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TR-398 Issue 2 Test Cases

6.1.

6.2.

RF capability

6.1.1 Receiver Sensitivity Test
Baseline performance

6.2.1 Maximum Connection Test
6.2.2 Maximum Throughput Test
6.2.3 Airtime Fairness Test

6.2.4 Dual-band Throughput Test
6.2.5 Bidirectional Throughput Test

. Coverage

6.3.1 Range Versus Rate Test
6.3.2 Spatial consistency test -
6.3.3 802.1Tax Peak Performance Test

. Multiple STAs Performance

6.4.1 Multiple STAs Performance Test

6.4.2 Multiple Association/Disassociation Stability Test
6.4.3 Downlink MU-MIMO Performance Test

. Stability/Robustness

6.5.1 Long Term Stability Test
6.5.2 AP Coexistence Test

6.5.3 Automatic Channel Selection Test

11Tax
Stations

11ac
Stations
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TR-398 Issue?2 Full Testbed Wiring Diagram

TECHNOLOGIES
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Programmable Turntable

° 2l "Q —
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Medium Chamber 1 .
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TR-398 Issue 2 Testbed Candeig

TECHNOLOGIES
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TR-398 Issue 2 GUI

IR-3J0V< AULOImated iest (Cv-inscv)

Per-Test Configuration 1 rPer-Test Configuration 2 rReport Configuration r Report-2 (1] %

Report-3 T %

Settings r 802.11AC Settings 802.11AX Settings

Advanced Configuration

Selected DUT 5G:

Selected DUT 2G:

2.4Ghz 2m RSSI |26

Extra Download Path-loss E |

] Skip 2.4Ghz Tests [_] Skip 5Ghz Tests

TR-398v2 tests to run: Estimated Test Duration: 1 h

] Calibrate 802.11AX Attenuators [ ] Calibrate 802.11AC Attenuators

_16.1.1 Receiver Sensitivity [[] 6.2.5 Bi-Directional Throughput

_]16.2.1 Maximum Connection []6.3.1 Range Versus Rate
] 6.2.2 Maximum Throughput [[]6.3.2 Spatial Consistency
_]6.2.3 Airtime Fairness [[]16.3.3 AX Peak Performance

v] 6.2.4 Dual-Band Throughput [[]6.4.1 Multiple STAs Performance

[RUCKUS-R750AP RuckusAP 8c:7a:15:19:6¢:2¢ (2) | | Upstream Port:
[RUCKUS-R750AP RuckusAP 8c:72:15:19:6¢:28 (1) | v | Turn-Table-Chamber:

|+ s6hz 2m Rssi 30

[] Skip N/AC Tests

[[] 6.4.2 Multiple Assoc Stability >
[[] 6.4.3 Downlink MU-MIMO

[[]6.5.1 Long Term Stability

[[]6.5.2 AP Coexistence

1.1.1 ethl v

I

4

[] Skip AX Tests

TECHNOLOGIE

IR-300VZ AuloIaled lest (Lv-iis-v)

'er-Test Configuration 1 | Per-Test Configuration 2 rReport Configuration r Report2 T %

Report-3 T % |

Settings | 802.11AC Settings [ 802.11AX Settings

Advanced Configuration

" Calibrate Zero Attenuation RSSI

6.1.1 Receiver Sensitivity Test

[[] stop RX-Sens at pass RxSens Start Step

RxSens-Rate:

box IS

2

6.2.1 Maximum Connection Test (32-STA)

Max-CX 2Ghz N rate: | I I Max-CX 5Ghz AC rate: [

Max-CX 2Ghz AX rate: |

[+] Maxcx sehz ax rate: |

LF-1

00000000
00000000
00000000
ooococo0

Test is complete.

["]1 Another Iteration

["1Pause

Scenario Configuration

ID

est
Manage
Scenarios 5Ghz rate: |

[Rase  [wcherate: |

B Apply Scenario

Tests:

__Dataplane hput Test

Run Test SGhz rate: [

Snap Report

Client Status Report

1 Another Iteration

]

-
I [

Show LANforge Show RSSI
[v] Show DUT [v] Show Bps
[] Show Inactive DUT Apply Motion

Show WiFi Connections p
[v] Show Device Profiles
Show Hidden Chambers

Show External CX
Show Attenuators

l Info “ Print H Sync J I Apply I \ Build Scenario I l Close l
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TR-398 Issue? Test Report

