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Enhancing Performance for the SAR and MAC
Scheduling over Bluetooth

Gum-Ho Kim

Dept. of Computer Science Graduate School of
Pukyong National University

Abstract

Emerging technologies such as Bluetooth are expected to become a
solution for providing short range, low power, low cost, pico-cellular
wireless connectivity. Bluctooth is a Master driven Time Division
Duplex(TDD) system that supports an asynchronous channel .for data
traffic as well as synchronous channels for voice traffic. Data applications

running over Bluetooth such as http, ftp and read audio will need transport

layer protocols such as TCP and UDP to send packets over the wireless
links. We propose and compare a number of SAR policies and scheduling
algorithms with a with toward enhancing the performance of transport
layer sessions. In simulation, an index of performance called throughput
and end-to-end delay are introduced to compare different kinds of SAR

policies and scheduling algorithms. As a result, the proposed policies have

better than related works
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oA Hlojup H&EE 71719 A& ad-hoc WEH =Y HeHE 1A
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[4]. X7} & AL SAR(Segmentation and Reassembly)S 3 =}

A

< baseband jF o2 R Tsto] A4, Masters A&7 79
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Aegnh o] £ Uk 24wt ohyet dolE HEe A uge ¥
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2. 948 a4

2.1 Bluetooth 7] 4%

Bluetoothi= &2 W9l o] F4& Al&sle] 247 dlojee 74 %
A& 913 ad-hoc MIES A & FRolvh3]. 19 13} zFe] Bluetooth
ZIREZF 2"2 OSI(Open Systems Interconnection) X @ of 4]
Physical layer®}t Data link layerolr H &5 L2 EZo] S 23
Ao ¥t Bluetoothi= ad-hoc WEHZZ A& &1}e] Masters}

H 709 Slaved 7Fd 3 3:dl F 22 7pRCH1]2](14].
2.1.1 Bluetooth Baseband

Baseband= st=dlo] HEozX Uxd Az Hee =zx<e 3=

Foltd.  baseband®t link controlleri= B A ox RE(Ea )9}

Bluetooth HA71718 A& T o A& ¥t} Bluetooths 3|3 Abeje] o
olgf7} &dH Fu¢ g e A$stE Fu4 39 2~"wEY A A
28E o] &ty uwie oyl TrEZF ~HEL  Inquire(X3])9}



TcP [ uoe Tep|upp
PP P
o PPP
RFCOMM RFCOMM
Master l I Slave 1
R s R R :
| | c
[ SAR 1" L saR
Host Controlier Interface
From Stave 1 From Staves| |From Sing?
H Baseband H H K

~_—_——

................... -]

RADIO CHANNEL

(729 1) Bluetooth Z2EF ~H
(fig. 1) The Bluetooth Protocol Stack

Easds

SCO(Synchronous Connection Oriented) 24 H% &4 dlo]g]l & uks)

Baseband¥™ F 71A Eg &9 HE gUAL A Ysii-y)

A, b2 dtuh= ACL(Asynchronous Connect ion-less)EA] w2 o

=l
izl dolHE =t SCO Y-S Master?t shuel Slave A}o] 9l

point-to-point = °]i, ACL EFY2 Master®t 3 3ulo] v HE=
Slavezte] point- to-multipoint @ =LoJt}, baseband {A S 1, 3
dolee] & = 24 =Y

slots& A}83t}. baseband 3| FH Zo]=

of EAIN o8 & Y oL slotss] o 2E Ao A

A, <E1>& A AF85 1 9= baseband | F o] £Ho =z 2



o]z vehyn ok
<3#1> DM DH #7
<Table 1> DM and DH packet
Packet type Max Payload(bytes) FEC
DM1 17 2/3
DH1 27 None
DM3 121 2/3
DH3 183 None
DM5 224 2/3
DH5 339 None

