APPLICATION NOTE

Analyzing UXM |Q captures with
the SJOO1A Wavedudge Wireless
Analyzer Toolset

Testing 5G
Import, Decode and Troubleshoot UXM IQ Captures requires diagnosing the

root causes of
Insightful Wireless Analysis to Diagnose and Adjudicate Root problems between
Cause of Problems layers, which often

takes hours, days or
Troubleshooting functional and interoperability issues in 5G is not easy. We need to even weeks.
determine what Protocol messages were sent, relative to what PHY events occurred, The SJO0TA

and the timing of those messages and events. With Sanjole Solutions, Keysight can

' Wav Wirel
address new use cases moving forward. aveJudge Wireless

Analyzer Toolset
This Application Note describes the process to import, decode and troubleshoot UXM I1Q
captures. This is really useful to complement the capabilities of Keysight Network
Emulation Solutions, and to adjudicate disputes created when multiple vendors’
products and analysis logs are contradictory, causing undue delays and increasing

provides visibility into
protocol and physical
layer interaction in
wireless transmissions,

engineering expenses. with the ability to
record and review the
conditions when
. performance is optimal
This paper demonstrates how to analyze and compare when the
UXM 5G 1Q captures using the results are less than
Keysight WaveJudge Wireless Analyzer Toolset expected.
KEYSIGHT

TECHNOLOGIES
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Preliminary Steps

1. Run WaveJudge (this step has to be done once only). The shortcut should be available on
the desktop.

Figure 1. WaveJudge Icon, available on the desktop

2. If there is an error message observed about the license during WaveJudge launching, please check
the following information:

H Expiration date =
License Request Process g

[ExpIRED'

< Before you start with this process, consider these notes:
= If you use the link below and you don't have access, don’t use the form to request access.

Please send an email to Mayca Avila
* Make sure that PC conditions are the same one than when you use the license. No USB flash

drives connected plugged into the PC
= Atthe end, when you get your license, you need to copy the file in the folder specified in the
instructions in Step 8. Don't use the license manager to ‘install’ the license

Go to the link Follow instructions You will receive an Copy the license in

Sa License to get PC ID file and email when your “C:\Program
eguest upload it to the site license is available Files\Sanjole\WaveJudge"

< This is NOT an automated process —~ Sanjole integration is on-going until May 1* during this interim
period, licenses are generated manually by our colleagues in Hawaii

If you need your license for a specific activity,
please plan the request accordingly
W oY

Figure 2. License Request Process
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It may be also required to change the settings the first time that WaveJudge is opened under your
profile. If so, click on OK and make sure that Cell is configured as below. Click on Apply to apply the
changes. If you have already the default setting, you can just use it.

A. Configure 5G NR as scenario (Please perform this if you don’t have a following setting)

6 Configure Teskt

Configure Test Scenario

Standard SG MR =

3

& single base station (one celll  Two cells

Start custorn test scenario j

ﬁ | Setup Capture H Configure Test

Figure 3. Configure 5G NR Test Scenario

B. Click on Add Cell — 5G NR Cell

1ag

Configure Test Scenario
Standard [5G NR - 4

TF\

)
l 3GPP LTE Cell
A.dd Cell

D)) 5G NR Cell
& Single base station (one cell) © Two cells ﬂ L ST leElItlteeteor {
- == el bo kest configur

Start custom test scenario j Add UL/DL s l i SGTF Cell g
. e 1 i
feaa ) el 27!
MulteFire Cell
Add Rx Port

@
&) Go to 5G Card/Carrier Configuration . l WiFi/WiGig Cell

“

Transmitter

- -y = SR @™
Exclude Transport Payload in Intellijudge =, x Mobile Wikl AX Cell

Remowe (F(' -\\\
l Fixed WiNMAX Cell  Frea.

Figure 4. Add 5G NR Cell



C. Configure 5G NR cell with any valid configuration. Do not need to take care of the 5GNR

configuration right now.

Configure Test

4 Define Test

E I 1 Downlink
........... s LAownlin
BV

@R}(l

Chart Properties [ | Setup Capture ] | Configure Test O”

Figure 5. Configure 5G NR cell

Configure Cell 1

E

KF(F\

Standard [5G NR| =
Add Cell
53 Settings FE=] DN
E 1. Primitive Parameters .
Bandwidth 100 MHz
Sampling Rate 122.88 MHz Add UL/DL
Subcarrier Spacing 120 kHz
E 3. Frequently Used Options
M DL RE 62 i <
LIE list None
Use DCI Scheduling Infa Add Ry Port
E 4. Advanced Options
38.21* Default Latest
38,211 PDCCH DMRS Follow 38.21* Default @
6 Transmitter
Remove
Extract MIB/SIB.. | Dedicated... ~ | Edit Schedule... | ¥ |
Ok | Cancel | 7 | Apply |




How to Load an |1Q Capture onto WaveJudge
1. Perform an IQ capture (either using TAP or L1 Capture tool) with the info to be analyzed.

