Webinar: Resolving PIM

Thank you for joining us. We will begin shortly

NOTE: This presentation includes Q&A. We will be taking questions during the
presentation with answers at the end using the questions section of your control
panel.

VIAVI

VIAVI Solutions




Agenda

= Welcome and Introductions
= Lindsay Welch

TRS-RenTelco: Test & Measurement Solutions
= Scott Wrinkle, Regional Sales Director

VIAVI: Resolving Live PIM via CPRI
= Dan Schmedtje, Wireless Dominion Expert

TRS-RenTelco: Equipment & Special Promotions
= Scott Wrinkle, Regional Sales Director

Q&A — Joint TRS and VIAVI
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We provide comprehensive
Test & Measurement
solutions delivering
equipment-as-a-service.

Plan, acquire, and efficiently utilize instruments
to maximize return on investment.

+ End-to-end fulfillment from our Dallas, TX headquarters
« 5,000+ configurable models available, valued at over $500MM

* In-House Financing and flexible procurement programs to
Rent, Lease, or Buy

peis
A proud member of the * § ]

«  State-of-the-Art 20,000 sq ft Calibration Lab on site McGrath Family of Businésses

+  Same-Day-Shipping with Next Day Delivery Available

_—
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mobile 5 Rerelco  mobile P E=enviroplex

Portable Storage
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sales@trsrentelco.com
Why Do Customers Choose TRS-RenTelco? 8001874 7123

)
By g Aoy o)
2 hilTY,
Customer Service Comprehensive Fulfillment Reliable
Excellence Solutions Accuracy & Speed Expertise
Talk with a Live Person Customized Same-day Shipping Strategic singular
when you call In-house Financing o focus on the rental
80% of Calibrations market
24/7/365 Technical Deep and wide Performed In-house I ) |
Support Inventory op-tier rental partner
99.72% Customer- to all major
Late-Order processing Equipment ships Scored Equipment manufacturers
Ready To Use Quality Ranking

Financially Secure
publicly traded company
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PIM Mitigation T
RTWP Testing 4 |

With T-BERD-5800 or OneAdvisor-800
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Agenda

Welcome/Agenda

What is PIM?

What is CPRI and RFoCPRI?

PIM Detection versus PIM Testing?
PIM Mitigation Methodology

Real World Examples

Live Demo featuring the ONA 800
Q&A

VIAVI
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What is PIM? — (Passive Inter-Modulation)
F1 F2

Passive Inter-Modulation (PIM) can occur in passive (unpowered) devices whenever
two or more RF signals encounter non-linear electrical junctions or materials.

IM3 IM3
: IM5 IM5
PIM can be part of the COAX + Antenna system (internal) or beyond the antenna
(external) IM7 IM7
> Compromised 50 Ohm connections, loosely contacting metals, rusted safety chain, pipe clamps,
pile of rusted screws buried in the roof-stone, flashing on the parapet, etc. T
The PIM signal(s) generated are mathematically related to the incident frequencies.

Wideband signals (LTE) create wideband PIM signals (self mixing and inter-band) -

If the PIM signal falls in an uplink band, it will raise the noise floor thus desensitizing the  upper 2%F1- F2 3*F1- 2°F2
receiver

. . L 2*F2 - F1 3*F2 - 2*F1
LTE exposed the PIM issue when it started to replace CDMA and WCDMA et

> LTE expects/requires a lower noise floor than those older technologies

> More signals on the tower means more possible sources and RX spectrum to impact
PIM power increases about 3:1 in (dB) as incident power increases 2*763—739 =787

> Downlink power increases 1 dB, PIM increases ~3 dB

> PIM “breathes’ as the sector gets loaded

Mobile phones will need to transmit at a higher power to overcome the noise rise, | B14 UL is 787 to 798 Mhz

or may not maintain any connection at all (call drops, bad KPI’s, lost bonus)

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 7
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Passive Intermodulation

PIM in LTE Carriers

PIM in Multicarrier Signals

PIM can be generated by multicarrier signals such as LTE which is
composed of multiple subcarriers.