ARQ(Automatic ReQuest for repetition)+= payload®] H4& Als) =
BEE FASAA Lelr] Hdl AFEE Y base band WA S timeout )
Ayk& A-$-4 ACK(Acknowledge) Al57F & wf7tx]= A A4 5 ojof
gttt FEC( Forward Error Correction)i= A A4 & ZFo]7] Y& U
°|¥| payloadel| F-A o ALEHE WAolth 7l o= Hae A
Mot olidel dHEE AHE & U= 1/3 rate FECE B E&of 3},

2.1.2 Link Manager Protocol(LMP)%} Logical Link

Control and Adaption Protocol(L2CAP)

LMP<®} L2CAP+= baseband protocol ¢l 9+ laversiA] data



link layeroll %2t LMPi= %% AHl, Slavezbe] A4, Az g
Tu weske AdES HA D Ak T3 Hete] e dusie on
7] WA, g, A A9} baseband?] sHFl =7 E A o]t}

L2CAP+= HCI(Host Controller Interface) layer v}2 ¢lol] ¢ % &}v]

]o

A9 ZREFoIY Applicationoll Al HolE A& & - FAsE 9T

& 3tk L2CAP= ACL dHlolH #2718 Fa] aglsv] SCO dlolg 3

2l& AAdeA Bt L2CAPE HCIE %3] o'W Z2EZ9 o o|g
Axg Pstel Buld Fi mREZ WeEay G v o)

Zl& baseband #F o2 YT zHsE IS &= SAR, A4
A dHolH AELS 93 QoS(Quality of Service), 1&9 F422 g§&

oz ned + g /1% 52 AT Ao

2.1.3 SDP(Service Discovery Protocol)

SDP+= Bluetooth®d] ©o]& &%& ng ZAAs s Mu|2E A5}
SDPE ol&&ezy zZtzte] 77|17k 7bxl Ax, eloln], Mu)xe)
/& Fetste] 717] el HES shEslAl sta, olE AR E £ A

o,

g

214 &8 223



PPP+= IETE(Internet Engineering Task forcE)2l point-to-point 3
2 EF 52X Bluetoothol A 1 o) 1 %S #¥s7] 98] RFCOMM
of Afloll Aejso] vt PPPo WEH =V Fydun st AL
PPP Atolell A TP ZHEZ}F o] &= RS <vdcl IETEA A A ¢
d TCP/UDP/IP= IHUO R H&ET o o]f51 e ZEEZEN
Bluetooth 71717} IEjUlel] A ~7} 7h5ebA 5= e onsta 9

t. RFCOMM=2 Aol WA Z2EZolgte ZolAe & 4 %Kol

mge d7stE RS-232C 5o A £48 dAleds ezl
A9 $071% Qe st 49 Zeezd ois) RS 23209 Aol

L} baseband’d @] ©lolH A3 E A= GTE dh. WAP(Wireless
Application Protocol)2 WAP Forumoll ¢]a] A}efo] zaxm ¢l= #
on FHAZT FA WEHAA ol&Hol FoiHgh 1 9o FA
e dEUl Fdlzy Hdste] RopMul g AlFes HHoR A}

2l et

o
H

al

N

2

r

A4 AT

o] Hol|M= ol F 712 SAR A3} Masterel #F 2A=E A

ol DRR(Deficit Round-Robin)9] 312 2o s AZF3stz 9t

2.2.1 Segmentation and Reassembly schemes



SAR(Segmentation and Reassembly) W7} £ 7}% & baseband
g7l Bt ¥ £ MTU(maximum transmission unit)& A ¥322 &
o] FFET. ¥ layerdl A HAAL o7 ZFA(, 3, 5 slots)
baseband HAZ & T3 AES & A AL i e i

oo e <H1> oM 2 A 2ol FECYF §l& 4 9% DH

£
P
[o

2 A payload® ZL71= Z7F 5 slots 3 A9 7% 339byteo] 2 3 slots
712l 749 183byteo]t}. mpAI o & | slots FHFH L 27 bytesY S
7 AvHIZ2)[13]. 7|4 baseband AL B Ho slotse] FE
slot_limitg} A28t 31, slot_limitE SCO H49 &4 £ T4 3740

n2

A ¥ BER(BIt Error Rate) W&ol 5 slots olst2 stu}. o] el e
= A% s Fsl L2CAPlAl LMPol ojs gxka 5 ) o)A
71E9 5 7FA] SAR A Fo| tjal] Lo}l r =z}

