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ABSTRACT

Recently, wireless body area networks (WBAN) have at-
tracted attention. As an international standard of WBANs
suitable for medical fields, IEEE802.15.6 has been estab-
lished in February 2012. In this standard, it is possible to
divide the quality of service (QoS) of handled data into 7 dif-
ferent user priorities. However, means for the concrete real-
ization in accordance with these priorities is implementation-
dependent in UWB-PHY. From this problem, we has em-
ployed Decomposable codes and Weldon’s ARQ for the pro-
posed scheme in order to adjust balance between error cor-
recting capability of codes and the number of retransmis-
sion according to each medical QoS. We have showed that
the proposed scheme has been able to improve BER and
throughput performances satisfying each medical QoS by
computer simulation.
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1. INTRODUCTION

Recently, wireless body area networks (WBAN) have at-
tracted attention [1]-[6]. As an international standard of
WBANS suitable for medical fields, IEEE802.15.6 has been
established in February 2012. IEEE802.15.6 has been de-
fined to be able to deal with a variety of information around
the human body such as biological information. Addition-
ally, in this standard, it is possible to divide the quality of
service (QoS) of handled data into 7 different user priori-
ties [8]. However, means for the concrete realization in ac-
cordance with these priorities is implementation-dependent.
Besides, error control methods have not been prescribed so
that error detecting and correcting capabilities and permis-
sible delay can be optimized for each of them.

Two modes, Default mode and High QoS mode, are just
defined in UWB physical layer in IEEE802.15.6 assumed
in this study as follows. We have summarized modulation,
encoding, and use of Hybrid ARQ for each mode in Table 1.

Table 1: Modulation, encoding, and use of Hybrid ARQ for
each mode in UWB physical layer

Default mode High QoS mode
Modulation Mandatory: Mandatory: DPSK
on-off keying Option:
Option: DPSK on-off keying
FEC (63,51) (126,63)shortened
BCH code BCH code
Hybrid ARQ not use use




e Hybrid ARQ is used only in High QoS mode, and
supplementary error control in Default mode is not
enough.

e Even though user priority is divided into seven levels,
each parameter for the QoS parameter is not assigned
in UWB-PHY.

From these problems, we also incorporate Hybrid ARQ in
Default mode and can vary how to use ARQ or FEC by QoS
parameters. And yet, only the change of each parameter
makes it possible for us to receive the data even if the data
with different user priorities are mixed.

In this study, we have examined the implementation tech-
niques for QoS according to the priority and evaluated the
performance by computer simulation. Specifically, we has
employed Decomposable codes [13] and Weldon’s ARQ [9]
for the proposed scheme in order to adjust balance between
error-correcting capability of codes and the number of re-
transmission according to each medical QoS. Numerical re-
sults have illustrated the proposed scheme has been able to
improve BER and throughput performances satisfying each
medical QoS.

2. SYSTEM MODEL

In this study, we assume the following use case.

Namely, suppose data 1 that had been accumulated and
data 2 are transmitted together to a WBAN coordinator.
In this situation, the user priority of data 2 is 6 and that of
data 1 is 5. The user priority has followed the same as in
the reference [8].

As a wireless communication system, UWB is used in this
study. UWB is suitable for such systems because of its char-
acteristics such as high-speed transmission, being shared
with existing wireless communication systems and so on.

Figure 1 shows the supposed use case. Previously, you had
acquired one biological information in single device. How-
ever, in this study, these data are got and multiplexed by a
device which can get two or more vital data such as ”Silmee”
[17].

The overall system configuration is shown in Figure 2. A
multiplexing part of the system is represented in Figure 3.
First, each data is added to the user priority. Second, add
each header with the user priority to these data. Then,
these data are parameters for ARQ and encoded are decided
according to the priority. Finally, each data with different
user priority is multiplexed.

In UWB-PHY, this multiplexed data is modulated by DPSK
or PPM. Then, Direct Sequence Spread Spectrum (DSSS) is
applied because of mitigating strong multipass or multi-user
interference by other UWB devices.

At the receiving end, the reverse operation is done at the
transmitter. If errors aren’t detected, ACK is transmitted to
the transmitter. In the case that the transmitter can receive
ACK, next data is send. However, if errors are detected,
NACK is transmitted. The previous data is retransmitted
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Figure 2: Overall view of the system in the proposed scheme

in the case that NACK is received or the transmitter cannot
receive ACK or NACK.

In the study, the multiplexing scheme is an important point.
In the next section, we will explain the details of this scheme.