v udp-2.23.wan2-1.0208 [ bps 1.182Kbps 32,428 32.428 [2.78588.235
v_udp-2.2-3.wion7-1.021-A_R1.314Kbps | bps o 34.906 b o
YW
v_udp-2.2-3won7-1.021-8 P bps {787 bps 34,906 34,906 R.779197.458
v_udp-2.2-3wan12-1.0.22-A110817 Kbps P bps o 45,577 b o
-v.udp-2.2-3wi0n12-1.0.22-8 ) bps 1.379 Kops 45,577 45.577 l4.03987.273
Test Setup information v_udp-2.2-3wion17-1.0.23-A152.591 Kbps D bos 0 15.215 p_lo
NorTie TR396 OUT-oms 62.4 Dudl-Band Theoughput Test Ao s mf 1202 v.xdp223wion7-10238Pbps ___ [s88bps __ [15215 15215 1.565(97.048
Sofwore Vecion 3004386 42817 sGraAX 12/ 12 “v_U0p-2.2-3.W0n3-1.0.24-A [33.072 Kbps ) bps o 21.682 b o
- v 2.2-3wi0n3-1.0248 ) bps 1.968 Kbps 21,682 21.682 3.08787 432
Model Number X882 [AC 5Ghz parsed 073 Y.udp
= - A Sonc Lomea 013 udp 22 3wior8-1.025A 871 Kops_Pbps [0 19.202 b o
— SSIDs snilex-2 avllen-s 62.5 Biirectional UDP Throughput Test 8 40.067 My > 4Ghz possed 0/ 3 v_udp-2.2-3W0n8-1.0258 | bps s92bps  [19.202 19.202 199896759
Devic: |AX 2.4Ghz passed 1 /3 v_udp-2.2-3wion13--1.0.26-A[19.704 Kbps 1 bos 0 16.555 D |0
oo e AC SGhzUL 14/ 14DL 14/ 14 v.udp2.2.3.W0n13-1.0.26.8 0 bos boabps |65 6,555 lso7 [73984
BSOS 0 Iededrasianee seirentiasisns 63,1 Ronge Versus Rote Test ET T drymiriy o b 134 v_udp-2.2-3.WioN18-1.0.27-A[119.70 Kopsp bos o o b o
AX 24Gha 0L 107 17DL 11 717 v_udp-2.2-3wion18-1.0.27-8 ) bos D bos o 0 P[00
Notes (BLANK] 632 Spatial Congstoncy Test o v 0dp22-3wiond-1.028-A B.697 Kops P bps 0 43,535 p_[0
Estmated Run Time 4.583 0 Mrvoughput AX 2.4Ghz UL 76.25% DL 79.06% v_udp-2.2-3Wond-1.0288 [ bps R.756 Kbps |48.535 48,535 274472
[Actuat Ron Tme 3929n 633 AX Peak Parfomance TGP Teoughnut Ted % [4E21M foughput AX SGhz UL B5.05% DL30I% v_udp-2.2-3.Won9-1.0.29-A 11,035 Kbps ) bos o 20452 b_lo
IN 2.4Ghz Possed 6 / 6 v dip-2.2-3wion9-1.029-8 ) bps 197 bps __ |20.452 120.452 12.81495.455
6.4.1 Multipie STAs Performonce Tost las 672 m{AX 24Ghz Passed 4/ 6 v udp-2.2-3.wi0n14--1.0.30-AR1.239 Kbps P bps o 11,653 p_|o
Obiective A‘f”’“:"‘“’" b ,’: v_udp2.2-3.won14-1.0.30-8 ) bos kr2kops_[11.653 11,653 1.07786.17
) e 7.udp 223 wion19-10.31.AR815 Kops_Pbos [0 o b_|o
. 5 p _udp-2.2-3wion19-1.0.31-8 0 bps P bos o o RE
The TR-398v2 W#i Performance test plon by the forum o sot of tests to quolify the performance of WiFi ;::Wl‘;‘w m/| "-'”m:ézs’fm"’m,z/;? E
access points (APs] designoed for residential ond small office envi Rodio Theoughput, C: Stobiity, Airfime |AX 5Gte Possed 727 / 728
Faimoss. AP Co-ax N_MIMO Spothomﬂoncva\dlonplumSMmmdlemcmednmmﬁ a3 ok MO b
plon. The test plan is for service @ in home WiFi APs to qualfy the APs in the Icb before deployment and for ',s“pr - T b -.xscmmouw[eoodmnlovcocmwvbn
equipment makers 1o fest during the development of the APs. Candela gies offers a fuly TR-398V2 fost system. The user o L
con select from the st of 11 lests available in the GUI end dil selected fests are run fuly automated at cne click of @ button. 65.1 Long Term Stabiity Test P 2
aemodea\dommaadiolhe:peaﬁedP&lFNLcmmhmemM|mlpbnc\dmnreoenﬁlmmemmav7&ﬁumwm 10{ |
followed more detailed rests for each test. s :] |
Calibrate 802.11AX Zero Attenuation RSSI 3, ‘
of |
i
sy {
Summary Results ; d ‘
3 |
Summary =2 |
Test Resut "o oo Info 1 J |
- Attenuator Caitxation Step o faiecole witesto2Aond S iiciticficcifonifISiianiEnaEEis ssiz -:?ss::%::g:::zt::;t:: )
B02.11AX Zevo Attenuction RSS! w‘m 5389 m uct:rom‘:xa Test Procedure i g £ ii f i A 2 f ii i f ii f i i3 i 2
 4Ghr EAL jAttenuator Calbration Step These steps are done for 2.4Ghz and SGhz. el
(Coltate 802.11AC Zero Attenuation RSS! m 95 [s916m [24Ghz Possed 44/ 48 e dane e
SGhz Possed 48 / 48 1. Crecte on /o/b/g [legocy) stotion on ecch rodio [or optionally some other mode ond NSS). Legocy mode k used becouse It is
16.1.1 Receiver Sensifivity Test lstbpod 0 10 nomoclly sent at full te-power by the AP. Higher MCS frames cre often below power, when using Aax-Cx-Test: Snopshot AX 5Ghz Downlocd
Mroughput: 2.4Ghz AC UL 103.56% DL 104.07% multipie spotial streams.
[Mroughput: 2.4Ghz AX UL 2.93% DL 101.93% 2. Set dll attenuators 100. pot |%BPs| ReBos | Tx | Trelink: | Rx-tink- P » MAC
16.2.1 Maximum Connection Test [32-STA) 17.126 m{Theoughput: SGhz AC UL 103.96% DL 104.36% 3. Crecte downlood connections for each station and run them for 30 seconds. im | im [foi%] Rote | Rate | Mode nmo
IThroughput: SGhz AX UL 51.31% DL 103.29% 4. Record Received Signal Strength (RSSI) for each stafion. This recerds a decaying averoge over the lost lew dato lrames received, not 10.625 245 9407 jRO2.110n- § i
[Passed PER: 245 / 256 beacon RSSL babos  |© Mbps JAX 126 251 37 PC:7C:3F:55:4D:64192.168.50.74 198:18:83:35:dbed
MUMN2AGMUI.9GMDUI907% 5. Change attenwation to 8, 15, and 25 ond re-run download test and record new RSS!, 10.641 245 5403 [802.110n-
. AX 2.4Ghz UL 114.48% DL 118.58% 6, Rocord the zoro-attenuation RSSL, based on the average over al fested atteruations, in the TR-398v2 Automation setup windaw. babos 0 vbps  [Mbps  Jax 13 105 36 [C:7C:37:55:40:64{192.168.50.184(18:18:83:35:bobl
6.2.2 Maximum TCP Throughput Test 9.953m et
Throughput AC SGhz UL 118.25% DL 126.77% 10.65 245  [1201 Jsoz.11an-
[Troughput AX SGhz UL 130.26% DL 127.20% Pass/Fail Criteria babps  [°  |wops [obps  [ax e [V PCICSSDMITZ 1605078 [damavsen
IAC SGhz passed 7/ 7
[ox she paxed 7 {7 1. Ensure that reiotive RSS! within 3 for eoch of the different aftenuation volues. e [0 s o o' fe  faoe 28 BC:7C:8:55:40:44)192.168.50.13108:18:83:36:8b:06
(2N SpETet 1670% M 2,460z passed 7 7 he 10613 245 [3134  [802.11
AX 24Ghz passed 4/ 7 Candela Score bos ops [° [moos [mobps Jax 13 419 47 C:7C:3F:55:4D:64(192.168.50.26 ja4:6b:b6:38:61 4c
The Candelo Score for Calibration Test s colculoted os the percentoge of passing sub-tests. As long 0s the score b 80 o¢ higher and there are & ";‘ ::::s' 0 :ﬁu :2; :xn.llow [ 478 47 BC:7C:3F:55:4D:64{192.168.50.21 1 |08:14:08:21:94:84
no bad outlars in the reported sgnol caiculations the setup is probobly working OK. Failures normally indicote o cobiling problem or mis-
confiuration. orin fore casos, o hordwore faluro n fh affanuotor or LANforgo rodios. R leakogo imide of LANorgo from acjocont rodios \:;2\2‘ B3 |l0676 |, 245 1201 :‘f"m s 594 48 [C7C:8:55:40:64192.168.50.188}04:60:b6:3d:d5 0«
223 % 10.638 245 19607 B02.11on