2.2.1.1 SAR-BF(SAR-Best-Fit)

o] ¢12FL baseband A ANA GH|HE dAEL FaEr] 93
HAORE A9 dolo HAS Feste HAY wWyelt [dueE 1]

< SAR - BFE Yelia 9l

[€¢28]55 1] SAR-BFY &g
1. gkeF slot_limit = 5% L2CAP #71& 5 slots®] baseband ## © &
|5 Ra=

Hr



2. 9FSF slot_limit = 3 oW Yr A bhytesE 3 slots®] baseband I 7
o= Usr
3. Y4 A] bytesE 1 slot®] baseband 37l &2 w1}

od & Eo} L2CAP JJV] A7]7} 556bytese] a1 slot_limit = 591 A$- ¢
ae]Fe] A WA dAo 93 5 slots9 baseband 3HF o8 L}
O 57 WA GAE T3 U 217bytesE 3 slots baseband 3 7 ©
2 Yo viREteg Al HA GA A Fe 3dbytesE 1 slot
baseband #Zl o2 Ywrt 2 Axp 3 sfel 5 slots, 3 /MY 3 slots,

= 7He] 1 slot baseband ## o & K=t}
2.2.1.2 SAR-OSU(SAR-Optimum Slot Utilization)

o] &12]F2 baseband Ao FA AAL ZFoluA = L2CAP

d
baseband 3} Zle] A4 AP FAE 2z

e

© 8 = AA ot L2CAP]
A9 multi-slots .2 HZ1& AL 7hEsHA slms AR oz Uy
SAR-BF HttE 2 slotse 2 Hui= SAR-OSUZF A2 end-to-end
delayE 7Hzlth o] &350 wA= [2u]E 2o & Jelz g
o},

[Faa]F 2] SAR-OSU dug &
1. 9FeF slot_limit = 50]% L2CAP # AL 5 slots9 baseband 3 7 © &



Yt

a} ok

w1

S

gty YA Z=7]7F 3 slot baseband A BT ] AW 5

o

slots baseband 7l o2 ® AT}

3. ek slot_limit = 3 oW U™ bytesE 3 slots® baseband 37

o7 Yk
4, wef BEE Yz z=27]7F 1 slot baseband A HETF ] 2w 3

slots baseband 7l o & X WiT}
5. YA bytesE 1 slot®] baseband #{#H o2 ®H o)

oA Awd ool dis) [¢ndF 2185 AL oL o WA,
556bytes| L2CAP baseband ¥ Zl& 5 slots baseband 3| H o & U
™ 217bytes®] YW X7} A7t 217bytesE 3 slots baseband ## B
tf au® I3 5 slot baseband Wl =z WUtk = 2709 5 slots

baseband HZ g AFHS & = )

2.2.2 Bluetooth’J oA A=Y S FE

r} Slave®o] H2Fo|7u, 3ol Slavert ot dlo]E] #H& &

st W] Multiple transport layer $%2 vy 3dle] T4 83& T3

[8]. Masteri® Z27+9] Slavest A4S & W =& &3 o|&59 AYG



baseband FZFE SlaveEoN Al AMu]lAFHoxE=dH o g# v &S

A5 A e Aot oY @4 WAy Hsl ~AE

ol Hasty. 18 2+ Bluetoothol Al MAC ~#Al&% S ez gt

¢
&

«
e

Bluetooth MAC

Fransmit D

e
=S

(7]
w

EE
N\

w
-

(1% 2) Bluetootholl A MAC 2~ A=
(fig. 2) MAC Scheduling in Bluetooth
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2.2.2.1 Deficit Round-Robin(DRR)

Au A& s weF quantum e
Mujz g ek How o W AUz & wf QY X719 de
quantum@ 7 A= IS quantum@S T Fo] v A

quantum%eo] == 324 olt}.

