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direriarepionsieiaigsta SNARPAIRIE

;{|}~e3e”: 6pT Architecture and Protocol for Software

Defined Radio System Field of the Invention The

invention relates to an apparatus for suppofgd.

coexi stence between a first s wreless corrn‘ﬂ%“@ﬂmm@mm"mm

node and a second wirel ess corfnuni cati on no

met hod for switching fromthe first comuni cati 6li*'fde

t o t hearehpeetuRCand Profdd sl Tof Sftwiarie Definéd \Radio System

defined radio (SDR) control. Background of the

Invention There are currently many different kinds of

W rel ess communi cati on standards, for exanple GSM

tem.for Mbile Conmunications), Wreless

&:%\‘%?%ot@?%ﬁg et wor k), Bluetooth and WCDVA

W deband Code Di vi sion I\/UItipr e Access). T'hF .
phsgpqqrgpg,qpems ence between a first

applications. For exanple, GSM and WCDVA tend to be

wéeadesncommunicationymedaand aseomndyirelessisommunigation anode and

rate is |l ow, whereas Wreless LAN (WLAN) tends to be

seathod foAsw(tchinglfooral théifiest dsetmuanichtivh enedd toethéagecond

rate is higher. Currently, the different wreless

ComHOhieation ‘ﬁn@d@ﬂﬁﬁ@ D ftRARE Abfifedratlb ‘(SDR)Qioh%]. Iy

with one another. Thérefore, it is usual for a given

termnal to work with 20 a single wireless

comuni cati on node only. However, one wreless

term nal ich can rk with nore than one

%pyﬂ%ﬁthﬂa@ge\ﬁﬁg%een proposed and is

illustrated in Figure 1. This arra_ngiemsnt all ows

ddwere ere pueenty nEnydiffetant kindswofwireless pamnyyiieatiamstandards,

t he *@00002* 2 sane termnal. In the architecture of

Fogexample GBM (Glabal Systea faydddleike Cemptitications) dlireless LAN

101, W.AN nodul e 103 and Bl uetooth nodul e 105. The

\(Léchlnrda| Methiddk 2 Bl dtbethBane WODMATPWIdgbaHbCh@é IDivision
i ncl ude Medi um Access Control (MAC) layer. There is a

ﬂ@ﬁ*ﬁwﬁﬁﬂiﬁ?@%ﬁfﬁﬁﬁﬁﬁﬁﬁ%ﬁ%@%ﬁ%ﬂ?@g#bm-R“
PRl SRR SRR Yend 2 phditeHyN HBR BrS R8I R Network)
BB e b e lEs S BTN R 5 o s

a WLAN Host Interface 107 and a Bl uet ooth Host
ILAN (thedocah drea Network) where the data rate is higher.

Currently, the different wireless communication standards cannot communicate
directly with one another. Therefore, it is usual for a given terminal to work with

a single wireless communication mode only.

However, one wireless terminal which can work with more than one
communication mode has been proposed and is illustrated in Figure 1. This

arrangement allows coexistence for Bluetooth and WLAN technologies on the

URNERID

*G00002*



10

15

20

o Wiilst the arrangenent of Figure 1 does allow one
termnal to use both Bluetooth and WLAN, because there
are two sets of CPUs and associ ated functions, the
die/PCB size is |large and the nenory space and the
power consunption are high. 1® addition, the
arrangenent of Figure 1 does not allowis a switch

ShRB R M He atchREctiRsBf FRUAS At HiRsre tabe Bfredmodules: 2.4GHZ
renotely, nor does it allow a software downl oad

& hliud ‘i’gi{' WA g{o‘i{m’é ¢b¥)and! I’Blubf()(ﬁﬁ‘ ned e t08f FHREWLAN

invention to provide an apparatus for supporting

coexi stence tween, a.firsg wereless.c ' '

ol 13 Ot D il DB RER R el Kecess control
which mti g‘gt es or substantially overcones the |

EMB¥Edaxerof Therevim adel Herabadded ineartumedule, one; in WLAN module
further object of the invention to provide a nethod

