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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
=_One solution is a WBAN (Wireless Body Area Network) |IEEE802.15.6

WBAN

A network consisting of sensor nodes International standard of WBAN
and coordinators installed around the Defined for physical layer and MAC
human body layer
T e T Coordinator ~ medical ( _ \
7@ @ SensorNode [+ =8 This study changes the MAC
i G <ports layer
el R ) Sy ‘
Y A & enterainmert Hardware already sold
(] \MAC layer can be changed by softwar9

Fig1. O\_/.e.rall 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 1n the standard

Issue

* 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

Desired Interfering

Desired Interfering
*  Packet — Packet —* Packet — " Packet
//,..-f o M_\\\ ~ - 1St H\\

Vv Y I

[ * / AR W .// AT

e L e Cl o c2

|‘\ I'._. - ,'I J." d J,u'l

\ . Yo Yo/
\‘m.,___ N B _-f/,_f-/ _--/..r_/f 2nd

In case of no negotiation of Coordinators of
overlapped BANs, contention happens among
packets of the BANs

In case of negotiation of Coordinators of
overlapped BANs, contention can be resolved

Fig2. Issue and proposal

« Whatis interferenca
at the MAC layer

» Sensor nodes within
the communication
range try to transmit
packets at the same
timing, causing
collisions, making it

impossible to

K communicate
correctly
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2. Proposed method
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2.1 Outline of proposed method

Purpose

 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
-~ 1 S \ . B
/ R AN same time
2 N C1
/ O AT N | RAP MAP
II.' ; ™ I| ". '.II |I
II ’. C1 + .: 4’-'| C2 superframe
\ | y L L | II
\ o N ¢ I
\\3 \ _.JJ }"I IIn'll
& & B
e A &_’_,/ Cc2 -
-~ ‘ RAP MAP
By detecting overlapped nodes, e.g. 1 and 4, coordinators e.g. p
C1 and C2 negotiate in order to minimize contentions superframe

Fig3. Outline of proposed method
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2.2 Time synchronization method between coordinators

The time difference between receiving the beacon frames of the two coordinators
is used as the offset value.

Toffset =T, — Ty (1)

T;:Overlap coordinator beacon time T,:Reference coordinator beacon time

Calculate the amount of time adjustment (T¢;ocxkprife) Pased on the offset value

TClockDrift — Toffset,l — Toffset,O -+ (2)
Torrset,1 -Offset value obtained from the reception of previous beacon frame

Tosrset,o -Offset value obtained from the reception of the current beacon frame

If the value of T¢ocrprif: IS greater than 0, stop the time of the
reference coordinator by the value of T¢iockprifr @nd vice versa
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2.3 procedure of how to identify overlap situations

Since BAN uses UWB communication, it uses physical layer
information that indicates the distance (between coordinators

and sensor nodes)
By knowing the distance between a sensor node and the coordinator, it is
possible to identify whether or not the node is within its communication range

Use the address of the sensor node given for each BAN

By sharing this address among the coordinators, it is possible to identify
whether a sensor node within the trust range is under its own control or
under the control of another BAN

Since the distance is known, sensor nodes within its Use address difference
own communication range can be identified —

T T

P — T e .
o . - .
/ e \\ ,/ ’__»" . \ .

Sy f 2 - Y 1is interference
@ — \ ‘ N T \ from the other
| e — v A f i S T v i
i SN, ~L X ‘.\\ three nodes | i AN 1 ~_-BAN

| ' ™~ - i T I ™~ - T =

[ I . -Cl - — * | | -Cj' 1 HL

\ I' — L /‘1‘ c2 b I'l _.I.-—- _"/’1‘"‘ - //".r c2 .
\thr}ae nodes N 4 /r S~ r 2'is mterference\ \ . “ / .