SC: 0 SC: 599
POWER

LTE

LTE & 5GNR UPLINK

DOWNLINK

PIM
746.508 751 755.493

FREQ
FREQ (MHz)

-

PIMpy7 = 4 X Flgesge — 3 X F25o = 4 X 755.493 — 3 X 746.508 = 782.448

PIM Signature

The presence of multiple subcarriers on LTE signals causes a broadband
PIM signature, raising the noise floor of the uplink.

viavisolutions.com
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DOWNLINK

UPLINK

RF Monitoring

UPLINK
INTERFERENCE
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RFoCPRI enables Up-Link Spectral measurements

Uplink Analysis / Interference Analysis / PIM Analysis

Why we Originally Perform Uplink Analysis
- Noise floor measurements
+ Verify the presence of mobiles (uplink traffic)
- Verify all Resource Blocks are being utilized
« Check for RX Diversity issues
- Characterize interference before hunting it down
- Wideband
- Narrowband
« Intermittent or persistent
- Frequency stable or hopping
« And.............l

Detect and Visualize PIM in Realtime

» Confirm the presence of PIM using site’s
transmitters instead of intrusive PIM testing

* Instant feedback mechanism while mitigating PIM
» Adjusting power
+ Adjusting tilt
» Covering possible external PIM sources

» Speeds up PIM Mitigation

V1AV

viavisolutions.com

Copper

Fiber

Optical
Splitter
§

Lt L dbtchosh
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Uplink Spectrogram
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What is CPRI? (Common Public Radio Interface)

> CPRI was developed to split the functions of the Radio Equipment Controller (REC or
BBU/DU) and the Radio Equipment (RE or RRU/RU)
> The intent was two-fold 3 2 4576
> Create a market where REC and RE could be from competing vendors — this largely failed to
materialize 5 49152
> Allow aggregation of expensive REC equipment at a central site — this has been realized as
CRAN R | | 7 9.8304
> CPRI is a Time Domain Multiplexed (TDM) and synchronous signal that carries both
overhead channels and the RF payload (1/Q) between the BBU/DU <- -> RRU/RU 3 10.1376

> Implemented almost exclusively over fiber optic cable

> CPRI moved the test access point for Sweep, PIM, and Spectrum Analysis (Interference and
PIM Mitigation purposes) from the bottom of the tower to the top of the tower

> RFOCPRI restores test access for Spectrum Analysis and PIM Troubleshooting to the
bottom of the tower

—
CPRI link
Power Q

N: stuffing bits M: sampling bits

EN
- _ I ooe RFOCPRI
[Py g,‘m Ns7]|Qo[Q1]Q2| Qs Qw1
LS \

1
Frequency — 3.84Mbps : AXC =P}

Frequency Modulation
Domain Domain

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 10
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What is RFOCPRI Analysis?

> RFOCPRI analysis is the term describing the extraction of RF information (AxC) from
the CPRI link, converting the CPRI payload (AxC) into an RF waveform and displaying
that info in a traditional spectrum analyzer like view.

> Gives you back the test access and visibility you once had when you connected to a RX
diversity coax at the bottom

> The TBERD 5800 or ONA-800 performs RFoCPRI function by connecting to an in-
service CPRI link (BBU-RRU), obtaining CPRI sync, extracting the RF data from the
AXCs (AxC is RF data for 1 antenna, 1 carrier) and displaying the RF data as an
analog waveform in a Spectrum Analyzer or Spectrogram view.

Power Q . . . X
o N: stuffing bits M: sampling bits
31 5‘35 oF OC\’?‘\
g, %,;‘ Ns7{Qo|Q1[Q2| Qs Qu-1 or

o
e 1 1
Frequency [ ¢—— 3.84Mbps : AXC —P Re
Oy
Frequency Modulation Cp/?/
Domain Domain

\. I .\\. I viavisolutions.com

Enables PIM
Detection and
Interference
Characterization
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Defining PIM Testing versus PIM Detection

PIM Testing PIM Detection

Typically employed during initial construction or Typically employed when troubleshooting PIM on
after physical modifications an existing, but impaired site

Quality assessment of the parts, installation, and  Used to assess PIM that could be internal,
workmanship external, caused by your signals or other’s.