108, fwithe WhAN M&G firmwars and pedtesal, anathen; indBluetoativarodule
to a second wireless comuni cation node, in a single

d@6i, fsr thelBlgbtodsth baséiemdfirnewast amnd pritbyolo\Gonsegeentipéwo sets
probl ens descri bed above. 3 Sumary of the Invention

lJ? FERIN iRk éﬁéra‘ﬁng ?{}?térﬂé’?ﬂﬁ'bﬂ) HE GRS AR gdRhfOPU) and

supporting coexis e between’a first wrel ess

' e} n i k@l

IR e SR SR aREER e W AR R Blertacp 10T gnd o
nmodul e and a software nodule for inplenmenting at | east
dHuetosth spshinterdres §890r bot h communi cati on nodes. The
sof tware nodul e i ncl udes SDR control for enabling
switching between the two comruni cati on nodes. io The
sof tware nodul e may conprise a host domain and an
aNhitsidhd atlemgjemerd ofiRgueubtoes alowmme termiriad &s use both
comruni cati on standards. The apparatus can work in the

Blustoot? BRY 'WEAN, BRcEOSE thdrd a8 iteb seds6f GRS At lsessciated
for the first comruni cati on node are sent between host

e : | :
TR HE IO 856 I8 Brad ahd thofamb s sfRERHY 6 péler
is first. co nication,node,and the proc es afe just
opsUTRieh AT gt o A a BB e TR B, of Trifrs 1 igps Hot allow
communi cati on node. Wen the apparatus needs to switch
& switemErom eae cepmupication sdePanahente agqusrgmotely, nor does
communi cation node, one or nore SDR control nessages
at allave atsdfstare alowniead ¢eithexhocaliytorddedtelyprai ns to
instruct the node switch and the node switch to the
second

It is an object of the invention to provide an apparatus for supporting
coexistence between a first wireless communication mode and a second
wireless communication mode, which mitigates or substantially overcomes the
problems of known devices describe_d above. ltis a further object of the
invention to provide a method for switching from a first wireless communication
mode to a second wireless communication mode, in a single device, which

mitigates or substantially overcomes the problems deécribed above.



10

15

20

20 communi cation node is executed in the |ow | ayer
protocol. Wile in the second comruni cati on node, the
sof tware nodul e works wi th hardware of the second
conmuni cati on node and the processes are just |ike
that of a standard device worRing in the second
comruni cati on node. 4 In nore particular terns,
according to a first aspect of the invention, there is
provided a software nodule for supporting, in a single

deVimary P Eié \%Jgf‘mpetween a first wireless

conmuni<cati on and a second w rel ess conmmuni cati on

JE800] s, RN BP0 rghSEl, tonce

| east one set, of protocols for the seco
betwean a4 '($tdwf?f66£00'5\ﬁ‘wf§6? t%m@gaén%aep%i Yiregss)

control for enabling switching between the first
commuriicatioromadied & harappanatus eoomtisesrenbaidware snogweand a
i o Thus, the device can operate in the first wreless

eoftwerd ﬁﬁidu@fdmmplémenﬂihg beleastcomsl sl ofgpretscols for both
conmuni cati on nmode and the SDR control in the software

@8%%@&@&{ Roded ﬁ'ﬁ@'s%&w}é‘?% Wesillé I dEs SPRESontidlfoPénabling

| east one set of prot 0oco or the first conmuni cati on

%g?mg‘y tw@&b ?8“}" Fh@%?étl@ﬁ Mgl and higher

iotets |rs conmuni cation node. is In
a preferred enbodlnent of the invention, the software
nodul e conprises a host domain, an enbedded domai n and
an interface between the host domain and the enbedded _
doeesaitwarrenaddle raayapmpriselaulestgionainiangsan smbagsisgr-domain,
| ayer protocol for the first 20 comuni cati on node; at
lagds Usnalewitip peany wiyelesp icohmauhication staadaetnithe apparatus can
communi cati on node; and an application and a protoco