2. Convert that 1Q capture files to WaveJudge format. For that, you can use an ig2sanjole converter
program or Matlab (e.g. fid = fopen(\'yl_DL1.iq\"); x = fread(fid, inf, \'int16\', O, \'I\\');).

Instructions to use this are simple. You can type convertiq.exe —help to get more details about the
input/output allowed parameters. This tool allows converting .IQ files to Sanjole format, VSA format, or
IQ format (if you desire to cut the capture, making it shorter or capturing only a part of the

entire capture).

Microsoft Windows [Version 6.1.76011
Copyright {c> 2082 Microsoft Corporation. All rights reserved.

C:=“Userssrubegarcrcd C:sUserssrubegarcsDocumentss\5GHNR~5GNR_L1Capture~IQ25anjole converterswzZ.B

C:-“UserssrubegarciDocuments“5GNRNGGHNR_L1iCapturesnIZianjole converter w2 _Brconvertig.exe —help
Convert a URM IQ file into USA or Sandole text file

You can use this tool to convert a UXM IQ capture into a USA or SandJole text file.
You can use it to perform and IQ swap. You can also use it to select a section

(@of the capture that you will convert (i.e. by providing a start and a length).

You can even generate a new UMM IQ capture file <normally one that haz heen

IQ swapped or which contains only part of the original input file samples>

Mote that this program needs pcrebd.dll (from https:- snim-lang.org-douwnload-dlls.=zip> to run.

Usage =
convertig [——to FORMAT -o OUTFILE —n ANTEMNAS —s START -1 LEMGTH ——fs=FREQ] [—igswapl <igfiles>

Target output format (sanjole, vsa or ig)> [Default: sanjolel
—o —out=FILENAME Qutput filename <defaults to igfilel plus “.txt'>
—n ——num—antennas=NUM The number of antennas (defaults to the number of input files)
—igswap Swap the I and §
—s ——start=8TART The stawrt position for the conversion in samples or ms.
To specify a number of samples simply provide an integer value.
To specify a time in miliseconds append "us" to the wvalue <e.g. 125us)>
To specify miliseconds append "ms" and for seconds append s
¥You can use a negative file to _add_ some zero samples to the
bheginning of the capture.
Use this to skip {or add> initial samples or miliseconds [default: A1
-1 —length=LEHGTH The maximum length of the converted file in samples or ms
To specify a number of samples simply provide an integer value.
To specify a time in miliszeconds append "us" to the value {(e.g. 125us)
To specify miliseconds append "ms" and for seconds append "s"
Use this to limit the size of the output file.
By default the conversion goes till the end of the file.
—f = =SAMPLIMNG_FREQ Sampling frequency of the input capture in Hz [default: 153.6eb61]
Note that this is only used to calculate the number of samples
given a start or length in time {i.e. us, ms or s). That is, this
iz not used to do any kind of resampling of the input file.

C:-“UserssrubegarcsDocuments“5GNRN\5GHNR_L1Capture~I028anjole converter w2._@>

Figure 6. Convert IQ help details



Example:
IQ Captures named as — y1 _DL1.iq, y2_DL1.iq
Command to execute: convertig.exe --to sanjole -o capture.txt -s 0 y1_DL1.iq y2_DL1.iq

This command will generate a capture.txt file that can be opened by WaveJudge software. This file
structure is 8 columns. The first four columns belong to 1st antenna port, and the other four columns
belong to the 2nd antenna port.

e First column: | numerical values of 1st antenna port.

e Second column: Q numerical values of 1st antenna port.

e Third column: | numerical values of 2nd antenna port.

e Fourth column: Q numerical values of 2nd antenna port.

862137 2041 -1328 0 0
62138 P337 2925 0 0
862139 4135 4060 0 0
862140 93 —-2519 0 u]
g62141 -2592 -2087 0 0
g62142 340 354 0 0

862143 4151 -1935 0 0
62144 -2719 11z 0O 0
62145 -3077 3324 0 0
62146 4026 1953 0 0
862147 953 1168 0 0
62148 -2454 866 0O 0
862149 -2427 1367 0 0

Figure 7. Capture.txt columns format
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3. Open WaveJudge and click on File — Import — I/Q Samples from text file.

