mid level noise at the ISM band edges (902 and 928 MHz) can
make a link unstable quickly. In these cases, the SR9 cavity Bter can

be of beneH.
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B.) In Band Noise vs. Out of Band Noise

Dealing with in band noise is a greater problem. Generally, if the in
band noise is much stronger than the signal link, it will cause the link to
fail, frequently disconnect, cause RSSI levels to widely vary, and exhibit
very poor throughput. In our investigations, we found changing center
frequencies and channel bandwidth modes can provide help in
overcoming in band noise. It is also benekcial to limit data rates to
lower levels (especially in 5/10MHz modes) as they are more robust in
the presence of in band noise.

C.) Types of in Band Noise

In addition to their signal strength level, there are other characteristics
of interference signals in the 902-928MHz ISM band that can have
signibcant affects on performance including varying duty cycles, spectral
bandwidth, and shifting/hopping characteristics. In band noise can
come from cordless phones, paging systems, security systems, wireless
audio/video equipment, and even from shipping trucks and couriers
moving around towns. We observed some periods where links would
signibcantly be affected for several seconds to several minutes due to in
band interferers (identibed on the spectrum analyzer).

C.) Directional Antennas can Help

Using hi-gain directional panel, yagi, and dish antennas can provide
some defense against noise as their gain non-uniformity can be taken
advantage of by pointing them away from noise sources. In effect, this
will reject both out of band and in band noise (where Htering maybe
cannot). Itis always recommended to operate a network with directional
antennas as a way to isolate problems due to noise and minimize the
affect of overall network performance in the presence of noise.