N -3=~—_:--'/ X S/ N ‘Xm theﬂther | X / -

\ Tt m =" - / \ - /_ / - 4
\\\ e _,_.-"/ //

Fig4. how to identify overlap situations
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2.4 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

I — MAP1 MAP2 —»
f,-*’" - B \ Non Overlapped Nodes Overlapped Nodes
Ve ( N :
y . . | c1 a | 2]3 |1|X]|1
I-'f \\_\\ A \ Y | | ~ O
- C1 -{I —|—-| Cc2 © 0 010
I"I' 3 /; 1 |I fr CI OI O C
\.x ‘ -' Cc2 B 1_1- 3 ¥ 2, X 4; X
/
NG .\[/

o
e

(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

Fig4. MAC protocol of MAP

OEEIERH, < [ IFF AR

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

not occur and efficient transmission can be done
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2.5 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

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

/ / _ upa S
(pa.. ‘\\ 31 \

f f

g

. c1 +I —;}» c2 » | C1 {l —&» Cc2
UPE UP6
\UPS /’ \UF’S __/f
Figb. MAC protocol of RAP

¢ It is possible to reduce the contention of packets while guaranteeing in
descending order of UP
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2.6 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 quaranteed, and low UP is
sacrificed can not be controlled for each purpose

® We aim to respond by changing parameters according to design policy

S.0gawa(YNU), M.Kim(YRP-IAI), R.Kohno(YNU/YRP-
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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
«~— MAP] ——s+«— MAP2 —— slots  «— MAP1 — MAP2 ———

Non Overlapped Nodes Interfering Nodes Non Overlapped Nodes Interfering Nodes

: D [

Figb. 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

mg’rhnrl Low offeredload ngh offeredload
4’ 1"_\\ switching f
T L | II - ~I|\ " -'I ||

\‘ ‘\( / \UPS UPG

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
If it is high UP (5 or more)
irrespective of interference or non-
interference, compete transmission

right

MAP

How to assign transmission rights

The one with the largest
UP value x elapsed time

¥

— UP3)\
ﬂi ' }\ X .
[ —] We changed the weighting
L e f _*' c value called UP value
D /4
\up5 = Weighting to make the priority more
' F|q8 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

Submission 17 S.0Ogawa(YNU), M.Kim(YRP-IAI), R.Kohno(YNU/YRP-
IAl)



November 2022

doc.: IEEE 802.15-22-0633-00-06ma

4.1 Simulation characteristics

RAP

MAP

Fig9. Superframe structure

Table1. simulation characteristics

Number of nodes
Data rate
Payload length
Number of BANs
Superframe length
Number of slots
Simulation time

Number of trials

4(UPE2,{E2)
242.9 [kbps]
128 [octets]
2
115 [ms]
RAP=5,MAP=12
30 [s]
100

There is no
EAP for
simplicity

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 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

—| Content of evaluation

low UP

« Overall network throughput characteristics
*  Throughput characteristics per UP
« Delay characteristics per UP

Evaluation is made in two ways such as average
performance, differentiating between high UP and

Submission
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4.2 Simulation scenario

1, there are no interference node each

2, there are two interference nodes each 3, there are four(all) interference nodes

. each
p UP3 ™,
LIPG : . it
C1 i || Led
e 0% i
x"x.l_”:"; ; 2 .-...-__. [
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4.3 Stmulation result(Total throughput)

Average performance Differentiating between low UP and high UP
To‘scal Throughput in case of overlapped 0 4 nodes of each BAN Ic{n’;cal Throughput in case of overlapped 0 4 nodes of each BAN

T
Theorcal Bound R Theorcal Bound R
:I — — — —IEEEBOZ1 5.6/
ode L IEEEBOZ 156
:I

(no
Ino
e L|—— —JLLLm2Ib64
che
che
che:

— — —IEEEROZ156(0n
IEEEROZ15.6(2n

e L|—— —JLLLm2Ib64
che

che

che:

Total Throughput[bps]
Total Throughput[bps]

] 10 15 20 29 30 39 43 50 ] 10 15 20 29 30 39 43 50

~ offered load [packet/ s] offered load [packet/ s]
Fig11. Overall network throughput Fig12. Overall network throughput

* The theorical bound 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 in each case

+ Since there is no difference in overall throughput by design policy, both are valid
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4.3 Simulation result(Throughput of each UP overlapped 2 nodes)