WaveJudge - [capturel.txt]

File | Edit Wiew  Acktions Tools  Window  Help

] Mew Test Configuration ChrlH-M
[ Open.. Chrl+O
b Open Combined Inkeliudoevsa Capkure. ..

Cpen Multiple Inteliludge Capture Files. .,
Load Inteliludge LTE MAC Settings. ..

Save Current Capkure. ., Chrl+3

-

Save Test Configuration. .. Chrl+3hift+3

AW

Save Waveludge Capture. .,

Save Waveludge Capture Selection s, ..

Sawve Inteliludge Capture...

Save Inteliludge Capture Selection As...

Save Combined InkeliJudoe/ W aveJudoe Capture. ..
Save Multiple Intelliudge Captures. .,

Load Bookmarks. ..
Save Bookmarks. .. Ctrl+E

Capture Information

b CipharYudee | cPs: [ 1: LTE]

I I
cess interval: 0 ms Etl—d)—

Wiavel

& | Start Ti.. ‘ Port |D| Error Checkin

| I Samples Fram kext File. ..

= Irnpoart 2 |
Export 3
Exit

Figure 8. Selecting the .txt file

12 Sample Import with Options. .,

Wik PCAF...

Select the .txt file generated in step #2 and wait until it is imported completely.

Import 1,0 Samples E

Importing L0 samples from
0 EAUSERSDocumentsianlo..\capturel bt

Pleazs wait...

Elapsed: 00:00:02 J60000 f 2457600

Rernaining: 00:00:13
Taotal: 00:00:16

Cancel

Figure 9. Importing the .txt file



4. Once imported, click on the Reprocess button.

"f:' WaveJudge - [capturel.t=t]
File  Edit  Wiew  Actions Tools  Mindow  Help
S % AR=A"K. - B Capture O Repeat [ Inteliluc
IStopped at 0 ms f 107 ms | @@v o Pr

CelZ DL on X1 I‘

L)
(=N
= |

Figure 10. Reprocessing (after importing)

5. Once completed, you should be able to see the signal on WaveJudge (at least, on time domain).

6. Start to configure the 5G NR parameters and/or Scheduling elements to properly decode the
signal. If it already exists, you may load an existing WaveJudge configuration file and apply it to the
current 1/Q capture. This will make the analysis easier and faster.

To do this:
a. In WaveJudge, File - Open

b. Select the WaveJudge Configuration file.

Dpen Waveludge /Intellidudge Capture or Configuration File
“% WaveJudge - [capturel.txt] —

‘k_:*k_} ||+ sandole = Example - POSCH payload = PDSCH_Capture CH_Capture B
File | Edt View Actions Tools

Organize »  New Folder

] Mew Test Configuration -
| ] =10 Favorites Name Date modifisd Type
: ||__; BFton B Desktcp esphure decoded useg 1 anslyzer 422018 4:27PM  Fie folder
1
8 Qownlbads | captural _POSCH.def 4/3[2016 1218 AM  DEF File
| Recent Places e = = —
4f3f2018 12:18 AM WaveJudge Configuration
59 brares ¥ Test_POSCH 4220185:10PM  Waveludge File
B | = Documents

Figure 11. Opening and selecting an existing WaveJudge configuration file



PRACH Analysis

Parameters
B [48] slot 42
B Aszignment List Count: 1
B [0] PRACH
Rootsequencelndes 1]
ZeroCorelationZoneConfig 1]
RiestrictedSetConfig unrestricted
Format Al
B Freamble List R andomécoessFre
Preamble
Timing Offzet [ps] 0.186157376
Root Sequence Index i 1
Foot Sequence Mumber u 138
Cyclic Shift Cw 1]
Preamble Index 1
n 3
Symbol start 1]
RE start kO 408

Figure 12. PRACH Analysis Parameters

Wavedudge Verification

1. Time domain power — OK

A 1 2 288+ Ts 2048  Ts 0-Ts Small cell

Ts = 1/g.30720 ms for 120 kHz subcarrier spacing

PRACH Format A1 = 288-T,, 2-2048-T,, 0-T,= 18 ps



Power dgim Time Domair Power: Fix 1 All \E"

598 & B BO02 B0 BD4  BOS GO 60T BOE 603 Bd Gl Gl &F
0.01 ms/div Time s

Figure 13. PRACH in time domain

2. Mapping location — OK (2 OFDM symbols (1st and 2nd) in Format A1)

Find us at www.keysight.com Page 11



Frequency 2D Physical it 1 Selection

609 6.1 8.11

0.01 ms/div Time ms

Figure 14. PRACH mapping location

3. Number of subcarriers — OK

144 subcarriers = 12 PRBs.



