polling

1,2

E-mail: sywang@isu.edu.tw®  fuwem@yahoo.com.tw?

(Bluetooth)

master
piconet

piconet piconet
saves
master

salve  traffic

(path loss) (fading)

traffic
polling

fading

polling
Rayleigh

piconet traffic load
PMP

(Bluetooth)

ISM (Industrial  Scientific and
Medical) 2.4GHz 2.4GHz
79 (frequency
channel) 1MHz
1600
6251 s
1.1) piconet
active slaves

(time dot)

piconet ( master

piconet piconet bridge
scatternet ( 1.2)
master
slave
master master
slave
SCO (Synchronous

Connection Oriented) ACL (Asynchronous

Connection-Less) SCO
(real-time)
dave 2 3
SCO links ACL
master  slave link
Access Code Header Payload
DH ,
DM , X
1 3 5dots DH, DM, payload
DH,
DM , 2I3FEC
1.1 piconet
1.2 scatter net
master
(TDD) master
(time dots) salve slave
master
master polling
(power)
polling
polling
traffic polling
[21[71[91[10]
polling



[3I[41[5](8]

polling

[2][6][11] master
slave
master
master  trafficrate  dave  traffic rate
traffic
rate
traffic rate
fading polling
Bluetooth
piconet
master slave  traffic
[ ) master
slave traffic
polling
)
Rayleigh
fading
paper

path-loss
211

( Multi-path )

ISM

212

free space two-ray

shadowing
path-loss

(Multi-path)

Rayleigh Fading Ricean Fading
2.1.2.1 Free Space Fading
Free Space Fading

( )

Free Space Fading

21
P (4dp)2 _(4fdp)2
F_ | 2 - 2

]
P R

2.1)



2.2
(4fdp)?

C2

R _ (4dp)?
F_GtGr |2

r

= GG,

(2.2)

G
GI’
2.1.2.2 Two-Ray Fading
Free Space Fading

Two-Ray Fading

hZh?

L =GG, &r (2.3)

Two-Ray Fading
daB 24
10 log( P,) =10 log( P,) - 10a log( d) (2.4)
P d
P 1
2.1.2.3 Shadow Fading

24 d

X X
log-normally
shadowing fading  path-loss
L, =100gR)- 100gR)+1Mlogd) +X (2.5)
2.1.2.4 Rayleigh Fading

(multipath
fading)

Rayleigh
Rayleigh fading
Rayleigh fading
2.6

r:=0 (2.6

2
r r
fooo= 1 exp( - )
ey =07 p( 252)

2.1.2.5 Ricean Fading

Ricean Fading Rayleigh Fading

Ricean

Fading 2.7
T (= e - LK) (K ’
s 2s s
r30,Ks30 (2.7)
TRA: traffic rate
polling
fading channel
master Slave traffic rate
(piconet) polling
traffic rate
polling
traffic rate
polling
SNR
SNR
SNR
411
41.2 SNR
411
4.1 [7]
4.1
0.00019 DH5
0.00019 0.0065 DM5
0.0065
0.019 DM3
0.019 DM1
R =1
i NN
s
N Nrtra
41 [12]



SNR
SNR
SNR < 9.67 dB

42 [12]

SNR
DM1

9.67d8 £ SNR < 10.79 dB
DM3

10.79dB £ SNR < 13.52

DM5
1352dB £ SNR

DH5

dB SNR

Data Rate in kbps

20

42 SNR [12]
trafficrate
polling
ACL
DH5 DM1 DM3 DM5

DH1 DH3

DH1
27 bytes DM1

17 bytes DH3 183
121 bytes DH5

339 bytes DM5 224

payload

bytes DM3

bytes
traffic rate
polling
20 Bytes/dot
Byte/slot

DH5
Bytes

339 Bytes

master  traffic rate
slave traffic rate 10
SNR
DH5 payload 339
polling
339 Bytes

master

master

339/20=16.95

18 dots
polling

TRA

polling

piconet
master  slave
t=0
traffic rate
TRA
t=0
Round-Robin
save

master  slave

master

slave traffic rate

DM1 DM1

traffic rate

43

Iaster —— —] 1

Slawre 1 l L=
Slave 2
Slave 3 —
Slarre 4 —
o123 |s]af7
Time slot

43TRA RR
Step 1. Initidl master
salve

Round-Robin
traffic rate
slave SNR
DM1
Step 2. master

master

SNR
slave
slave master

Step 3. traffic rate
k dlot
t+k dot
slave polling
polling
polling
dave

polling slave
Step 4.

Step 5.

dave

SNR goto Step 2.