© 2021 Candela Technologies — All Rights Reserved



TR-398 BOM O

O

lons

Tests

—_

BOM3

6.1.1 Receiver Sensitivity Test (11ac only)

6.2.1 Maximum Connection Test

6.2.2 Maximum Throughput Test

6.2.3 Airtime Fairness Test

6.2.4 Dual-band Throughput Test

6.2.5 Bidirectional Throughput Test

6.3.1 Range Versus Rate Test

6.3.2 Spatial consistency test

6.3.3 802.11ax Peak Performance Test

6.4.1 Multiple STAs Performance Test

6.4.2 Multiple Association/Disassociation
Stability Test

6.4.3 Downlink MU-MIMO Performance
Test

6.5.1 Long Term Stability Test

Candeija

TECHNOLOGIES

6.5.2 AP Coexistence Test

6.5.3 Automatic Channel Selection Test

VNN K SRK K E

N R RS R RO S

A ANANENI AN ENANERANANANAN )N

Function Testbed Components BOMI BOM2 BOM3
Station Emulation/Traffic LANforge CT-523c-3ac2-db 1 unit 1 unit 1 unit
. LANforge : CT-523c-12axe- . . .
Generation/Test 10GE 1 unit 1 unit 1 unit
Automation LANforge : CT-523c-20axe 1 unit X X
CT1820a Medium Chambers 2 units 2 units 2 units
RF Isolation CT840a Large Chamber with 1 unit 1 unit X
Hardware Turntable
Distance Emulation C1714 Programmable 4 units 4 units 4 units
Attenuators
4x1 Splitters 6 unifs 6 units 6 units
2x1 Splitters 12 unit 12 unit 12 units
RF Connections  IRF Cables 150 units| 150 units | 150 units
RF Antennas 100 units| 100 units | 100 units
SW1001m 1GE 1000 Traffic 3 Units 2 Units 2 Units
Traffic Generation Stream Licenses
SW1100 10GE port licenses 1 unit 1 unit 1 unit
Soffware SW1001sta virtual station
Station Emulation 1 400 units| 400 units | 400 units
licenses
Automation Software SW-398 : T.R_398 automation 1 unit 1 unit 1 unit
software license
1-year hardware and
Support/Warranty 1 unit 1 unit 1 unit

software support

© 2021 Candela Technologies — All Rights Reserved




6.1.1 Receiver Sensitivity Test Candeia

TECHNOLOGIES

O Receiver Sensitivity is a receiver's ability to receive and correctly demodulate weak signals. This test provides a simplified
measurement of the receiver’s sensitivity, relative to the total attenuation inserted between the DUT and the STA. As that
attenuation is increased, the STA is limited to a single coding scheme, eventually causing the connection to degrade. The
point at which the connection degrades represents the receiver's approximate sensitivity. This is an approximate
measurement only, where a detailed receiver sensitivity measurement would typically be performed in a conducted test
environment with calibrated transmitter power levels. The test is repeated with multiple coding schemes, ensuring the DUT
should smoothly transition between coding schedules as the attenuation increases in normal operation

O The Candela implementation for this test supports only AC.

CT-523¢ [A] gip .,ﬁ. .i. ‘i.

5GHz
1Tac STA
2.4GHz
11ac STA

1 P P21 P30 P31 P40 P4l

Programmable Turntable

Medium Chamber 1 - 11ac STAs DUT Chamber
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Test Procedure

Set the rotation angle to 0 degree.
Configure the STA to use the MCS rates.

W=

configured MCS rate.
Allow STA to associate with the DUT.
Configure the attenuator(s) to O dB.

Record packet error rate (PER).

©NOoO

approximate receiver sensitivity.

9. Increase the rotation angle by 45 degrees. Repeat Step 5 through
8 until the DUT has been rotated by 360 degrees. Calculate the

average receiver sensitivity.
10. Repeat steps for the below configuration as well.

Operating Modes

a) 802.11n

b) 802.11ac

c) 802.11ax over 2.4 GHz
d) 802.11ax over 5 GHz

Configure the Traffic Generator to use the test data rate for the

Enable packet generation from the STA to the DUT for 20 seconds.

Increase the attenuator by 1 dB and repeat steps 6-8 until the PER
is greater than 10%. Record the final attenuation value as the

Pass/Fail Criteria

TECHNOLOGIES

a) 802.11n
Test MCS Approximate Receiver
R Modulation Sensitivity(dB)
Required (Nss=1)
1 0 BPSK 56
2 7 64-QAM 38
b) 802.11ac
Test cs Approximate Receiver
B Modulation Sensitivity(dlB)
Required (Nss=1)
3 0 BPSK 46
4 9 256-QAM 21

c) 802.11ax over 2.4Ghz

Test

MCS

Approximate Receiver

Index  index Modulation Sensitivity (dB)
Required (Nss=1)
1 0 BPSK 56
2 11 1024-QAM 33

d) 802.11ax over 5Ghz

Test

MCS

Approximate Receiver

Index  index Modulation Sensitivity(dB)
Required (Nss=1)
3 0 BPSK 46
4 11 1024-QAM 21
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6.2.1 Maximum Connection Test Candeig

TECHNOLOGIES

Q The Maximum Connection test intfends to verify that the Wi-Fi AP can support 32 STAs simultaneously
connected with minimal packet loss and no disassociations taking place.

