US007454171B2

az United States Patent (10) Patent No.: US 7,454,171 B2
Palin et al. 45) Date of Patent: Nov. 18, 2008
(54) METHOD AND SYSTEM FOR VOIP OVER 2004/0203367 Al 10/2004 Nowlin
WLAN TO BLUETOOTH HEADSET USING 2005/0215284 Al 9/2005 Suetal.
ACL LINK AND SNIFF FOR ALIGNED ESCO
TRANSMISSION
FOREIGN PATENT DOCUMENTS
(75) Inventors: Arto Palin, Viiala (FI); Mauri
Honkanen, Tampere (FI); Jukka EP 1119137 7/2001
Reunamiki, Tampere (FI) EP 1148677 10/2001
EP 1176731 1/2002
(73) Assignee: Nokia Corporation, Espoo (FI) EP 1294048 3/2002
EP 1199842 4/2002
(*) Notice: Subject to any disclaimer, the term of this EP 1207654 5/2002
patent is extended or adjusted under 35
U.S.C. 154(b) by 590 days.
(21) Appl. No.: 11/065,613 (Continued)
(22) Filed: Feb. 25, 2005 OTHER PUBLICATIONS
“Coexistence of Wireless Personal Area Networks with Other Wire-
(65) Prior Publication Data less Devices Operating in Unlicensed Frequency Bands”, IEEE Stan-
dards 802 Part 15.2, Aug. 28, 2003, pp. 1-115.
US 2006/0194538 A1 Aug. 31,2006 U.S. Appl. No. 11/360,004, filed Feb. 23, 2006, Arto Palin et al.
(51) Int.CL Primary Examiner—Tuan Pham
Ho04B 7/00 (2006.01) (74) Attorney, Agent, or Firm—Morgan & Finnegan LLP
(52) US.CL ... 455/41.2; 455/512; 455/513,
455/552.1; 455/553.1; 370/328; 370/338,; (57 ABSTRACT
370/444;370/455
(58) Field of Classification Search ................. 455/512, . . L .
455/41.2, 513, 552.1, 553.1; 370/338, 444, T.he invention sqlves the problem of reducing 1nterferen.ce in
370/455. 38 51mulFane0us W.1reles.s LAN (WLAN) and Bluptoqth 51gna1
See application file for complete search history. ’ handling, especially in voice over IP communications via a
’ WLAN telephone to a Bluetooth headset. The invention sets
(56) References Cited up a voice link between the terminal and the headset by
establishing sniff anchor points in the ACL link for assigning
U.S. PATENT DOCUMENTS relative priorities to the WLAN and Bluetooth ACL packet
) traffic. A higher priority is assigned to WLAN packet traffic
6,259,808 Bl 7/2001 Lewis when it collides with original Bluetooth ACL packet traffic
6,326,926 Bl 12/2001 Shoobridge et al. during a sniff anchor point. Thereafter, a higher priority is
6,377,608 Bl 4/2002 Zyren assigned to the terminal’s retransmission of aborted Blue-
6,452,910 Bl 9/2002 Vij et al. tooth ACL packets and the headset’s response ACL packets in
2002/0132632 Al 9/2002 Brassil et al. available Bluetooth slots following the anchor point.
2002/0136184 Al 9/2002 Liang et al.
2004/0071123 Al 4/2004 Shin 36 Claims, 11 Drawing Sheets

ANTENNA 105A

fl ANTENNA SWITCH ‘
€20 I 1 ]
ANCHOR_PT
WX TX CONEX.
WLAN RF ACTIVE BLUETOOTH
REX | CONTROL | REACTVE |
TRANSCEIVER [+ [TRANSCEIVER
le—STATUS )
WFQ
f / FREQ N
f—FREQ___
602 ] 610 I I s
MEMORY
PROGRAM CODE TO IMPLEMENT STATE DIAGRAM 800 OF FIG. 8A
( PROGRAM CODE TO IMPLEMENT STATE DIAGRAM 900 OF FIG. 12
630
WLAN PHONE

100A

IPR2026-00127

Cisco Systems, Inc. v. Dynamic Mesh Networks
Cisco's Exhibit 1012

EX1012, Page 1



US 7,454,171 B2

Page 2

FOREIGN PATENT DOCUMENTS WO WO 01/84789 11/2001

WO WO 02/19743 3/2002

EP 1359779 11/2003 WO WO 0230022 A2 4/2002
EP 1404071 3/2004 WO WO 02/73430 9/2002
g 132‘3‘% ggggj WO WO 03/096617 A2 11/2003
P L480788 AY 122004 WO WO 2004/023746 3/2004
WO WO 01/24454 42001 WO WO 2004/023747 3/2004
WO WO 0124455 42001 WO WO 2004/027565 4/2004
WO WO 01/24456 412001 WO WO 2004/045082 5/2004
WO WO 01/24457 4/2001 WO WO 2004/045092 5/2004
WO WO 01/24458 4/2001 WO WO 2004/079998 9/2004
WO WO 01/35540 5/2001 WO WO 2004/079999 9/2004
WO WO 01/35578 5/2001 WO WO 2004/082311 9/2004

EX1012, Page 2



US 7,454,171 B2

Sheet 1 of 11

Nov. 18, 2008

U.S. Patent

g NOILY201
\

aovi Ld
§5300V
NYIM

o EEL£-11
dIoA

¥ NOILYJ01
\

vovi 1d
$S302V
NVIM

l "Old

209 09
\ I\
YHIAITISNVYYL || Y3AITOSNYHL
NYTM H10013n18
BN
BHIE
zam| [ anw wzc.__
g9€0L VNNILNY 8 g L
NYIM

"05T v3uv
JOVHIA0D
NVIM

ONN wr IHD
9 S 14

019

VE0} VNNILNY

V8ol

VOST vayv
JOVHIA0D

8001 ANOHd NVIM

209 09

I

YIAITISNVYL || ¥IAIFISNVYL
NYIM HLOO13N189

TO¥INOD

? 0 *

ZAXM AnL S¥Dd
4

ONW nr HO
9 14

V00| INOHd NYTM

820} YNNILNV
H1i0013N079

_/

g901

8101 13sQv3H
H100l13Nn78

VZ0I VNNILNV
H10013n18

V90l

A

V1i0I 13SAV3H
H10013Nn189

EX1012, Page 3



US 7,454,171 B2

Sheet 2 of 11

Nov. 18, 2008

U.S. Patent

g NOLLYO01
\

a0t} 1d
§5320V
NVIM

Jlddvil
di°A

“ NOLLY201

Vovl 1d
§S300V
NVIM

¢ ‘Old

H0ST vayv
JOVH3A0D
NVIM

VOST vayv

“.._ 39VNIA0D

209
019

019

~ [ 101N |

_ 200+ INOHd NYIM

HIAIFISNVYUL || ¥IAAIFISNVYL

~— NYIM Hioolama [T ¥09

[.]
fel [
[+ [
(=]

IHHD
I

8501 YNNILNV

gs0l 8901

209 V09

I

YIAIFISNYYL || YAAIZOSNVHEL
NYIM H10013n78

T0¥INOD

LAl
IR

=
wZ
3

Y00} SNOHd NVIM

VS0l YNNILNV

vaol V0L

8101 13SAV3IH
INOHJ/O3AIA
H10013Nn78

vi0l 13SAV3H
INOHJ/03AIA
HLO0O13N789

EX1012, Page 4



US 7,454,171 B2

Sheet 3 of 11

Nov. 18, 2008

U.S. Patent

G "OIld

papasu Uey) UdYO aJoW PaNPayos ale asoy} uaym abesn Joyouy

sjois Buiuajsi| arelg NVIM sjois Buiuays)| ane|g

bl 1 [ Pelol [T 1T D [T Iv] [ ] b
/ 7 /S

sjayoed slaxoed Siexoed
yjoolanig yiooianig yjoojen|g
iod uod pasn pasn julod
Joyouy Joyouy 10N Wiod 10N U104 oyouy
Biug Hug Joyouy Joyauy Jug

¥ "Old

wied 1oydsue Jius Buunp jsuueys ay) Buisn NI

NVTIM dIOA

-~
sjois Bujusysy m>m_/ ﬁ
L ] .,
\ 19%0ed
sjoyoed

ylooleng
Lyioojanig paHoqy
panIWsSuBoYy
uiod
Joyouy
Hus

abesn jutod Joyoue yug

wiod Joydue Jiug

|

wiod Joyaue Hug

|

1018 10is ofs 1018

<

JR)JSEWI-0]-3AB|S ' BAE|S-0]-3]SBUI ' IBISRW-O}-3AE|S ' 3AR|S-0)-13)SRUI | I9}SEI-0}-OAR]S ' SARIS-0)-J3jSew

108 lofs

>

«

(Jus ) leassjut yiug

>

€ 9Old

EX1012, Page 5



US 7,454,171 B2

Sheet 4 of 11

Nov. 18, 2008

U.S. Patent

V0ol
ANOHd NVIM

I

¢l "O14 40 006 WVIOVIA 31V1S INFJWITdNI OL 300D NVYHDO0Ad

V8 "Old 40 008 NvIOVIQ 31VLS LNIWITdINI OL 300D NVHOOUd

/

0e9

A

AOWIW
1 A F.
v09 v 019 | Z09
A A
N GELE] \ K
-«
N 04M
SNLIVIS
¥IAIFOSNVYL “outnos e HIAIFOSNVYAL
HLOOL13NT8 | 3AILOV 3 NYIM
-«
XaNOD XL XM
1d HOHONV
7y y ;
- Y v 029
HOLIMS VNNILNV \
V501 VNNILNY

9 "OId

EX1012, Page 6



US 7,454,171 B2

Sheet 5 of 11

Nov. 18, 2008

U.S. Patent

144Vl dI°A IONVHIX3

+ N peL

SLNIOd YOHONY
ONIMOTT04 NOISSINSNYILIY
HLO0O013N78 ¥O04 SLOTS NVIM ¥3IA0
S$1071S HLOOL3N18 OL ALIROINd NOISSY

+ N zzL

NOISSINSNVLIY
H10013N18 ¥0d 1d4329X3 'SINIOd
HOHINV ONRNA S107S HL0013N8
HIA0 SLOTIS NVIM O ALIMORId NDISSY

A \ozL

(TR 1 NOIWIL JINS ANY (U HN)
LdW3LLV 44INS SHILINVUV J4INS L3S

+ N oy

$1071S Z€ 40 STVANALN| M)
1V SINIOd HOHONY 44INS 13S ANV
3AOW 44INS THL NI 13SAVIH dNL3S

+ N pis

WVYINLS VLVa sday9 v 404
SWOZ ANIAI YLVA 1INV IOIOA ONIGNTS
379VN3I OL £HA SV 2dAL 13XIVd 1OV L3S

* N ziL

13SAV3H ANV TVNIWEL
N3aML3E FANLYId NOISSINSNYAULIY
HLIM MNIT 1OV dtL3S

\
0}
904 *

HILSVIN IHL TYNIWYAL
MV OL HOLIMS JT0H WHOIN3d

ON

& ¥31SVIN IHL
IYNIWYIL FHL SI S3A

£0L
201

13SAVIH HLOO13NT8 ANV TVYNIWYAL
N23IML38 NOILLDOINNOD HSINgv1s3

AN
olany dnias

L ©ld

EX1012, Page 7



US 7,454,171 B2

Sheet 6 of 11

Nov. 18, 2008

U.S. Patent

13XIVd IV
H10013Nn18
ONILLIWSNYYL
§3137dNO0D
TVYNIWYIL
9Z8 LN3A3

INIOd YOHINY
NI LIX0ovd
70V H10013N79
ONILLINSNVY L
S1YVLS TYNIWY3L
‘808 LN3A3

L3NJVd 10V
H100.13n718
ONILLINSNVYL
AVNINY3AL
018 ALVIS

13XMovd
A9V HLOO0L3N18 TYNIORIQ
S1Y¥089V TVNINY3L
‘#18 NOLLOV

LNIOd ¥OHONY ddINS
1X3N 304 Q37NA3HIS
13X2vd 10V HLOOLaN8E

TYNISIHO 708 LNIA3

13M0Vd 10V
H10013Nn789
1INSNYHL OL
1NIOd HOHONY LX3N
ONILIVMY TYNIWY3L
‘908 31VIS

IVNINNAL
208 3LV1S

ONILLINSNVYL
r/._.mxo<a_ v 13IMIVd NVTIM S1HVI1S TVYNIWYIL
HLOO013NT9 TVYNIDIO S1HO8Y TYNIWYIL ‘8E8 LN3A3
SLY0aVY TVYNIWNIAL *¥58 NOILOV

‘¥Z8 NOILDY

G3NA3HOS
ALNIOd HOHONY ONINNG S1 13M9vd 1oV
Q3IAIFOIN ST NVIM H10013n79 3LHO8Y www_m‘_ﬁmﬂﬂﬁ
HO LINSNYYL OL 13MOVd NYTM ALIMOIMd Y3IHOIH TYNINN3L
aaTINAIHIS SI LINavd SLINWSNVHLIY 40 NOISSINSNVYLIY :0v8 ALVLS
0952 YO 025 ‘NVIM TYNINY3AL :Z68 IN3A3
ALINOIN ¥IHOIH ‘058 NOILOV

1728 IN3A3
3SNOJSIY SIAVIS
ONIAIZOIY ANV
13Y0vd 10V HLoOL3NTg
321408V ONLLLINSNVY13Y
SILITJNOD TYNIWYEAL

LNIOd HOHINY :878 IN3AT
ONINNA AIAIZOIY SI ¥O 139Vd 19V
oz_»m.m__ﬁwamﬂ.ﬂ_ﬂomm HlL0013N78 1NIOd ¥OHONY ¥3L4V
ALIMORd HIHOIH g3.1¥08v 3HL 1018 JAVIS-OL-HILSYI
s S¥331N9 TYNIWN3L EVAAY Lo