Round Robin
Point Deficit Counter
#1 lzul 750 ] 200 kj l 500
H#2 | 500 I 500 I
#3 | 200 [ 600 [100]
#4 l 50 | 700 l 180 |

Quantum

Size

(a)

_12_



Round Robin

Point Deficit Counter
A
#2 I 500 l 500 500

#3 | 200 | 6500 [100| 0
#1 l 50 | 700 | 180 | II]

500

Quantum
Size

(b)
(1% 3) DRR 2AZ39] & o
(fig. 3) Example of DRR Scheduling

Y 32 DRR A& 3 714 o& HogFa v 4779
queues”} il #HE= queue] WMIE ov|dt zFzhe]l queuedl = v
&k =179 Hf3le] gl

(a) Lol ERIH7E HE #18 7He 7l o7 i A A
queue°] WFF AMu| 27t daHolxnh A3 Huor & wAe] ==
20001 25 o] st WF& quantum < 3000t} A TF tle )
el A77F 7500l B2 AEg A Fau agu o ¥EE (b))
A Ue quenedl #2% AoldE A$E yehla v of# uhy
o % AL A&sto] gl EQIE 7} Zhe] 7] Al HW o] Mol wolalE 300
oA 2 SERre 5008 3 800 quantum®] %S g

2 & 4 Qlrh

_13_



ole g AL gFo [dugF 3lew el 5 9

[&4328]F 3] DRR® Dequeuing ~A£9 <=
While(TRUE) do
IF ActiveList 1s not empty then

Remove head of ActiveList, say flow i

DC, = @, + DC;;

While (( DC; > 0 ) and (Queue; not empty)) do
Packetsize = Size(Head(Queue;));
IF(PacketSize < DC;) then

Send(Dequeue( Queue;)),
DC; = DG - PacketSize;
ELSE break; //skip while loop

IF(Empty(Queue;)) then

DC = 0

ELSE InsertActivelList(i),

- 14 -



3. Atd SARH} ~AEHY L

N

B o A= L2CAPlA B2HE SARS A =$ wdi} Bluetooth
Aol Al A2 5= DRRO &4% WRRel tfs] Ad s,

3.1 SAR-MSU(SAR Most Slot Utilization)

A AaFs vle} o] SAR-BF AAMS  end-to-end delay$}
el go] e o] o) slotse WH|ZF Atk AHE A 9

o whe SAR-OSU AL slotse 9@wu]7F @& whys 7bAx vk
end-to-end delay’} o] Agl&eo] wohs 43d & 71zl SAR-BF &=
& A8 271 & baseband WAL Z slots] FH] glo] Hij7] wjiE
o delay7} AAA =5 Al &o] Hojxi SAR-OSUx S8 xS H
HE 2 baseband FHZ O F ol HUDE HZle] o] bl g
delay7} Ao} Heggo] =},

¥ =FolAdeE SAR-BF9 SAR-OSU  #ZHzte]  w@hd & W $43)
SAR-MSUE A|¢talaiz} ahu,

SAR-OSU 3 slots 317l Z27] ®t} AW 5 slots Aoz A48}
22 @2 slotsE 9HstAE T @b SAR-MSUE 5 slotsZ 1 o]
B slots WHE s Aol 3 slot9d 1 slote® w5 gl= w7
o] ZA7)olW 3 slots$} 1 slote @ BiE SAR-OSU9 4" o
Tk SAR-MSU®| #HL =3 a7)9 W& slots Ab#o] SAR-BFUY