Test Procedure

Configure the operating mode of the DUT to the first supported configuration listed in the above slide.

Allow the STA to associate with the DUT.

Simultaneously measure the downlink UDP packet loss, using a test time of 120 seconds and a traffic rate of 2 Mbps for

802.11n, 8 Mbps for 802.11ac, 3 Mbps for 802.11ax over 2.4 GHz, or 10 Mbps for 802.11ax over 5 GHz, through each STA.

Record the number of packets fransmitted and received to calculate the packet error rate.

4. Simultaneously measure the uplink UDP packet loss, using a test time of 120 seconds and a traffic rate of 2 Mbps for 802.11n
or 8 Mbps for 802.11ac, 3 Mbps for 802.11ax over 2.4 GHz, or 10 Mbyps for 802.11ax over 5 GHz, through each STA. Record
the number of packets transmitted and received to calculate the packet error rate.

5. Repeat steps 2 through 4 for each additional configuration / operating mode supported by the DUT.

W=

Pass/Fail Criteria

Wi-Fi Configuration Downlink Throughput (Mbps) Uplink Throughput (Mbps)

Config 1 :For 32 STA -11n - 64Mbps 63.36 63.36
Config 2 :For 32 STA — 11ac - 256Mbps 253.44 253.44
Config 3 :For 32 STA -11ax — 2.4Ghz -96 Mbps 95.04 95.04
Config 4 :For 32 STA — 11ax -5Ghz — 320 Mbps 316.80 316.80
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6.2.1 Wiring Diagram %

W 32-11 n/oc
2x2 MIMO
2.4/5GHz
STAs
J 32-110x
2.4/5GHz
—_ STAs
S DUT Chamber

. CT-523c - 12 11ax STAs CT-523c-20 11ax STAs
Medium Chamber 1 - 11ac STAs Medium Chamber 2 - 11ax STAs

Operating Modes

a) 802.11n

b) 802.11ac

c) 802.11ax over 2.4 GHz
d) 802.11ax over 5 GHz
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6.2.2 Maximum Throughput Test Candeia

TECHNOLOGIES

O Maximum throughput test intends to measure the maximum throughput performance of the DUT. The
test is conducted with connection by air interface in short distance (by considering the actual utilization
of Wi-Fi).

Test Procedure

1. Configure the working mode of DUT to 802.11n with default configuration.

2. Establish the LAN connection and allow STA to associate with the DUT.

3. Measure the downlink TCP throughput to the STA, using a test time of 120 seconds.

4. Measure the uplink TCP throughput to the STA, using a test fime of 120 seconds.

5. Set the working mode of DUT to 802.11ac and repeat steps 3-4 for bandwidth 80MHz.
6. Set the working mode of DUT to 802.11ax over 2.4 GHz and repeat steps 3-4.

/. Set the working mode of DUT to 802.11ax over 5 GHz and repeat steps 3-4.

Pass/Fail Criteria

Wi-Fi Configuration (DUT) | Wi-Fi Configuration(STA), DL Throughput UL Throughput DL Throughput UL Throughput
NSS-2 NSS-2 (Mbps) (Mbps) (Mbps)GI-800ns (Mbps)GI-800ns
(400ns) (400ns)

802.11n 802.11n (NSS-2) 100 100

802.11ac 802.11ac (NSS-2) 80 560 560 504 504
802.11ax (2.4Ghz) 802.11ax (2.4Ghz) 20  N/A N/A 200 200
802.11ax (5 Ghz) 802.11ax (5 Ghz) 80 N/A N/A 720 720
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6.2.2 Wiring Diagram %

1-11 n/ac 1-11ax
2x2 MIMO 2x2 MIMO

cz E 2.4/5GHz 2.4/5GHz

STAs ; STAs

DUT Chamber

© O[C 00 0 e
© OJ O OO O] (O O

G OJI© OJ©C OO O
(eNe)j[cNe)i(eNe)j(eNe)

(eNe)j(cNe))(eNe)j(eNe)
G OJI0 OJ© OO O
(eNe)j(cNe))(eNe)j(eNe)

G OJI© OJ© OO O

CT-523c - 12 11ax STAs CT-523c - 20 11ax STAs

Medium Chamber 1 - 11ac STAs Medium Chamber 2 - 11ax STAs
Operating Modes

a) 802.11n

b) 802.11ac

c) 802.11ax over 2.4 GHz
d) 802.11ax over 5 GHz
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6.2.3 Airtime Fairness test Candeia

TECHNOLOGIES

O Wi-Fi signal transmission can be seen as a multicast process since the STAs involved share the transmission medium. Air
interface becomes a rare resource when dense connections or high throughput requests exist. Channel condition determines
the MCS selection, therefore affecting the data throughput. In general, long distance to travel or obstacle penetration leads
to larger attenuation, which makes the data rate in a low level. Occupying excessive airtime of STA with small MCS will be
unfair to the STAs with large MCS (here, assuming the QoS requirement is similar) when the air resources have already run out.

Test Procedure

1. Establish the setup using default configuration for the 802.11n operating mode.
2. Associate STA1 and STA2 with DUT. Establish the LAN connection and wait for 10 seconds.
3

Measure the downlink TCP throughput to each STAT and STA2, using a test time of 120 seconds. Record this as STAT _throughput_1

and STA2 _throughput_1.

4. Move STA2 to a medium distance to the DUT (equivalent to 38 dB@2.4GHz and 25 dB @5GHz attenuation between DUT and

STA2). Wait for 10 seconds.

5. Measure the downlink TCP throughput to STA 1 and STA2, using a test time of 120 seconds. Record this as STAT _throughput_2 and

STA2 _throughput_2.

6. Disassociate STA2 with the DUT. Replace STA 2 by STA 3 and remove the attenuation. STA3 is configured to support only a 2.4 GHz

connection. Establish the Wi-Fi connection between STA3 and DUT and wait for 10 seconds.

