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1. Introduction
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1.1 Introduction

*  From the development of an aging society and wireless communication
technology, researches on medical information communication technology
are thriving

WBAN Jtion is a WBAN (Wireless Body Area Network) |IEEE802.15.6

A network consisting of sensor nodes International standard of WBAN
and coordinators installed around the Defined for physical layer and MAC
human body layer
Coordinator medical
6‘* @ Sensor oo [+ 2% 4 This study changes the MAC )
;. f:r::'erature- —TT Weis Iayer
IS, K ‘
‘‘‘‘‘‘ a enterainment Hardware already sold
/A \I\/IAC layer can be changed by softwarej

Fig1. O\)erall picture of WBAN network
WBAN can control priority according to importance of data packet

¢ In this research, we focus on the MAC layer of IEEE 802.15.6 and propose
a MAC protocol that reduces inter-BAN interference
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1.2 Issues in the standard

 Interference problem in the case where multiple BANs overlap (specifically,
situations where people with BAN approaching)
» Because the schedule adjustment between the coordinators has not been done

Proposal ‘

* Negotiation between coordinators, scheduling between different BANs, to
prevent deterioration due to inter-BAN interference

Issue

What is interference

- gzi:eetd 'FE‘;iLf;””g 7 g:i,::td :S;ecrkfgtrmg at the MAC layer
SN RN » Sensor nodes within
;'/ //. )} ,;/ [ ] > \ the communication.
* AW [ V4 W range try to transmit
e e » | et el c2 packets at the same
\ 5 W, )/ \ NS timing, causing
U : \ B . .coII|S|or.1$, making it
N ~_ impossible to
|Cr‘ T::ars\fe:;‘ :gnnr:;(;itri\anti;;rgf‘g :;:I::to:fs o In ce:se ofdngg\[o\ltiation of Qoordina;;ors of e communicate /
g Overlapped BANSs, contention happens among overappe S contention can be resolve \ CorreCtlv

packets of the BANs

Fig2. Issue and proposal
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2. Proposed method
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pumose] 2.1 Outline of proposed method

* Increase the throughput of each BAN in case of interference
- Communication should be guaranteed in descending order of User Priority

Proposal

* Negotiate between coordinators, share the overlap situation of the sensor
nodes, and identify the sensor nodes that will cause contention
» Do not send them at the same time

1 and 4 'are
o not sent at the ]
T 1SN same time
4 ‘ N\ Jl ¢ I —
/ . AN \ \"-. ‘ X RAP i MAP
II-' ", I| 1'. '.II |I
| C1 |4 .’ 4||*| C2 superframe
|l| p II L ,.'I II
\3 ¢ \\\ @
%, | I
8. & g
\“%..x 4 _,\"(f—/ C2 - b
_ — _ ‘ RAP MAP
By detecting overlapped nodes, e.g. 1 and 4, coordinators e.g. )
C1 and C2 negotiate in order to minimize contentions ) superframe

Fig3. Outline of proposed method

Submission 7 Shunya Ogawa(YNU), Ryuji Kohno(YNU/CWC-Nippon)



March 2019

doc.: IEEE 802.15-19-0119-00-0dep

2.2 MAC protocol of MAP(Managed access period)

Proposal

» Send at the same time
2. In MAP 2, sensor nodes related to interference are allocated
» When one BAN attempts to transmit at MAP 2, the other BAN is placed in a standby state

f RN 4 I'I

|I C1 |4

II'. / \

\3 .. ’ \ !
N “x

o
e

)
/ 2. 1 \

(Adopt polling for MAP)

* Divide Superframe's MAP structure into two parts, MAP 1 and MAP 2
1. In MAP 1, sensor nodes not related to interference are allocated

«— MAP1

MAP2 —

Non Overlapped Nodes Overlapped Nodes
o] 1Bl 4| 2|3 1|X]|1
O O O 10 O
—H C2
Y
/] o O O O
/) @ PPlvly]r X[ [X
S

Fig4. MAC protocol of MAP

OILEE BT, < I ZFRFHIRRE

¢ By separating by interference and non-interference, packet collision does

not occur and efficient transmission can be done
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2.3 MAC protocol of RAP(Random Access Period)

Proposal (Adopt CSMA/ CA for RAP)

« The Superframe's RAP protocol is as follows

1. If the interfering node is low UP (4 or less), do not conflict transmission
rights (those with lower UP than competing nodes do not compete)