3. PROPOSED SCHEME
3.1 Modification in the proposed scheme

Firstly, in the proposed scheme, the following two points are
modified.

e we apply Weldon’s ARQ [9] rather than selective-repeat
ARQ which is a conventional ARQ protocol. This is
a retransmission method: A method cascades several
copies of the original data each retransmission and de-
termined to be a successful transmission if any of them
is sent correctly.

e Another is a method with Decomposable codes [13].
Decomposable codes are in appearance (n,k) linear
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Figure 3: Block diagram of the proposed multiplexing
scheme

block codes C, but those have m element codes, C} C;,

. C;m whose code length is equal to that of other
element codes and shorter than that of C, and then
structured by direct sum of what these element codes
are replaced with. By using these codes, we can struc-
ture error-correcting code with higher error correcting
capability by cascading several data encoded in the
same FEC. In references [14] and [15], examples of De-
composable codes are introduced.

The reason these methods are used is that Decomposable
codes can be used even after the third retransmission, while
the FEC defined by IEEE802.15.6 is back to the first retrans-
mission at the end of the second retransmission and Wel-
don’s ARQ can be tailored to the characteristic of Decom-
posable codes or user priority unlike selective-repeat ARQ
because of adjustment of the number of data copies.

Table 2 summarizes the difference between the conventional
scheme and the proposed one. The top left is the conven-
tional scheme and the bottom right is the proposed one in
the table.

Secondly, in this proposed scheme, blood pressure and ECG
data are not obtained by each measuring device. Instead,
those data got and multiplexed by single device which can
get two or more vital information. The multiplexing scheme
is shown in Figure 4. In the MAC layer, each user priority is
determined and parameters of Weldon’s ARQ and Decom-
posable codes are set accordingly. After that, these two data
are multiplexed in the PHY.

We detail a specific example in the following sections.

3.2 Weldon’s ARQ

This section describes a retransmission method that E.J.Weldon

proposed [9]. Retransmission is performed by the following
procedure.

1. If the ACK is received, then send a new block.

2. If NACK is received after the transmission of a block,
the block is repeated n; times.

3. If all ny copies are incorrect, then transmits the block
no times.
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4. After repeating the same operation ns, na4, ... times, if
all ng—1 copies are in error, the block is repeated nq
times and buffer overflow occurs.

5. If all ng copies are in error, the block is repeated nq
times again and buffer overflow occurs. At this time,
the block is repeated ny times until the transmission
is successful.

Note that in the case ¢ = 1,n; = 1, it would just be
selective-repeat ARQ.

3.3 Procedure of the proposed scheme

As Decomposable code, punctured convolutional codes [11]
whose constraint length K is 3 and code rate R equals 7/8,
5/6, 3/4 and 1/2 are used. The reason is that the punc-
tured convolutional code is generated based on the convo-
lutional code whose generator polynomial is [7,5] and code
rate R = 1/2. Thus, the codeword with R = 1/2 can be
configured by combining codeword 1 with R = 7/8 gener-
ated like Figure 5 and some subcodewords of codeword 1’ in
Figure 6 in sequence. The correction capability is becom-
ing higher gradually because the code rate increases in the
order 7/8, 5/6, 3/4 and 1/2. This is considered that these
codewords and subcodewords are elements of the original
codeword with R = 1/2. Then, these are just Decompos-
able codes.

3.4 Procedure of the proposed scheme
In the proposed method, retransmission is carried out as
follows:

1. First, information m is encoded by the punctured con-
volutional code and codeword 1 is transmitted. If er-
rors aren’t detected, next information is sent.

2. If errors are detected, then buffer the transmitted code-
word 1 and repeat first subcodeword of codeword 1’ ny
times.

3. Sent subcodeword and buffered codeword are com-
bined and reconstructed codeword is decoded.



Table 2: Summary of the difference between the conventional scheme and the proposed one

Selective-Repeat ARQ

Weldon’s ARQ

Hybrid ARQ-IR
(as defined in
IEEE802.15.6)

” conventional scheme”

back to the first
retransmission at the end of
the second retransmission

The error correcting code
defined in IEEE802.15.6 can
be only configured

Decomposable codes

We must configure
Decomposable codes by
retransmitting data one by one

?proposed scheme”
We can use those even after the third
retransmission and tailor those

to the characteristics

information m

m my ma m, ms Mg My
outputuy W1 Wz Uz We Wis Ugg Ugy
outputu, Uy Uy Uz Uy Ups  Ugzg  Upy

punctured matrix
11 01 0 1 0]
10 1 0 1 01
informatonm  my;  m, ms My Mg Mg My
outputuy Upp  Upp > U X W X
output u, Upq X Uys X Uys X Upy
codeword 1 [”11 Uiz tis ”16]
- Uy Uz Uzs  Upsy.
codeword 1’ Uity s ul"]
Uzy Uzz Uzq Uze

Figure 5: A method of generating the
tional code

punctured convolu-

4. If all ny copies are incorrect, then buffer one of the
reconstructed codeword and repeat next subcodeword
no times.

5. Repeat until errors are not detected or you send all
subcodewords.

6. If all ni_1 copies are incorrect after sending all sub-
codewords, then buffer only codeword 1 and repeat
codeword 1’ ny times.