7. Measure the downlink TCP throughput to STA 1 and STAS, using a test time of 120 seconds. Record this as STA1_throughput_3 and

STA3 _throughput_3.
8. Replace STA3 with a STA that uses only 802.11a. Set the DUT to operating mode of 802.11ac. Repeat steps 2 to 7.
9. Replace STA3 with a STA that uses only 802.11n. Set the DUT to operating mode of 802.11ax 2.4 GHz. Repeat steps 2 to 7.
10. Replace STA3 with a STA that uses only 802.11ac. Set the DUT to operating mode 802.11ax 5 GHz. Repeat steps 2 to 7.



6.2.3 Wiring

Diagram

CT-523c

o
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07
&

MO=0 @=0 @=0 o;-ab]

P10 P11 P21 P31 P41

B O0=00=0 0=0 0=0 }

P10 Pl P21 P31 P4l

2 0=0 0=0 @=0 o;-ao]

P10 P11 P21 P31 P4l
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|

3

&

ofl

Medium Chamber 1 - 11ac STAs

Pass/Fail Criteria

1. For the testin 802.11n 2.4 GHz frequency band:

y 3-11ax

( sizis o 4x4 MIMO
3-11 n/ac 2.4/5GHz
4x4 MIMO STAs

2.4/5GHz
STAs DUT Chamber

1. STAT_throughput_1 SHALL be within (1£5%)*Mean(STA2_throughput_1, STA1_throughput_ 1)
2. STA2_throughput_1 SHALL be within (1£5%)*Mean(STA2_throughput_1, STA1_throughput_

1).
3. STA1_throughput_2 SHALL be within (1£15%)*Mean (STA2_throughput_1, STAT_throughput_]1

4, STA1_throughput_3 SHALL be within (1£15%)*Mean(STA2_throughput_1, STA1_throughput_1
2. For the testin 802.11n 2.4 GHz frequency band:

).
).

1. The summation of STA1_throughput_1 and STA2_throughput_1 SHALL be larger than 90 Mbps.
2. The summation of STA1_throughput_2 and STA2_throughput_2 SHALL be larger than 80 Mbps.
3. The summation of STA1_throughput_3 and STA3_throughput_3 SHALL be larger than 60 Mbps.
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6.2.4 Dual Band Throughput Test

Candeia

TECHNOLOGIES

O The purpose of these test is to detect cross band interference of the DUT's transmitter on the receiver. The
weak link is needed to ensure DUT, and STA are transmitting at the highest power and causing the most

potential interference when the receiver is more susceptible to noise (low SNR).

Test Procedure

NG WD —

Pass/Fail Criteria

Attenuation (diB) 2.4 Ghz -Downiink 2.4 Ghz - Uplink mw

10 (n/ac) 100
25/32 (n/ac) N/A
35/42 (n/ac) 45
10 (ax) 195
25/32 (ax) N/A
35/42 (ax) 75

Configure the working mode of DUT to enable both 802.11n and 802.11ac with the default configuration.
Establish the LAN connection and allow all STA to associate with the DUT.
Simultaneously measure the downlink TCP throughput to all STA, using a test time of 120 seconds.

Simultaneously measure the uplink TCP throughput to all STA, using a fest fime of 120 seconds

Simultaneously measure the downlink TCP throughput to the 802.11n STA and the uplink TCP throughput to the 802.11ac STA.
Simultaneously measure the uplink TCP throughput to the 802.11n STA and the downlink TCP throughput to the 802.11ac STA.
Repeat steps 1 through 6 with the attenuators set to 32 dB for 2.4 GHz STA and 25 dB for 5 GHz STA.

Repeat steps 1 through 6 with the attenuators set to 42 dB for 2.4 GHz STA and 35 dB for 5 GHz STA.

85 N/A
N/A N/A
N/A 700
130 400
N/A N/A
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380
175
N/A
N/A
250
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6.2.5 Bidirectional Throughput test Candeia

TECHNOLOGIES

O The Bidirectional Throughput Test measures the uplink and downlink simultaneously achieved through the DUT

and a station

Test Procedure

—_—

o

Establish the LAN connection and allow the STA to associate with the DUT.

Measure the achievable downlink TCP throughput, using a test fime of 120 seconds. Record this value as
Throughput_Max_DL.

Measure the achievable uplink TCP throughput, using a test time of 120 seconds. Record this value as Throughput_Max_UL.
Configure bidirectional UDP traffic streams to use an downlink data rate set to 45% of Throughput_Max_DL and an uplink
data rate of 45% of Throughput_Max_UL. Record these values as Throughput_DL and Throughput_UL respectively.
Simultaneously run the bidirectional UDP traffic for 120 seconds, recording the number of packets transmitted, received,
and dropped in each direction.

Calculate the PACKET_LOSS_RATIO_DL and PACKET_LOSS_RATIO_UL as the number of lost packets divided by the total
number of packets transmitted.

Repeat steps 1 through 6 for attenuator settings 21 dB and 42 dB for 2.4 GHz DUT configurations or 21 dB and 35 dB for 5
GHz DUT configurations.

PASS/FAIL Criteria

1.

Each measured PACKET_LOSS_RATIO_DL and PACKET_LOSS_RATIO_UL SHALL be less than or equal to 1E-4
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6.3.1 Rate vs Range Test Candeia

TECHNOLOGIES

0 Range versus rate test infends to measure the baseband and RF chain performance of Wi-Fi device. The

aftenuation of signals due to increasing range is achieved by using afttenuator(s) in the RF path between the
AP and STA.

Test Procedure

1. Configure the attenuator with 0 dB attenuation. Configure the working mode of DUT to 802.11n and operating frequency band to
2.4 GHz with default configuration.

2. Establish the LAN connection and allow STA to associate with the DUT.

3. Measure the downlink TCP throughput to the STA, using a test fime of 120 seconds.

4. Measure the uplink TCP throughput to the DUT, using a test time of 120 seconds.

5. Change the attenuation for STA RF chain according to until the attenuation reaches to 63 dB. Repeat step 2-4.

6. Configure the attenuator with 0 dB attenuation. Set the working mode of DUT to 802.11ac with 80MHz bandwidth. Repeat step 2-4
for all attenuation values in section.

7. Configure the attenuator with O dB attenuation. Set the working mode of DUT to 802.11ax over 2.4 GHz with 20MHz bandwidth.
Repeat step 2-4 for all attenuation values in section.