Frequency 2D Physical: A 1 S election |E

495
430
485
480
475

470

460
455
450
445
440
435
430
425
420
415
410

405

6 6.001 6.002 6003 6004 6.005 6.0068 6007 6008 6.009 601 6011 6.012 6013 6014 6015 6016 6017 6018 6.019

0.001 mzddiv Time ms
Figure 15. PRACH subcarriers
4.CellID=0— OK
Cell1: DLon RX 1
= [0] Frame 0, CellD=0 -
B Slot List Eount £
slot 0
[1] slot 1
. (2] slot 2
Name | Start Ti.. | Port | Direction | CelllD | Emor Checking | #Bytes | Frame N..| EVM Code |N Resg;
PRACH 0006.00 1 u 0 0 00.00 1 »

Figure 16. Cell ID in PRACH



SSB Analysis

Parameters

% General Parameters
fo = 0;
n_cell id
afn

n_hf =
m

n_ ffc

k0

n_rb
n_bwp_start
de_notch =
n_ant =
periodicity =

% S55B Parameters
mu_ssb =
n_fft =sb
k 0 =sb

n_rk ssb

pss_gain

sss_gain 1;
pbch_ths
pbch_payload =
pbch _trch en =
pbch_data_gain =
pbch _dmrs_gain = 1;
ssb_1 =

true;

3sb_map30 =07

ssb re = 0:
ssb_pl id = [1 21
3sb_p2_id = ones ([

zeros(l, pbch_tbs);

641) 7

o0 o0 o e e W o o0 o op e

L I T R R T

Number of resource blocks for 55B [20 275]

Gain for P33 (< 2.0) - linear
Gain for PSS (< 2.0) - linear
Number of bits for PECH

High layer payload for PBCH (must be 24 bits)

Enables channel encoding [true, false]
Gain for PBCH data (< 2.0) - linear
Gain for PBCH DMRS (< 2.0) - linear
Number of 55B in a 55B Burst Set (<= 30 kHz: 4 or
Mapping alternative for 55B at 30 kHz [0, 11

First RE of 5S5B [o (n_rb =sb -

Pl index for 2 antennas for all S5Bs
P2 index for all 55Bs in a 55B Burst Set

Figure 17. General and SSB Parameters

Wavedudge Verification

5. Time domain power — OK

Tor Do P TS E

GHebEBRRRBESRSE

R R

EEXES

Figure 18. SSB Time Domain Power

n rb_ssb * 12

maginitude
maginitude

maginitude
maginitude
8; 120 kHz:

20) * 12]

(index starts at 0)
(index startcs at 0)

RF frequency in Hz (set to 0 to skip phase pre-compensation)

cell 1D [0 : 1007]

System frame number [0 1023]

Half-frame number [0, 11

Subcarrier scaling (2 ™ mu) #* 15 kHz [0, 1, 3]

FFT =zize [512 4086] n £ft * (2 ~ mu)
Subcarrier offset in OFDM signal transmission [-6&, 0, +6]

Number of resource blocks [20 2751 nrh * 12 * (2
Bandwidth part start [0:274].

DC notch

Number of antennas [ 2]

% Periodicity of generated signal (in ms) [5, 10, 15, 20]

Subcarrier scaling for 55B (2 ™ mu) * 15 kHz [0, 1, 3, 4]

FFT size for S5B [512 : 4096] n_fft * (2 ~ mu)
Subcarrier offset in COFDM =signal transmission for S5B [-6, 0, +8&]

# 15 kHz

mu) * 15 kHz

= 122.88 Msps=

<= 100 MHz

# 15 kHz = 122.88 Msps

(2 ~ mu_=sb)

64}

15 kHz <= 100 MHz

Find us at www.keysight.com
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6. Mapping location —» OK

0.125 ms |

\4

2 SS block locations in each slot

120 kHz

01234560123456|012345601234586
4

20 Physicak R<1$

Figure 19. SSB Mapping Location

7. Number of subcarriers - OK

240 subcarriers = 20 PRBs



48 subcarriers
(i.e. 4 PRBS) |
- -

127

144 subcarriers (i.e. 12 PRBs)

48 subcarriers
(i.e. 4 PRBs)

subcarriers |

-

4 OFDM Symbols

PBCH

PBCH

240 subcar

[Frequency

Figure 20. Number of Subcarriers

8.CellID=28 - OK

Cell 1: DL an B+ 1

riers (i.e. 20 PRBs)

