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ABSTRACT

Users increasingly depend on WLAN for business and enter-
tainment. However, they occasionally experience dead spots
and high loes rates. We show that these problems can be
addressed by exposing information readily available at the
physical layer. We introduce SOFT. a new architecture that
malkes the physical layer convey its confidence that a partic-
ular bit is “0” ar “1” to the higher layers. Access points that
hear the same transmission communicate their confidence
values over the wired Ethernet and combine their informa-
tion to correct faulty bits in a corrupted packet. A single
receiver may also combine the confidence estimates from
multiple faulty retransmissions to obtain a correct packet.
We implement SOFT and evaluate it nsing L i
radics. The results show that our approach can reduce
e Ty up to 10X in comparison with the current approach,
and significantly outperforms prior packet combining pro-
posals.

Categories and Subject Descriptors
22 [Computer Systems Organization]: Compnter-

Communieations Networks
General Terms
Algorithms, Design, Performance

Keywards

Wireless Networks, Cooperative Receptions, Diversity Com-
bining

in lossy environments, retransmissions often have errors and
effectively waste the bandwidth of the medium, cause in-
creased collisions, and fail to mask losses from higher layer
protocols. As a result, today a lossy network is barely use-
able

‘Wireless networks, however, inherently exhibit spatial di-
wversity, which can be exploited to recover from errors. A
sender in a WLAN is likely to have multiple access points
(APs) in range [3, 5. It is unlikely that all these APs see
errors in the same parts of a transmitted signal [18]. Con-
sider an extreme scenario where the bit error rate is about
10~% and the packet size is 1500 (i.e., 12000 bits). In this
case,! the probability that an AP correctly receives a trans
mitted packet is 0.999*2°% ~ 10~ Say there are two APs
within the sender's range. and the bit errors at the APs are
independent [18]. If one can combine the correct bits across
APs to produce a clean packet, the delivery probability be-
comes 0.99.° The problem, however, is that when multiple
APs differ on the value of a bit, it is unclear which AP is
right. A prior cooperation proposal attempts to resolve con-
flicts between APs by trying all possible combinations and
accepting the combination that satisfies the packet checlk-
sum [17]. Such an approach, however, has an exponential
cost, limiting its applicability to packets with only a hand-
ful of corrupted bits.

This ppper presents SOFT, a eross-layer architecture for
recovering faulty packets in WLAN. Current physical layers
compute o confidence measure on their 0-1 decision for each
bit. But due to the limitation of the interface between the
physical and data link layer, this confidence information is
thrawn away. SOFT introduces a simple modification of the
interface to export this confidence measure from the phys-
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PPR: Partial Packet Recovery for Wireless Networks
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ABSTRACT

Bit errors occur in wireless communication when interference or
noise overcomes the coded and modulated transmission. Current
wireless protocols may use forward error correction (FEC) to cor-
rect some small number of bit errors, but generally retransmit the
whole packet if the FEC is insufficient. We observe that current
wireless mesh network protocols retransmit a number of packets
and that most of these retransmissions end up sending bits that have
already been received multiple times, wasting network capacity. Te
overcome this inefficiency, we develop, implement, and evaluate a
partial packer recovery (PPR) system.

PPR incorporates two new ideas: (1) SofPHY, an expanded
physical layer (PHY) interface that provides PHY-independent
hints to higher layers about the PHY's confidence in each bit it
decodes, and (2) a postamble scheme to recover data even when a
packet preamble is corrupled and not decodable at the receiver.

Finally, we present PP-AR(Q, an asynchronous link-layer ARQ
protocol built on PPR that allows a receiver to compactly encods a
request for retransmission of only those bits in a packet that are
likely in error. Our experimental results from a 31-node Zigbee
(802.15.4) testbed that includes Telos motes with 2.4 GHz Chipcon
radios and GNU Radio nodes implementing the 802.15.4 standard
show that PP-ARQ increases end-to-end capacity by a factor of 2x
under moderate load.

Caregories and Subject Descriptors
C.2.1 [Computer-Communication Networks]: Network Archi-
tecture and Design—Wireless Communicarion

mation correctly. In addition to noise, poor SINR arises from the
interference caused by one or more concurrent transmissions in the
netwark, and varies in time even within a single packet transmis-
sion. Thus a tension arises between permitting concurrent trans-
missions to increase spatial reuse, and receiving those transmis-
sions correctly. Even with a variety of physical layer (PHY) tech-
niques such as spread-spectrum and OFDM modulation, channel
coding, and the like, current systems rely heavily on link-layer re-
transmissions to recaver from bit errors and achieve high capacity.
Since wireless channels are hard to model and predict, designing an
ertor-free communication link generally entails sacrificing signifi-
cant capacity: instead, a design that occasionally causes errors to
occur fares better in this regard. Retransmissions allow a receiver
ta recover from lost packets.