8. Configure the attenuator with O dB attenuation. Set the working mode of DUT to 802.11ax over 5§ GHz with 80MHz bandwidth.
Repeat step 2-4 for all attenuation values in section

0 dB(default), 10 dB, 21 dB, 24 dB, 27 dB, 30 dB, 33 dB, 36 dB, 39 dB, 42 dB, 45
dB, 48 dB, 51 dB, 54 dB, 57 dB, 60 dB, 63 dB

0 dB(default), 10 dB, 21 dB, 24 dB, 27 dB, 30 dB, 33 dB, 36 dB, 39 dB, 42 dB, 45
dB, 48 dB, 51 dB, 54 dB, 57 dB, 60 dB, 63 dB

© 2021 Candela Technologies — All Rights Reserved
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6.3.1 Pass/Fail Criteria cm
TECHNOLOGIE

N 2.4G-
Downlecdiops) | 10 100 100 100 100 100 100 95 80 75 50 31 24 17 12 7
N2.4C- 100 100 100 100 100 100 100 95 80 75 50 45 35 25 14 9
Upload(Mbps)
AX 2.4G- 200 | 200 | 200 | 200 | 200 180 170 150 120 90 85 65 55 30 25 15
Download(Mbps)
AX 2.4G- 200 | 200 | 200 | 200 | 200 180 170 150 120 90 85 65 50 25 20 10
Upload(Mbps)

AC 5G- 560 530 420 400 360 300 220 150 125 100 45 25 5 1
Download(Mbps)
AC 5G- 560 530 420 400 360 300 220 150 125 100 45 25 5 1
Upload(Mbps)
AX 5G-
720 680 540 515 465 400 350 300 200 175 150 50 7 2
Download(Mbps)
AX 5G-
720 680 540 515 465 400 300 225 175 150 50 25 5 2
Upload(Mbps)
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6.3.2 Spatial Consistency Test Candeig

TECHNOLOGIES

O Spatial consistency test intends to verify the Wi-Fi signal consistency in spatial domain.

O Additional attenuation for STA RF chain during the test:

a) STA with strong signals: 10 dB @2.4GHz band, 10 dB @5GHz band;
b) STA with medium signals: 38 dB @2.4GHz band, 25 dB @5GHz band;
c) STA with weak signals: 48 dB @2.4 GHz band, 35 dB @5GHz band.

Test Procedure

W=

o~

Configure the working mode of DUT to 802.11n, operating frequency band to 2.4 GHz with default configuration.

Establish the LAN connection and allow STA to associate with to the DUT.

Measure the downlink TCP throughput to the STA, using a test tfime of 60 seconds. Wait for 10 seconds. Measure the uplink TCP
throughput to the STA, using a test fime of 60 seconds.

Rotate the DUT platform by 30° and repeat Step 3 until the platform has been rotated by 360°.

Increase the attenuation for each RF chain according and reset the position of DUT platform to 0°, until all the attenuation
values have been tested. Repeat Step 2-5.

Set the working mode of DUT to 802.11ac with a bandwidth of 80 MHz and operating frequency to 5 GHz, reset the position of
DUT platform to 0°. Repeat Step 2-5.

Set the working mode of DUT to 802.11ax over 2.4 GHz with a bandwidth of 20 MHz and reset the position of DUT platform to
0°. Repeat Step 2-5.

Set the working mode of DUT to 802.11ax over 5 GHz with a bandwidth of 80 MHz and reset the position of DUT platform to 0°.
Repeat Step 2-5.
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6.3.2 Pass/Fail Criteria

TECHNOLOGIES

Throughput_$S Throughput_ M Throughput L
(Mbps) (Mbps) (Mbps)

90 90 /0 /0 35 35

Wi-Fi Wi-Fi
Configuration Configuration Bandwidth
(DUT) (STA)
20

802.11n 802.11n
(NSS-2) (NSS-2)

802.11ac 802.11ac (NSS- 80 500 500 400 400 300 300
(NSS-2) 2)

802.11ax 802.11ax 20 150 150 100 100 35 35

(2.4Ghz NSS-2)  (2.4Ghz NSS-2)

802.11ax 802.11ax 80 700 700 400 400 200 200
(5Ghz, NSS-2) (5 Ghz, NSS-2)

For each rotation, the variafion in rates must be within a specified range. The variation at each specific
aftenuation is calculated as the difference between the minimum throughput value and the average throughput
value, divided by the average throughput value over all rotations.

1. For 2.4Ghz, the range is 30%

2. For 5Ghz, the range is 40%

© 2021 Candela Technologies — All Rights Reserved



6.3.3 802.11ax Peak Performance Test H

TECHNOLOGIES

A This test case examines the maximum performance expected from a DUT supporting 802.11ax

Test Procedure

1. Configure the operating mode of the DUT and STA.

2. Establish the LAN connection and allow STA to associate with the DUT.

3. Measure the downlink TCP throughput to the STA, using a test time of 120 seconds.
4. Measure the uplink TCP throughput to the STA, using a test time of 120 seconds.

5. Repeat steps 1 through 4 for each additional configuration in supported by the DUT.

Pass/Fail Criteria
Wi-Fi Configuration Downlink Uplink Throughput
Throughp (Mbps)
ut (Mbps)
Config 1: 802.11ax, 2.4 GHz, Nss = 2, 300 300
BW = 40 MHz 1-11ox
2x2 MIMO

1100 2.4/5GHz

\ STAs
/ R
( )

DUT Chamber

Config 2:802.11ax, 5 GHz, Nss =2, BW 1100
=160 Mhz

© 00000 e
© OJ([C O] IC O] (©C O
© OJ([C O] I© O] (O O

G OJ© OJIC OO O
G OJC OJIC OO O

G O © OJIC OO O

(ele)j(eNe)j(cNe)i(eNe)
G OJI© O)C OJC O

CT-523c - 12 11ax STAs CT-523c - 20 11ax STAs
Medium Chamber 2 - 11ax STAs
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6.4.1 Multiple STAs Performance Test Candeia

TECHNOLOGIES

O Multiple STAs performance test intends to measure the performance of Wi-Fi device connected with multiple STAs
simultaneously. To simulate a circumstance of real environment, various levels of signals reflecting various
distance between Wi-Fi device and STA are considered in the test.