‘918 3LVIS

NI 13%0Vd 10V HLOOL3N189 ALIMORd
YIHOIH SLINSNVYL13Y TYNINYIL
‘028 NOLLOV

13MOVd NVIM ONIAITOT

0 13X0vd 0952 Y0 09S ‘NYIM
ONILLINSNYYHL S3137dWOD TYNINYIL
818 LN3A3

1078 LIWX NVIM
144Vl HOd ONILIVM | Jod a31na3HoS
13M3vd NvIM
IAVNIORO
‘€8 LNIAT

13XIVd NVTM
ONILLINSNVYL
$3137dN0J
TVNINY3L
958 IN3A3

LINIVd NVIM
1INSNVYL OL
1078 NVIM Y04
ONILIVM IVNIWNI L
‘9e8 ALVIS

13XMOVd NYvIM

13XNIVd NV IM
S1H04Y TVYNIWY3L
‘8 NOILLOV

SNI938 13M0Vvd
H10013N78 a3lyoav

13M0Vd NVIM ALIRORId ¥IHOIH
a3ryoav 40 NOISSINSNVYLIY
SH344N8 TYNINYTL Zy8 LNJA
‘9y8 3LVIS

L}
2115 SN ve 'Old

EX1012, Page 8



US 7,454,171 B2

Sheet 7 of 11

Nov. 18, 2008

U.S. Patent

13MIVd ASNOdSTY
S1INSNVYL 13SAV3H

1078 ALSYW-OL-IAVTS

SNI938 LINIOd HOHONY J4INS
.rz_o."._ YOHONY d44INS HO4 SLIVM ANIOd HOHONY
%98 IN3IAT 13savaH ¥3aldv 1018

298 ALVLS YALSVYIW-OL-3AVIS LX3N
NI LINOVd ISNOdSIN
SLINSNVYYL 13SAavaH

:088 NOILLOV

ANIOd YOHONV
ONINNA 13MIVd 10V
HLO013N18 S TIVNINY3L
04 SNIL1SIT13SavaH { 13X0Vd 10V HLOOL L3N8
1998 JLVIS SAVNIWYEL ONILOAL3a

AINIOd HOHONY
daldv 101s
JAVIS-OL-HALSVIN LX3IN

OL ¥0ldd Q3A13934 SI NI LINOVd 19V HLOOL3NT8
P 13%9Vd 02S? 40 03S 'NVIM Q3L LINSNVNLIY
SIVNIWNAL ALIHORid ¥IHOIH $193130 13SAV3H
) ‘788 LN3A3 ‘848 IN3A3

§103130 13Sav3H
‘898 LN3A3

13MOVd 3SNOdS3N
LINSNVYL OL
1078 ¥3ALSVYN-O1-3AVYIS
¥O0d SLIVM 13SAV3IH
‘048 31V1S

‘#.8 NOLLOY

SyNI20

13XIOVd ¥3IHLONV
YO4 N31sIn ol

SINNILNOD 13SAV3IH

9.8 31v1sS

‘Z.8 IN3IA3 /

098 WV OVIQ
31V1S S:13SAv3H

a8 "'Old

EX1012, Page 9



US 7,454,171 B2

Sheet 8 of 11

Nov. 18, 2008

U.S. Patent

143Vl dIOA JONVHIXE

+ Svez

SLNIOd ¥OHONY
ONIMOTT04 NOISSIWSNYHLIY
HL0013N78 ¥Od4 SLOTS NVIM YA
$1078 H10013N789 O1 ALIMOIRd NOISSY

(443

NOISSINSNV¥LIY
HL00L13N79 ¥Od 1d30X3 ‘SLINIOd
YOHINY ONIHNA S1078 HLO0013N18
Y3AO0 S10TS NYIM Ol ALIMOIN NOISSY

0zL

A—q.cn_.._. Hvs AKESE Blus

N} LNOJWIL 44INS GNV N)
LdW3LLY J4JINS SHALIWYHVA 44INS 138

+ oz

ﬁ:o-E_. BIus,

LNOINIL
44INS QNv (" _Ezv LdW3LLV 44INS

SYILINVUY JINS 30 INTYA ISVYIUOINI
ANV GO JJINS NI L13SAV3H 1yv.is3y

Y

S107S Z¢ 40 SIVANILNI M)

1V SLNIOd YOHONY JdINS 13S ANV
JA0W 44INS FHL NI LISAVY3H dNi3S

N ggs
S3A

ON
peL

+ N

WYINLS V1va sdgiye v 304
SWOZ AYIAI VLVAJ 1INV IDI0A ONIONIS
379VN3 Ol €HA SV FJAL LINOVE 1DV L3S

+ Nz

S13%I3Vd 3210A 10V d3HSN4 40
«dN» SIONIHANIO0

13SAVIH ANV TYNINYIAL
NI3IMLIE J¥NLVI NOISSIWSNVYLIY

40 ADNINO34 FHL LNNOD HLIM YNIT 19V dNL3s
oL » Nou
+ 901
NOISSINSNVN L3N LNOHLIM a3IdX3
3AVH S13Y0Vd IHL ¥3LIV SLINOV |« mv_<s_z%ﬂw_\“_ﬂ_mm.w%~__s_%ww 1N3d
3210A 19V HSAT3 ATIVIILYWOLNY
A N ogs oN
> ¢ M3LSVI FHL
IVNINY3L FHL SI S3A

g0z
-20L

13SQV3H HL00L3aNT9 ONV TVYNIWY3L
N33ML39 NOILOINNOD HSINgvLs3a

6 "Old

MNIT
oianvy dnias

EX1012, Page 10



US 7,454,171 B2

Sheet 9 of 11

Nov. 18, 2008

U.S. Patent

S)0|S Yjo0jen|g Ze= swWoz a0l 'Old

XH/X1 X1/xy XY/XL.
1] /] | NVIM
EEw:<t_:wZ
_An WERYT N AIE] .v_
xy|x1 Y Th_ X1 XL m X1 x| x L[ x g wm 19
0989 v 0989® 008s? oomw 19V 09s@ ._o<
Broﬁ
uliod 9ioed ulod
! 1oV !
18)0ed loyasuy 19oed 1ovoed 192ed 9%oed 10V 19yoed Joysuy
00s? Hus 00s® 0DS9 00Se  PIPIWSUBRNBY  ODSe Hs
SJOIS yjo0jen|g ZE= SWog Vol "9l
XH/X1 X1/xy XHXL

E HZ<._>>
|V_ aEu_EE:mz Tl

XY\ XL X[ X1 WN ._um
v 0V oV
/ \ pauoqy
ujod «m_x%ﬂn_ ujod
Joyouy jayded v loysuy
Hug paplwsuel)ay Hiug

EX1012, Page 11



US 7,454,171 B2

Sheet 10 of 11

Nov. 18, 2008

U.S. Patent

A

L1 "OId

S1OJs yjoolanig ¢g€= sWoe

v

NYM NYIM NYIM
XH/X1 X1/xd XH/X1
i I []
anzee_:wz
uoisi|jo
=Ho9 [ qaouvna
Xy X1 x| X1 XY (XL XY(X1 Vm M_x.r XY | XL {x¥ (X1 Wm 19
00s?® 09089 03s?® 09s? Oomm 10V 00s? ._o<
1oxoed
urod ujod
1o)0ed loyouy  }ayoed -W_WMM_ uw_wmm_ 19)0ed 19%2ed IOV 19)0ed v Joyouy

EX1012, Page 12



US 7,454,171 B2

Sheet 11 of 11

Nov. 18, 2008

U.S. Patent

13IXOVd
HLO0L3079 TYNISINO
S1Y09V TYNINYIL
‘716 NOLLOV

ONILLINSNVYL SNI938
13MIVd NVIM
ALRNOIRYd ¥3HOIH
‘ZI6 INIAT

‘926 LN3A3

LIWSNVYL OL LINSNVYL OL
1071S 098° 04 LO7S NVIM 304
ONILIVM TYNINYIL ONILIVAM TYNIWNIL
'906 31VLS 1966 ILVLS
13)0vd

HLoolang 13%9Vd NVTM

ONLLLINSNY¥L ONILLINSNVYL
SLYV1S TYNINY3L
:606 LN3AI // 13%0vd Nv'1M mEM% Huuﬁzmh
13)9Vd SL¥08Y WNIN¥3L /]
H10013N78 TWNISINO 956 NOLLOV
SL¥08Y TYNINYIL
b6 NOILOV

13MOvd HLOO13N8

Q37TNAIHIS S1 LINIVd 13X9vd NV IM
ONILLINSNVYHL LINSNVL OL H10013N19 @31309Y ONILLINSNYYL
TVNINYAL Q3INAIHIS SI NVIM 40 NOISSINSNVY13Y TYNIWNTL
046 ALVLS ALIMOINd HIHOIH ALIYOIYd ¥IHODIH 10¥6 ALVLS

13Xovd 10718 LIWX 092 107S LIWX NVIM 1302vd NVIM
Hl0013n78 ¥04 Q3NQIHIS 2144VY1L YO ONILIVM | Y04 ATTINAIHIOS ONILLINSNVYL
ONILLINSNVYL 13)19vd H10013N18 IUNINYAL 13X0Vd NVIM S$3131dW02
$3131dW0D TYNIDINO :+06 LNIAI 206 ALVLS TYNIOIHO IVNINN3L
TYNINNIL

‘w£6 LNIAT 1956 LNIAT

13X0vd HLO013N18 LINIVd NVIM

LINSNVYL O1

‘TT6 ANIA3 266 LN3JA3I
13MIVd NV IM
SLINSNVYL3Y TYNINYAL
-096 NOILOV

13XIOVd NVIM
S.1408Y TVNINY3L

:b¥6 NOILOY
13%9¥d H10013N18
Q3LM08Y ONILLINSNYNLIY ONILLINSNVNL
$3131dWOD TYNIWHAL SNI938 1INOVd
La%ovd HLOOLINTE 676 LNIAT L3Movd Nvam  \HLO013n18 a3Luoay
40 NOISSINSNVNLIY

g3L¥08V 3HL a31408v ALIMOIYd ¥3IHOIH

S¥344n9 TYNIWNAL 1071S NOISSINSNY¥L3Y 0989 S¥344NEG TYNINYIL

‘916 ILVLS NI L3X0Vd HLOOL3NTE ZV6 IN2AI
SLINSNYXLIN TYNINNIL

‘026 NOILOY

‘96 3LVIS

13M3Vd NVIM ONILLINSNYVYL
$3137dINOD TYNINYTL /

‘616 AN3JA3

006 NF -w—m

EX1012, Page 13



US 7,454,171 B2

1

METHOD AND SYSTEM FOR VOIP OVER
WLAN TO BLUETOOTH HEADSET USING
ACL LINK AND SNIFF FOR ALIGNED ESCO
TRANSMISSION

FIELD OF THE INVENTION

The invention disclosed broadly relates to improvements in
mobile wireless terminals having more than one short-range
communication interface, for reducing interference in simul-
taneous signal handling. The invention more particularly
relates to reducing interference in voice over IP (VoIP) com-
munications in wireless terminals having both wireless local
area network (WL AN) and Bluetooth interface.

BACKGROUND OF THE INVENTION

The best-known example of wireless personal area net-
work (PAN) technology is the Bluetooth Standard, which
operates in the 2.4 GHz ISM band. Bluetooth is a short-range
radio network, originally intended as a cable replacement.
Bluetooth devices are designed to find other Bluetooth
devices and Bluetooth access points within their roughly ten
meter radio communications range. Bluetooth is a time divi-
sion multiplexed (TDM) system, where the basic unit is a slot
of 625 microsecond duration. Each Bluetooth device may be
either a master or a slave at any one time, but not simulta-
neously in the same piconet. The master device initiates an
exchange of data by sending a packet in a slot and the slave
device must respond to the master with a packet in the next
slot indicating whether it successfully received the prior
packet. The slave will not transmit again until the master
again transmits to it. The Bluetooth Special Interest Group,
Bluetooth Specification Including Core Volume 1.2, Nov. 5,
2003, (hereinafter “Bluetooth v1.2 Specification™) describes
the principles of Bluetooth device operation and communi-
cation protocols. The Bluetooth v1.2 Specification is avail-
able from the Bluetooth Special Interest Group at the web site
www.bluetooth.com.

A recent specification published by the Bluetooth Special
Interest Group, Specification of the Bluetooth System, Volume
2.0+EDR, Nov. 4, 2004, (hereinafter “Bluetooth v2+4EDR
Specification™) describes the Enhanced Data Rate (EDR)
Bluetooth, which permits speeds up to 2.1 Mbps, while main-
taining backward compatibility. The Bluetooth v2+EDR
Specification is available from the Bluetooth Special Interest
Group at the web site www.bluetooth.com.

One application of the Bluetooth technology is to carry
audio information, which enables designing devices such as
wireless headsets. Audio data is carried via Synchronous
Connection-Oriented (SCO) packets using coding schemes
such as Continuously Variable Slope Delta (CVSD) modula-
tion or a Pulse Code Modulation (PCM). When a SCO link is
established, the packets are exchanged over the air between
the master and a slave device by alternately transmitting and
receiving the encoded audio data in consecutive SCO slots.
An example of a Bluetooth wireless headset and a Bluetooth-
enabled telephone terminal is shown in FIG. 1. The telephone
terminal 100A includes a Bluetooth transceiver module 604
connected to the Bluetooth antenna 102A. The wireless head-
set 101 A also includes a Bluetooth transceiver module con-
nected to its own Bluetooth antenna. Either the headset or the
telephone terminal can initially assume the role of the master
device, depending on how the connection was initiated. When
a SCO link 106 A is established between the telephone termi-
nal 100A and the wireless headset 101A, packets are
exchanged over the air between the master and slave device
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2

by alternately transmitting and receiving the encoded audio
data in consecutive SCO slots.