2D Prysicat X 1 Selection

B [0] Frame 0, CellD=22
B Slat Lizt Count: 20
B [0] zlot 0
B Agzignment Count: 5
B [0 PSS

Figure 21. Cell ID in SSB

9. SSB Burst composition — OK

F



5 ms window

[
120 kHz
(L= 64)
E 0.5 ms E .
' 1ms ' &
|
| B

5 ms window |

000 A0 0 L0
T

THIRLEL

OUURURE  CHAKAE 000

Figure 22. SSB Burst Composition

10. Periodicity (20 ms) — OK



- 0 ms |

i Time Markers : Left=4.909, Right=24.371, Span=20.062 ms

Fower obm

Time Domain Power. Fix 1 Selection

74
ES
78
a0
52

4

Figure 23. SSB 20 ms periodicity

11. Error checking —» OK

Figure 24. SSB Error Checking

-

Cell1: DL on R 1
(= ()] Frame (0, CellD=28
El Slat List Count: 80
a [ slot 0
B Assignment Count: &
= P55
KOs -24
1 555
=P PBCH
Modu GPSK
Black 0
TBGi 32
I3 PDCCH
[4] PBCH
1 slat 1
[2] slot 2
[3] slot 3
[4] slot 4
[5] glot 5
[B] slot B
[7] slot 7
[8] slat 8
[El] ot 9
[10] ot 10
[ slot 11
[z] ot 12
(3] slot 13
[14] slot 14
s ot 15
[18] ot 16
(7 ot 17
(18] ot 18
(14 #lot 19
(20 lot 20
[21] slot 21 b
[22] ot 22
[23] ot 23
[24] slot 24
[25] slot 25
[26] ot 26
[27] slot 27
(28] ot 28
[29] lot 29
[30] ot 30
M sl

1 B @ @B B B w B o w2 2 oz o= 2
1 msdiy Time ms
“wlave)udge
Marme: | Start Time | Part | Direction | Enor Chec. | #
Slat 0000.00 1
PECH 000493 1 D 0K E
PBCH  0004.93 1 D oK 3
PSS 0004.99 1 D
555 0004.99 1 1]
Slat 0004.99 1
PECH 000312 1 o 0K 3
PBCH 000512 1 D 0K 3
PSS 000512 1 D
555 0005.12 1 D
Slot 0005.12 1
PECH  0005.24 1 1] 0K 3
PECH  0005.24 1 o 0K 3
PSS 0005.24 1 D
555 0005.24 1 D
Slot 0005.24 1
PECH 000537 1 D 0K 3
PBCH 000537 1 1] 0K 3
P55 0005.37 1 1]
555 0005.37 1 D
Sl 000537 1
PECH 000549 1 D 0k 3
PECH  0005.49 1 D 0K 3
PSS 0005.49 1 1]
555 0005.43 1 1]
Sl 0005.43 1
PBCH  0005.62 1 D oK 3
PBCH  0005.62 1 D 0k 3
P55 0005.62 1 D
555 0005.62 1 1]
Slat 0005.62 1
PECH 000574 1 o 0K 3
PBCH 000574 1 D oK 3
PSS 0005.74 1 D
555 0005.74 1 D
Slat 0005.74 1
PECH  0005.87 1 1] 0K 3
PECH  0005.87 1 o 0K 3
PSS 0005.87 1 D
555 0005.87 1 D

Find us at www.keysight.com
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12. EVM and constellation — OK

| ‘waweludge Messages List

MName Start Time Port | Direction | Emor Chec... | # Butes Frame Mumber EVM Code |M Reso,
Slat 0oo0.00
PBCH 000499
PBCH 000459
PES 000499
855 0004.99

M| Fel Amplitude LI

-08 -08 -0.4 -0.2 )

0z 04 08 0z
0.2 Ul div Rel Amplitude UI

Constellation: Cell 1 DL Selection

09
ki 08
00,01 07
oo
ki

oK 3
oK 3
08
05
04
0.3

oo oo
coocoo

02

Figure 25. PSS EVM and Constellation

Waveludge Messages List [ [Fe Ampiinade U1 Constellation: Cell 1 DL Selection
Mame Start Time Paort | Direction | Enor Chec.. | # Bytes Frame Murnber EYM Code |MN Resol
Shat 0000.00 1 0 08
FECH 0004.93 1 D Ok 3 1} 00.m 0.8
FECH 0004.93 1 D Ok 3 1} 00.m 07
PS5 0004.93 1 D 1} 00.m 08
555 0004.99 1 D 1} 00.m

