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►DACA and other Public Safety Initiatives 

►Cognitive Radio Helps Realize These Initiatives 

►xMax & Demo Overview 

►4 Demos Combining xMax and Cellular Networks: 

– Broadband 

– Voice/text 

– Location Tracking 

– Interference Mitigation 

Objectives 
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►Review Current State of the Art in Cognitive Radio 

Technology 

►Show xMax Supports FCC Spectrum Sharing and DACA 

Initiatives. 

►Demonstrate Prototype xMax 2.0 Gear and Technology 

►Show Commercial Boards and Finished Mock-ups 

Objective 
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►Purpose: address the gap during the first 72 hours after a 

catastrophic event when communications may be disrupted or 

completely disabled 

►Method: facilitate emergency response by rapidly restoring 

communications capabilities in the immediate aftermath of a 

catastrophic event. 

DACA 

Responses to the DACA PN raised issues with: interference coordination, 
mitigation and spectrum management with commercial and public safety 

networks before and during DACA deployment  
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► Cognitive systems are able to identify spectrum that is not being used, and 
to tune to those frequencies to transmit and/or receive signals. 

► Have the ability to instantly find unused spectrum if interference is 
detected. 

► Can adapt their own power output, modulation, channel plan, network 
protocol, etc. dynamically to maximize throughput. 

► Issue: there may not be better channels to operate upon 

 

Interference Mitigation, not just interference Avoidance, is required for 
Emergency Communications in limited spectrum scenarios 

Cognitive Radio 
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► Rapid deployment to extend or even replace commercial cellular, PS 
functionality.  Complimentary capability, capacity, devices, etc.  (DACA, 
Tactical & Disaster Applications) 

► Seamless support for existing devices & apps when cellular capacity is not 
available 
– Focused Overload – Snowmagedon, Coastal Earthquake 

– Disasters – Hurricane, 911, War, Jamming, Hot Cut 

► 3G/4G overlay solutions require licensed 3G/4G spectrum in order to 
operate – no uncoordinated use on same frequency  
– Carriers do not support/allow in populated areas – DACA PN filings with FCC 

– D Block LTE overlay will require multi-agency coordination within 700 MHz band  

Application of Cognitive Radio 

xMax can deliver a licensed spectrum experience using unlicensed 
spectrum with no interference to existing networks 
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xMax Wireless Network 
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or 

Private 

Internet 

xMSC 

xMax Cognitive Radio Network (C-RAN) Core Network Public/Private Network 

VoIP 

CORE 

POTS calling 

SMS service 

Wi-Fi 

Network 

xMSC provides  

network 

management, 

firewall , SIP 

Proxies, and 

SMS servers 

 

xMod is a mobile 

seamless bridge 

between WiFi 

and xMax 

networks 

Smart Phones, 

Laptops or any  WiFi  

enabled device can 

connect to the xMod 

xAPs provide wireless 

voice, data and video 

connectivity to xMods 

WiFi Network 

SMS 

server 

xMax Overview 

Cellular 

Network 
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xMax  DACA 

xMax Broadband Network Deployed Using DACA Will Not Interfere With 
Commercial Or Public Safety Frequencies Due To Use Of Unlicensed Spectrum 
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Urban/Suburban - Ft. Lauderdale, Florida 
– fully mobile 32 mile2 network 

– densely populated 

– interference-rich environment 

– extensive testing has allowed continual system 
performance enhancement and development of 
robust system 

 

Military - US Army - TX, NM, NJ 
– lab validated (CERDEC) 

– garrison enterprise solution 

– tactical cellular – austere desert 

 

Rural – Lewisville, Arkansas 
– underserved market 

– low noise, excellent range 

 

 

 

  

Field Validation  

“These are major-league 
pioneers who have built 
something that works 
well.“ 
   —Craig Mathias, 
Wireless Analyst, 2010 