Wireless local area networks (WLAN) cover a larger radio
communications range of up to one hundred meters.
Examples of wireless local area network technology include
the IEEE 802.11 Wireless LAN Standard. The 802.11b stan-
dard for wireless local area networks (WL ANSs), also called
Wi-Fi, is part of the 802.11 series of WLAN standards from
the Institute of Electrical and Electronics Engineers (IEEE).
Networks employing 802.11b operate at radio frequencies in
the 2.4 GHz ISM band, the same as that for Bluetooth. Like
other 802.11 standards, 802.11b uses the Ethernet protocol
and CSMA/CA (carrier sense multiple access with collision
avoidance) for path sharing. The modulation method used in
802.11b is complementary code keying (CCK), which allows
higher data speeds and is less susceptible to multipath-propa-
gation interference. An example of a WLAN is shown in FIG.
1, where the telephone terminal 100A is a mobile device,
which includes an IEEE 802.11b transceiver 602 connected
to a WLAN antenna 103A. The WLAN access point 140A
shown at location A in FIG. 1 also has an IEEE 802.11b
transceiver connected to its own WLAN antenna. When an
RF communications link 108A conforming to the IEEE
802.11b Standard is established between the telephone ter-
minal 100A and the access point 140A, data frames contain-
ing encoded audio data are exchanged over the WLAN cov-
erage area 150A between the telephone terminal 100A and
the access point 140A. The access point 140A is shown con-
nected by wireline to the IP Network 144, to exchange data
frames containing voice over internet (VoIP) encoded audio
data in a IP network.

FIG. 1 shows a second WLAN access point 140B shown at
location B in FIG. 1 connected by wireline to the IP Network
144, establishing a second WLAN coverage area 150B. The
WLAN access point 140B has an IEEE 802.11b transceiver
connected to its own WLAN antenna. The second WLAN
access point 140B communicates with a second telephone
terminal 100B, which includes an IEEE 802.11b transceiver
connected to a WLAN antenna 103B. When an RF commu-
nications link 108B conforming to the IEEE 802.11b Stan-
dard is established between the telephone terminal 100B and
the access point 140B, data frames containing voice over
internet (VoIP) encoded audio data are exchanged over the
WLAN coverage area 150B between the telephone terminal
100B and the access point 140B. The telephone terminal
100B includes a Bluetooth transceiver module connected to
the Bluetooth antenna 102B. The wireless headset 101B also
includes a Bluetooth transceiver module connected to its own
Bluetooth antenna. Fither the headset or the telephone termi-
nal can initially assume the role of the master device, depend-
ing on how the connection was initiated. When a SCO link
1068 is established between the telephone terminal 100B and
the wireless headset 101B, packets are exchanged over the air
between the master and slave device by alternately transmit-
ting and receiving the encoded audio data in consecutive SCO
slots. In this manner, voice conversations can be established
between users of the wireless headsets 101A and 101B.

The 802.11g specification is another standard for wireless
local area networks (WLANS) that offers transmission over
relatively short distances at up to 54 megabits per second
(Mbps), compared to the 11 Mbps theoretical maximum with
the earlier 802.11b standard. Networks employing 802.11g
operate at radio frequencies in the 2.4 GHz ISM band, the
same band as for Bluetooth and for 802.11b. But, the 802.11g
specification employs orthogonal frequency division multi-
plexing (OFDM) to obtain higher data speed than that for
802.11b. Computers or terminals set up for 802.11g can fall
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back to speeds of 11 Mbps. This feature makes 802.11b and
802.11g devices compatible within a single network. The
IEEE 802.11 Wireless LAN Standard is available from the
IEEE, Inc. web site http://grouper.ieee.org/groups/802/11.

Combining the short range PAN (e.g., Bluetooth) and the
longer range WLAN (e.g., IEEE 802.11g) features in a uni-
tary, mobile terminal enables a user to tap into area-wide
WLAN access points and to operate local I/O devices without
a cable connection. An example of such a mobile terminal is
the wireless telephone 100A of FIG. 1 that includes both a
Bluetooth transceiver and a WL AN transceiver, enabling the
user to receive a voice over internet (VolP) telephone call
from a WLAN access point 140A and to converse with the
caller using the wireless headset 101A via the Bluetooth
connection 106A between the headset and the telephone. A
significant problem with a wireless telephone that includes
both a Bluetooth transceiver and a WLAN transceiver is that
the Wireless LAN and the Bluetooth networks both operate in
the 2.4 GHz ISM band and therefore can interfere with each
other.

The VoIP telephone call is established over Internet Proto-
col (IP) by using User Datagram Protocol (UDP) and Real
Time Protocol (RTP). VoIP packets carry real time data in the
Voice Payload. The standard for transmitting real time data in
packet switched networks is ITU standard H.323, which uses
RTP/UDP/IP encapsulation. Real-Time Transport Protocol
(RTP) supports end-to-end delivery services of applications
transmitting real-time data over IP networks. The RTP packet
includes an RTP header and the Voice Payload. User Data-
gram Protocol (UDP) is a connectionless protocol that, like
TCP, runs on top of IP networks. The UDP packet includes a
UDP header and the RTP packet. UDP/IP offers a direct way
to send and receive packets over an IP network. The IP packet
includes an IP header, the UDP packet, and a CRC trailer
field. The VoIP packet typically delivers 20 ms of speech and
the size of the IP packet depends on the voice codec used in
encoding the speech stream. The VoIP packet is sent to the
mobile terminal 100 A using the WLAN link 108A. In mobile
terminal the VoIP packet is decoded and then re-encoded with
a Bluetooth codec, which is a Continuously Variable Slope
Delta (CVSD) modulation codec or a Pulse Code Modulation
(PCM) codec described in the Bluetooth v1.2 Specification.
In the receiving mode, the coded packet is delivered to the
Bluetooth headset 101A and converted to voice. The
sequence is reversed in the transmitting mode, although the
processing capacity of the headset may limit applicable
encoding schemes and hence also technical solutions to the
interference problem.

The WL AN frame structure for the IEEE 802.11b standard
carries the VoIP packet in the frame body field of the Medium
Access Control (MAC) frame defined in the IEEE Standard.
Each wireless station and access point in an IEEE 802.11
wireless LAN implements the MAC layer service, which
provides the capability for wireless stations to exchange
MAC frames. The MAC frame transmits management, con-
trol, or data between wireless stations and access points. After
a station forms the applicable MAC frame, the frame’s bits
are passed to the transceiver for transmission. The WLAN
data frame carrying a VoIP packet+ACK frame includes sev-
eral additional components that give it an average duration of
approximately 622 microseconds, which is approximately
the same duration as a Bluetooth slot. The WL AN data frame
begins with an interframe DIFS space of 50 microseconds,
which ensures the previous transmission has completed and
that it is safe to access the medium again. Next is a back-off
wait interval averaging 80 microseconds to allow sharing the
medium. Next is a 192 microsecond interval for the synchro-
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nization preamble. Next is the MAC frame payload of
approximately 87 microseconds, which includes the VoIP
packet. This is followed by the SIFS gap of ten microseconds
between the data frame and its acknowledgement. This is
followed by the WLAN acknowledgement (ACK) frame,
which is 203 microseconds duration. The WLAN data frame
is transmitted, on average, every twenty milliseconds in both
the send and the receive directions.

Interoperability problems arise when WLAN transceivers
and Bluetooth transceivers having their own separate anten-
nas 102A and 103A are located in the same terminal 100A
and have limited antenna isolation, as shown in FIG. 1. From
an integration perspective, it is beneficial to utilize the same
antenna and RF filter in a mobile terminal to reduce manu-
facturing cost and form factor, since both transceivers use the
same 2.4 GHz band. In this case the access to the antenna for
the WLAN and Bluetooth transceivers is arranged using a
switch to connect one or the other of the transceivers to the
antenna port at a time. An example of this is shown in FIG. 2
where the single antenna 105 A of the terminal 100A is shared
by both the Bluetooth transceiver and the WL AN transceiver.
Similarly, the single antenna 105B of the terminal 100B is
shared by both the Bluetooth transceiver and the WLAN
transceiver. This arrangement requires that the Bluetooth and
the WL AN transceivers in a terminal operate at different
instants, requiring a coordinating control between the trans-
ceivers. Such a coordinating control must decide which trans-
ceiver can use the channel.

There are different requirements for the control, depending
on whether the link is operating in real time for an interactive
application, such as telephony, or whether the link is operat-
ing in a data transfer mode, such as file transfer protocol
(FTP).

The WLAN access point is basically autonomous of the
terminal, which has limited capabilities to affect downlink
timing. Hence, the WL AN traffic cannot be reliably estimated
by the terminal. Thus, when the access point is transmitting to
the terminal, potentially many of the WLAN packets can be
lost due simultaneous Bluetooth activity or a wrong switch
position. To maintain speech integrity, retransmissions are
required.

The Bluetooth v1.2 Specification defines different types of
logical transports between the master and slave. Five logical
transports have been defined:

1. Synchronous Connection-Oriented (SCO) logical trans-
port, described above,

2. Extended Synchronous Connection-Oriented (eSCO) logi-
cal transport,

3. Asynchronous Connection-Less (ACL) logical transport,
4. Active Slave Broadcast (ASB) logical transport, and

5. Parked Slave Broadcast (PSB) logical transport.

The Synchronous Connection-Oriented (SCO) transports
are point-to-point logical transports between a Bluetooth
master and a single slave in the piconet. The synchronous
logical transports typically support time-bounded informa-
tion like voice or general synchronous data. The master main-
tains the synchronous logical transports by using reserved
slots atregular intervals. Four packets are allowed on the SCO
logical transport: HV1, HV2, HV3 and DV. The HV1 packet
has 10 information bytes. The HV2 packet has 20 information
bytes. The HV3 packet has 30 information bytes. The DV
packet is a combined data and voice packet. On each SCO
channel, n-bits are sent and received in consecutive SCO slots
once every Ty slots.
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In addition to the reserved slots, the Extended Synchronous
Connection-Oriented (eSCO) logical transport provides a
retransmission window after the reserved slots. EV packets
are used on the synchronous eSCO logical transport. The
packets include retransmission if no acknowledgement of
proper reception is received within allocated slots. eSCO
packets may be routed to the synchronous I/O port. Three
eSCO packets have been defined for Bluetooth. The EV3
packethas between 1 and 30 information bytes and may cover
up to a single time slot. The EV4 packet has between 1 and
120 information bytes and may cover to up three time slots.
The EVS packet has between 1 and 180 information bytes and
may cover up to three time slots. On each eSCO channel,
n-bits are sent and received in consecutive eSCO slots once
every period of T, -, slots. Each packet header includes a
one-bit acknowledge indication, ARQN, which indicates that
the last prior packet was correctly received. With an auto-
matic repeat request scheme, EV packets are retransmitted
until acknowledgement of a successful reception is returned
by the destination (or timeout is exceeded). As opposed to
SCO links, eSCO links can be set up to provide limited
retransmissions of lost or damaged packets inside a retrans-
mission window of size W, slots.

The Asynchronous Connection-Oriented (ACL) logical
transport is also a point-to-point logical transport between the
Bluetooth master and a slave. In the slots not reserved for
SCO logical transport, the master can establish an ACL logi-
cal transport on a per-slot basis to any slave, including the
slaves already engaged in a SCO logical transport. (Note that
eSCO and SCO connections are optional and in some appli-
cations are not needed.) After a successful connection proce-
dure, the devices are physically connected within a piconet.
During the time that a slave device is actively connected to a
piconet there is always a default ACL logical transport
between the slave and the master device. The ACL logical
transport uses error detecting and correcting coding. (Not all
ACL packets use error detecting or correcting coding.) On
ACL logical transports the results of the error detection are
used for a simple acknowledgement/repeat request (ARQ)
protocol to provide an enhanced reliability by retransmitting
packets that do not pass the receiver’s error checking algo-
rithm.

The asynchronous connection-oriented (ACL) logical
transport is used to carry best effort asynchronous user data
that has no time-based characteristics and is normally
expected to be retransmitted until successfully received. The
ACL logical transport may also be used to transport isochro-
nous data, such as audio or video data that has time-based
characteristics. The isochronous data may be retransmitted
until received or expired. The data rate on the isochronous
link need not be constant, which is the main difference from
synchronous links. The default ACL. may be used for isoch-
ronous data transport by configuring it to automatically flush
packets after the packets have expired.

After a successtul connection procedure, the devices are in
the active mode wherein both master and slave actively par-
ticipate on the channel. The master schedules the transmis-
sion based on traffic demands to and from the slave and it
supports regular transmissions to keep the slave synchronized
to the channel. Slaves in the active mode listen in the master-
to-slave slots for packets. The master can create and release
additional logical links and to change the modes ofthe physi-
cal and logical links while remaining connected to the piconet
physical channel. It is also possible for the device to carry out
inquiry, paging or scanning procedures or to be connected to
other piconets without needing to disconnect from the origi-
nal piconet physical channel. Additional logical links are
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created using the Link Manager that exchanges Link Man-
ager Protocol messages with the remote Bluetooth device to
negotiate the creation and settings for these links.

The ACL logical transport link between a master and slave
device can be changed from the active mode to the sniff mode,
which is a common method for reducing power consumption
in the slave device. When in the sniff mode the availability of
the ACL logical transport is modified by defining a duty cycle
consisting of periods of presence and absence. Slave devices
that have their default ACL logical transports in the sniff
mode may use the absent periods to enter reduced power
mode. Sniff mode only affects the default ACL logical trans-
ports and does not apply to any additional SCO or eSCO
logical transports that may be active between the slave and the
master. In sniff mode, the duty cycle of the slave’s activity in
the piconet may be reduced. If a slave is in active mode on an
ACL logical transport, it listens in every master-to-slave slot.
With sniff mode, the time slots when a slave is listening are
reduced, so the master only transmits to a slave in specified
time slots called anchor points. The sniff anchor points are
spaced regularly with an interval of T, , -, as shown in FIG. 3.
The slave listens in master-to-slave transmission slots starting
at the sniff anchor point. It uses the following rules to deter-
mine whether to continue listening:

Iffewer than N, /¢, Master-to-slave transmission slots
have elapsed since the sniff anchor point then the slave
continues listening.