_15_
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SAR-OSU9S AF£3F slots <+ & #4429 slots &

<H2>E HF Y A7) ©E slots AR FE BoFa g

<3 2> #HF z7)ed & SAR A A9 slots AR

<Table 2> the used slots of SAR policies vs Packet size

37l =7] | SAR-BF |SAR-OSU|SAR-MSU
367 7 3 7
475 11 8 8
050 10 10 10
362 14 15 14
915 15 15 15
996 18 15 15

[¢1e]F 4] SAR-MSU9 ¢85S vebdo

2. ®keF EgE vzl =A27)7F (3 slot baseband #FH o+ 1 slot
baseband #HZH) BT} ¥ =2 5 slots baseband | # &5 x it}
3. TkeF slot_limit = 3 oW Yym A bytesE 3 slots®] baseband

o vFEr)

_16_



4, wrek ®2gd yyx =Z7]7} (1 slot baseband #HFA + 1 slot
baseband | Z)Ht} ¥ AW 3 slots baseband #FH A o2 Wt}

5 U™ A bvtesE 1 slot®] baseband #|Z o5& ® it}

_17_



3.2 WRR(Weight Round-Robin) 2 A=

o) b= #A7L gtk ¥ =RolA Alekd WRRE DRRO $38dw
A el we dHelHzh EAs, 4d HolHE g g Hdad

Ve (w) &S 79 quantum® 48 ZAHEA = 2
th &, 79 949 delgrl 9z 28 dolErt 98 A$ quantum

A A S Fol dolHE @

-

Fol 7bA (w)E F3 quantum@F S F7
of HUlA st do FAHAS Vs, 3 AHEES =4 g gn
2] olli= backlogel <+ backlog_fwd(:
back_rev(d & HolH7t 3= Ao F e e E Fol
o] & t 1ol¥ ol"W AA-E 715A (w)el gL o] quantum ¥& =

Eias)

ﬂHN'
jin)
>
o
N
)
30
rir
o
N o
L

DC, = DC, + (Q:,>xw)
(Q : Quantum, DC : Deficit, i : each queue number)

(w: weight where 1.1 =< w = 2.0)

0:17])\:’ DC+= Defl(:th] Q—}:X]'EM‘] ‘ﬁ‘7]’ i&iﬂéﬂo]: 'aé‘ quantum_c',] OO}:_% 1,]_
B, i kel F WSS ena

..18..



[&328]F 5] WRR(Weight Round-Robin) & 18 &
While(TRUE) do
IF ActiveList is not empty then
Remove head of Activelist, say flow 1
IF  ((backlog_fwd == 1) and (backlog_rev
then
DC; = Q; + (DC; x w); // w¥ weight®] value
ELSE

DC; = @, + DCy;

While (( DG > 0 ) and (Queue: not empty)) do
Packetsize = Size(Head(Queue))),
IF(PacketSize < DC;) then

Send(Dequeue( Queue;));

DC; = DC; - PacketSize,

ELSE break; //skip while loop
IF(Empty(Queue;)) then

DCi = 0,
ELSE InsertActiveList(i);

_19_
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Bluetooth®] Al&E# o]l S 98] NS(Network Simulator)e} A3 24}
Z AAs7] 93 AxumS A& A BEle)lAE 3 WEYa =

_]

=

)
y
N
i

de 13 49 7ol dlvte] Masterst 5712 Slaves 7132

o

AREsEl T AlEH ol Ao A Y-S IBMALS] Bluehoc v2.0S A}

H 4ol EYE A 2= transport layeroll Al A£E = TCP/UDP

1
EfHo] saAHL J&& BT ). Slave 12 TCPolA12] Reno

._20..