05
04
03
02
041

-08 -0.6 -0.4 -0.2 0

0z 04 06 08
0.2 Uldiv Fel Amplitude U1

Figure 26. SSS EVM and Constellation

‘Waveludge Messages List

Rel Amplitude LT

Constellsion Cel 1 DL Selection =

Mame Start Time: Port | Direction | Emar Chec. H Bytes Frame Number Evi Code | M Resol
St 000000 08
PECH 000493 i[3 3 o001 08
PBCH  0004.93 K 3 oo a7
PSS 000493 oo =
555 000493 oot
St 000499 i
04
03
s
01
0
-01
-0.2
-0.3
-0.4
-05
-06
07
-08
-08

ocooo
coococoo

Figure 27. PBCH EVM and Constellation



13. Spectral power (RB Offset) —» OK

Porver dBm Spectial Poner A 1 Al [

108 |
110 |
12

450 400 380 300 250 200 50 A0 60 O & @y & ) Zy g g 4 @

50 subeatier/die__Frequency subeatier

Figure 28. SSB Spectral Power

VSA Verification

Zi i e —— . ———— e
b [T1l/@] | pefautt =)- : @[] 5 H R vHM. HEAE

D: Layer1 OFDM Err Vect Time

Start Timer 05 Current Pasticn: | 6401741536458 me Stop Time:  99.999991861979 ms
Pl @ e

Fleyer
Meas uremert: paused - recording 558_K2, S0ms_VEAmat | marer | camone

Figure 29. SSB VSA Verification



PDCCH+PDSCH Analysis

Parameters

e PDCCH parameters (kma missed)

e CCE Start=0

e CCELength=1

e TB Size =56

e RNTI=1

e DatanID =28

e DMRSNID =30

e Symbol Length =1

e PDSCH parameters (extracted from.kma)

%% This is an example of a PDSCH configuration file

%% SIGNAL TYPE
standard = 'nr' % Only supported standard is NR
signal_type = 'PDSCH'

%% LOG MODE

mode_interactive = true % If false

% CAPTURE FILES

y0_file = 'C:\LocalTemp\TestTBPDSCH\y5_|
yl_file = 'C:\LocalTemp\TestTBPDSCH\y6_DL1.iq
Fs_capt = 12 % Sampling

% Slot info

then the conscle is closed inmediately

% File containing samples for antenna 0 at Fs_capt
% File containing samples for antenna at Fs_capt
frequency of the capture expressed in samples per second

ns - % Slot number within a frame

sample_offset = % offset to start cutting the slot (at Fs_capt)

cfo -0 % CFO to apply in Hz

soft_en = true $ Soft decoding enable [true: soft-decoding, false: hard-decocding)

1lr fix = false % Indicates if fixed-point representation for LLR is used

snr_value =4 $ SNR

% General Parameters

n_cell id % Cell ID [0 : 1007)

ma % Subcarrier scaling (2 " mu) * 15 kHz [o, 1, 3]

f0 % RF frequency in Hz (set to 0 if no pre-compensation is needed)

n_ffc $ FFT size [512 : 4096] Fs = n_fft * (2 ~ mu) * 15 kHz
n_rb % Number of resource blocks 1 : 275} BW = n rb % 12 * (2 " mu) * 1S5 kHz
k_0 % Subcarrier offset in OFDM signal reception [-6, 0, +6]

n_bwp_start % Bandwidth part scart [0:274].

dc_notch % DC notch

n_rati = 1 % UE RNTI

n_id = [2F % PDSCH N_ID for scrambling

n_ant - § % Number of antennas 1, 2]

n_laye:s = . % Number of PDSCH layers [z, 2)

imcs =0 % IMCS for PDSCH [{*] 27) Aif 256QAM is enabled; (0 28) otherwise
en_256qam $ Enables 256QAM

n_oh prb % PDSCH N_OH parameter

first_prb % First PDSCH PRB [0: (nxb-1)]

last_prb = $ Last PDSCH PRB [o (n_rb - 1}]

first_symb = . $ First PDSCH symbol ({0 : 3] for mapping type A, [0 12] for mapping type B)
last_symb = % Last PDSCH symbol [firsc symb 13)

dmrs_10 = % First DMRS OFDM symbol ({2, 3}: Mapping type A’ Mapping type B)
dmrs_len % Select between single and double-symbol DMRS (1: Single-symbol; 2: Double-symbol)
dmrs_add pos = C % DMRS additional pesitions (o 3]

dmrs_type 1 % DMRS type x, 2

dmrs_boosting % Boosting applied to DMRS (dB)

dmrs n scid $ DMRS NSCID o L® |

dmrs n id % N_ID to use for DMRS [0 : 65535)

dmrs_p $ Antenna port indexes used for DMRS p = 1000 + X

dmrs_cdm no_data $ Number of DMRS CDM groups without data

ptrs_en % Enable PTIRS

ptrs_1 % Parameter L_PTRS [, 2, 4]
ptrs_k % Parameter K_PTRS [2, 4]
ptrs_re offset 0 $ Parameter DL-PTRS-RE-offset (o 3]

ptrs p -0 % Asscciation between PT-RS port and DMRS port dmrs p(ptrs_p)