7. Codeword 1’ and buffered codeword 1 are combined
and original codeword with R = 1/2 is decoded. If all
ny, copies are incorrect, then buffer one of the codeword
1’ repeated nj times and transmits the codeword 1
Nk41 times.

8. Repeat until no errors or the maximum number of re-

transmissions, q.

Figure 7 shows the flowchart of the proposed scheme.
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tional codes

4. COMPUTER SIMULATION

4.1 Supposed model and parameters of com-

puter simulation
This chapter shows computer simulations about the pro-
posed scheme.

In the supposed use case, handling of each data is deter-
mined as shown in Table 3, 4 and 77. With respect to blood
pressure with low user priority, the number of copies, n;,
and the maximum number of retransmissions, g, of Wel-
don’s ARQ are large because a certain amount of latency is
allowed and the residual BER and throughput performance
may be improved slowly. On the other hand, in relation
to ECG, there is a need for real time property because of
the higher user priority. Hence we want to reduce latency
and improve the throughput performance. So, n; and ¢ are
small.

Block configuration is represented by Figure 8.
Suppose channel model is AWGN. We make reference to

[16] about data rate of vital data. Simulation parameters
are summarized in Table 5.
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Table 3: Handling of each data in the supposed situation

Data Types Blood pressure ECG
user priority 5 6
Latency allowed to some extent | small
The maximum number of 10 5
retransmissions, g

if blood pressure is incorrect

transmitter when retransmitted

Blood Blood Blood Blood Blood Blood
pressure pressure | pressure | pressure | pressure | pressure
Blood Blood Blood Blood Blood Blood
pressure | pressure | pressure | pressure| pressure| pressure
Blood Blood Blood Blood Blood Blood Blood
pressure | pressure | pressure | pressure| pressure| pressure | pressure
—

if ECG is incorrect

transmitter when retransmitted

‘ ECG‘ H‘ ECG‘ —»‘ ECG‘—»‘ ECG‘
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Figure 8: An example of blocks in the supposed situation

Table 5: Simulation parameters

Channel model AWGN
Pulse shape modulated gauspulse
Bandwidth 500MHz
Modulation DBPSK
FEC R=7/8,5/6, 3/4 and 1/2

K=3 convolutional codes
ARQ protocol Weldon’s ARQ
Spreading sequence M-sequence
Spreading Factor 7

4.2 Results

(Blood pressure)
(ECG)

Message length 756 bits

(Blood pressure) (252 bits)

(ECG) (504 bits)

Data rate 2.4 kbps
Total number of bits 15.12 Mbits

(5.04 Mbits)
(10.08 Mbits)

Figure 9 and 10 show the residual BER and throughput
performance in the proposed method in AWGN for Ej/No.
About the residual BER performance, that of blood pressure
has been improved better than ECG, while the throughput
performance of ECG has been improved better than blood
pressure. The reason is that about blood pressure, the cor-
rection capability is higher because the n; and g are large,
whereas the throughput greatly decreases by the large n;,
and about ECG, the reverse can be considered. In addition,
the proposal has better performance than the conventional
scheme, because n; and ¢ are varied according to each QoS
and Decomposable codes with various coding rates are used.

Figure 11 shows the residual BER and throughput perfor-
mance for latency in the proposed method in AWGN and

Table 4: The number of copies n; for each data in AWGN

i 0|1|23[4|5]|6|7|8[9]10
Blood pressure, n; | 1 6178888888
ECG, n; Tl1l1 123 -]-1-1-]-
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in the case Fy/Noy = 5dB. Latency has become larger, the
residual BER performance of blood pressure has improved
more. On the one hand, the throughput of that have gradu-
ally improved because of its large n;. With regard to ECG,
the larger throughput has been obtained with little latency
by its small n,.

From these figures, the proposed method satisfies require-
ments of QoS of blood pressure and ECG. Hence, regarding
blood pressure, a delay is acceptable because of its low user
priority and the residual BER performance has been im-
proved reliably, while about ECG with high user priority the
real time property can be ensured and the throughput per-
formance has been improved certainly. On the other hand,
it can also be seen that the conventional scheme, especially
Default mode, dose not satisfie each QoS. The reason is that
Default mode does not use ARQ and FEC with low coding
rate.

S. CONCLUSION
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In this study, we have presented a use case about QoS for
medical applications in IEEE802.15.6 . In particular, we has
employed Decomposable codes and Weldon’s ARQ for the
proposed scheme in order to adjust balance between error-
correcting capability of codes and the number of retransmis-
sion according to each medical QoS. Then we have showed
that the proposed scheme has been able to improve BER
and throughput performances satisfying each medical QoS
by computer simulation.

In the future, we will consider a more realistic use case like
referrence (7] or [12]. In additon, Decomposable codes and
parameters of Weldon’s ARQ will be optimized. Finally, we
will analyze the scheme theoretically.
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