4.4 master  traffic
rate(TRM) 3 slave traffic rate(TRS) Master
45 TRM< TRS
4.6
TRSSTRM  Slave
4.7 dave TRS £ TRM
4.8 polling

9.67<=SNR | 10.79<=SNR | 13.52<=SNR
<10.79 <13.52

DM1 DM3 DMS DH5

traffic rate(TRM) 3 slave

SNR (dB) SNR<9.67

44 master

224<=Data | Data<183 183<=Data< |183<=Data< |339<=Data
@rtes) <224 224 330

DM1 DM1 DM1  |DM1 DM1 DM1
DM3 DM3
DM3 DM5

DM3 DMS5
2 DM5 DH1 DH3
s DH1 DH3  |DH5
45master TRS >TRM



SNR(dB)  |SNR<9.67 [9.67<=SNR [10.79<=SNR [13.52<=SNR
<1079 |<1352
DM1 DM3 DM5 DH5
4.6 TRSTRM  Save
PR LT e ET ) [Py ey e ey

S<957 [DM1 | DML DM1 DM1 |DM1 DM1 DM1
oe7<= |DM1 [DM3 DM3

SNR<10.79

wre<= |DM1 [DM3 DM5

SNR<113

u3<= |DH1 |[DM3 DM5

SNR<12.9

129<= DM5 DH1  |DH3

SNR<13.52

SR>= DH1 DH3 DH5

47dave  TRS £ TRM
TRMa>TRMb

TRMa<TRMb [ TRMa=TRMb

Polling Slave ID
polling
Polling Polling

Poll Poll Poll

Slave a poll [Slave b poll

Polling Polling

48 palling

TRA
TRA

NS2 Bluehoc 2.0

Traffic type
PMP[10]
5.1

TRA

51

A A B
Traffic type

ki
CBR - FTP
SlaveE £ 7
TRM/TRS V7 ~ 174~ 1/3 ~

Piconet traffic load 14
(bytes/slot)

transmission Power (1rw) 100

Fading

1+3-4+7

~28-42-56~70-384

Rayleigh Fading
Master #i1 Slave &4 7B &f 1-~3~5~06m

Noise (nw) 0.0095

slave 3
CBR
5.1( TRM/TRS:
52(TRM/TRS: U3 1/4
traffic load
Piconet throughput
piconet traffic load (PTL)
42( bytes/slot )

master
node

134 7)
1U7)
PMP

PMP
polling
PMP
polling

PTL
PMP

42( bytes/slot )

bps)

@PMP( TRM/ BRRAL)TRM/ DRSIPL Y RM/ ORRAB T RM/|TRS=3)
@PMP( TRM/ BRRA4)TRM/ BRSP4 T RM/ OR®AT T RM/[TRS=7)
5’90
° 80
=70 i i
~ 60
- 50 -
: 40 [
S 30 H
S m _
o S AN A .
14 28 42 56 70 8 4
piconet traffic load(lfhytes/ slot)
51_ 3 CBR TRM >=TRS PTL
= piconet throughput
@PMP( TRM/ TRBRA( BRM/ TOBMR( BRM/ TIRS=1/ 4)
OTRA(TRM/ TREBMR( ARM/ TRBRA( TRM/ T|RS=1/7)
E’go
© 80
Z 70 o TR U
T 60
~ 50
2 40
Z : m
- 20 G
14 28 42 56 70 8 4
piconet traffic load(jbytes/slot)
52 3 CBR TRM <TRS PTL
piconet throughput
master  slave 3
node FTP
5.3( TRM/TRS:
1 3 47) 54(TRM/TRS: /3 1/4
) traffic load
PMP Piconet throughput
TRM/TRS=1/4 1/3 3 4
PMP
DH1
PMP
TRM/TRS=1/7 7 PTL > 42
( bytes/slot ) PMP
DH3 =2 PMP
4aPMP( TRM/ BRRAL)T RM/ ORMPL T RM/ [TRS|=3
OTRA(TRM/ BRMPI)TRM/ BRRAY T RM/ TRS|=4)
BMPMP( TRM/ ORRAI)TRM/ TRS=7)
590
_ 80
= 70
T 60 1
; 50
c 40
S 30
- 20 Ik
Il
14 28 42 56 70 84
piconet traffic loadi(bytes/slot)
53 3 FTP  TRM >=TRS PTL

piconet throughput



kbps)