2. If the interference node is high UP (5 or more), compete transmission
rights of normal CSMA/CA

Although contention will occur, it will guarantee |n descendlng order of UP

=

UP3 S
,/U%--"""--‘\\ //lqu,.-- P
/ . '. 3 III. . | . ",Ill
C1 {l —;}- Cc2 » Lo C1 {l | c2
s A . VoL N S
U P 6 U P 6 \ i

e

Figh. MAC protocol of RAP

¢ It is possible to reduce the contention of packets while guaranteeing in
descending order of UP
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2.4 Drawback of proposed method

1. MAC protocol of MAP
- Depending on the number of interfering nodes, the characteristics are

degraded
» The number of slots of MAP 1 and MAP 2 of Superframe becomes extra

2. MAC protocol of RAP
- When offeredload is low, the delay characteristic deteriorates
» When packet occurrence interval is large, deterioration due to not competing

transmission right is large

¢ Even if these two combinations are used, only the average UP as a
whole improves, high UP is particularly guaranteed, and low UP is
sacrificed can not be controlled for each purpose

© We aim to respond by changing parameters according to design policy
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3. Measures against drawback
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3.1 Measures to drawback MAP

Measures

Change the ratio of the number of slots of MAP 1 and MAP 2 of Superframe
MAP 1 : MAP 2 = number of non-interfering nodes + 2 : to be the number of
interference nodes

(It is known from the simulation that this is the optimal solution)

Ex) 4 non-interference nodes, 4 interference nodes and 6
«—— MAP1——>«— MAP2— slots  «— MAP1 — MAP2 ——

Non Overlapped Nodes Interfering Nodes Non Overlapped Nodes Interferingd Nodes

: D |

Fig6. Measures to draw back MAP

By changing the ratio of the number of slots of MAP 1 and MAP 2
according to the number of interfering nodes, there is no extra
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3.2 Measures to drawback MAP

Measures

»  Switch on whether to use the proposed method for each offeredload

» When offeredload is low, competing transmission rights of normal CSMA
/ CA

» When the offer load becomes such that packets conflict,
countermeasures against interference are made using the proposed

methnA Low offeredload High offeredload
T TS o T
A el \\‘ switching //Up.q \\
.l"f .\\ f-’ \‘., ‘\\\ \I"-I ."’:l- ,.\\ | \ X
I,-' s 4 I|I ‘I. '-II \ II." . a f
| Cly— 1 c2 “ L L ﬁ —H' Cc2
Y 7 UP6
\\ 4\_ 9 \UPS

Fig7. Measures to drawback MAP

€ Due to the switching of the proposed scheme, the deterioration at
the time of low offeredload decreases
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3.3 Control to make the priority higher

* We propose a MAC protocol not only giving average performance as a whole,
but also differentiating between high UP and low UP

RAP

1.

If it is low UP (4 or less) irrespective
of interference or non-interference,
do not compete transmission right

MAP

How to assign transmission rights
{ The one with the largest

UP value x elapsed time

2. Ifitis high UP (5 or more)
irrespective of interference or non- We changed the
interference, compete transmission ‘ weighting value
right — &
g /ﬁiup;\§\ > called UP value
| : ;‘&_ — As an example this time we doubled the
\ L “ " value of UP if it is high UP (5 or more)
\ @  uve@®@ Y . .
\L{f’f_{_‘_'_""" N Weighting to make the priority more
" Fig8. RAP dominant
¢ By changing parameters, we can cope with each design policy (giving
average performance , differentiating between high UP and low UP)
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4. Performance evaluation by simulation
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4.1 Simulation characterlstlcs

F There is no
| X RAP * MAP EAP for
Figo. Superframe structure simplicity
/ . ‘ There are two
e ] ' c2 interference
' (7 nodes each

e '
\ @ @Y
wps“» —— /

Fig10. Assumed scenario

Table1. simulation characteristics

4(UPE2,{K2)
242.9 [kbps]
128 [octets]

Number of nodes
Data rate

Payload length

Determining parameters based on the
standard (IEEE 802.15.6)

The probability of occurrence for each
UP is the same

One type of packet is generated from
one node

RAP, MAP handle all packets

The difference between the two BANs
is that only interfering UP

The condition for discarding the packet
is the case where the number of
retransmissions is 4 or more and the
case where the number of packets to
be crowded becomes 3 or more

-1 Content of evaluation

Number of BANs 2 « Overall network throughput characteristics
Superframe length 115 [ms] *  Throughput characteristics per UP
Number of slots RAP=5,MAP=12 *Delay characteristics per UP
Simulation time 30 [s] Evaluation is made in two ways such as average
Number of trials 100 performance, differentiating between high UP and
low UP
Submission 16 Shunya Ogawa(YNU), Ryuji Kohno(YNU/CWC-Nippon)