If the slave has received a packet with a matching address
that contains ACL data in the preceding Ng,.r smeour

master-to-slave transmission slots then it continues lis-

tening.
Ifthe slave has transmitted a packet containing ACL data in
the preceding N+ .00, Slave-to-master transmission
slots then it continues listening.

If the slave has received any packet with a matching
address in the preceding Ng,.r sinco., Master-to-slave
transmission slots then it may continue listening.

A device may override the rules above and stop listening
prior 10 N, .7 meou OF the remaining N, - oy, slots if
it has activity in another piconet.

Two parameters control the listening activity in the slave:
the sniff attempt (N, ,1zmp,) @0d the sniff timeout (N~
ameouz). The sniff attempt parameter determines for how many
slots the slave listens, beginning at the sniff anchor point slot,
even if it does not receive a packet with its own address. The
sniff timeout parameter determines for how many additional
slots the slave listens, if it continues to receive only packets
with its own address. It is not possible to modify the sniff
parameters while the device is in snift mode. Either the master
or the slave may request entry to sniff mode.

It is possible that activity from one sniff timeout may
extend to the next sniff anchor point. Any activity from a
previous sniff timeout does not affect activity after the next
sniff anchor point. So in the above rules, only the slots since
the last sniff anchor point are considered.

The sniff mode only applies to asynchronous logical trans-
ports. Sniff mode does not apply to the SCO and eSCO
synchronous logical transports, therefore, both masters and
slaves must still respect the reserved slots and retransmission
windows of synchronous links.

The setting of the sniff anchor points is established using
Bluetooth clock values. Every Bluetooth device has a native
clock CLKN that is derived from a free running system clock.
For synchronization with other devices, offsets are used that,
when added to the native clock, provide temporary Bluetooth
clocks that are mutually synchronized. The clock has a cycle
of'about a day that is implemented with a 28-bit counter that
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wraps around at 2°%1. The least significant bit (LSB) ticks in
units of 312.5 ps (i.e. half a time slot), giving a clock rate of
3.2 kHz. The clock determines critical periods and triggers
the events in the device. Four periods are important in the
Bluetooth system: 312.5 us, 625 ps, 1.25 ms, and 1.28 s; these
periods correspond to the timer bits CLK,,, CLK, CLK,, and
CLK, ,, respectively. CLK is the master clock of the piconet.
It is used for all timing and scheduling activities in the pico-
net. All devices use the CLK to schedule their transmission
and reception. The CLK is derived from the native clock
CLKN by adding an offset. The offset is zero for the master
since CLK is identical to its own native clock. Each slave adds
an appropriate offset to its CLKN such that its CLK corre-
sponds to the CLKN of the master. The master transmission
always starts at even numbered time slots (CLK;=0) and the
slave transmission always starts at odd numbered time slots
(CLK,=1). The basic piconet physical channel is divided into
time slots, each 625 s in length. The time slots are numbered
according to the most significant 27 bits of the Bluetooth
clock CLK,;_, of the piconet master. The slot numbering
ranges from 0 to 2271 and is cyclic with a cycle length of 2%7.

To enter the sniff mode, the master or slave issues a sniff
command via the Link Manager (M) protocol. This message
includes the sniffinterval T, ;and an offset D, » In addition,
an initialization flag indicates whether initialization proce-
dure 1 or 2 is used. The device uses initialization 1 when the
most significant bit (MSB) of the current master clock
(CLK,,) is 0; it uses initialization 2 when the MSB of the
current master clock (CLK,,) is 1. The slave applies the
initialization method as indicated by the initialization flag
irrespective of its clock bit value CLK,,. The snift anchor
point determined by the master and the slave is initialized on
the slots for which the clock satisfies the applicable equation:

CLK,;_ymod T,,,;=D,, - for initialization 1 or
(CLK57,CLK 6 1) mod T, ;5=D,, ¢ for initialization 2.

This equation indicates that D, »must fall on an even slot.

After initialization, the clock value CLK(k+1) for the next
sniff anchor point is derived by adding the fixed interval T,
to the clock value of the current sniff anchor point:

CLE(k+ 1) =CLE®)+ Topigr

ACL packets can be specified as one of several packet
types: DM1, DH1, DM3, DH3, DM5, and, DHS5. (Also AUX1
is a ACL packet. AUX1 has no CRC and it is not retransmit-
ted.) The designations “DM” stands for Data Medium rate
and “DH” stands for Data High rate. DH packets achieve a
higher rate because they use less error correction in the
packet, leaving more room for data. The DM1 packet carries
data information only. The payload has between 1 and 18
information bytes (including the 1-byte payload header) plus
a 16-bit CRC code. The DM1 packet occupies a single time
slot. The information plus CRC bits are coded with a rate 2/3
FEC. The payload header in the DM1 packet is 1 byte long.
The DH1 packet is similar to the DM1 packet, except that the
information in the payload is not FEC encoded. As a result,
the DH1 packet has between 1 and 28 information bytes
(including the 1-byte payload header) plus a 16-bit CRC
code. The DH1 packet occupies a single time slot. The DM3
packet may occupy up to three time slots. The payload has
between 2 and 123 information bytes (including the 2-byte
payload header) plus a 16-bit CRC code. The information
plus CRC bits are coded with a rate 2/3 FEC. The payload
header in the DM3 packet is 2 bytes long. The length indicator
in the payload header specifies the number of user bytes
(excluding payload header and the CRC code). The DH3
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packet is similar to the DM3 packet, except that the informa-
tion in the payload is not FEC encoded. As a result, the DH3
packet has between 2 and 185 information bytes (including
the 2-byte payload header) plus a 16-bit CRC code. The DH3
packet may occupy up to three time slots. The DMS packet
may occupy up to five time slots. The payload has between 2
and 226 information bytes (including the 2-byte payload
header) plus a 16-bit CRC code. The payload header in the
DMS packet is 2 bytes long. The information plus CRC bits
are coded with a rate 2/3 FEC. The length indicator in the
payload header specifies the number of user bytes (excluding
payload header and the CRC code). The DHS packet is similar
to the DMS packet, except that the information in the payload
is not FEC encoded. As a result, the DHS packet has between
2 and 341 information bytes (including the 2-byte payload
header) plus a 16-bit CRC code. The DHS packet may occupy
up to five time slots.

Inthe prior art, the Bluetooth link between the terminal and
the headset typically uses the synchronous SCO transport and
HV3 packet. Due to the synchronous nature of that transport,
Bluetooth traffic can be estimated fairly accurately by the
terminal. However, in the SCO transport, there are no retrans-
missions and therefore if the medium is reserved by the
WLAN transceiver in the terminal at a particular moment or
if the WL AN transceiver in the terminal is connected to the
antenna, the SCO packet is permanently lost. For a VoIP
packet received by the terminal from the WL AN access point
and intended to be forwarded to the Bluetooth headset, a
collision or packet loss will be likely occur once every 16
Bluetooth SCO slots. fHV2 or HV1 packets are used instead
of HV3, collisions or packet loss will occur even more often,
increasing the SCO packet loss by approximately 6%.
Instead, if the medium is being used by the Bluetooth trans-
ceiver in the terminal when the WLAN transceiver in the
terminal tries to access the medium, the WL AN packet is not
permanently lost, but can be retransmitted as provided by the
IEEE 802.11 standard. On the average, the WLAN trans-
ceiver in the terminal will have to retransmit once every 3’
packet, which increases WL AN retransmissions by 30%.

The interference problem of WLAN and Bluetooth trans-
ceivers operating in the same terminal has been recognized in
the prior art. The IEEE has developed a recommended prac-
tice to handle this problem, which is published in the IEEE
Standards 802, Part 15.2: Coexistence of Wireless Personal
Area Networks with Other Wireless Devices Operating in
Unlicensed Frequency Bands. This IEEE recommended prac-
tice is based on establishing a control block between the
WLAN and Bluetooth transceivers in a terminal. The control
block assigns a higher priority to Bluetooth transmissions
than to WLAN transmissions and selects which one of those
transceivers is to be operating at a particular instant.

The first problem with the IEEE recommended practice is
that it is only a recommendation and thus it cannot be known
whether and how different WL AN transceiver manufacturers
will implement this recommendation for access points and
mobile terminals. Secondly the IEEE recommended practice
assigns the WLAN acknowledgement (ACK) packet to have
priority over the Bluetooth packet during WL AN retransmis-
sions of interrupted WLAN packets. This will directly cause
some permanent packet losses for the Bluetooth transceiver.

What is needed in the prior art is a method to reduce
interference in simultaneous WLAN and Bluetooth signal
handling, especially in voice over I[P communications via a
WLAN telephone to a Bluetooth headset.
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SUMMARY OF THE INVENTION

The invention solves the problem of reducing interference
in simultaneous wireless LAN (WLAN) and Bluetooth signal
handling, especially in voice over I[P communications via a
WLAN telephone to a Bluetooth headset. The invention sets
up a voice link between the terminal and the headset by
establishing predefined slot times to listen for traffic in a
Bluetooth Asynchronous Connection-Less (ACL) link. The
predefined slot time to listen for traffic is known as a sniff
anchor point and when established in the ACL link, the link
operates in the sniff mode. In the sniff mode the headset may
use the absent periods to enter reduced power mode. The sniff
anchor points establish timing for assigning relative priorities
to the WLAN and Bluetooth ACL packet traffic. A higher
priority is assigned to WL AN packet traffic when it collides
with original Bluetooth ACL packet traffic during a sniff
anchor point. If a higher priority WL AN packet begins trans-
mitting or is received at the terminal during an anchor point,
the terminal aborts transmitting the original Bluetooth ACL.
packet. Thereafter, a higher priority is assigned to the termi-
nal’s retransmission of aborted Bluetooth ACL packets and
the headset’s response ACL packets in available Bluetooth
slots following the anchor point.

Any additional Synchronous Connection-Oriented (SCO)
or Extended Synchronous Connection-Oriented (eSCO)
packets that may be transmitted between the terminal and the
headset have priority over both original and retransmitted
ACL packets. In stereo headsets, for example, the ACL pack-
ets can carry one audio channel and the synchronous packets
can carry the other audio channel. In video/phone or virtual
reality headsets, for example, the ACL packets can carry the
audio data and the synchronous packets can carry the com-
pressed image data. If the synchronous SCO or eSCO packets
are scheduled to be transmitted by the terminal during a sniff
anchor point, the terminal aborts transmitting either the origi-
nal or the retransmission Bluetooth ACL packet until an avail-
able slot occurs after the anchor point, which is not being used
by SCO or eSCO packets.

The invention provides a new method of operation for the
control block between the WL AN and Bluetooth transceivers
in a terminal, which selects which one of those transceivers is
to be operating at a particular instant. In accordance with the
invention, ACL packets used on the ACL logical transport
include retransmission of aborted packets in slots following
an anchor point if the transmission of the last prior Bluetooth
packet has been interrupted by a higher priority transmission
of WLAN packets during the anchor point. The new control
block method assigns to the Bluetooth retransmission packet
a higher priority over the WLAN packets in slots following
the anchor point, to assure retransmission of the interrupted
Bluetooth packet.

Further in accordance with the invention, after the headset
connection has been established, the terminal will perform a
role switch, if needed, to assume the master role. As the
master device, the terminal will set up an ACL link with the
headset and set the ACL packet type. For example, the termi-
nal will set up a 3-slot DH3 packet carrying an average of 163
bytes of voice data per packet to be sent every 20 ms to
achieve a 64 kbps data stream. The terminal will then setup
the headset in the sniff mode and set sniff anchor points at
Tsniff intervals, for example, of 32 slots, which is 20 ms in
duration. The snift anchor points establish timing for assign-
ing relative priorities to the WLAN and Bluetooth traffic.

During operation of the invention, a higher priority is
assigned to WL AN packet traffic when it collides with origi-
nal Bluetooth ACL packet traffic during a sniff anchor point.
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The WLAN traffic is assigned a higher priority than the Blue-
tooth ACL traffic so that the first-time transmission of a Blue-
tooth packet is suppressed or interrupted when a WLAN
packet is simultaneously either being received or transmitted
during an anchor point. To assure that the suppressed or
interrupted Bluetooth ACL packet is eventually retransmitted
successfully, the Bluetooth retransmission packet is assigned
a higher priority than the WL AN traffic in slots following the
anchor point. A higher priority is assigned to the terminal’s
retransmission of aborted Bluetooth ACL packets and the
headset’s response ACL packets in Bluetooth slots following
the anchor point. In other words, any WLAN packet sched-
uled or known to have started transmission by the terminal is
aborted during the retransmission of a Bluetooth ACL packet
in slots following the anchor point. The existing WL AN pro-
tocol will later retransmit the aborted WLAN packet. In
effect, collision with WL AN traffic can be reduced by sched-
uling the Bluetooth ACL transmission later, if necessary. In
this manner WLAN packet retransmissions are used less
often than in the prior art, thus imposing less of an encum-
brance on the WLAN traffic.

Further in accordance with the invention, the headset lis-
tens for the terminal’s Bluetooth ACL packet during an
anchor point. When the headset detects the terminal’s ACL
packet in an anchor point, it waits for the slave-to-master slot
to transmit its response ACL packet. If the headset receives a
higher priority SCO packet, or eSCO packet or does not
receive any BT packet during the sniff anchor point or during
the following slave-to-master slot, then the headset aborts
sending its response ACL packet The terminal will recognize
that it has not received that response from the headset (be-
cause of interference). Thereafter, headset waits to receive the
retransmitted Bluetooth ACL packet in the next available
master-to-slave slot after the anchor point. When the headset
detects the retransmitted Bluetooth ACL packet in the next
available master-to-slave slot after the anchor point, it (re)
transmits its response ACL packet in the next slave-to-master
slot.