Test Procedure

1. Configure the working mode of DUT to 802.11n, operating frequency band to 2.4 GHz with default configuration.

2. Establish the LAN connection and allow STA to associate with to the DUT.

3. Measure the downlink TCP throughput to the STA, using a test time of 60 seconds. Wait for 10 seconds. Measure the uplink TCP

throughput to the STA, using a test time of 60 seconds.

Rotate the DUT platform by 30° and repeat Step 3 until the platform has been rotated by 360°.

Increase the attenuation for each RF chain according and reset the position of DUT platform to 0°, until all the attenuation values

have been tested. Repeat Step 2-5.

6. Set the working mode of DUT to 802.11ac with a bandwidth of 80 MHz and operating frequency to 5 GHz, reset the position of DUT
platform to 0°. Repeat Step 2-5.

7. Set the working mode of DUT to 802.11ax over 2.4 GHz with a bandwidth of 20 MHz and reset the position of DUT platform to 0°.
Repeat Step 2-5.

8. Set the working mode of DUT to 802.11ax over 5 GHz with a bandwidth of 80 MHz and reset the position of DUT platform to 0°.
Repeat Step 2-5.

o~
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6.4.1 Pass/Fail Criteria

TE—C'HNGLGGIE!

Wi-Fi Wi-Fi Throughput_S | Throughput_SM | Throughput_SM
Configuration | Configuration | Bandwidth (Mbps)
(DUT) (STA)
802.11n 802.11n 20 /0 /0 60 60 50 50
(NSS-2) (NSS-2)
802.11ac 802.11ac 80 500 500 500 500 400 400
(NSS-2) (NSS-2)
802.11ax 802.11ax 20 140 140 120 120 100 100

(2.4Ghz NSS-2)  (2.4Ghz NSS-2)

802.11ax 802.11ax 80 680 600 600 250 500 200
(5 Ghz, NSS-2) (5 Ghz, NSS-2)

© 2021 Candela Technologies — All Rights Reserved



6.4.2 Multiple Association/Disassociation Stability Test Candeia

TECHNOLOGIES

O Multiple association/disassociation stability test intends to measure stability of Wi-Fi device under a
dynamic environment with frequent change of connection status.

Test Procedure

1. Configure the working mode of DUT as 802.11n, operating frequency as 2.4GHz with the default configuration.

2. 8 STAs are picked for sending/receiving packet while the other 8 STAs are picked to do association/re-

association process during the test. Establish the LAN connection and allow STA to associate with the DUT.

Enable downlink UDP flow (4 Mbps @2.4GHz and 8 Mbps @5GHz) from DUT to each STA.

Continue monitoring the traffic flow of each STA by recording the UDP flow rate every second.

Disassociate the rest peer STAs. Wait for 30 seconds. Re-associate the STAs simultaneously.

Configure the working mode of DUT as 802.11ac, operating frequency band as 5 GHz and the channel

bandwidth to 80 MHz, respectively. Wait for 10 seconds, repeat Steps 2-4.

6. Configure the working mode of DUT as 802.11ax over 2.4 GHz, operating frequency band as 5 GHz and the
channel bandwidth to 20 MHz, respectively. Wait for 10 seconds, repeat Steps 2-4.

/. Configure the working mode of DUT as 802.11ax over 5 GHz, operating frequency band as 5 GHz and the
channel bandwidth to 80 MHz, respectively. Wait for 10 seconds, repeat Steps 2-4.

o kW



6.4.2 Wiring Diagram

TECHNOLOGIES
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Pass/Fail Criteria

In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described as following:
a) The disassociation/association does not affect the performance of other peer STAs.

) UDP traffic rate is at least 99% of the configured rate for each STA.

c) UDP packet loss rate SHALL be less than 0.01%.
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6.4.3 Downlink MU-MIMO Performance Test Candeia

TECHNOLOGIES

O Downlink MU-MIMO Performance Test intends to verify the performance of Wi-Fi device when Downlink

MUMIMO is applied. This best represents a typical deployment, where stations may only support 1x1 or 2x2
RF chain configurations. The test is only applicable to the Wi-Fi device supporting the 802.11ac/ax.
Downlink MUMIMO capability is also sometimes referred

Test Procedure

O~

o

Establish the setup by using the default configuration as detailed above.

Associate STA 1 with DUT. Establish the LAN connection and wait for 10 seconds.

Measure the downlink TCP throughput to STAT, using a test time of 120 seconds. Record this value as STA1_throughput_1.
Disassociate STA1. Wait for 10 seconds. Associate STA 2 with DUT. Wait for 10 seconds. Measure the downlink TCP throughput to
STA2, using a test time of 120 seconds. Record this value as STA2_throughput_1.

Disassociate STA 2. Wait for 10 seconds. Associate STA 3 with DUT. Wait for 10 seconds. Measure the downlink TCP throughput to
STA 3, using a test time of 120 seconds. Record this value as STA3_throughput_1.

Associate STA 1 and STA 2 with the DUT (STA 3 remains associated). Simultaneously measure the downlink TCP throughput to all
STA, using a test time of 120 seconds. Record these values as STA1_throughput_2, STA2_throughput_2 and STA3_throughput_2.
Disable DL MU-MIMO and wait for 10 seconds. Measure the downlink TCP throughput to each STA, using a test time of 120
seconds. Record these values as STA1_throughput_3, STA2_throughput_3 and STA3_throughput_3. If the DUT does not support this
operation, this step and the associated test metric SHALL NOT apply.

Repeat steps 1 through 7 for each DUT configuration.



6.4.3 Wiring Diagram n

TECHNOLOGIES
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Pass/Fail Criteria

In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described as follows:

a) The sum of STA1_throughput_2, STA2_throughput_2, and STA3_throughput_2 SHALL be at least 45%

of the sum of STA1_throughput_1, STA2_throughput_1, and STA3_throughput_1.

b) The sum of STAT_throughput_2, STA2_throughput_2, and STA3_throughput_2 SHALL be greater than

the sum of STA1_throughput_3, STA2_throughput_3, and STA3_throughput_3. This test metrics SHALL only apply to the DUT that supports the configuration

to disable DL MU-MIMO
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6.5.1 Long Term Stability test Candeia

TECHNOLOGIES

O Long term stability test intends to measure the stability performance of Wi-Fi device under stresses that would
typically been seen under heavy user load, such as watching multiple 4k video streams. Throughput and
connection availability are confinuously monitored over a period of 4 hours, during which time, the
performance must remain steady. Testing is conducted in multiple bands (2.4 GHz and 5 GHz) simultaneously.