March 2019

doc.: IEEE 802.15-19-0119-00-0dep

4.2 Simulation result
Differentiating between low UP and high UP

Average performance

0’ Total Throughput in case of overlapped 2 nodes of each BAN

3><1

—— Theoretical Bound
— Proposed Scheme
25} IEEE802.15.6

Throughput [bps]

5 10 15 20 25 30 35
offered load [packet/s]

Fig11. Overall network throughput
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Total Throughput in case of overlapped 2 nodes of each BAN

&)

— Theoretical Bound
— Proposed Scheme
IEEE802.15.6

M
w

=]

Throughput [bps]
- w

0.5¢F

5 10 15 20 25 30 39
offered load [packet/s]

Fig12. Overall network throughput
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50

The limit value is the throughput of the entire network in the absence of

interference

Compared to the standard, the throughput of the whole network is improved in

the proposed method

Since there is no difference in overall throughput by design policy, both are valid
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4.2 Simulation result

Average performance Differentiating between low UP and high UP

404 Throughput of each UP in case of overlapped 2 nodes of each BAN 4 Throughput of each UP in case of overlapped 2 nodes of BAN
35 : - : : —_— — 4 : : . . : . : :
upsy ' -__________-—-"_-__-_ —UP3 -
UP4 {proposed e ——UP4 |Proposed
3L ——UP% |Scheme 7 i 35 |——upP5 [Scheme - T
——UP6 / ——UP6 s
——-UP3 - - — —
— — _up4 |IEEE802. L = 3r|-— _3:32 IEEES802. 1
25— — _ups 15.6 / - i — 56
’ Scheme / - 2 — ——UP5 |scheme IR
——-upg- oo T T o o Iy — ——UP6 -
L = g5} L0 ]
-~ _ I R _ S
2 /e & .
- —— | §) 9l - [
15¢ S ] < ~ bttt
e 15+ o o
1 Solid line: proposed method 1t Solid line: proposed method
Dashed line: Standard Dashed line: Standard
0.5 ' : ' : : : ' : 0.5 : : : : : : : '
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
offered load [packet/s] offered load [packet/s]

Fig13. Throughput characteristics per UP Fig14. Throughput characteristics per UP

- Similarly, the proposed method is superior to the throughput for each UP
- We can cope with the case where average performance is given and the
case where difference is given for each UP
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4.2 Simulation result

Average performance Differentiating between low UP and high UP
Delay of each UP in case of overlapped 2 nodes of each BAN Delay of each UP in case of overlapped 2 nodes of each BAN
80 : : : e : : 80 : : : : : : : -
uP% |Proposed e m = [——UPX |proposed e mm =TT
70t UPS cheme P - . 70 HE; cheme P ’ .//—_____ T ]
St / S
60| - :HEgﬂ_I‘EsEGESOZ_ / [ 60 L= = :HEEEJJ1E5E6E802. ' )
— — —uPg Scheme - ./-,/"" T — o] seheme I —
50 | T —- : 'S 50 | : ittt
- — — 0
_ E
140 t e~ > 40} o S
£ S
R = i
0+ - > 30t —
3 o
()
207 0 20+ -
.- Solid line: proposed method | j0k==2%%" Solid line: proposed method |
10 ==
i Dashed line: Standard Dashed line: Standard
i ! 1 1 ! | " N 0 1 1 ! i ! 1 ! 1
05 10 15 20 25 30 35 40 45 50 5 1o 15 20 25 30 3 40 45 30

offered load [packet/s]
Fig16. Delay characteristics per UP

offered load [packet/s]
Fig15. Delay characteristics per UP

- Similarly, the proposed method is superior to the delay time for each UP
*  We can cope with the case where average performance is given and the
case where difference is given for each UP
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5. Conclusion
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5.1 Conclusion and Future works

Conclusion

We conducted research to mitigate interference against the international standard
MAC protocol

In order to reduce interference in multiple BAN environments, we propose to
communicate between coordinators to identify and share interfering nodes, and
the proposed protocol has improved throughput and delay characteristics over
international standards

We showed that we can deal with by changing parameters according to design

policy

Future works

Consideration when the number of BAN becomes 3 or more
Consideration when packet occurrence probability changes for each UP

Theoretical analysis on optimum values of various parameters
MAP 1 and MAP 2 ratio, UP weighting etc.
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Thank you for your attention

Submission 22 Shunya Ogawa(YNU), Ryuji Kohno(YNU/CWC-Nippon)