Involves large, heavy, expensive test equipment Small, lightweight, and versatile equipment that

injecting 2 x 20W tones support multi-remote control/viewing
Done on the ground before hoisting or done up Done from the shelter, cabinet, or CRAN BBU
on the tower/roof after the RRU Hotel (ground level)

Requires taking apart existing connections which  Non-intrusive to the Coax system. Only open the
risks creating new VSWR/PIM issues connections which have been identified

One branch at a time, narrowband tones, site out See all 4 branches of a 4 x 4 system in real-time
of service with real traffic

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 12
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How to Perform RFoCPRI

> RFOCPRI test applications are all performed by optically tapping o
the CPRI fiber link between the BBU and RRU. Coupled Monitoring

> Some sites have a CPRI “tray” already installed. If not, a tap can
be added in-line in about 30 seconds

> RFOCPRI is a passive monitoring application that is non-intrusive

so the RRU-BBU will continue to process calls normally. a By (Sectors)
Optical Coupler

> This allows you to monitor the uplink spectrum during normal site
operation, during the busy hour, when PIM is most severe

Coupled CPRI

> PIM can be further stimulated with in service load generator
functions built into the radio

Now cover, shield, shake, tighten, remove
possible PIM sources and see instant impact

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 13
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Passive Intermodulation

Mitigation Process

PIM Internal

RFoCPRI
PIM?

RFoCPRI PIM Inspection

PIM Absorbers PIM? and Mitigation

RFoCPRI PIM Mitigated:
PIM? Create Report

A

External
Interference

PIM Probe

:Yes
:No
: PIM Location

PIM Blankets and
Foil

RFoCPRI
PIM?

: PIM Detection: RFoCPRI or
Real-time Spectrum Analysis (RTSA) PIM External

\. I -\\. I viavisolutions.com
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Passive Intermodulation

External PIM or Internal PIM

e = ::i i W;: T | T =]
P . OneAdvisor 800 (RFoCPRI™)
f giadunbiL) . PIM Detected: Internal
T S S RS g o e
OneAdvisor 800 (RFOCPRIT™)
PIM Detected

PIM Absorbers n
OneAdvisor 800 (RFOCPRI™)
PIM Not Detected: External

\. I .\\. I viavisolutions.com 202820 VIAVI Solutions Inc. 15
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Passive Intermodulation
External PIM

/ PIM Probe

™~ Metal Structure

OneAdvisor 800
Realtime Spectrum

\. I .\\. I viavisolutions.com 202820 VIAVI Solutions Inc. 16
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Passive Intermodulation

External PIM

2  RFOCPRI Interference Analyzer | Spectrum Single Sweep Once

i
fit

potl C H CH P2 CH C H  PomiReOptic -5.22dBm @  RxIQSample Width RXQ W Rx1 W
ws ®® W 8O s OO 0F @@  Port2RxOptic - Rx Bandwidth Re2 W w 2=
R @@ so0 @9 ra 00 0! @@  inkRrate - — Detector RMS

Scale Unit: dBm

[ A AN i AR W\/«Aﬁmﬂﬁ}
|
|

| \

7] N

©
e+ <ci Ve

MHz Frequency
Rx0 Rx1 Rx2 Rx3
® Rssi -99.77 dBm @® Rssi -102.34 dBm ® Rssi -98.88 dBm ® rssi -99.21 dBm
® Slope 0.69° @ Slope -238° @® Slope -1.68° ® Sslope -2.28° o
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Advantages of RFOCPRI Method for PIM Mitigation

> Band independent — PIM testers are large, heavy, expensive and band specific.
> RFOCPRI is band agnostic.
» One unit to test them all.
> Up to 4 branches at once plus BTS is live
> See real PIM from all potential incident sources (F1, F2, F3,...... Fn).
> Rather than only 2 tones emitted from only one or perhaps 2 unique antennas.
> Performed from the ground — triage before the climb.
> Is it on pole, off pole, one path, all paths?
> Climb with a plan.
> Stay focused on PIM that reaches your RX antenna.

> Everything else is a waste of time and resources

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 18
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The Setup

V1AV

viavisolutions.com

© 2020 VIAVI Solutions Inc.
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How to Perform RFoCPRI

> RFOoCPRI test applications are all performed
by optically tapping the CPRI fiber link
between the BBU and RRU.