@PMP( TRM/ TRSRA( IRM/ T@BMR( BRM/ TRS=[1/ 4) HV'P ThroughpUt
10TRA(TRM/ T@BMR( FRM/ TRERA( TRM/ TRS=1/7) traffic load
S polling
s> 90
° 80 —
S ~ piconet throughput
E ig PTLS TRM/TRS
° 30 j PMP
- 20
Qloﬁm 3 @PMP( TRM/ @RBACLTRM/ GRBIRLY RM/|TRS=
0 * = oTRA(TRM/ 8RERBTRM/ @RBAGTRM/|TR|S=
14 28 42 56 70 84 > BPMP( TRM/ ORBAFZTRM/ TRS=7)
piconet traffic load(pytes/slot :
54 3 FTP TRM<TRS PTL )
piconet throughput e
master  Slave 5 p
node CBR at?
55( TRM/TRS: 14 28 42 56 70 84
13 4 7) 5.6( TRM/TRS: /3 1/4 _ proonet trafiie toad(py
17) PTL 42( bytes/siot ) 57 5 FTP  TRM >=TRS PTL
PMP - piconet throughput
PMP PMP polling = BPMP( TRM/ TIRTSRAL(/ BRM/ TCRESMAL( BR M/ 1
PMP 2 OTRA( TRM/ TERBMA( BRM/ TERTSRAL(/ TTRM/ T
PTL 42( bytes/slot ) 260p -
TRM/TRS 250 — ]
- PMP Ta0p -
polling >30p i
z S20fpH -
= @mPMP( TRM/ BRBACLTRM/ DRBRLYRM/|TRS=3) E-lo{i_}‘ﬁ =
o OTRA(TRM/ @REBRBYRM/ BREBAGTRM/|TRS=4)
= BPMP( TRM/ ORBA(TRM/ TRS=7) 0 -
3 14 28 42 56 70 8 4
260 piconet traffic load(
€50 1
.40 5.8 5 FTP TRM <TRS PTL
E 30 - piconet throughput
20 P—-
2o U T t master  slave 6
0 node CBR
14 28 42 56 70 84
piconet traffic load(jbytes/slot) 59( TRM/TRS
55 5 CBR TRM>=TRS PTL ]]:/73 4.7) TRM/TSIIQ:I;)( TRhf//;-RS: 1/73 1;:_1|_L
- piconet throughput )
= >=42( bytes/slot ) PMP
2 |[BPMP ( TRM/ TERTSRAL(/ BRM/ TCRSMA( BRM/ TRS3F1/ 4)
< OTRA( TRM/ TERBMPA( BRM/ TERTSRAL(/T/RM/ TRS31/ 7)
2 600 traffic rate DM3
50 PMP
a0 PTL < 42( bytes/slot )
c 20 PMP
S 20 ;
° polling
* 1;’ TRM/TRS
14 28 42 56 70 84 1/7 7 HVIP
piconet traffic |load(jpbytes/slot)
56 5 CBR TRM <TRS PTL
piconet throughput
master  slave 5
node FTP
57( TRM/TRS:
1 3 4 7) 58( TRM/TRS: 1/3 1/4
1U7) traffic load

tes/ sl ot)

S=1/4)
S=1/7)

ytes/slot)



(kbps)

S=1/4)
S=1/7)

bytes/ sl ot)

- @PMP( TRM/ ®REBALT RM/ GRBR QLT RM/|TR|S=3) < @PMP ( T RM/ TERTSRAL(/ 3R M/ TCRI%MH(/'E’»F’M/}F
2 oTRA(TRM/ @RBRPBYRM/ BREBAGTRM/|TR|S=4) B OTRA(CTRM/ TERFEMRA( BR M/ TERTSRAL(/ T7TR M/ T K
< @PMP( TRM/ BRBA(TRM/ TRS=7) °
35 Z
; I 14 28 42 56 70 8 4
28 42 56 70 84 piconet traffic I oad(
piconet traffic |load( ytes/slotgl2 6 l__]_P TRM<TRS PTL
59 6 CBR TRM >=TRS PTL piconet throughput Throughput
z piconet throughput
3 @P MP ( TRM/ T&RTSRAL(/ BRM/ TEREMAL( BRM/ TRS=1/ 4)
a TRA( TRM/ TERSMA( BRM/ TERTSRAL(/T/RM/ TRS=1/ 7
2 [a] ( (®R (/TR ) TRA
23 PMP 5.2
=30 I 52TRA PMP
~ 25 H
; 20 o
S 15 1m im Sm dm
S 10 Tmffic 1yps
= 50 CBR FTL =42 |FTL =42 |FTL =42 |FTL =28
0 (Bfs) (Bis) (Bis) (Bl
14 28 42 56 70 84 TEMTES |TEMTES |FIL = 56 |FIL = 2&
piconet traffic load(bytes/ ¢l oflF =lor V7B |=Tor 17TH | (Bfs) (B/9)
FTL =42 |FTL =42
(B/5) (Bis)
510 6 CBR TRM <TRS PTL
. PTL: piconet traffic load (Bytesislof
piconet throughput
master  slave 6 5.2
node FTP PTL
511 ( TRM/TRS: PMP
1347) 512 (TRM/TRS: /3 1/4 PTL
17) traffic load PMP
PMP Piconet throughput
TRM/TRS 17 7 PTL>= PTL
42( bytes/slot ) PMP
traffic rate DM3
PMP
PTL < 42( bytes/slot )
PMP
polling
TRM/TRS 1/7
7 PMP ISM
= piconet
3 @PMP( TRM/ @RBA(LTRM/ ORBIRLYRM/|TR|S=3) master Slave traffic rate
O AR LR I traffic rete
°3s5 )
=30 i master slave traffic rate
= 20 I polling (TRA
=1s - ) TRA
©10 H
° 14 ‘ 28 ‘ 42 56 70 84 NSZ BIquOC
piconet traffic load(jpytes/slot) Ray|e|gh
511 6 FTP TRM >=TRS PTL 13