Average performance Differentiating between low UP and high UP
Th:g‘yghput of each UP in case of overlapped 2 nodes of each BAN Thro_yghput of each UP in case of overlapped 2 nodes of each BAN
e . . . . . PR . . .
| IEEEB02.15.6 — — —UPY| |EEEB02.15.6
; ([Scheme i - by FScheme
B - ) v 1
UP
¢ |Proposed vy |p d g
|—|3 3t s Scheme '_g 3 e e / 1
2 S
B ]
-5' 25 5 25
O o
< o
uﬂ 2 - 3 2 -
= o
o e
& I
15 —
—
L 1
/ _ Dashed line; Standard st~ Dashed line: Standard

0.5 3 10 15 20 23 30 33 40 43 a0
] 10 15 20 25 30 39

offered load [packet/s]
Fig13. Throughput of each UP overlapped 2 nodes ~ Fig14. Throughput of each UP overlapped 2 nodes

45 50

offered load [packet/s]

«  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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4.3 Simulation result(Throughput of each UP overlapped 0,4 nodes)

Fig15.

Average performance

Differentiating between low UP and high UP

Thmgghput of each UP in case of overlapped 0 nodes of each BAN
10
B

| IEEE802.15.6
. Scheme

Throughput[bps]

5 10 15 20 25 30 35 40 45 50

offered load [packet/s]
Throughput of each UP overlapped 0 node

Thru}ighput of each UP in case of overlapped 4 nodes of each BAN
10
3.5

"| IEEE802.15.6
. FScheme

* |Proposed
. [Scheme

Throughput[bps]

5 10 15 20 25 30 35 40 45 50

offered load [packet/s]

Fig17. Throughput of each UP overlapped 4 nodes

Fig16.

Fig18.

Thro:;ghput of each UP in case of overlapped 0 nodes of each BAN
x 10
B

| IEEE802.15.6
. Scheme

‘| Proposed

Throughput[bps]

5 10 15 20 25 a0 35 40 45 50

offered load [packet/s]
Throughput of each UP overlapped 0 node

Thr’mjghput of each UP in case of overlapped 4 nodes of each BAN
10

35
"| IEEE802.15.6
. FScheme

* |Proposed
. [Scheme

Throughput[bps]

0

offered load [packet/s]
Throughput of each UP overlapped 4 nodes
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4.3 Simulation result(Delay of each UP overlapped 2 nodes)
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 —————— 80 ———————
70 70 I
"o 6o} === o sl
T} e
wn _ - //’ g?;
E 30 y E 30
| B— iy | I—
o) . — S — [iF)
£ - £«
= _ =
a0t — T > a0t
o o
Q© “| IEEE802.15.6 QL
O 2y . FScheme ks
10p ¢ [Proposed 0p _ =
. |Scheme
0 . . . ! . . t ! L1} ! ! . . !
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]
Fig19. Delay of each UP overlapped 2 nodes Fig20. Delay of each UP overlapped 2 nodes

«  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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4.3 Simulation result(Throughput of each UP overlapped 0,4 nodes)

uee | Scheme e
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Average performance Differentiating between low UP and high UP
Delay of each UP in case of overlapped 0 nodes of each BAN 50 Delay of each UP in case of overlapped 0 nodes of each BAN
UPX | |EEEB02.15.6 | IEEE802.15.6 o —
451 | _UhepScheme 45 ¢ * FScheme _— 1
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Delay time[msec]
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Fig21. Delay of each UP overlapped 0 node Fig22. Delay of each UP overlapped 0 node
Delay of each UP in case of overlapped 4 nodes of each BAN 120 EslsviofieachlUe]inicass O.f ovcrialppcd 4Ir|0dcs .Of cachl EAN
1207 — — ~UX| |EEE802.15.6 [ —
‘| IEEEB02.15.6 ~ -l Stheme —

. rScheme

" b} Proposed
. |Scheme — S
b 80

60 -

60

Delay time[msec]
Delay time[msec]

ofered oad [packet/s] " offered lond acke's]
Fig23. Delay of each UP overlapped 4 nodes Fig24. Delay of each UP overlapped 4 nodes
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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.

Submission 26 S.0Ogawa(YNU), M.Kim(YRP-IAI), R.Kohno(YNU/YRP-
IAl)



November 2022 doc.: IEEE 802.15-22-0633-00-06ma

Thank you for your attention
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