- If the link does not already have an optical test
port, a temporary splitter can be inserted in

under a minute Coupled Monitoring
> The Uplink fiber path is sent to the RX port on

the ONA-800

; RRH/RRU ONA aBy (Sectors)

Optical Coupler

CPRI link

BBU/DUS

\. I .\\. I viavisolutions.com © 2020 VIAVI Solutions Inc. 20
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Passive Intermodulation

RF Mapping and Flexible Configuration

RadioAnalysis X : D
Flexible

- Auto Configuration —
Configuration
=EE RFoCPRI Interference Analyzer Spectrum m = Single sweep
- RF Mapping: identification of RF o — ode Portt - Camlert- | 4xMIMO -
d ata w 0 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 Techno\ogy NEM EE:
1Q Sample VI\-I.\rdEth Stuffing Bit ET:::ent Bit ﬁ
- Flexible Configuration: Applicable - 5 . B
to all variables of CPRI mapping, Bandwideh , =
mcludmg 10 MHz (4 AxC) Frequency Setting | _
R Map Position Antenna 1 - M
- 1Q Sample With ' -
AxCO 0 AxC1 15 AxC2 30 AxC3 45 M
. Sthflng Bits AXC 4 AXCS AXC6 AXC7 -;
- Exponent Bits a
« AXC Size for Carrier Bandwidths
- Flexible Groups AXCO « < > » Mign | | C 1qActivityscan | m @

B+ A 9

» Branches: SISO, MIMO 2x, 4x, 8x RFOCPRI : RF Mapping and Flexible Configuration

\. I .\\. I viavisolutions.com 202820 VIAVI Solutions Inc. 21
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Real World PIM Example

> Rooftop site with a Nokia 700 MHz RRH

> Carrier reported PIM using OCNS (full power
mode)

» Local Tech dispatched to investigate
> TB5800/ONA tapped into the CPRI fiber link

Coupled Monitoring

aBy (Sectors)
Optical Coupler

a By Coupled
(Sectors) CPRI link

viavisolutions.com
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Live PIM on Site

» RFOCPRI method provides visibility to PIM and/or external
interference in real-time

> In most cases PIM can be seen on the live signal. Calls
are being blocked as the DL power increases

> Recall that 1 dB more DL power is 3 dB more PIM
~_._ﬁ_-:‘-.-_.-=.~.-.---- H!-‘:!-l'- -:.r_-_.- Dprics

Tear '~ oot Ui Bates 1.7 PRI Linoer 2 Spextrumbiigh-Redresh ManThog
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Using Load Generation to
stimulate More PIM

OFF

OCNS - Orthogonal Carrier Noise Simulation
AILG — Air Interface Load Generator
Increase DL Power by X, get 3X more PIM

Simultaneous PIM measurements on ALL
Antennas (2 x 2 and 4 x 4)

OCNS all calls to continue and PIM to be
analyzed WITHOUT disconnecting the Antennas
or lugging heavy gear to the site.

ON

\. I .\\. I viavisolutions.com

ests

Sweep Time: 33.0ms Average: 25

REW: 3 kHz
Carier Bandwidth: 10 MHz VEW: 3 kHz
Carrier Frequency: 793 MHz

@ System Tests R Fiber Optics

H
Te

‘:‘s‘!' v Port 1: Rates 1-7 CPRI Layer 2 Spectrum-High-Refresh Mon/Thru

=
2

ooooooo

arrier Bandwidth: 10 MHz
Carrier Frequency: 793 MHz
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Trace View explanation

=
Overlay

> 25 averages applied to
trace to smooth the trace

Spectrum

» As all the Antennas are
effected by PIM (external

Select

Spectrogram

PIM is suspected) ) e

> PIM is effecting 1 antenna ) =

more than the rest (Green | Rx7
trace)

-84 — Rx8

> Customer traffic still
processing on this site
(red circle) on 3 of the 4
antennas