Retransmitting entire packets works well over wired networks
where bit-level corruption is rare and a packet loss implies that all
the bits of the packet were lost (e.g.. due to a queue overflow in a
switch). Over radio, however, all the bits in a packet don’t share the
same fate: very often, only a small number of bits in a packet are in
error; the rest are correct. Thus, it is wasteful to re-send the entire
packet: our goal is to eliminate this waste.

There are several challenges in realizing this goal. First, how
can a receiver tell which bits are correct and which are not? Sec-
ond, since most PHYs require the receiver to synchronize with the
sender on a preamble before decoding a packet’s contents, wouldn't
any corruption 1o the preamble (caused, for instance, by a packet
collision from another transmission) greatly diminish the potential

benefits of the proposed scheme? Third, how can higher layer pro-

ACM SigComm’'07

Supporting Integrated MAC and PHY Software
Development for the USRP SDR

Rahul Dhar, Gesly George, Amit Malani
Information Networking Institute
Carnegie Mellon University
Pittsburgh, PA 15215

Peter Steenkiste

IEEE Workshop ..,
2006

Computer Science and Electrical and Computer Engineering I

Carnegie Mellon University
Pittsburgh. PA 15215

Absmract— Software Defined Radios (SDR) offer great runtime

exibility both at the physical and MAC layer. This makes them
an attractive platform for the development of cognitive radios
that can adapt to changes in channel conditions, traffic load, and
user requirements. However, to realize this goal, we need a
software framework that supports hoth MAC pretocel and PHY
layer development in an integrated fashion. In this paper we
report on our experience in using two different software
s for integrated PHY-MAC for SDRs:

Ettus Research [1] and we focus on the use of SDRs for data
networking. The first framework we used is the GNU Radio
framework, which was originally designed to support PHY
layer development. We found that while we were able to
integrate a basic MAC layer into GNU Radio, some key MAC
layer functionality was missing and would have to be added.
Second, we explored the use of Click. a framework that was
specifically  designed to support the development of

NU Radio, which was originally designed to support PHY layer

% and Click, a framework for protocol development.
We also discuss a number of broader system considerations, such
as what functionality should be offloaded to the SDR device.

de

Eeywords -
GNU radio; Click

d radio; sofware k; USRP;

I INTRODUCTION

Software Defined Radios (SDR) offer great flexibility for
runtime adaptation to the signal environment (e.g. spectrum
availability, interference. ). so they can support cogmitive
radios that automatically adapt to the environment. Moreover,
if the flexibility at the radio level can be coupled with adaptive
MAC protocols, SDR platforms open the door for runtime
cross-layer optimizations. In combination, the MAC and PHY
layers can adapt not only te the signal propagation

or ation protocols. We ported Click to the USRP and,
since Click does not support wireless PHY layer functions, we
also developed a mechanism that allows us te port GNU Radio
modules to Click in a systematic manner. We deseribe our
“Click with PHY " implementation and compare its design with
other design options. Fmally, during our work on implementing
MAC protocols for the USRP. we identified a number features
that could not easily be implemented fully in software and can
‘benefit from hardware support on the USRP device

The remainder of this paper is organized as follows. In the
next section, we itroduce the USRP device and the GNU
Radio framework. In Section 3, we report owr experience in
using GNU Radio for MAC protocol development. In Sections
4 and 5. we introduce Click and compare a number of possible
designs for using it to support integrated PHY-MAC software
development. We describe a specific Click-based PHY MAC
framework implementation in Section 6 and we discuss broader




What is Software Radio
C ]

Signal Processing of Radio in software

Bring the software as close to the antenna as
possible

GNU Radio
(http://www.comsec.com/wiki?GnuRadio)
- Free Software Radio Implementation
Requirements

- RF Front End

- ADC/DAC

What is USRP
C ]

Universal Software Radio Peripheral

Hardware implementation for software radio
- RF Front-End Daughter Boards

- ADC/DAC

- User Programmable FPGA

Designed to Work With GNU Radio
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Advantages of USRP
.|
Flexibility!
Use of General Purpose Hardware to do
many applications
Test processing algorithms easily
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ArCh iteCture — Hardware

Support USB 2.0 at this stage, USB 1.x is not supported at all
1. Support 60MB/sec across the USB.

2. All samples sent over the USB interface are in 16-bit signed integers in 1Q format,
- 16-bit | and 16-bit Q data (complex), resulting in 15 Msamples/sec across the
USB.