Slave 1

TCP traffic {fip)

QO

Slave 2

UDP traffic

O

Master
Slave 3
UDP traffic

O

Slave 4

UDP traffic

O

Slave 5
UDP traffic

@

(19 4 AlEdeld »d

(fig. 4) Simulation Model

[&A 1] TCP/UDP dlHvi & A7Fet & HA 5L network layerz 24

[eHAl 2] L2CAP layer= ¢ layer2%E] 2 dolg]E 233w
L2CAP slt| & H7Fstar L2CAP ¥ 2 A%

[&HAl 3] F27F & L2CAP #1712 L2CAPolA] SAR A #o| we} o5&

2+2 bhaseband 7S ¥ 333l baseband Bl HZE A4
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[PHA 4] MAC 2AZ8 ¢uES ALS

P,E
£,
=)
x4
il
rlo
it
v
)
=
=)
o

AZ %3 Slaved Al A4

[&A 5] Slave®] baseband layer7} s]21-& -2 wf baseband ¥ ¥ &
iRy

(G4 6] L2CAP layeroll A SARE %3] thA] a1z

[HAl 7] AzHE AL transport laverol Al LR EE ~dS =35

2

F layerzZ A%

(7] 8] TCPol'd w2 dlo]H & ¥-& FA2 ACK 2135 (UDP 4%

rr

ACK 125 RulAl &3) Masterol Al A<
ol Al&EdeldelA TCP/UDP sizle]l =7]E= 555bytese]al TCP
ACK =17]% 40 byteselth. Al Edo]lA AxE= 18 4 P2 A Slave
1¢] TCP/Reno Z#E FE35l AL-&319oh
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42 AN&dola A

of del mYS bxa SAR Ao ol & A, ~AEY 2
3}, SARSH 2AZ S HBA7 Aol e orobu gt}

4.2.1 Segmentation and Reassmbly(SAR)

71=2] SAR-BF¢} SAR-OSU 18] a1 #l¢tel SAR-MSUS A 2] &3}

end-to-end delay®] A& wluwsdot. L2CAPS v3 A7 Zély
= AbgEtTh Fok o] ojnji= giFlo] Hu|= A FAsti SARY

AAa Hgg Ade] 2HES T gdd. 28w 6—}49] Master 2}
Slave 1 7t dlolH d%& 7A 1 ofeflel 2o AHE &)
19 53 SAR-BF, OSU, MSUY Al g o] Azbo] w2 o)z i=

slotse WEhHZ A=d, SAR-BF9 SAR-MSUE JH]HE slotsol
eI e =

62 SAR-BF, OSU, MSU®| #2]&& vl Aot} a9
SAR-BF, OSU, MSU3= end-to-end delay A3 & vebdlich, 4 7}
I¥ls B SAR-BFO A9 slotse] W@HlE Aol X7 delay 9k
Ael& o] SAR-OSUY SAR-MSUC Ml "ojxs e & 4 9t

SAR-OSU®} 7% slots®] @u]i= @x9 delay?} & &o] =vj= A

SAR-MSU= o] F 7kA Aol F3hA e ¢JAo = Al slots @H =



SAR-BFRE. Y @WXA|9t delay, Hel&HolA = $-3 1 SAR-OSURTH
= A2 & delay Hol A= @ AT slots W@H] = SAR-OSUHE E£&

[e] A
< o4 & Qo

14000 N
. 4
12000 |- A
| ..A
.A(
g 10000F e
G| A
v 8000 - S
ol ar
Q .
@ sooo b *
o ‘ . —8-- SAR-MSU
L .
4000 |- AT —e— SAR-BF
) -
i seae SAR-OSU
2000 »-
00 F b — - — W~ —— Nl — el -
100 150 200 250 300 350 400
Time(s)

(2% 5) SAR®S] Al7FA] A Ao tfdl delH slots 4 )l

(fig. 5) Comparsion of wasted slots for three type SAR Policies

1 Sl A = A =27]7F 555bytes € H -+ SAR-BF$} SAR-MSU=

FH H = slotse] AR, SAR-OSUE @] 5 = slotso] &S o

ol e,
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13000 i
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sr e
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