-108 —

Sweep Time: 33.0ms Average: 25 © Signal Present
e m RBW: 3 kHz @ Sync Acquired

‘ Marker ’ Marker
Controls

> Suspected location near
the highly effected
antenna

Carrier Bandwidth: 10 MHz VBW: 3 kHz W Ftacie sy
Carrier Frequency: 793 MHz

Data
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Next Steps

- After review of traces
- Cover suspected area with PIM blanket(s)

Recommended Conceal Fab PIM Blanket
- Take it with you — Use Phone/Tablet to view changes
to the UL as you tap, cover, tighten, etc. possible PIM

sources

Before

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 26
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Additional RF Examples # 1

Select | port 1: 2457.6M CPRI Layer 2 BERT Term X

Measure
Off

-96 —

-99 —

» PIM is internal (On
Pole)

» PIM shows on 1 of
2 antennas

» Investigate the
feedline

» Traces include
min/max/current

102 @ PIM Detection

105 Channel Power

Spectrogram | Spectrum

-108 5|
i PIM Threshold (dB) sz
3.0 Banduidth

Bandwidth Percent

80.0 I\‘I

Hold Duration (s) Al

=111+

96 ]
99
102
105

108

-111 4

Status m Average: 1 Level Diff. (dB): 4.16 PIM Detection

RBW: 1 kHz

‘ Marker ‘ Marker FAIL
Data Controls VBW: 1 kHz

i

-
LAl
=3
1
—
-
=
“

Why the tilt?
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2 Antenna as seen through CPRI (PIM) Detected

Scale Unit: dBm
-85.80

-99.80
-113.80
-127.80 I
-4.61dBm @ |-141.80

+1

V1AV

Port 1 C H C H Port2 C H C H Port 1 Rx Optic
ws ®® wr 00 os ®@® wr 00 Port 2 Rx Optic -— -155.80
AL @@ o0 @® ru @@ 0 @@ LinkRrate 9830.4 Mbps Center 1.000000000 GHz | Frequency
Scale Unit: ms Scale Unit: ms
o
S
gl e e
B
Scale Unit: dBm M1: - Scale Unit: dBm M1: -
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-99.80 -99.80
11380 113.80 o e T U ) M
127,80 L e L el 127.80
-141.80 } 141.80
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\ Center 1.000 000 000 GHz | Frequency Center 1.000 000000 GHz |  Frequency
A 8
viavisolutions.com

M1:--

Scale Unit: dBm
99.80 " MMWMMWW
113.80
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141.80
155.80
Frequeny
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Basic Spectrum

Single Antenna

Test 1

fode RFCPRI feasure Spectrum single Sweep Once (1]
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i

p i
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1it

10.00ms
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160,00

7000
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V1AV

RFOCPRI Spectrum Sweep Once
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4 Antennas as seen through CPRI (PIM) Detected

Test 1

Port 1

Los
RAI

V1AV

RFOCPRI Spectrum
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PIM RSSI and Slope Metrics for Easy PIM Testing
S|

Port1 C H C H Port2 C H C H Port 1 Rx Optic -4.61 dBm @  RxIQ Sample Width 15 Rx0 W
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Live Demo

RRH/RRU ONA

OneAdvisor
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The TRS & Viavi Partnership 800.874.7123

Exclusive VIAVI Rental Partner with the most expansive
Inventory, including:

Short and Long-term, Full-service
Rentals

New Equipment Sales

OneAdvisor-800 -|-
Fiber inspection

Optical Power Measurements
OTDR

. e

Operating Leases

BERD-5800 Lease with Purchase Option

Fiber inspection

Optical Power Measurements
OTDR
T1/T3/SONET/OTN/FC OEM Partner Programs
1/10/25/40/50/100G Ethernet

10G-25G eCPRI

RFoCPRI

PIM Detection and Analysis

As low as 0% Financing for Certified
Pre-owned Equipment

COAX Cable Verification

Antenna Analysis

1/10/25/40/50/100G Ethernet

10G-25G eCPRI

RFoCPRI

PIM Detection and Analysis

Realtime Spectrum Analyzer (up to 6Ghz)

A | _\\' | viavisolutions.com © 2020 VIAVI Solutions Inc. 33
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Questions?

VIAVI
[ RS -
\/[A\/I Sol Ut[ O n S Equipment Now. Service Beyond.
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