The audio data transported on the ACL link between the
terminal and the headset has time-based characteristics that
may be retransmitted until received or expired. The terminal
is programmed to automatically flush the aborted ACL voice
packets after the packets have expired because of waiting too
long for an available slot for retransmission. During operation
of the invention, the terminal counts the frequency of occur-
rence “NF” of flushed ACL voice packets. If the frequency of
occurrence “NF” of flushed ACL voice packets is greater than
a predetermined value “MAX”, then the duration of the lis-
tening window following the sniff anchor point can be
increased. The headset is restarted in the sniff mode and the
sniftf parameter values are increased for sniff attempt
(Nsnljfattempt) and sniff timeout (Nsnljftimeout)'

An advantage of' the invention is that power consumption is
reduced in the headset by using the ACL link to carry voice
data during sniff anchor points and aligning these anchor
points with the WLAN VoIP transmission.

The resulting invention is particularly advantageous in
areas of high WLAN traffic, such as in a business office,
where frequent retransmission of interrupted WL AN packets
would significantly impair WLAN traffic capacity.

Although establishing the Bluetooth connection with the
terminal as the master device is the preferred way to operate
the invention, retaining the headset in the role of the master
device can also be used to establish the Bluetooth connection.
In this alternate embodiment, the terminal and headset are
programmed so that the headset remains the master device, or
requires master to slave switch, in establishing the Bluetooth
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connection. As the master device, the headset can set up the
ACL link with the terminal, which enables the headset to use
the retransmission feature as described above.

In another alternate embodiment, the wireless PAN oper-
ating band can be an infrared band or an optical band, as well
as a radio frequency band.

The resulting invention solves the problem of reducing
interference in simultaneous WLAN and Bluetooth signal
handling, especially in voice over I[P communications via a
WLAN to a Bluetooth headset.

DESCRIPTION OF THE FIGURES

FIG. 1 is a network diagram according to an embodiment
of'the present invention showing a voice over IP (VoIP) com-
munications network via a WLAN telephone to a Bluetooth
headset. The telephone terminal includes a Bluetooth trans-
ceiver module connected to a Bluetooth antenna and a WLAN
transceiver connected to a separate WLAN antenna.

FIG. 2 is a network diagram according to an embodiment
of'the present invention showing a voice over IP (VoIP) com-
munications network via a WLAN telephone to a Bluetooth
video/phone headset. The telephone terminal includes a Blue-
tooth transceiver module and a WL AN transceiver connected
to the same antenna.

FIG. 3 is a diagram according to an embodiment of the
present invention showing the sniff anchor points, which are
spaced regularly with an interval of Tsniff.

FIG. 4 is a timing diagram according to an embodiment of
the present invention showing the WL AN using the channel
during a sniff anchor point.

FIG. 5 is a timing diagram according to an embodiment of
the present invention showing sniff anchor point usage when
there are more anchor points than required for a particular
voice traffic application.

FIG. 6 is a functional block diagram according to an
embodiment of the present invention showing the WLAN
telephone with a control module that coordinates the opera-
tion of the Bluetooth transceiver and the WLAN transceiver.

FIG. 7 is a flow diagram according to an embodiment of the
present invention showing the process of establishing a con-
nection between the Bluetooth terminal and the Bluetooth
headset to exchange voice packets that have been exchanged
with the WLAN access point.

FIG. 8A is a state diagram according to an embodiment of
the present invention showing the operating states established
by the controller in the terminal to assign a higher priority to
the WL AN transmissions during sniff anchor point slots and
assign a higher priority to the Bluetooth retransmissions over
WLAN transmissions during slots following sniff anchor
point slots.

FIG. 8B is a state diagram according to an embodiment of
the present invention showing the operating states established
by the headset to listen for the terminal during sniff anchor
point slots and to interact with the terminal during slots fol-
lowing sniff anchor point slots.

FIG. 9 is a flow diagram according to an embodiment of the
present invention showing steps in addition to those shown in
FIG. 7, to enlarge the duration of the headset’s listening
window following the snift anchor point if the frequency of
occurrence of flushed ACL voice packets is greater than a
predetermined value.

FIG. 10A is a timing diagram according to an embodiment
of the present invention showing the collision of an original
Bluetooth ACL packet with a WL AN packet in a sniff anchor
point and the successful retransmission of the ACL. packet
within an N, ;e Window of four slots in length.
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FIG. 10B is a timing diagram according to an embodiment
of the present invention showing the collision of an original
Bluetooth ACL packet with a WL AN packet in a sniff anchor
point and a rescheduling of the retransmission ACL, packet
with an eSCO packet in the following slot, the diagram further
showing the successfully delayed retransmission of the ACL,
packet withinanenlarged N, ., ...,., Window of eight slots in
length.

FIG. 11 is a timing diagram according to an embodiment of
the present invention showing how the invention handles
collisions between WLAN packets and ACL or eSCO packets
exchanged between the headset and the terminal. The figure
shows the collision of an original Bluetooth ACL packet with
a WLAN packet in a sniff anchor point, a rescheduling of the
retransmission ACL packet with an eSCO packet in the fol-
lowing slot, and the collision of an original eSCO packet with
a WLAN packet.

FIG. 12 is a state diagram according to an embodiment of
the present invention showing the operating states established
by the controller to assign a higher priority to the WLAN
transmissions than to original eSCO packets and later to
assign a higher priority to the eSCO packet retransmissions
than to WLAN transmissions.

DISCUSSION OF THE PREFERRED
EMBODIMENT

FIG. 1 is a network diagram according to an embodiment
of'the present invention showing a voice over IP (VoIP) com-
munications network viaa WLAN telephone 100A to a Blue-
tooth headset 101A. The telephone terminal 100A includes a
Bluetooth transceiver 604 connected to a Bluetooth antenna
102A and a WLAN transceiver 602 connected to a separate
WLAN antenna 103A. The Bluetooth transceiver 604 oper-
ates in the Bluetooth network 106 A to communicate with the
wireless headset 101 A using the ISM band of 2.4 GHz and the
Bluetooth v1.2 Specification communications protocol to
exchange Bluetooth packets. When a Bluetooth link 106A is
established between the telephone terminal 100A and the
wireless headset 101A, packets are exchanged over the air
between the terminal 100A and the wireless headset 101 A by
alternately transmitting and receiving the encoded audio data
in consecutive Bluetooth slots. In stereo headsets 101A and
101B, for example, Bluetooth ACL packets can carry one
audio channel and Bluetooth synchronous eSCO packets can
carry the other audio channel. The terminal 100A can have the
form factor of a cellular telephone, a notebook computer, or a
wearable or otherwise portable communications device for
conducting synchronous or isochronous data having time-
based characteristics between a WLAN network 108A and a
Bluetooth I/O device, such as the headset 101A.

FIG. 2 shows the same voice over IP (VoIP) communica-
tions network as shown in FIG. 1, but with the WLAN tele-
phone terminal 100A having its Bluetooth transceiver 604
and WLAN transceiver 602 connected to the same antenna
105A. The headsets 101A" and 101B' are video/phone head-
sets. In video/phone or virtual reality headsets 101A" and
101B', for example, Bluetooth ACL packets can carry audio
data and Bluetooth synchronous eSCO packets can carry
compressed image data to be viewed by the wearer through
projection onto half-silvered glasses.

The WLAN terminal 100A and the Bluetooth headset
101A exchange inquiry and paging packets to establish a
connection and a service level. Then by means of an internal
programmed event or user action, the ACL and eSCO links
are established. After this stage, the basic level audio link is
established.
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The WLAN access point 140A at location A in FIG. 1 also
has an IEEE 802.11b transceiver connected to its own WLAN
antenna. When an RF communications link 108 A conforming
to the IEEE 802.11b Standard is established between the
telephone terminal 100A and the access point 140A, data
frames containing encoded audio data are exchanged over the
WLAN coverage area 150A between the telephone terminal
100A and the access point 140A. The RF communications
link 108A can also conform to the IEEE 802.11g Standard.
The access point 140A is shown connected by wireline to the
IP Network 144, to exchange data frames containing voice
over internet (VoIP) encoded audio data in a telephone net-
work.

FIG. 1 shows a second WLAN access point 140B at loca-
tion B connected by wireline to the IP Network 144, estab-
lishing a second WLAN coverage area 150B. The WLAN
access point 140B has an IEEE 802.11b transceiver con-
nected to its own WLAN antenna. The second WLAN access
point 140B communicates with a second WLAN telephone
terminal 100B, which includes an IEEE 802.11b transceiver
connected to a WLAN antenna 103B. When an RF commu-
nications link 108B conforming to the IEEE 802.11b Stan-
dard is established between the telephone terminal 100B and
the access point 140B, data frames containing voice over
internet (VoIP) encoded audio data are exchanged over the
WLAN coverage area 150B between the telephone terminal
100B and the access point 140B. The RF communications
link 108B can also conform to the IEEE 802.11g Standard.
The telephone terminal 100B includes a Bluetooth trans-
ceiver module connected to the Bluetooth antenna 102B. The
wireless headset 101B also includes a Bluetooth transceiver
module connected to its own Bluetooth antenna. When a
Bluetooth link 106B is established between the telephone
terminal 100B and the wireless headset 100B, packets are
exchanged over the air between the terminal 100B and the
wireless headset 100B by alternately transmitting and receiv-
ing the encoded audio data in consecutive Bluetooth slots.
FIG. 2 shows the WL AN telephone terminal 100B having its
Bluetooth transceiver 604 and WLAN transceiver 602 con-
nected to the same antenna 105B. In this manner, voice con-
versations can be established between users of the wireless
headsets 101A' and 101B'.

The invention sets up a voice link 106 A between the ter-
minal 100A and the headset 101A by establishing predefined
slot times to listen for traffic in a Bluetooth Asynchronous
Connection-Less (ACL) link. The predefined slot time to
listen for traffic is known as a sniff anchor point and when
established in the ACL link, the link operates in the sniff
mode. In the sniff mode the headset may use the absent
periods to enter reduced power mode. FIG. 3 is a diagram
showing the sniff anchor points, which are spaced regularly
with an interval of Tsniff. The sniff anchor points establish
timing for assigning relative priorities to the WLAN and
Bluetooth ACL packet traffic. A higher priority is assigned to
WLAN packet traffic when it collides with original Bluetooth
ACL packet traffic during a sniff anchor point. If a higher
priority WLAN packet begins transmitting or is received at
the terminal during an anchor point, the terminal aborts trans-
mitting the original Bluetooth ACL packet. Thereafter, a
higher priority is assigned to the terminal’s retransmission of
aborted Bluetooth ACL packets and the headset’s response
ACL packets in available Bluetooth slots following the
anchor point. FIG. 4 is a timing diagram showing the WLAN
using the channel during a sniff anchor point. FIG. 5 is a
timing diagram showing sniff anchor point usage when there
are more anchor points than required for a particular voice
traffic application. An advantage of the invention is that

20

25

30

35

40

45

50

55

60

65

14

power consumption is reduced in the headset by using the
ACL link to carry voice data during sniff anchor points and
aligning these anchor points with the WLAN VoIP transmis-
sion.

The invention provides a new method of operation for the
control block 610 between the WLAN transceiver 602 and
Bluetooth transceiver 604 in a terminal 100A, which selects
which one of those transceivers is to be operating at a par-
ticular instant. FIG. 6 is a functional block diagram showing
the WLAN telephone 100A with a control module 610 that
coordinates the operation of the Bluetooth transceiver 604,
the WLAN transceiver 602, and the antenna switch 620 con-
nected to the antenna 105A. The memory 630 in the terminal
100A of FIG. 6 stores program code to implement the state
diagram 800 of FIG. 8A and the state diagram 900 of FIG. 12.
Portions of this program code can also be stored in the respec-
tive control module 610, the WLAN transceiver 602, and the
Bluetooth transceiver 604. In accordance with the invention,
ACL packets used on the ACL logical transport include
retransmission of aborted packets in slots following an anchor
point if the transmission of the last prior Bluetooth packet has
been interrupted by a higher priority transmission of WLAN
packets during the anchor point. The new control block
method assigns to the Bluetooth retransmission packet a
higher priority over the WL AN packets in slots following the
anchor point, to assure retransmission of the interrupted Blue-
tooth packet.

Further in accordance with the invention, FIG. 7 is a flow
diagram 700 showing the process of establishing a connection
between the Bluetooth terminal and the Bluetooth headset to
exchange voice packets that have been exchanged with the
WLAN access point. After the headset connection has been
established in Step 702, the terminal will perform a role
switch, if needed, in Step 706 to assume the master role. Step
703 determines if the terminal is the initial master. Ifit is, then
the steps flow to step 710. Alternately, if the terminal is not the
initial master, then the steps flow to step 706. As the master
device, the terminal will set up an ACL link with the headset
in Step 710 and set the ACL packet type in Step 712. For
example, the terminal will setup a 3-slot DH3 packet carrying
an average of 163 bytes of voice data per packet to be sent
every 20 ms to achieve a 64 kbps data stream. The terminal
will then setup the headset in the sniff mode in Step 714 and
set sniff anchor points at Tsniff intervals, for example, of 32
slots, which is 20 ms in duration. The sniftf anchor points
establish timing for assigning relative priorities to the WLAN
and Bluetooth traffic. The sniff parameter values are set in
Step 716 for sniff attempt (N, ,/emp,) and sniff timeout

. o) 10 establish the duration of the listening window
following the sniff anchor point. In Step 720, a higher priority
is assigned to WLAN packet traffic when it collides with
original Bluetooth ACL packet traffic during a sniff anchor
point. In Step 722, a higher priority is assigned to the termi-
nal’s retransmission of aborted Bluetooth ACL packets and
the headset’s response ACL packets in available Bluetooth
slots following the anchor point. Then in Step 724 the termi-
nal 100A, headset 101A, and access point 140A can then
begin to exchange VoIP traffic.