|V\?6H%"n fHy f.ﬂsheomrﬁ@éﬁdmhode rn whreheiHsedsind p(é@l@tsrfor the first

i ncluding: at |east one |ower |ayer protocol for the |
SATRFSRVEED 0 oo i i e
TR ARkt colma Ghica gn frﬁordw,\@l'r\ée sgﬁ{valt'ehlgno%% work fd wuth hardware of the
first communication mode and the processes are just like that of a standard
device working in the first communication mode. When the apparatus needs to
switch from the first communication mode to the second communication mode,
one or more SDR control messages are sent between the host and embedded
domains to instruct the mode switch and the mode switch to the second
communication mode is executed in the low layer protocol. While in the second
communication mode, the software module works with hardware of the second
communication mode and the processes are just like that of a standard device

working in the second communication mode.
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s This is useful for wreless conmunication standards
which work with a host. In that case, each one of the
host domai n and enbedded domain preferably includes a
conmuni cation | ayer for comunicating with the other
one of the host domain and emgedded donmin, across the
interface. to The conmunication |ayers in each domain

t i i
W%&Q?%Hdcg.ﬁaﬂef'ﬂn% Séccfr@fng 8 filst ¥5pect deﬁé"irf%nﬁBﬁ there is

out gol a packets and~a communi cat| on driver

53['@1 C?éad% Owg qn({)ﬁ.ﬁ%ﬁf S&g)é)%zﬁﬁ%qﬁ% n| Ccct{' ctogﬁlstence

Ia er ri ses two arts a filter

FHET Tt f@%ﬁammeﬂﬂ%éﬁﬁ?@ MifelessThe
roIe of each filter is to identify incomng is and
sonyoumigatien mgsies ke sofiwpreomodutefgmpiFiagdi ol e of each
communi cation layer is sinply to send data packets
acr os ait tdast oneeset af pratodols doethedirdbtempanicstonf mode;
across the interface. The filter preferably forms part

of thet k3t epBIged bf prdtotdls 3or rRDEoMEombAidatibh #hodé! and
each domain is arranged, for outgoing data packets, to

attac Epﬁﬁla'réjaﬁflhéd %‘."ﬁﬁ?ﬁﬁﬁ &?&@hﬂﬁ?ﬁ%‘bhﬁg switching between the

i dent e des cket,
i ver the ata cket, to the comruni cat,i on drlver
et EmbBRstEh Fald £l the shrut M EoH P,

i ncom ng data packet, to identify the destination of

the data packet fromits identifier, to renove the
identifier and to deliver the data packet to its

déwssi thet device samopeiraterinithe Erst wirelers eompuundeationtmode or in the
identifier may be used to identify whether the data

Beckrd wirkless ¢caramutivationi reetié andrthd SDRcantratinethe software
second commruni cati on node data packet or an SDR

%ﬂdl@'en‘éﬁté Q/@I&hﬁﬁ? bbfWé&I’?tWMEﬁB‘s TRCAL (88dtbne set of

packet 1s i 0 Dbi l'ong (where Nis a positive

RERIEI o I gﬁ&@m|§%¢d4 g(ro#gb@as)t inBEAdSEwed 43r phtoco

contr.o whi ¢ le.to,. send and recei ve dat a

Fackg e%'@b’%%erqt%ﬁ?ﬂ% Eer s communicioReNedeor t he

first conmuni cati on node, for the second communi cation
node and for SDR control is are being sent across the
interface and the filter is able to distinguish

Be averefertdat edibfoidiment oftthednypentlost, $hexsdftwareamype ufeocomprises a
themto be delivered to the

host domain, an embedded domain and an interface between the host domain
and the embedded domain,

the host domain including: at least one upper layer protocol for the first
communication mode; at least one upper layer protocol for the second

communication mode; and an application and a protocol layer for the SDR

contro!;
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appropriate destination. In one enbodi nent, the SDR
control in the host domain is arranged to send ao data
packets to and receive data packets fromthe SDR
control in the enbedded domain, to enable sw tching
between the first comuni cati 6n node and the second
comruni cati on node by | ocal instruction. The data

packefyp éﬁ?\be@@eé ‘?J%Pneﬂﬁ'ir?cﬁ@dlhﬁeaﬂ |BRST b W 1hYs protocol for the
communi cation |ayers in each domain. The data packets

