
17 November 2009 doc:IEEE 15-09-0774-00-0006

Project: IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

Submission Title: [ HARQ for High QoS Applications of BANs]
Date Submitted: [17 November 2009]
Source: [Marco Hernandez†, Haruka Suzuki‡, Ryuji Kohno† ‡]

Company: [†NICT,‡YNU] Address: [3-4 Hikarino-oka, Yokosuka, 239-0847, Japan]
Voice: [+81 468475439] Fax: [+81 468475431] Email: [Marco@nict.go.jp]

Re: []

Abstract: [The presentation shows the potential of HARQ for proving high QoS applications for BANs.]

Purpose: [Call for participation for a common wideband architecture for on-body BANs.]

Notice: [This document has been prepared to assist the IEEE P802.15. It is offered as a basis for discussion and is
not binding on the contributing individual(s) or organization(s). The material in this document is subject to change
in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material
contained herein.]

Release: [The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may
be made publicly available by P802.15.]

Submission Slide 1 Hernandez, Suzuki, Kohno, NICT



17 November 2009 doc:IEEE 15-09-0774-00-0006

HARQ for High QoS Applications of BANs

Marco Hernandez†, Haruka Suzuki‡, Ryuji Kohno† ‡

†NICT
‡Yokohama National University

Submission Slide 2 Hernandez, Suzuki, Kohno, NICT



17 November 2009 doc:IEEE 15-09-0774-00-0006

Introduction

Dependable real-time communications is critical formedical applications
• challenging as the radio channel can be time variant and/or experience deep

fades if the subject moves.
• Ļe channel must be shared among several devices.

QoS in real-time communications
• Hard real-time systems: late delivery cannot be tolerated.
• Soft real-time systems: a speciŀed low probability of late delivery is tolerated

(performance degradation).
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QoS in real-time communications

Types of traffic
• Guarantee traffic: every frame in the stream is guarantee to arrive before a

deadline (latency).
• Statistical traffic (statistical guarantees): a certain percentage of frames might

miss a deadline (latency or error).

Guarantees in the context of BANs are probabilistic due to the radio
channel

• A speciŀed QoS is guarantee with certain probability (connected to average
behavior)

• Such speciŀed QoS can be minimum throughput and bounded end-to-end
delay (latency)

• Ļus, in BANs we can guarantee a minimal average throughput and minimal
average end-to-end delay.
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QoS inBANs

QoS parameters:
• minimal average throughput and minimal average end-to-end delay

QoS in BANs is mostly affected by the radio channel
• varying error rate operation

Another difficulty is the channel access (medium is shared), scheduling
(preemptive) and prioritization (MAC or upper layer).
In order to provide high QoS in BANs

• it is necessary to optimize PHY and MAC jointly.
• HARQ can be a practical approach to meet high QoS.
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ErrorControl in BANs

ARQ mechanisms are relatively simple for error control
• although throughput falls rapidly with increasing channel error rate and/or

end-to-end (round trip) delay.

FEC mechanisms offer constant throughput k/n
• although packets detected in error and cannot be corrected are discarded.
• High reliability is achieved by long codewords increasing complexity, power

consumption and latency.
• Ļis makes sense in bad channel conditions only.
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Adaptive ErrorControl in BANs

Combine ARQ and FEC: HARQ
• sort of join optimization PHY and MAC.

HARQ offers
• FEC subsystem reduces frequency of retransmissions by correcting error

patterns that occur most frequently.
◃ increasing system throughput while keeping low complex code design.

• Receiver requests retransmission when less frequent error patterns occur.
◃ increasing system reliability.
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Proposed topology

In order to coexist high QoS and lower QoS applications
• In the star topology, devices use channel coding
• but only high QoS devices are HARQ enable
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ProposedHARQScheme

HARQ Type II
• Only parity bits are sent is some retransmissions.
• Erroneous packets are not discarded. Decoder might employ previously

received packets.

Characteristics
• Coding overhead is low. Suitable for bursty (time-varying) channels.
• Upper limit in the maximumnumber of retransmissions (delaywithin deadline

or latency).
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HARQType II

Beneŀts
• It continuously adapts to instantaneous channel conditions
• Ļe combination of FEC and ARQ strategy is initiated when channel

conditions are bad
• If the channel conditions arenot bad (timevarying anddeep fades), a negligible

number of retransmissions are required.
• Ļerefore, the system employs the required amount of redundancy and

retransmissions suitable for current channel conditions, saving energy and
system resources, while keeping high throughput and reliability.

• An attractive adaptive error control mechanism for BANs.
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HARQType IIGeneric Ěow

• CRC for error detection Q = C0(D). FEC for error correction P = C1(D).
1 : Tx sends (D, Q)
if Rx determines message is error free usingC0 then

Rx accepts message and passes it to the MAC
else

Rx sends a NACK
end if
2 : Tx sends parity bits (P, Q′)
if Rx determines message is error free usingC0 andC1 then

Rx accepts message and passes it to the MAC
else

Rx sends a NACK
go to ) or )

end if
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ProposedHARQSchemes

We are studying three candidates (ŀnite persistence)
• Incremental redundancy with rate compatible punctured convolutional codes

(RCPC)
• Invertible half rate coding
• Concatenated coding
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HARQ-RCPC

• Transmission starts with the highest code rate

• If the received codeword is detected in error (CRC), a retransmission is
requested. Ļe transmitter sends an incremental redundancy codeword.

Submission Slide 13 Hernandez, Suzuki, Kohno, NICT



17 November 2009 doc:IEEE 15-09-0774-00-0006

HARQ-RCPCParameters

• HRO-RCPC codes of parent code rate 1/3

• Numerical evaluation based on UWB-2PPM, short pulses and CM3, CM4 of
TG6 channel models
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HARQ-Invertible coding

• It is based on half rate systematic RS codes. A code is said invertible when only
knowing the parity bits, the informationbits canbedeterminedby an inversion
process.
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FlowDiagramHARQ-Invertible coding
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Numerical evaluation
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Numerical evaluation: CM3 andCM4
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Numerical evaluation: CM3 andCM4
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Numerical evaluation: CM3 andCM4
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HARQ-Concatenated coding

• Inner codes: systematic RS(n,k). Outer codes: RCPC codes.
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Numerical evaluation
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Numerical evaluation: CM3
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Numerical evaluation: CM3
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Numerical evaluation: CM3
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HARQ-Concatenated coding

• Inner codes: systematic RS(63,55). Outer codes: RS(n,k) codes.
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HARQ-ConcatenatedRS coding
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Numerical evaluation: CM3
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Numerical evaluation: CM3
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Numerical evaluation: CM3

6 7 8 9 10 11 12 13 14
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR

T
h
r
o
u
g
h
p
u
t
 
e
f
f
i
c
i
e
n
c
y

 

 

(15,7) RS coding

(31,15) RS coding

concatenated coding

Submission Slide 30 Hernandez, Suzuki, Kohno, NICT



17 November 2009 doc:IEEE 15-09-0774-00-0006

Conclusions

We propose HARQ as an attractive adaptive error control mechanism
for BANs in order to provide high QoS

• We propose QoS in terms of minimum average throughput and end-to-end
delay.

• Ļis will provide high reliability for critical medical (on non-medical)
applications in harsh channel conditions.
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