Ft. Lauderdale, FL 

White Sands, NM 

Lewisville, AR 
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ASIC 

MANET 

Self Organising 
Networks 

Interference 
Mitigation 

MIMO 

Dynamic 
Spectrum 

Access 

Extent of 
Competitors 
Cognitive 
Radio 
Technology 

xG’s Complete 
Cognitive 
Network 
Solution 

xMax Features 

► Dynamic Spectrum Access (DSA) is key  

► But xG’s Cognitive Network solution xMax delivers much more than just DSA 

• ASIC: 
Moves xMax functionality to chip level 
Installation by any OEM 

 
• MANET: 

Mobile mesh networks 
Every user makes the network stronger     
 

• Self-Organising Networks: 
Automatic networking & optimization 
No wireless experience needed   
 

• Interference Mitigation: 
xMax works where other radios can’t  
Higher capacity and reliability  
 

• MIMO: 
Extends range and throughput 
Lower cost per bit & per customer 
 

• Dynamic Spectrum Access: 
Finds & uses available frequencies  

 Saves $billions in spectrum costs 

2014 
 
 
2013 
 
 
 
 
 
2012 
 
 
 
 
 
 
 
2011 
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Tactical xMax Demo 

xMax 

NOC 

EOC / ICP 

Public Internet 

LifeRing 

Server 

 

xMax Network 

 
Public Cell Network 

xMax client 
Web, calling, texting, PTT, 

location between networks 
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Interference Avoidance 

► Access point and xMod are frequency agile. 
Either can move channel in response to 
interference 

► Devices background channel scan every 20 
mSec cycle for available channels 

► Comm links migrate to another channel if 
interference is encountered.  

► Existing users not impacted 

 “I ran an excursion where we attempted to jam it with conventional military jamming systems, and we were 

unable to do it, xMax was able to stay ahead of the jammers that were trying to attack it and kept the 
communications systems up and operational throughout the two weeks that I ran the jammers”.  
 
Mike McCarthy, Director of Operations, Brigade Modernization Command , Ft. Bliss, TX 

Dynamic Spectrum Access 
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►Spatial projection processing to remove 

interference 

 

 

 

 

 

xMax Interference Mitigation 

xG algorithm uses multiple 
dimensions of receive signals 
from 2X4 MIMO 

► xMax can mitigate narrow and 
wideband interference, burst 
and continuous time 
interference 

► Interference mitigation results 
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Interference Mitigation 

Receiver-based spatial processing algorithm currently maintains 

comms in the presence of interfering signal 2X stronger than 

desired signal.   No additional noise created on channel! 
 

xMod 
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Base Station 

Emulator 

Signal Generator 

(Desired signal) 

 

xMod 

 

xDrive reports % of  

frames recovered by the 

interference mitigation 

algorithm (vs. MRC). 

Over The Air Interference Mitigation 
System Demo 

Interference 

Signal Generator 

(Interfering signal) 

 

 



The information presented herein is confidential and subject to change without notice. xG® and xMax® are 

registered trademarks of xG Technology, Inc.  Copyright 2012, All Rights Reserved.  

www.xgtechnology.com 
16 

► xMax is a cognitive radio access network (C-RAN) with a 
scalable, flexible architecture that 

 Supports rapid response communications & DACA 

 Embraces COTS smart devices with an all-IP approach that 
increases affordability  

 Delivers  capabilities via software and hardware reducing 
life cycle costs 

 Is secure and difficult to jam or hack 

 Solves spectrum challenges such as re-banding, RF 
planning, co-site & adjacent channel interference 

 

Summary 
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Backup 
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► xMax Radio Assembly 
– DSP subsystem/Digital board on top 

–  RF subsystem is on a separate board 
mounted below the main digital board 

 

►2X4 MIMO Antenna 
– Patch structure through multiple ports 

– Extremely small antenna  stacks on top of 
the cognitive radio platform. 

– 12dB+ diversity gain in Rayleigh fading 
channel 

 

 

A Quick Look Under the Hood 

Software Defined Radio  + MIMO  