I f
ﬂf]sz ﬁ?ﬁ?ﬁu%aéﬂ%]%e aPFe%%Ehn c%vtvéré’{) IE?% ?r%?@%dcllzgrefh)e second
Thus, the, node sw occur within a si
ST RCRPT OB ab A DRt aCeHiEv el rd rRare i FaSHR spntrol.
domain is arranged to send s data packets to and
recei ve data packets froma renote device to enable
switching between the first conmunication node and the
Faxois disefuhfonwiraleiss tomrdanicgatior stanelards thiatt work with a host. In
Preferably, those data packets sent to and received

i BakBeeaEHTBAE ofl@vé ABsEdEMAaRMNdE MR dBE @RINVEIH ;méfdrbbly
SDR protocol layer via the SDR application. In th

iR r}ﬁ%%ﬁ@ﬁ@fgﬁ%éﬁﬂﬁ%%%%ﬁﬁﬂ @thE‘éCéthQF‘o & ¥fthe

enbodi ment control in

he, host do I S, arfr t ckets to
ﬁ]ﬂgt %ﬂa@oﬂ tiqu?eﬁie Oéﬁﬁ'@dangggﬁg%ﬁ’%ﬁ?ggupgr ade
software in the enbedded domai n. The data packets nay
be sent across the interface by is the comuni cation
| ayers in each donain. The data packets preferably
iThel apemanloaéide layers imeneh dodwain imMayeegmprise atfilfey feridentifying
them as SDR control data packets. In that case, the
MIsnsing tandl outgoingeddtaPacketseant arpnimunicatioy edvéofor
recei ve data packets froma renote device to enable

ttr’éﬁsﬁf?tilh e} Hé%@fvﬁgfdét% pdtkelOa &3R8 e thtdaa®d NThus, in this case,

Preferably, those data packets sent to and recei ved

SRR PGy BB S et e RIS o

co ayer via

uvgf seeh i 8 oediseAle: ShehlE oSt s 1 g Bty jngoming

first conmuni cation node and the second conmuni cation.
podeoutgoinp inta parketsrappropaately: dhedplsodi ereh commumication layer
i nvention, one of the first comruni cati on node and the

is simply to send data packets across the interface and receive data packets

from across the interface.
The filter preferably forms part of the SDR control.

In an embodiment, the filter in each domain is arranged,
for outgoing data packets, to attach an identifier to the data packet for
identifying the destination of the data packet, and to deliver the data packet to

the communication driver for delivery across the interface; and
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second communi cation node is WLAN. In a particularly
preferred enbodi nent of the invention, the two
conmuni cati on nodes are Bluetooth and W.AN. Thus, the
device is able to work either in Bluetooth node (wth
exi sting standard Bl uetooth devi ces and/or further
devi ces) according to the invention) or in W.AN node
(wi th oy _ . : ¢

féréad |?|@8ﬁhtggﬁ‘t9§fa?%é&e, Yot ?ﬁggg@ﬁéécfog DéRFthE‘%fata

devi ces) accordi e I nvention),

Il o (.t ehi e PalelS

REEkS rod 30BN ROl pEeBBn g e ERudB R is dptp packet
i s..also.provided apparatus for supporting coexistence
R {t5.JERAAYAMN- st wi rel ess cormmuni cation node and a is
second w rel ess communi cati on node, the apparatus
conprising: a hardware nodul e; a software nodul e for
i npl enenting at | east one set of protocols for each
ddweridentifidrimay vedeheadaer. an i nterface between the
har dwar e nodul e and the software nodule. 20 The
apparatus may further conprise a nenory. In an
enbodi nent of the invention, the software nodul e

: 1 . : fig
Ser%'e t&g;ﬁmr"ﬂmag% o%%‘i&ﬁﬁﬂf?g&f@théf%!eﬁdﬁ?@g@ﬁg@g d ﬁrgi .