FIG. 8A is a state diagram showing the operating states
established by the controller in the terminal to assign a higher
priority to the WLAN transmissions during sniff anchor point
slots and assign a higher priority to the Bluetooth ACL
retransmissions over WLAN transmissions during slots fol-
lowing sniff anchor point slots. During operation of the inven-
tion, a higher priority is assigned to WLAN packet traffic
when it collides with original Bluetooth ACL packet traffic
during a sniff anchor point. The WLAN traffic is assigned a
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higher priority than the Bluetooth ACL traffic so that the
first-time transmission of a Bluetooth ACL packet is sup-
pressed or interrupted when a WLAN packet is simulta-
neously either being received or transmitted during an anchor
point. To assure that the suppressed or interrupted Bluetooth
ACL packet is eventually retransmitted successtully, the
Bluetooth ACL retransmission packet is assigned a higher
priority than the WL AN traffic in slots following the anchor
point. A higher priority is assigned to the terminal’s retrans-
mission of aborted Bluetooth ACL packets and the headset’s
response ACL packets in Bluetooth slots following the anchor
point. Any WLAN packet scheduled or known to have started
transmission by the terminal is aborted during the retransmis-
sion of a Bluetooth ACL packet in slots following the anchor
point. The existing WLAN protocol will later retransmit the
aborted WL AN packet. In effect, collision with WL AN traffic
can be reduced by scheduling the Bluetooth ACL transmis-
sion later, if necessary. In this manner WL AN packet retrans-
missions are used less often than in the prior art, thus impos-
ing less of an encumbrance on the WLAN traffic.

The state diagram 800 of FIG. 8A shows the operating
states established by the control module 610 to assigna higher
priority to WLAN packet traffic when it collides with original
Bluetooth ACL packet traffic during a sniff anchor point and
to assign a higher priority to the terminal’s retransmission of
aborted Bluetooth ACL packets and the headset’s response
ACL packets in available Bluetooth slots following the
anchor point. The state diagram 800 for terminal 100 A begins
in the quiescent State 802: where the terminal is waiting for
traffic. In State 802, if Event 804 occurs where an original
Bluetooth ACL packet is scheduled for a next snift anchor
point, then the state transitions to State 806 where the termi-
nal is waiting for the anchor point to begin to enable trans-
mitting the Bluetooth ACL packet. In State 806, if Event 808
occurs where the terminal starts transmitting the Bluetooth
ACL packetinthe sniff anchor point, then the state transitions
to State 810 where the terminal is actively transmitting the
Bluetooth ACL packet in the anchor point. In State 810, if
Event 812 occurs where a higher priority WLAN packet
begins transmitting or is received during the sniff anchor
point, then Action 814 is taken where the terminal aborts
transmitting the original Bluetooth ACL packet and the state
transitions to State 816 where the terminal buffers the aborted
Bluetooth ACL packet. In State 816, if Event 818 occurs
where the terminal completes transmitting the WLAN packet
or a SCO or eSCO packet of completes receiving a WLAN
packet, then the Action 820 is taken where the terminal
retransmits the aborted Bluetooth ACL packet in the next
available master-to-slave slot after the sniff anchor point and
the state transitions back to the quiescent State 802 where the
terminal is waiting for traffic. There is a second possible event
that can occur in State 806. In State 806, if Event 822 occurs
where a higher priority WLAN packet or a SCO or eSCO
packet is scheduled to be received or transmitted or if a
WLAN packet is received during the anchor point, then
Action 824 is taken where the terminal aborts the original
Bluetooth ACL packet and the state transitions to State 816.
There is a second possible event that can occur in State 810.
In State 810, if Event 826 occurs where terminal completes
transmitting the Bluetooth ACL packet, then the state transi-
tions back to the quiescent State 802: where the terminal is
waiting for traffic.

In State 802 of FIG. 8A, if Event 834 occurs where an
original WLAN packet is scheduled for a WLAN transmit
slot, then the state transitions to State 836 where the terminal
is waiting for the WL AN slot to begin to enable transmitting
the WL AN packet. In State 836, if Event 838 occurs where the
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terminal starts transmitting the WLAN packet, then the state
transitions to State 840 where the terminal is actively trans-
mitting the WLAN packet. In State 840, if Event 842 occurs
where a higher priority retransmission begins of an aborted
Bluetooth ACL packet, then Action 844 is taken where the
terminal aborts the WL AN packet and the state transitions to
State 846 where the terminal buffers the aborted WLAN
packet. In State 846, if Event 848 occurs where the terminal
completes retransmitting the aborted Bluetooth ACL packet,
then Action 850 is taken where the terminal retransmits the
aborted WLAN packet and the state transitions back to the
quiescent State 802 where the terminal is waiting for traffic.
There is a second possible event that can occur in State 836.
In State 836, if Event 852 occurs where a higher priority
retransmission of an aborted Bluetooth ACL packet is sched-
uled to transmit, the Action 854 is taken where the terminal
aborts the WL AN packet and transitions to State 846. There is
a second possible event that can occur in State 840. In State
840, if Event 856 occurs where the terminal completes trans-
mitting the WL AN packet, then the state transitions back to
the quiescent State 802 where the terminal is waiting for
traffic.

In handling collisions of ACL or eSCO packets with
WLAN packets, the WLAN transceiver 602 in FIG. 6 signals
to the control module 610 with the WX signal when it is
scheduled to transmit or is transmitting WLAN packets. The
Bluetooth transceiver 604 signals to the control module 610
with the ANCHOR_ PT signal whether a sniff anchor point is
occurring. The Bluetooth transceiver 604 signals to the con-
trol module 610 with the STATUS signal whether it has an
aborted ACL packet or an aborted eSCO packet ready for
retransmission. The control module 610 signals to the Blue-
tooth transceiver 604 with the TX_CONFX signal if it is to
abort any transmission of an original ACL packet or eSCO
packet. The control module 610 signals to the WLAN trans-
ceiver 602 with the BREX signal if it is to abort any scheduled
WLAN packet transmission or abort transmitting any WLAN
packets. The Bluetooth transceiver 604 also signals to the
control module 610 with the RF_ACTIVE signal whether itis
transmitting an ACL packet or eSCO packet. The Bluetooth
transceiver 604 in FIG. 6 signals to the control module 610
with the FREQ signal to provide its timing. The WLAN
transceiver 602 signals to the control module 610 with the
WFQ signal to provide its timing. The signals are controlled
by execution of the program code in memory 630 in accor-
dance with the state diagram 800 of FIG. 8A and the state
diagram 900 of FIG. 12.

The Bluetooth transceiver 604 signals to the control mod-
ule 610 with the ANCHOR_PT signal whether a sniff anchor
point is occurring. If a sniff anchor point is occurring and the
WLAN transceiver 602 signals to the control module 610
with the WX signal that it is scheduled to transmit or is
transmitting WLAN packets, then the control module 610
raises the TX_CONFX signal to the Bluetooth transceiver
604 causing it to abort any transmission of an original Blue-
tooth ACL packet. This is shown in the state diagram of FI1G.
8A.

If the STATUS signal is low, then there is no aborted
Bluetooth ACL or eSCO packet ready for retransmission. In
response to when the WLAN transceiver 602 signals to the
control module 610 with the WX signal that it is scheduled to
transmit or is transmitting WLAN packets in combination
with the STATUS signal being low, indicating that there is no
aborted Bluetooth ACL or eSCO packet ready for retransmis-
sion, the control module 610 raises the TX_CONFX signal to
the Bluetooth transceiver 604 causing it to abort any trans-
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mission of an original Bluetooth ACL or eSCO packet. This is
shown in the state diagrams of FIG. 8A and FIG. 12.

If the STATUS signal is high, indicating that there is an
aborted Bluetooth ACL or eSCO packet ready for retransmis-
sion, then in response the control module 610 signals to the
WLAN transceiver 602 with the BREX signal to abort any
scheduled WLAN packet transmission or abort transmitting
any WLAN packets. This enables the Bluetooth transceiver
604 to retransmit the aborted Bluetooth ACL packet in the
next available master-to-slave slot after the sniff anchor point.
This also enables the Bluetooth transceiver 604 to retransmit
the aborted Bluetooth eSCO packet in an eSCO retransmis-
sion slot. This is shown in the state diagrams of FIG. 8A and
FIG. 12.

Further in accordance with the invention, FIG. 8B is a state
diagram 860 showing the operating states established by the
headset to listen for the terminal during sniff anchor point
slots and to interact with the terminal during slots following
sniff anchor point slots. In state 862 the headset waits for the
sniff anchor point. If event 864 occurs, the sniff anchor point
begins, the state transitions to state 866 where the headset
listens for the terminal’s Bluetooth ACL packet during the
anchor point. If event 868 occurs that the headset detects the
terminal’s ACL packet in the anchor point, then the state
transitions to state 870 where the headset waits for the slave-
to-master slot to transmit its response ACL packet. When the
slave-to-master slot event 872 occurs, then action 874 is
taken, the headset transmits its response ACL packet. If a
WLAN packet interferes with the response packet from the
headset, the terminal will recognize that it has not received
that response from the headset. The headset continues to
listen for the receipt of another ACL packet from the terminal
in State 876. The headset waits to receive the retransmitted
Bluetooth ACL packet in the next available master-to-slave
slot after the anchor point. When event 878 occurs that the
headset detects the retransmitted Bluetooth ACL packet in the
next available master-to-slave slot after the anchor point, then
action 880 is taken in which the headset transmits its response
ACL packet in the next slave-to-master slot to the terminal.

The audio data transported on the ACL link between the
terminal and the headset has time-based characteristics that
may be retransmitted until received or expired. The terminal
is programmed to automatically flush the aborted ACL voice
packets after the packets have expired because of waiting too
long for an available slot for retransmission. FIG. 9 is a flow
diagram 700" showing steps 730 to 736 in addition to steps
702 to 724 shown in the flow diagram 700 of FIG. 7, to enlarge
the duration of the headset’s listening window following the
snift anchor point if the frequency of occurrence of flushed
ACL voice packets is greater than a predetermined value.
During operation of the invention, step 730 flushes the
aborted ACL voice packets after the packets have expired.
Then in step 732 the terminal counts the frequency of occur-
rence “NF” of flushed ACL voice packets. Step 734 deter-
mines if the frequency of occurrence “NF” of flushed ACL
voice packets is greater than a predetermined value “MAX”
and if it is, then the duration of the listening window follow-
ing the sniff anchor point is increased in step 736. The headset
is restarted in the sniff mode in step 736 and the sniff param-
eter values are increased for sniff attempt (N, 410, @and
sniff timeout (N7 00..)- Then the program flows to step
714 to complete setting up the headset in the sniff mode and
setting the anchor points, as described above. FIG. 10A is a
timing diagram showing the collision of an original Bluetooth
ACL packet with a WLAN packet in a sniff anchor point and
the successful retransmission of the ACL packet within an
window of four slots in length. Because of a high
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frequency of occurrences “NF” of flushed ACL voice packets,
the programmed process of FIG. 9 increases the duration of
the Ny, asremp Window. FIG. 10B is a timing diagram show-
ing the successfully delayed retransmission of the ACL
packet within an enlarged N, 7 s, Window of eight slots in
length.

Any additional Synchronous Connection-Oriented (SCO)
or Extended Synchronous Connection-Oriented (eSCO)
packets that may be transmitted between the terminal and the
headset have priority over both original and retransmitted
ACL packets. In stereo headsets, for example, the ACL pack-
ets can carry one audio channel and the synchronous packets
can carry the other audio channel. In video/phone or virtual
reality headsets, for example, the ACL packets can carry the
audio data and the synchronous packets can carry the com-
pressed image data. If the synchronous SCO or eSCO packets
are scheduled to be transmitted by the terminal during a sniff
anchor point, the terminal aborts transmitting either the origi-
nal or the retransmission Bluetooth ACL packet until an avail-
able slot occurs after the anchor point, which is not being used
by SCO or eSCO packets. FIG. 10B is a timing diagram
showing a rescheduling of a retransmission ACL packet with
an eSCO packet in the slot following an anchor point, the
diagram further showing the successfully delayed retransmis-
sion of the ACL packet within an enlarged N, 4 emp, Wil-
dow of eight slots in length.

Further in accordance with the invention, FIG. 11 is a
timing diagram showing how the invention handles collisions
between WLAN packets and ACL and eSCO packets
exchanged between the headset and the terminal. The figure
shows the collision of an original Bluetooth ACL packet with
a WLAN packet in a sniff anchor point, a rescheduling of the
retransmission ACL packet with an eSCO packet in the fol-
lowing slot, and the collision of an original eSCO packet with
a WLAN packet. A higher transmission priority is assigned to
the WLAN packets than to the synchronous eSCO packets
when transmission or retransmission of the WLAN packets
overlaps a first occurring transmission of the eSCO packets,
to abort transmission of the first occurring eSCO packets.
Thereafter, a higher transmission priority is assigned to the
aborted eSCO packets than to the WLLAN packets when trans-
mission of the WL AN packets overlaps the retransmission of
the aborted eSCO packets, to retransmit the aborted eSCO
packets. The aborted WL AN packets are then retransmitted,
as provided by existing WL AN standards.

When the terminal is setting up the links with the headset,
the terminal can additionally set up an EV3-type eSCO link
with headset, which enables the headset and terminal to
exchange retransmissions of lost or damaged eSCO packets
inside a retransmission window of size W ¢, slots. For
example, the headset is configured to support the Bluetooth
Hands Free Profile 1.2 with an eSCO repetition period of
T,.sco=0 slots and an eSCO window size of W ;=2 slots
using the EV3 packet format and CVSD compression encod-
ing.