Figure 30. PDSCH Parameters
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WaveJudge Verification

1. Time domain power — OK

Time Demain Power RX 1 Al &

PDSCH

1851 1652 1653 1654 165 1656 1657 1658 4 1 1662

w186 166
0.01 me/dv Tine e

Figure 31. PDCCH+PDSCH Time Domain Power

2. Mapping location and number of subcarriers — OK

Frequency 20 Physicat: RX1 Al ls

1662 1664 1666 16

Figure 32. PDCCH+PDSCH Mapping Location



3.CellID=28 - OK

B [0]

B (0]

4.- Error checking —» OK
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Figure 33. PDCCH+PDSCH Cell ID

Frame B, CellD=23
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Figure 34. PDCCH+PDSCH Error Checking

5. EVM and constellation - OK



Waveludge Messages List 0 [Pt Ampltude T Constellation: Cel 1 DL Al

Name Stert Ti..| Port |D..| EnorChecking | #Bytes | Frame N..| EVM | Code |N Reso.| Power |Tif
Slot UoTsEs 2 B os
slot 01z 2 6 08
5ot mzee 2 6 e
Siot mi4m 2 6
siat omi4is 2 5 08
Slot w4 2 6 oS
Siot e 2 6 04
3ot 1450 2 6 03
siot 46l 2 6 o
5ot 4TS 2 6
5ot w48 2 5 o
Slot s 2 6 0]
5ot w513 2 6 kT
Siot s 2 6 02
3ot misE 2 3 09
5ot miss0 2 6
Slot 1583 2 3 b
lot WIS 2 & 43
siot mises 2 6 05
Siot miEm 2 6 07
3ot g1l 2 3 a0
siot e 2 6
Slot m0iE38 2 6 e
FDCCH 0iE50 2 D OK 7 6 8034 08 .05 04 02 0 02 04 D05 08
FDSCH miEs) 2 D OK 261 6 7355 66 02 Ulrdiv Rl Ampliude Ul
Slot 01650 2 6 S cmmary R 1Al ||
’S\Iut EE}ESZ E E Carrier Freg Err:  0.000 kHz = 0.000 pram

Figure 35. PDCCH+PDSCH EVM and Constellation

6. Spectral power (RB Offset) -» OK
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Figure 36. PDCCH+PDSCH Spectral Power



Troubleshooting

1. If the following error message appears during WaveJudge launching, click on OK and operate as
usual. Root cause of this problem has not been identified yet.

Error while loading

W%, System.Runtime, Serialization, SerializationException: End of
'._8-' Skream encountered before parsing was completed.
= at
System, Runtinme, Serialization, Farmatters Binary. _ BinaryParser, R,
unt)
at
Swstem, Funtime ., Serialization. Formatters. Binary. ObjeckReader.De
serialize{HeaderHandler handler, _BinaryParser serParser,
Boolean FCheck, Boolean isCrossapphomain, IMethodCallMessage
methodCallMessage)
at
Swstem, Funtime ., Serialization. Formatters. Binary BinaryFormatter.
Deserialize{stream serializationstream, HeaderHandler handler,
Boolean FCheck, Boolean isCrossapphomain, IMethodCallMessage
methodZallMessage)
at
System. Runtine . Serialization, Formatter s, Binary  BinaryFormatter.,
Deserialize{Stream serializationStream, HeaderHandler handler,
Boolean FCheck, IMethodCallMessage methodCalMessage)
at
Sanjole.\WaveJudge W IServer . LoadDefinitionObject{FileStream fs,
BinaryReader br)
at Sanjole. WaveJudge W 3erver LoadDefinition(FileStream s,
BinaryReader br, Boolean raiseConfigloaded)
at Y34, V3aFarm.,
{Skring

Figure 37. Error Message during WaveJudge Launch

2. The following steps describe how to face errors shown in below figure:

Mame | Start T\..| Port |D| Errar Checking | 1t Bytes | Frame M ‘ EM | Code

Slot 0ooo0.00 2 E

FECH oo1o.0d 2 D Ok 3 E -B9.44
PECH oo 2 D Ok 2 E Br.A7
PS5 oo10.00 2 D E 7235
555 oo1o.0o 2 D E 7119
ECCH-RRC 0010.00 D DatalUndeflow 3