pr _Ot ocol S_ r eacC _ communi an
D5 TGRS 18 SR S 8L ke
t bei hi gh th the first t of
A S AN —

nmodul e as descri bed above. s According to a second
ditpdang prheneeN iisagasitive, intager) inaudingandbit{1 myte)dueader.
for switching froma first wireless conmuni cati on node
to a second wireless comuni cation node, in a single
devi ce, using software defined radio (SDR) control,

iR Sl e irilr}%hf]ghé fiReSfoPme giirt of theBDRT ;ct'?r'vq?wgh is able

host domal n 1 nc I ng an upper l'ayer protoco

54 5oh SAATRLRRAAA PR SRGHENE ol Rl Bt ket Fr e it
:cgﬁ'ﬁﬁpi%g&r\ %\p/c'bcfe'oggq t%gﬁenq%ﬁgdc%%%a%lagoh rgr(fcln eOI and for SDR control

are being sent across the interface and the filter is able to distinguish between

the different data packets and arrange for them to be delivered to the

appropriate destination.

In one embodiment, the SDR control in the host domain is arranged to send
data packets to and receive data packets from the SDR control in the
embedded domain, to enable switching between the first communication mode
and the second communication mode by local instruction. The data packets
may be sent across the interface by the communication layers in each domain.

The data packets preferably include a header (or other identifier), identifying
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first conmmuni cation node, a |ower |ayer protocol for

the second communi cation is node and an SDR contro

| ayer; c¢) sending an SDR nessage fromthe SDR contr ol

| ayer in the host domain to the SDR control |ayer in

t he enbedded domai n, the nmessage commandi ng the

enbedded domain to switch fromthe first conmunication
iR afs(BDRQ:cﬁﬁ@PG@t nEBERélS CRAUS Rhépstie sWitck2ma)occur within a
swtching, in the enbedded domain, fromthe first
%ﬁ@ﬂya%ﬁeélon node to the second comuni cati on node.

SDR control enables switching fromthe first
comuni cation node to the second communi cati on node.
Before the switch, the device operates in the 10
first conmuni cation nmode in the usual way. After
dnppe emeatimesti the YpRrcangs! intheriost éemﬁan is arranged to send
comuni cation node in the usual way. In a preferred
dateopackats to ahd reecive datai pabiats dompaireswte sievioe totanable
d), the step of sending an SDR nessage fromthe SDR

switchinlg Hetweenithe finst comraddiedtioo mode and tie s&tdhd
control layer in the host domain, the nessage

icBAmahicaton hidd B¢ rémb s’frﬂé’cmﬁ BefdraBiy, those data 3 packets sent

iR Ii/
conmuni cati on node to t%c second communi ¢ation nod

BRrdrere g Tite géghsﬁea@ggs%g%g@a Ripisply e SOR
RoR e e S ket T B 6Bac e oado by cou
step of sending an SDR nessage fromthe SDR control
Ibxyiestryationeorarieammel® @yied.n to the SDR control |ayer

in the host domain, the nessage indicating that the

conmand from the SDR control | ayer in the host domain
is accepted by the is enbedded donmain. Preferably, one

O o 'etniBddifriemit, I8 SBRSGEEDI PR hGt dntkih 3 BAakged to send
Advant ageously, each data packet includes an

ﬁpé%k&g t ‘f’ﬁe Fr R hb{)%@ﬂg tltlg% Y domath F?grﬁpgll;adehsoftware

pac han packet for eit

o nogp&)ﬁﬁgeae %‘%gﬁfﬁmdg;g Séc':léer{ﬁmdeﬁé sqaﬁgagr[gﬁs the interface by
cont rol layer in the host domain_and/or in
é%é%@@”'&l%‘éﬁ’ﬁﬂw ieeash Q‘h@éﬂ‘ tidhe @ﬁ;ﬁtpqq;eﬁqq@referably include
appropriate destination for an incom ng data packet
far leadeardor atheriderdifier)Tidergifing dhemals SBRecontrol data hbeskets.
domai n andlor in the
In that case, the SDR control in the host domain may be arranged to receive
data packets from a remote device to enable the software upgrade in the
embedded domain. Preferably, those data packets sent to and received from

the remote device are sent by and received by the SDR protocol layer via the

SDR application. In this case, the software upgrade is instructed remotely.
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11 enbedded domain may be arranged to add an
identifier to an outgoi ng data packet according to its
destination. In one enbodi ment, the nmethod further
conprises, before step c), the step of s receiving,
froma renpote device, an SDR fessage in the SDR
control layer in the host donain, the nessage