FIG. 12 is a state diagram showing the operating states
established by the controller to assign a higher priority to the
WLAN transmissions than to original eSCO packets and later
to assign a higher priority to the eSCO packet retransmissions
than to WLAN transmissions. The invention provides a new
mode of operation for the control module or controller 610
shown in FIG. 6, between the WLAN transceiver 602 and the
Bluetooth transceiver 604 in the terminal 100A, which
assigns a higher priority to WLAN transmissions than to
original Bluetooth eSCO transmissions, i.e., a first attempt at
transmitting a Bluetooth eSCO packet. The control module
610 selects which one of those transceivers is to be operating
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at a particular instant. The invention uses the Extended Syn-
chronous Connection-Oriented (eSCO) logical transport in
the Bluetooth v1.2 Specification, as shown in FIG. 11. FIG.
11 shows the packet prioritization during the Bluetooth eSCO
connection. The WL AN transmissions have a higher priority
during normal Bluetooth eSCO slots and the eSCO retrans-
missions have a higher priority during eSCO retransmission
slots. The invention exploits the retransmission window fea-
ture in the eSCO logical transport that is available after the
reserved slots. EV packets used on the synchronous eSCO
logical transport include retransmission of aborted packets
within the retransmission window if the transmission of the
last prior Bluetooth eSCO packet has been interrupted by a
higher priority transmission of WL AN packets. The control
module 610 assigns to the aborted Bluetooth eSCO packet a
higher priority for its retransmission over the WL AN packets,
to assure retransmission of the aborted Bluetooth eSCO
packet. FIG. 5 shows the Bluetooth EV3 eSCO packet usage.
Bluetooth eSCO packets that were interrupted in a prior
occurring normal slot are assigned a higher priority than
WLAN packets and are retransmitted in the following Blue-
tooth eSCO retransmission window.

The state diagram 900 of FIG. 12 shows the operating
states established by the control module 610 to assigna higher
priority to the WLAN transmissions during normal Bluetooth
eSCO slots and assign a higher priority to the Bluetooth eSCO
retransmissions during Bluetooth eSCO retransmission slots.
The state diagram 900 for terminal 100A begins in the qui-
escent State 902: where the terminal is waiting for traffic. In
State 902, if Event 904 occurs where an original Bluetooth
eSCO packetis scheduled for an eSCO transmission slot, then
the state transitions to State 906 where the terminal is waiting
for the eSCO slot to begin to enable transmitting the Blue-
tooth eSCO packet. In State 906, if Event 909 occurs where
the terminal starts transmitting the Bluetooth eSCO packet,
then the state transitions to State 910 where the terminal is
actively transmitting the Bluetooth eSCO packet. In State
910, if Event 912 occurs where a higher priority WLAN
packet begins transmitting, then Action 914 is taken where
the terminal aborts transmitting the original Bluetooth eSCO
packet and the state transitions to State 916 where the termi-
nal buffers the aborted Bluetooth eSCO packet. In State 916,
if Event 919 occurs where the terminal completes transmit-
ting the WLAN packet, then the Action 920 is taken where the
terminal retransmits the aborted Bluetooth eSCO packet in an
eSCO retransmission slot and the state transitions back to the
quiescent State 902 where the terminal is waiting for traffic.
There is a second possible event that can occur in State 906.
In State 906, if Event 922 occurs where a higher priority
WLAN packet is scheduled to transmit, then Action 924 is
taken where the terminal aborts the original Bluetooth eSCO
packet and the state transitions to State 916. There is a second
possible event that can occur in State 910. In State 910, if
Event 926 occurs where terminal completes transmitting the
Bluetooth eSCO packet, then the state transitions back to the
quiescent State 902: where the terminal is waiting for traffic.

In State 902 of FIG. 12, if Event 934 occurs where an
original WLAN packet is scheduled for a WLAN transmit
slot, then the state transitions to State 936 where the terminal
is waiting for the WL AN slot to begin to enable transmitting
the WL AN packet. In State 936, if Event 939 occurs where the
terminal starts transmitting the WLAN packet, then the state
transitions to State 940 where the terminal is actively trans-
mitting the WLAN packet. In State 940, if Event 942 occurs
where a higher priority retransmission begins of an aborted
Bluetooth eSCO packet, then Action 944 is taken where the
terminal aborts the WL AN packet and the state transitions to
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State 946 where the terminal buffers the aborted WLAN
packet. In State 946, if Event 949 occurs where the terminal
completes retransmitting the aborted Bluetooth eSCO packet,
then Action 950 is taken where the terminal retransmits the
aborted WLAN packet and the state transitions back to the
quiescent State 902 where the terminal is waiting for traffic.
There is a second possible event that can occur in State 936.
In State 936, if Event 952 occurs where a higher priority
retransmission of an aborted Bluetooth eSCO packet is
scheduled to transmit, the Action 954 is taken where the
terminal aborts the WLAN packet and transitions to State
946. There is a second possible event that can occur in State
940. In State 940, if Event 956 occurs where the terminal
completes transmitting the WL AN packet, then the state tran-
sitions back to the quiescent State 902 where the terminal is
waiting for traffic.

Further in accordance with the invention, after the headset
connection 106A has been established, the terminal 100A
will perform a role switch, if needed to assume the master
role. As the master device, the terminal 100A will set up an
EV3-type eSCO link with headset 101 A, which enables the
headset 101A to use the eSCO retransmission feature.

After an ACL link has been established by the terminal
100A, one or more eSCO links can be optionally set up to the
headset 101 A. The eSCO links are similar to SCO links using
timing control flags and an interval of T g, slots in duration.
The eSCO link with the headset is optionally set up to provide
limited eSCO retransmissions of lost or damaged packets
inside the retransmission window of size W g, slots. (For
example, the headset can optionally be configured to support
the Hands Free Profile 1.2 with an eSCO repetition period of
T,.sco=0 slots and an eSCO window size of W ;=2 slots
using the EV3 packet format and CVSD compression encod-
ing.)

During operation of the invention, the WLAN traffic is
assigned a higher priority than the Bluetooth eSCO traffic so
that the first-time transmission of a eSCO packet is sup-
pressed or interrupted when a WLAN packet is simulta-
neously either being received or transmitted. To assure that
the suppressed or interrupted Bluetooth eSCO packet is even-
tually retransmitted successfully, the eSCO retransmission
packet is assigned a higher priority than the WLAN traffic.
Any WLAN packet known to have started transmission dur-
ing the retransmission of a Bluetooth eSCO packet is inter-
rupted. The existing WL AN protocol will later retransmit the
interrupted WLAN packet. In effect, collision with WLAN
traffic can be reduced by scheduling the Bluetooth eSCO
transmission later, if necessary. In this manner WL AN packet
retransmissions are used less often than in the prior art, thus
imposing less of an encumbrance on the WLAN traffic.

FIG. 6 shows the WL AN telephone terminal 100A with the
control module 610 that coordinates the operation of the
Bluetooth transceiver 604, the WLAN transceiver 602, and
the antenna switch 620 that selectively connects one or the
other transceiver to the antenna 105A. The memory 630 in the
terminal 100A of FIG. 6 stores program code to implement
the state diagram 800 of FIG. 8 A and the state diagram 900 of
FIG. 12. FIG. 8A is the state diagram 800 showing the oper-
ating states programmed into the control module 610 to
assign a higher priority to WLAN packet traffic when it col-
lides with original Bluetooth ACL packet traffic during a sniff
anchor point and to assign a higher priority to the terminal’s
retransmission of aborted Bluetooth ACL packets and the
headset’s response ACL packets in available Bluetooth slots
following the anchor point. FIG. 12 is the state diagram 900
showing the operating states programmed into the control
module 610 to assign a higher priority to the WLAN trans-
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missions during normal eSCO slots and assign a higher pri-
ority to the eSCO retransmissions during eSCO retransmis-
sion slots. eSCO packets that were aborted because they were
scheduled to begin when an existing WLAN transmission
was occurring or that were aborted because they were inter-
rupted by a WL AN transmission in a prior occurring normal
eSCO slot are assigned a higher priority by the control mod-
ule 610 for retransmission and are retransmitted in the fol-
lowing eSCO retransmission slots.

In handling collisions of eSCO packets with WLAN pack-
ets, the WLAN transceiver 602 in FIG. 6 signals to the control
module 610 with the WX signal when it is scheduled to
transmit or is transmitting WLAN packets. The Bluetooth
transceiver 604 signals to the control module 610 with the
STATUS signal whether it has an aborted eSCO packet ready
for retransmission. The control module 610 signals to the
Bluetooth transceiver 604 with the TX_CONFX signal if itis
to abort any transmission of an original eSCO packet. The
control module 610 signals to the WLAN transceiver 602
with the BREX signal if it is to abort any scheduled WLAN
packet transmission or abort transmitting any WLAN pack-
ets. The Bluetooth transceiver 604 also signals to the control
module 610 with the RF_ACTIVE signal whether it is trans-
mitting a eSCO packet. The Bluetooth transceiver 604 in F1G.
6 signals to the control module 610 with the FREQ signal to
provide its timing. The WL AN transceiver 602 signals to the
control module 610 with the WFQ signal to provide its tim-
ing. The signals are controlled by execution of the program
code in memory 630 in accordance with the state diagram 800
of FIG. 8A and the state diagram 900 of FIG. 12.

If'the STATUS signal is low, then there is no aborted eSCO
packet ready for retransmission. In response to when the
WLAN transceiver 602 signals to the control module 610
with the WX signal that it is scheduled to transmit or is
transmitting WLAN packets in combination with the STA-
TUS signal being low, indicating that there is no aborted
eSCO packet ready for retransmission, the control module
610 raises the TX_CONFX signal to the Bluetooth trans-
ceiver 604 causing it to abort any transmission of an original
eSCO packet. This is shown in the state diagram of FIG. 12.

If the STATUS signal is high, indicating that there is an
aborted eSCO packet ready for retransmission, then in
response the control module 610 signals to the WL AN trans-
ceiver 602 with the BREX signal to abort any scheduled
WLAN packet transmission or abort transmitting any WLAN
packets. This enables the Bluetooth transceiver 604 to
retransmit the aborted eSCO packet. This is shown in the state
diagram of FIG. 12.

The control module 610, the WLAN transceiver 602, and
the Bluetooth transceiver 604 in the terminal 100A of FIG. 6
can be a set of LSI circuit chips. The control module 610 can
be implemented as a programmed microcontroller chip that
contains all the components comprising a controller, includ-
ing a CPU, RAM, some form of ROM to store program code
instructions, I/O ports, and timers. The control module 610
can also be implemented as an Application-Specific Inte-
grated Circuit (ASIC). Alternately, the control module 610
circuitry can be integrated into the LSI circuit chip of the
Bluetooth transceiver 604 or integrated into the LSI circuit
chip of the WLAN transceiver 602. The memory 630 in the
terminal 100A of FIG. 6 stores program code to implement
the state diagram 800 of FIG. 8 A and the state diagram 900 of
FIG. 12. Portions of this program code can also be stored in
the respective control module 610, the WLAN transceiver
602, and/or the Bluetooth transceiver 604. The program code
can have been originally stored on a physical recording
medium, such as a CD ROM disk, and then copied from the
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disk and written into the memory 630. Alternately, the pro-
gram code can have been originally downloaded from a com-
munications network medium, such as the Internet, and then
written into the memory 630. Alternately, the memory 630
can be a ROM and the program code can have been originally
stored in the ROM by a manufacturer of components of the
terminal.

From the headset 101 A point of view, when the terminal
100A is in receive mode, the headset 10A can transmit the
eSCO packet to the terminal 100 A during an eSCO slot. If the
headset 101 A did not receive the previous eSCO packet from
the terminal 100A in the scheduled master-to-slave slot
because of a WLAN transmission by the terminal 100A, the
headset 101A will recognize the omission and set the
acknowledge indication ARQN bit="0" in its reply eSCO
packet. Although the terminal 100 A may not receive the reply
eSCO packet because of the WLAN transmission, it does not
matter because the terminal 100A knows that its last prior
eSCO transmission was preempted and it will use the eSCO
retransmission window to retransmit the aborted eSCO
packet.

The control module 610, the WLAN transceiver 602, and
the Bluetooth transceiver 604 of FIG. 6 can include pro-
grammed microcontroller chips that contain all the compo-
nents comprising a controller, including a CPU processor,
RAM storage, some form of ROM to store program code, [/O
ports, and timers. The microcontroller chips are programmed
to implement the state diagrams of FIG. 8A and of FIG. 12.

The Bluetooth transceiver 604 of FIG. 6 can include a
programmed microcontroller chip that stores program code in
its ROM or RAM for execution by its processor for operating
the Bluetooth transceiver in the Bluetooth network. The
WLAN transceiver 602 of FIG. 6 can include a programmed
microcontroller chip that stores program code in its ROM or
RAM for execution by its processor for operating the WLAN
transceiver in the WLAN network.

The control module 610 of FIG. 6 can include a pro-
grammed microcontroller chip that stores program code in its
ROM or RAM for execution by its processor. The program
code implements the method of the invention, for example as
represented by the state diagram of FIG. 8A and/or the state
diagram of FIG. 12.

In an alternate embodiment of the invention, after the head-
set connection has been established by the terminal and it
performs a role switch to assume the master role, the terminal
will set up an EV5 eSCO link with headset. The EV5 packet
type enables power consumption in the headset to be reduced
because the packets are sent less frequently and the protocol-
to-packet overhead is smaller. The parameters for the eSCO
connection with EVS packets are T, g-,=32 slots and
W._sco=2 using EVS and CVSD voice coding.

The reason to select T,5-,=32 slots is that with this value
the EV5 eSCO packet is aligned at every 32 slots, which is the
same time interval as the average interval of 20 ms for the
VoIP WLAN packet. It should also be noted that with these
parameters and the maximum EVS5 packet data of 180 bytes,
the average data rate is 72 kbps, which means that roughly
every 12th packet does not have to be sent. Alternately, if a
steady 64 kbps data rate is desired, a 160 byte payload can be
used. This is not limited to any particular voice coding
scheme, but can be used as long as the required data rate is
below 72 kbps.

Although establishing the Bluetooth connection 106A
with the terminal 100A as the master device is the preferred
way to operate the invention, retaining the headset 101A in
the role of the master device can also be used to establish the
Bluetooth connection 106A. In this alternate embodiment,
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the terminal and headset are programmed so that the headset
remains the master device in establishing the Bluetooth con-
nection. As the master device, the headset will set up the ACL
link and the EV3-type or EV5-type eSCO link with the ter-
minal, which enables the headset and terminal to use the
retransmission features described above.

