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~
How to manage the spectrum dynamically, extract every Hz

and provide protection from harmful interference?
Solution: Use Receiver Characteristics
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lllustration of how receiver knowledge
can help in spectrum allocation
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Receiver Front-End

Pre-selector Filter
(Band Selection)

B

Low Pass
(Channel Selection)

ADC

Representative schematic diagram. Does not capture all receiver architectures.

RECEIVER FRONT END: MEMORYLESS NONLINEAR SYSTEM

DSP

|

Third order polynomial approximation
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Key Questions Addressed in this Work

Fact: Receiver nonlinearity adversely affects performance

* How does nonlinearity impact performance?

 |s it possible to quantify the performance degradation?

Fact: Receivers need protection from adjacent channel interference

e Can dynamic channel allocations be customized to receiver performance and
tolerance limits?
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Receiver Nonlinearity
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Why Consider Receiver Performance?

* LightSquared Controversy
o LTE repeaters allotted license adjacent to GPS band
o Poor GPS receiver selectivity led to interference

Adjacent Channel Interference

GPS Receivers

LightSquared LTE Repeaters
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Poor Receiver Selectivity
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lllustration of Receiver Diversity

WiFi: SISO Configuration, 802.11n, 20MHz Bandwidth. LTE: SISO Configuration, 10MHz Bandwidth

Interference: SPN-43 Radar
100

90
80

e LTE and WiFi receivers

70

e Tested for interference

60
50

 SPN-43 radar swept

40

30

-#-WiFi Throughput Percentage

—+—-LTE Throughput Percentage

e Differences evident

20 |

Percentage of Maximum Throughput Obtained

0 % LTE Bandwidth=5MHz

»l

% WiFi Bandwidth=10MHz

1 10 100 1000
Frequency Sepratation from LTE/WiFi Center Frequency

Adjacent Channel Interference tolerance for LTE and WiFi Receivers

' e
Wireless (@' 1o, WinnComm ‘16 9



In this presentation...

memen Impact of Front-End Nonlinearity on Performance

1 e Characterizing receiver nonlinearity and quantifying its performance impact

Receiver-Centric Dynamic Spectrum Access: Frameworks and Algorithms

2 e Fundamentals of managing receiver nonlinearity in dynamic spectrum access
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Part 1

Impact of Receiver Front-End Nonlinearity on

Performance
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Tractable Representations of
Receiver RF Front End

lllustrative Diagram

Desired
Channel

w

Nonlinear Distortions

fi f2 fi f2

Input to RF Front End

Output after distortions

* Tractable models to represent spectrum redistribution due to front
end nonlinearity

* Using such representations, Adjacent Channel Interference in the
desired channel can be computed

g = % is the ratio of desired signal-to-preselector bandwidth
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Third Order Distortions

e Two-Tone Intermodulation

* A pair of adjacent channel signals combine to produce
interference at the desired signal

* Three-Tone Interference

* Atriplet of adjacent channel signals combine to produce
interference at the desired signal

e Cross-Modulation

* A relatively higher power adjacent channel signal
modulates the desired signal according to its variations

Modeling and representing each of these is important

- e
Wireless @ 51, WinnComm ‘16
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Capacity Limits Accounting for Receiver
Nonlinearity

Capacity of a Channel: Shannon’s Theorem
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Receiver Front-End Output: ACI
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Variation of Capacity with [
Uniform Power Spectrum

Pre-selector BW, B = 150 MHz, P = —130 dBm/Hz
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Receiver Performance Metrics

* Receiver Performance Metrics

~ CnNonidealrx ()
of) = Cldealrx(f)

* Fractional Capacity Loss
o C’IdeaIRx(][) — C'NonideaIRx(f)

e(f) =1-0(f) = Cldealrx (f)
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Fractional Loss in Capacity
Uniform Power Spectrum
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Takeaway Points

* Receiver nonlinearity can adversely impact
performance

* Receiver performance should be accounted during
spectral planning and dynamic spectrum access
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Part 2

Receiver-Centric Dynamic Spectrum Access:

Frameworks and Algorithms
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Receiver Nonlinearity Aware Spectrum
Management

* Incorporate receiver performance in SAS to
optimize spectrum allocations

* Frameworks and algorithms developed for SAS

* Overview of results follows
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Multi User Nonlinearity Aware Dynamic
Channel Allocation

e Consider N users, N Channels,
1 transmitter

* What is the best arrangement to
maximize sum rate?
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Simulation Result

* N=8

e [IP3 and Pre-
selector varied
randomly

* Monte Carlo
Simulations for

Network Throughput (bps)

network _ |
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REF: Padaki, Tandon and Reed, “Efficient Spectrum Sharing with RF Diversity: Adapting to Nonlinearity of Front Ends,"
IEEE GLOBECOM 2015
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Conclusions

mmems Impact of Front-End Nonlinearity on Performance

1 * Tractable Representations of Receiver Front-End Nonlinear Distortions
e Capacity Limits Accounting for Receiver Nonlinearity and Receiver Performance Metrics
* Nonlinearity can severely impact receiver performance

Receiver-Centric Dynamic Spectrum Access: Frameworks and Algorithms

2 * Receiver Nonlinearity Aware Dynamic Resource Allocation: Two User Case
® Receiver Nonlinearity Aware Multi-User Dynamic Channel Allocation
* Receiver Aware spectrum access will substantially improve spectrum efficiency
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Thank youl!

Questions/Comments/Feedback?
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