ArCh iteCture — Hardware

m-m- -l

i _

Includes four digital down converters (DDC) and four digital up counters (DUC)
Shift frequency from the baseband to the required frequency
DDCs on the receiver side

DUCs on the transmit side - actually contained in the AD9862 CODEC chips
The only transmit signal processing blocks in the FPGA are the interpolators




ArCh iteCture — Hardware

9| gasgs o

- 4 high-speed 14-bit 64Msamples/sec DA converters

- 4 high-speed 12-bit 64Msample/sec AD converters

ArCh iteCture — Hardware

!

One mother board support up to four daughter boards.

- Several kinds of daughter boards available
BasicTX -- 2 MHz to 200 MHz Transmitter
BasicRX -- 2 MHz to 300+ MHz Receiver
LFTX -- DC-30 MHz Transmitter
LFRX -- DC-30 MHz Receiver
TVRX -- 50 MHz to 870 MHz Receiver
DBSRX -- 800 MHz to 2.4 GHz Receiver
RFX400 -- 400-500 MHz Transceiver
RFX900 -- 800-1000MHz Transceiver
RFX1200 -- 1150 MHz - 1450 MHz Transceiver
RFX1800 -- 1.5-2.1 GHz Transceiver
RFX2400 -- 2.3-2.9 GHz Transceiver, 20+mW output




Four 64 MS/s 12-bit analog to digital
Converters

Four 128 MS/s 14-bit digital to analog
Converters

Four digital downconverters with
programmable decimation rates

Two digital upconverters with programmable
interpolation rates

High-speed USB 2.0 interface (480 Mb/s)
Capable of processing signals up to 16 MHz
wide

Modular architecture supports wide variety
of RF daughterboards

Auxiliary analog and digital /O support
%%rréplex radio controls such as RSSI and

Fully coherent multi-channel systems (MIMO
capable)

ArCh iteCtu € _ Hardware

Front end

4> [OEE] > FPGA‘ -—> M — _V

- ‘ USRP (mother board) ‘ (daugl;tS;anrd)

i

GNU radio has provided some useful APIs
- Modulation, demodulation, filtering, etc.




What is implemented currently

Base System
- Provides the runtime and various signal processing primitives
Hardware Support
- Universal Software Radio Peripheral (USRP)
Audio Device Support
- ALSA (Advanced Linux Sound Architecture)
- OSS (Open Sound System)
Graphics Support
- wxPython based GUI
- SDL video library
General Signal Processing
Specialty Application Areas

Library
.|

Communication related implementation
- AM demodulation

Differential BPSK / QPSK

GMSK modulation / demodulation

Narrow band FM transmitter / receiver

Wide band FM transmitter & broadcast FM
receiver




Library (cont.)

.|
GNU radio utilities
- CRC generator

Socket setup (TCP / UDP)

Compute frequency response of a digital filter

Control National IMX2306 & SDR-1000 frequency
synthesizer
Some utilities

Convert unsigned mask into signed integer

Gced, Lem, Log2

Return input ‘X’ that is reverse order

Library (cont.)
.|

GUI examples

Provide window application for different usage
FFT sink test

wxPython EditBox, Slider

Drawing

Waterfall sink test

Oscilloscope Test Application
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Library (cont.)
.|

pager
- Create USRP source object supplying complex
floats

- Flex pager protocol demodulation block

ArCh iteCtu €@ - software
G

How these modules co-work?
- C++
Performance-critical modules
- Python
to connect modules
Non performance-critical modules
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ArCh |te Ctu €@ - software
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At python level, what we need to do is always just to
showing

in our mind.

SPE (Stani’s Python Editor)
-Free
-No powerful debug tool

Development environment
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Wingware
-More powerful
-$60/two WS

Development environment (cont.)
.|

Code editor

Debug
information

Interpreter

Explorer of
Project and
Class members

Class Project

Individual or 2-member group (preferred) project

USRP-based development

- Linux and GNU radio software set-up

- Search the Internet & Duplicate what others did
iPAQ-based development

- Multi-rate, multi-channel, or multi-hop experiment (may need to

install embedded Linux)

- Application development is also acceptable (not preferred, though)

Itis a self-trained class project. Do not expect a big help from
the instructor. Make sure it is doable within the time limit.
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Class Project
.|

Schedule
- Feb. 11 (M): Project title and team
- Mar. 5 (W): Mid-report
- Apr. 28 (M): Final report

Sample report structure

- Title, Author names, Introduction, Background, Your_Development, and
Conclusion. (Include the list of referenced papers or websites if any.)

- Double column, 11-point font, and max. 3 pages for mid-report and max. 5
pages for final report (excluding figures and tables).

Presentation
- 10-minute presentation on Mar. 5
- 20-minute presentation/demo on Apr. 28 & 30

- Make sure each team member presents at least once during the two
project presentations.

- Each team member will receive the same grade