In another alternate embodiment of the invention, the
Enhanced Data Rate (EDR) Bluetooth packets can be used, as
provided in the Bluetooth v2+EDR Specification. The EDR
packets make it possible to increase the Bluetooth voice
packet interval and thus to leave more time for WLAN pack-
ets to be transmitted. The EDR packets have the same retrans-
mission control as described above for the Bluetooth v1.2
Specification eSCO packets and they have the advantage of
transmitting at a data rate of from 2 Mbps to 3 Mbps. Both
one-slot and three-slot EDR packets are available; the one-
slot packet is preferred to keep latency to a minimum. The
Bluetooth transceiver 604 in FIG. 6 signals to the control
module 610 with the FREQ signal to provide its timing and to
identify when it is transmitting Enhanced Data Rate (EDR)
Bluetooth packets.

The resulting invention solves the problem of reducing
interference in simultaneous WLAN and Bluetooth signal
handling, especially in voice over I[P communications via a
WLAN to a Bluetooth headset. The resulting invention is
particularly advantageous in areas of high WLAN traffic,
such as in a business office, where frequent retransmission of
interrupted WLAN packets would significantly impair
WLAN traffic capacity. A further advantage of the invention
is the ability of the terminal to predict the need to transmit
Bluetooth packets because SCO and eSCO packets are trans-
mitted at known fixed intervals. Another advantage of the
invention is that it does not require a change to the WLAN
standard, but merely a proprietary change to the Bluetooth
side of the terminal and to the headset, since using the ACL.
link to carry voice data is not a standard feature in Bluetooth.

Although specific embodiments of the invention have been
disclosed, a person skilled in the art will understand that
changes can be made to the specific embodiments without
departing from the spirit and scope of the invention. For
example the wireless terminal 100A can exchange with the
wireless access point 140A IEEE 802.11 protocol data units
containing data for other types of /O devices, such as a
printer or a bar code scanner, for example. The wireless
terminal 100A can exchange encoded data in Bluetooth
eSCO or ACL packets with a wireless I/O device such as a
Bluetooth-enabled printer or a Bluetooth-enabled bar code
scanner, for example. Additionally, the wireless PAN 106A
connecting the terminal 100A to the headset 101A can oper-
ate in either a radio frequency band, an infrared band, or an
optical band.

What is claimed is:

1. A wireless terminal, comprising:

a first transceiver operating in a wireless PAN network for
communicating first data units in accordance with a first
communications protocol and operating in a wireless
communications band;

a second transceiver operating in a wireless LAN network
for communicating second data units in accordance with
a second communications protocol and operating in a
band substantially the same as said wireless communi-
cations band;

said first transceiver establishing predefined slot times to
listen for traffic for timing an assignment of relative
priorities to the first data units and the second data units;
and
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a controller coupled to said first and second transceivers,
assigning a higher priority to said second data units if
one of'said second data units is sensed during one of said
predefined slot times, to abort transmission of one of
said first data units;

said controller assigning a higher priority to said aborted
first data unit than to said second data units if one of said
second data units is sensed while attempting to retrans-
mit said aborted first data unit in a slot following said one
of said predetermined slots, to retransmit said aborted
first data unit.

2. The wireless terminal of claim 1, further comprising:

said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.

3. The wireless terminal of claim 1, further comprising:

said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and

said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.

4. The wireless terminal of claim 3, further comprising:

said wireless terminal establishing a connection with said
headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.

5. The wireless terminal of claim 3, further comprising:

said ACL packets transporting voice data between the ter-
minal and the headset having time-based characteristics
that may be retransmitted until received or expired;

said terminal being programmed to automatically flush
aborted ACL. voice packets after the packets have
expired because of waiting too long for an available slot
for retransmission;

said terminal determining if a frequency of occurrence of
flushed ACL voice packets is greater than a predeter-
mined value; and

said terminal increasing a duration of a listening window
following said predefined slot times if said frequency of
occurrence is greater than said predetermined value.

6. The wireless terminal of claim 1, further comprising:

said wireless PAN band being selected from the group
consisting of radio frequency band, infrared band, and
optical band.

7. A method in a wireless terminal, comprising:

operating a first transceiver in a wireless PAN network for
communicating first data units in accordance with a first
communications protocol and operating in a wireless
communications band;

operating a second transceiver in a wireless LAN network
for communicating second data units in accordance with
a second communications protocol and operating in a
band substantially the same as said wireless communi-
cations band;

establishing with said first transceiver predefined slot times
to listen for traffic for timing an assignment of relative
priorities to the first data units and the second data units;

assigning a higher priority to said second data units if one
of said second data units is sensed during one of said
predefined slot times, to abort transmission of one of
said first data units; and

assigning a higher priority to said aborted first data unit
than to said second data units if one of said second data
units is sensed while attempting to retransmit said
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aborted first data unit in a slot following said one of said
predetermined slots, to retransmit said aborted first data
unit.

8. The method in a wireless terminal of claim 7, further

comprising:

said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.

9. The method in a wireless terminal of claim 7, further

comprising:

said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and

said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.

10. The method in a wireless terminal of claim 9, further

comprising:

said wireless terminal establishing a connection with said
headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.

11. The method in a wireless terminal of claim 9, further

comprising:

transporting voice data in said ACL packets between the
terminal and the headset having time-based characteris-
tics that may be retransmitted until received or expired;

automatically flushing aborted ACL voice packets after the
packets have expired because of waiting too long for an
available slot for retransmission;

determining if a frequency of occurrence of flushed ACL
voice packets is greater than a predetermined value; and

increasing a duration of a listening window following said
predefined slot times if said frequency of occurrence is
greater than said predetermined value.

12. The method in a wireless terminal of claim 7, further

comprising:

said wireless PAN band being selected from the group
consisting of radio frequency band, infrared band, and
optical band.

13. A system, comprising:

a wireless terminal;

a wireless headset;

a first transceiver in said wireless terminal operating in a
wireless PAN network for communicating first data
units in accordance with a first communications protocol
and operating in a wireless communications band to
communicate with said wireless headset;

said first transceiver establishing predefined slot times to
listen for traffic for timing an assignment of relative
priorities to the first data units and the second data units;

a wireless access point;

a second transceiver in said wireless terminal operating in
a wireless LAN network for communicating the second
data units in accordance with a second communications
protocol and operating in a band substantially the same
as said wireless communications band to communicate
with said wireless access point; and

a controller in said wireless terminal coupled to said first
and second transceivers, assigning a higher priority to
said second data units if one of said second data units is
sensed during one of said predefined slot times, to abort
transmission of one of said first data units;

said controller assigning a higher priority to said aborted
first data unit than to said second data units if one of said
second data units is sensed while attempting to retrans-
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mit said aborted first data unit in a slot following said one
of said predetermined slots, to retransmit said aborted
first data unit.

14. The system of claim 13, further comprising:

said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.

15. The system of claim 13, further comprising:

said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and

said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.

16. The system of claim 15, further comprising:

said wireless terminal establishing a connection with said
headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.

17. The system of claim 15, further comprising:

said ACL packets transporting voice data between the ter-
minal and the headset having time-based characteristics
that may be retransmitted until received or expired;

said terminal being programmed to automatically flush
aborted ACL. voice packets after the packets have
expired because of waiting too long for an available slot
for retransmission;

said terminal determining if a frequency of occurrence of
flushed ACL voice packets is greater than a predeter-
mined value; and

said terminal increasing a duration of a listening window
following said predefined slot times if said frequency of
occurrence is greater than said predetermined value.

18. The system of claim 13, further comprising:

said wireless PAN band being selected from the group
consisting of radio frequency band, infrared band, and
optical band.

19. A chipset for a wireless terminal, comprising:

a first transceiver circuit chip operating in a wireless PAN
network for communicating first data units in accor-
dance with a first communications protocol and operat-
ing in a wireless communications band;

a second transceiver circuit chip operating in a wireless
LAN network for communicating second data units in
accordance with a second communications protocol and
operating in a band substantially the same as said wire-
less communications band;

said first transceiver establishing predefined slot times to
listen for traffic for timing an assignment of relative
priorities to the first data units and the second data units;
and

a controller circuit chip coupled to said first and second
transceivers, assigning a higher priority to said second
data units if one of said second data units is sensed
during one of said predefined slot times, to abort trans-
mission of one of said first data units;

said controller assigning a higher priority to said aborted
first data unit than to said second data units if one of said
second data units is sensed while attempting to retrans-
mit said aborted first data unit in a slot following said one
of said predetermined slots, to retransmit said aborted
first data unit.

20. The chipset for a wireless terminal of claim 19, further

65 comprising:

said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.
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21. The chipset for a wireless terminal of claim 19, further
comprising:
said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and
said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.
22. The chipset for a wireless terminal of claim 21, further
comprising:
said wireless terminal establishing a connection with said
headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.
23. The chipset for a wireless terminal of claim 21, further
comprising:
said ACL packets transporting voice data between the ter-
minal and the headset having time-based characteristics
that may be retransmitted until received or expired;
said terminal being programmed to automatically flush
aborted ACL. voice packets after the packets have
expired because of waiting too long for an available slot
for retransmission;
said terminal determining if a frequency of occurrence of
flushed ACL voice packets is greater than a predeter-
mined value; and
said terminal increasing a duration of a listening window
following said predefined slot times if said frequency of
occurrence is greater than said predetermined value.
24. The chipset for a wireless terminal of claim 19, further
comprising:
said wireless PAN band being selected from the group
consisting of radio frequency band, infrared band, and
optical band.
25. A program product for a wireless terminal, comprising:
a computer-readable medium;
program code encoded on the computer-readable medium,
for execution in a wireless terminal for operating a first
transceiver in a wireless PAN network for communicat-
ing first data units in accordance with a first communi-
cations protocol and operating in a wireless communi-
cations band;
program code encoded on the computer-readable medium,
for execution in a wireless terminal for operating a sec-
ond transceiver in a wireless LAN network for commu-
nicating second data units in accordance with a second
communications protocol and operating in a band sub-
stantially the same as said wireless communications
band;
program code encoded on the computer-readable medium,
for execution in a wireless terminal for establishing with
said first transceiver predefined slot times to listen for
traffic for timing an assignment of relative priorities to
the first data units and the second data units;
program code encoded on the computer-readable medium,
for execution in a wireless terminal for assigning a
higher priority to said second data units if one of said
second data units is sensed during one of said predefined
slot times, to abort transmission of one of said first data
units; and
program code encoded on the computer-readable medium,
for execution in a wireless terminal for assigning a
higher priority to said aborted first data unit than to said
second data units if one of said second data units is
sensed while attempting to retransmit said aborted first
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data unit in a slot following said one of said predeter-
mined slots, to retransmit said aborted first data unit.

26. The program product for a wireless terminal of claim
25, further comprising:
said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.

27. The program product for a wireless terminal of claim
25, further comprising:
said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and
said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.
28. The program product for a wireless terminal of claim
2 27, further comprising:
said wireless terminal establishing a connection with said
headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.

29. The program product for a wireless terminal of claim
27, further comprising:
program code encoded on the computer-readable medium,
for execution in a wireless terminal for transporting
voice data in said ACL packets between the terminal and
the headset having time-based characteristics that may
be retransmitted until received or expired;
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program code encoded on the computer-readable medium,
for execution in a wireless terminal for automatically
flushing aborted ACL voice packets after the packets
have expired because of waiting too long for an available
slot for retransmission;

program code encoded on the computer-readable medium,
for execution in a wireless terminal for determining if a
frequency of occurrence of flushed ACL voice packets is
greater than a predetermined value; and

35
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program code encoded on the computer-readable medium
for execution in a wireless terminal for increasing a
duration of a listening window following said predefined
slot times if said frequency of occurrence is greater than
said predetermined value.

45

30. The program product for a wireless terminal of claim
25, further comprising:
said wireless PAN band being selected from the group
consisting of radio frequency band, infrared band, and
optical band.

50

31. A program product for a wireless terminal, including
program code encoded on a computer-readable medium,

o which, when executed, performs the steps comprising:
operating a first transceiver in a wireless PAN network for

communicating first data units in accordance with a first
communications protocol and operating in a wireless
communications band;

operating a second transceiver in a wireless LAN network
for communicating second data units in accordance with
a second communications protocol and operating in a
band substantially the same as said wireless communi-
cations band;

60

65  establishing with said first transceiver predefined slot times
to listen for traffic for timing an assignment of relative

priorities to the first data units and the second data units;
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assigning a higher priority to said second data units if one
of said second data units is sensed during one of said
predefined slot times, to abort transmission of one of
said first data units; and

assigning a higher priority to said aborted first data unit
than to said second data units if one of said second data
units is sensed while attempting to retransmit said
aborted first data unit in a slot following said one of said
predetermined slots, to retransmit said aborted first data
unit.

32. The program product for a wireless terminal of claim

31, further comprising:

said first communications protocol is a Bluetooth standard
and said first data units are Bluetooth ACL packets.

33. The program product for a wireless terminal of claim

31, further comprising:

said wireless terminal exchanging voice over internet
(VoIP) packets as said second data units with a wireless
access point using IEEE 802.11 Wireless LAN Standard
as said second communications protocol; and

said wireless terminal exchanging encoded audio data in
Bluetooth ACL packets as said first data units with a
wireless headset using a Bluetooth standard as said first
communications protocol.
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34. The program product for a wireless terminal of claim
33, further comprising:

said wireless terminal establishing a connection with said

headset and performing a role switch to assume a master
role to set up an ACL link with said headset in a sniff
mode.
35. The program product for a wireless terminal of claim
33, including program code which, when executed, performs
the steps further comprising:
transporting voice data in said ACL packets between the
terminal and the headset having time-based characteris-
tics that may be retransmitted until received or expired;

automatically flushing aborted ACL voice packets after the
packets have expired because of waiting too long for an
available slot for retransmission;
determining if a frequency of occurrence of flushed ACL
voice packets is greater than a predetermined value; and

increasing a duration of a listening window following said
predefined slot times if said frequency of occurrence is
greater than said predetermined value.

36. The program product for a wireless terminal of claim
31, further comprising:

said wireless PAN band being selected from the group

consisting of radio frequency band, infrared band, and
optical band.
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