piconet throughput

CBR piconet traffic load >= 42 Bytes/slot



PMP

piconet traffic load <42 Bytes/slot

PMP 13
FTP

TRM/TRS V4 13 3 4

PMP TRM/TRS
7 7 piconet traffic load >= 42

Bytes/slot PMP

>=

[1]

[2]

(3]

[4]

[5]

[6]

5 piconet traffic load
42 Bytes/slot CBR
FTP PMP
6
PMP
PTL

Scatternet

Farooq Anjum, Dave Famolari, “ A Robust
And Adaptive Algorithm For Enabling
Efficient Communication In Bluetooth
Networks’, in IEEE GLOBCOM 2002.
IEEE, Volume: 1, Nov 17-21 2002
Page.17-21

Manish Kalia, Deepak Bansa, Raeev
Shorey, “Data scheduling and SAR for
Bluetooth MAC”, in Proceeding of IEEE
Vehicular Technology Conference, 2000,
Page. 716-720

Indraneel Chakraborty, Abhisek Kashyap,
Anupam Rastogi, Huzar Saran, Rajeev
Shorey, Apurva Kumar, “Policies for
increasing throughput and decreasing
power consumption in Bluetooth MAC”,
in IEEE International Conference on
Personal Wireless Communications, 2000.
Dec. 17-20, 2000, Page. 90-94

Indraneel Chakraborty, Abhishek Kashyap,
Apurva Kumar, Anupam Rastogi, Huzur
Saran, Rajeev Shorey, “MAC scheduling
policies with reduced power consumption
and bounded packet delays for centraly”,
in IEEE International Conference on
Communications, 2001, Volume: 7, June.
11-14, 2001, Page. 1980-1984

Hao Zhu, Guohong Cao , George Kesidis,
Chita Das, “ An adaptive power-conserving
service discipline for Bluetooth”, in IEEE

International Conference on
Communication, 2002. Volume: 1, 2002,
Page. 312-321

T. Y. Chui, F. Thder, W. G.. Scanlon, “A
Novel Channel Modeling Technique for
Performance Analysis of Bluetooth
Baseband Packets’, |IEEE International
Conference on Communications, Volume:

[7]

(8]

[9]

[10]

[11]

[12]

1, 2002, Page. 308-312

Yang-Ick Joo, Jong-Soo Oh, OH-Seok
Kwon, Yongsuk Kim, Tae-Jin Lee, Kyun
Hyon Techah, “An efficient ad
Qos-aware  scheduling  policy  for
Bluetooth”, in Proceedings of 2002 IEEE
56th VTC, Volume: 4, Sept. 24-28, 2002,
Page. 2445-2448

Mark Perillo, Wendi B. Heinzelman, “ ASP:
an adaptive energy-efficient polling
algorithm for Bluetooth piconets’ in
Proceedings of the 36th Annua Hawaii
International Conference on System
Sciences, Jan 6-9, 2003

Jong-Soo Oh, Yanglck Joo, Oh-Seok
Kwon, Yongsuk Kim, Tae-Jin Lee, Kyun
Hyon Tchah,” Differentiated fairness
guaranteeing scheduling policies for
Bluetooth ", in Proceedings of IEEE
Vehicular Technology Conference, 2002.
Volume: 2, 2002, Page: 923-926

Ting-Yu Lin, Yu-Chee Tseng, Yuan-Ting
Lu, “An efficient link polling policy by
pattern matching for Bluetooth piconets’,
in Proceedings of the 36th Annual Hawaii
International Conference on System
Sciences, Jan 6-9, 2003

Joao H. Kleinschmidt, Marcelo E.
Pellenz ,Luiz A. de Paula Lima Jr.,
“Evaluating and Improving Bluetooth
Piconet Performance over Nakagami-m
Fading Channels’, The Ninth IEEE
Symposium on Computers  and
Communications, 2004, Page.639-644
Matthew C. Valenti, Max Robert, Jeffrey
H. Reed, “On the throughput of Bluetooth
data transmissions’, |EEE Wireless
Communications and Networking
Conference, 2002, Page. 119-123