ECCH-RRC 0010.00 D DatalUndeflow 3

Slot oofoon 2 B

FECH o013 2 D Ok 3 E -B8.95
PECH o013 2 D Ok 3 B -69.02
PSS o013 2 D E -00.49
555 o003 2 D E -00.49
ECCH-RRC 0010.13 D DatalUndeflow 3

ECCH-RRC 0010.13 D DataUndeflow 3

Slot 001013 2 E

FECH ooinzs 2 D Ok 2 E -B9.37
FBCH oo10.2s 2 D Ok 3 E -B962
PS5 ooinzs 2 D E 7235
555 oofo2s 2 D 4 7115
ECCH-RRC 0010.25 D DatalUndeflow 3

ECCH-RRC 0010.25 D DataUndeflow 3

Figure 38. Data Underflow Errors



Disable RRC messages doing:

2. Right click over Message List area -> Click on Chart Properties

555 omozs 2 il

BCCH-RRC nmn2e M Nata Lnderflow
BCCHF  OpenMessage el
Slot Mark Message with... 4

PECH Edit/annotate Message Bookmark

PBECH Clear Bookmark

PSS Save Waveludge Bookmatks

355 Load 'WaveJudge Bookmarks

BCCH-F | nderflow
BCCHF  Time Domain ¥ Vnderflov
Slat Frequency Donmain 4

FECH Constellation Diagram 4

PECH Time Frequency Diagrams 4

=== Resulks 4

555 Lists and Decodes 4

BCCH-F  Measurements F | nderflow
BCCH-F St P e b | nderflow
Sl Set Chart to Protocol 3

PBCH

PECH view by cell

PS5 Expart ...

555 Expork b0 5% .,

BLLH- Export Decoded Messages as Text ... H nderfia:
EEEH_F Export Decoded Messages as ®ML ... Hnctertiov:
FBCH Chart Properties

FBCH Sawve chart as Image. ..

:gg Sawve chark bext, ..

perH A | rderfiou

Figure 39. Disabling RRC Messages — Chart Properties

Disable RRC, NAS, IP, & Other

Waveludge Messages

B asic Detail Levels Adwvanced Element Choices
v Frame ¥ RLC
v Subframe [¥ POCP
7 TE [# MIB/SIE
v SyncSignals [¥ RACH and MAC RAR
v hASC ther:
v MAC Padding [T RRCand MAS
W DCI rr
v UCI [~ Ciphered/Other
¥ sCl [V Filtered

[ DL/UL HARD

Default All Mone

Figure 40. Disabling RRC Messages — Disabling Options



3. After the previous steps the View should look like the figure below:

M arme | Start Ti... | Part |D| Error Checking | # Buytes | Frame M. | B | Co

Slot gooopo 2 B

FECH goooo 2 O Ok 3 B -£3.44
FECH goooo 2 0 OK 3 B -E7.97
PSS goooo 2 ] B 4235
555 goooo 2 ] B -1.13
Slot goiooo 2 B

FECH onnis 2 O Ok 3 B -£8.95
FECH ooz 2 O OK 3 B -B3.02
PSS o3 2 ] B -00.49
555 ooz 2 ] B -00.43
Slot ooz 2 B

FECH onnzs 2 O OK 3 B -B9.37
FECH onnz2s 2 O OK 3 B -B3.62
P55 oonzs 2 ] B 238
555 onnzs 2 ] B -71.15
Slot opnnz2s 2 E

FECH oonzs 2 0 OK 3 B -B9.40
FECH oonnss 2 O OK 3 B -£3.21
P55 oonss 2 ] B -00.49
555 oonnze 2 ] B -00.43

Figure 41. View after correcting the errors



Sanjole Wireless Analyzers

Sanjole Wireless Analyzers are industry-leading over-the-air communication sniffers, trusted as
undisputed “source of truth” to find anomalies, uncover issues and quickly identify root cause in complex
wireless systems.

With the addition of the Sanjole solutions, Keysight portfolio enhances its capabilities to provide
industry-leading, end-to-end 5G solutions across the entire wireless ecosystem. Sanjole's software
offerings will enhance Keysight's 5G solutions for modem, chipset, and radio access network (RAN)
customers. Together, Keysight and Sanjole will be able to provide communications standards-validated
interoperability testing, enable fast debugging, and accelerate time to deployment for customers.

To learn more about Sanjole Wireless Analyzers, please visit www.keysight.com/find/sanjole.
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