Test Procedure

Configure the DUT for the first operating configuration described above.
Configure the 2 STAs connecting to the 2.4 GHz band to associate with the DUT.
Configure the 2 STAs connecting to the 5§ GHz band to associate with the DUT.
Wait for 60 seconds for the system to reach a steady state.
Configure two downlink UDP throughput measurements to run for 15 minutes each using a bit rate of 50Mbps through one 2.4 GHz
STA and one 5 GHz STA. While this throughput measurement is running perform the following actions:
I. Wait 5 minutes
ii. Toggle the association state of the second STA in each band (i.e., if the STA is currently associated to the DUT,cause it to
disassociate; or if it is disassociated, cause it to associate).
6. Record the number of lost UDP packets for each downlink measurement, recording the measurement as  PACKET_LOSS_[24 or
5]_GHZ_INTERVAL_Nn, where the band is indicated as 2.4 or 5 GHz and n represents the n'th measurement interval. Calculate the
PACKET_LOSS_RATIO_[24 or 5]_GHZ_INTERVAL_n as the number of lost packets divided by the total number of packets transmitted.
/. Repeat steps 4 and 5 for a total of 16 measurement intervals (4 hours of testing).
8. Repeat steps 1 through 6 for each DUT configuration.

A ol A

Pass/Fail Criteria

1. For each measurement interval, the packet loss ratio SHALL be less than or equal to 1E-4.
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6.5.2 AP Coexistence test Candeia

TECHNOLOGIES

O AP coexistence test intends to verify Wi-Fi device performance with existence of alien AP. The alien AP in
the test SHALL support the same Wi-Fi standard (802.11n/802.11ac/802.11ax).

Test Procedure

oM~

10.
1.

Configure the working mode of DUT to 802.11n, operating frequency band to 2.4 GHz with default configuration. Allow peer STA registers the DUT.

The channel of alien network SHALL be set to the same channel as DUT.

Keep the alien network radios shutdown (not fransmitting any signals).

Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test time of 120 seconds. Record this measurement as
THROUGHPUT_SHORT_DUT.

Enable the alien network radios. The alien network SHALL be configured according to Table 35. The alien network will fransmit beacon frames
according to the default configuration settings.

Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test fime of 120 seconds. Record this measurement as
THROUGHPUT_SHORT_DUT_1.

Configure the alien network to utilize 50% of the available “air time”. This can be achieved by packet transmission using the alien network of 1500-
byte packets at one of the following rates, depending on the configuration used for the alien network and the wireless MSC rate selected by the
transmitter: 32 Mbps for 802.11n 20MHz channels with 1 spatial stream, 90 Mbps for 802.11ac 40MHz with 1 spatial stream, 195 Mbps for 802.11ac
80MHz with 1 spatial stream, 65 Mbps for 802.11n 20MHz channels with 2 spatial streams, 180 Mbps for 802.11ac 40MHz with 2 spatial streams, or 390
Mbps for 802.11ac 80MHz with 2 spatial stream:s.

Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test fime of 120 seconds. Record this measurement as
THROUGHPUT_SHORT_DUT_2.

Change the channel configuration of alien AP according to Table 35 until all the configuration has been tested. Repeat Step 8. Stop the packet
transmission for alien network.

Shut down the radios on the alien network.

Repeat steps 2 to 10 for each additional configuration listed in Table 34 above.
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6.5.2 Pass/Fail Criteria

Wi-Fi
Configuration
(STA)

| Wi-Fi Configuration Bandwidth

(DUT)

No Alien AP
turned on

alien
device

802.11n 802.11n 20 -
(NSS-2) (NSS-2)
802.11ac 802.11ac 80 -
(NSS-2) (NSS-2)
802.11ax 802.11ax (2.4Ghz 20
(2.4Ghz NSS-2) NSS-2) -
802.11ax 802.11ax 80
(5 Ghz, NSS-2) (5 Ghz, NSS-2) -

<5%

<5%

<5%

<5%

Throughput requirement referred to the No-Alien-device

Alien Alien network Alien
network working network
el dgle! (overlapping working

(same channel) (adjoining

channel) channel)
<60% <60% <5%
<60% <60% <5%
<60% <60% <5%
<60% <60% <5%

Note: Percentage indicates the performance deduction referred to the case with no alien device turned on.
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6.5.3 Automatic Channel Selection test Candeia

TECHNOLOGIES

Q The test verifies the DUT (AP) will select a Wi-Fi channel that is not presently utilized by other networks and will
alter this channel on subsequent reboots, if the environment has changed (i.e. the channels utilized by the
adjacent network has changed).

Test Procedure

Al

o~ AW

N

Power off the DUT. Allow the second station to associate to the additional AP.

Configure the Ethernet traffic generator to run a continuous TCP throughput measurement, causing the
devices to contfinuously transmit over the Wireless link between the second STA and AP.

Power on the DUT and allow the first station to associate with the DUT.

Record the channel used by the DUT.

Repeat steps 1 through 5, with the additional AP configured to use 2.4 GHz channels 1 and 11.

Repeat steps 1 through 5, with the additional AP configured to use 2.4 GHz channel 1 and 40 MHz
bandwidth.

Repeat steps 1 through 5, using the 5 GHz band, with the additional AP configured to channels 42, 58, 106,
and 122. The additional AP should be configured to use a channel bandwidth of 80 MHz.
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6.5.3 Pass/Fail Criteria

1.

2.

TECHNOLOGIES

The DUT SHALL select a channel that is not the same as the channel the Additional AP is operating on and the

selected channel SHALL not overlap with the channel the Additional AP is operating on.

If the DUT selects the same, or an overlapping channel, the test point SHALL be considered a failure.

Additional AP Operating Band and Channel selected by DUT
Channel

0 N O O A W N —

2.4 GHz Channel 6, BW = 20 MHz
2.4 GHz Channel 1, BW =20 MHz
2.4 GHz Channel 11, BW =20 MHz
5 GHz Channel 42, BW = 80 MHz
5 GHz Channel 58, BW = 80 MHz
5 GHz Channel 106, BW = 80 MHz
5 GHz Channel 122, BW = 80 MHz
2.4 GHz Channel 1, BW = 40 MHz
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