[re8 pesfetied SmBudiidht lof @ie tnvenfibm,sdnecontihenfireatdrmamunicion
to the second communi cati on node. In that case, the

H%Jéog'ld?%oé i@%ﬁfﬁﬂf&a’ii@ﬂrﬁ@détseiﬁlu‘éfto&ﬁ.nm A@réerradR

nmessage from contro ayer 1n the host donmain

to,the re devi ce, the indi.cati
piednoRESt e ariitne bip! dos Nt clhifiaidh rikie. 4 the
Thus, a switch fromone co ni cati on node to the

seeiid pRRNHENIcatian Mededs Mé%el y. According to the

second aspect of the invention, there is also provided

a method for switching froma first wrel ess

conmuni cation node to a second is wreless

G ETpaMicaai Y prefeded enbadimient bethdcnivertion)the dwe abmmaurication
defined radio (SDR) control, the method conprising the

: indl . THRASthePd6ViBé ¥ a61ltolvirRTeifher |
irggfwé%o t%‘gé}ﬁtgﬁngn\gq@g&c;ﬂr?g@éghmmnilgééti on rrgdes; etln) "

BP0 I 50950 4515 B8Rl Blgir rter
R e ) 2spEing 15 kne RCofidn s B ARER 8R5 Wi S g Hendard
t he nmessage conmandi ng the | ower |ayer to swtch

VMBAN; desicesoandier futhes davisgés arcording de dhe) inventlong,r nd the

conmuni cat i on node; and 12 d) switching fromthe
fSDR tcoatrohaliowsaswitching detween Hossdwonthodesnuni cat i on
node. In the second aspect of the invention, the

devi ce nay conprise apparatus s according to the first
aspect of the invention. In the second aspect of the

iﬁ(b‘é%ﬂghﬁ@o tﬁ@ﬁhsq %}FS& SFithe GV E?ftikaﬁehr%ré‘?g bR ol fbparatus
according to the TIrst aspect o t e rnvention. _
Sgﬁﬁ@?ﬁr&é ﬁggﬁitggér{c%rbae%%ﬁ aoffirs{ Qﬁe'e@é%ﬁﬁrﬂﬂnic%ﬁ%%b&e and a
second wireless communication mode, the apparatus comprising:
a hardware module;
a software module for implementing at least one set of protocols for each

communication mode; and

an interface between the hardware module and the software module.

The apparatus may further comprise a memory.

In an embodiment of the invention, the software module comprises an

embedded domain for implementing a first set of protocols for each
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io perform ng, using software defined radi o (SDR)
control, a software upgrade in a device, the device
supporting coexi stence between a first wrel ess
conmuni cati on node and a second wi rel ess comuni cati on
node, the nmethod conprising tlee steps of: a) providing
a host domain including an upper |ayer protocol for

cBRnhdimiAtidrd nfoRIE AR QQHST’BOM?for%g!&?ﬁSﬁtiﬂgaM @kcond set of
protocol for the second comuni cation node "and an SDR

; r [ :

PROpEGl 15748, s@irfa et tholR, e SEAFRL S gotocols being

0 nicat,i o d a | ower _layer, protocql, for the

Bt e el BT ot it A B BRA I Mpypemrsg 2
sendi ng software upgrade data fromthe SDR control

saftware madwe s slesadbed AbP¥e.t he SDR control |ayer in

t he enbedded donmai n; and d) upgradi ng the software.

13 Preferably, the nmethod further conprises, before

step c), the step of sending an SDR nessage fromthe

BloBording t®h deapAd dspethef theshvsiion, thare i§ brovidE a method for
control layer in the enbedded domai n) the nessage

SIS 2T RRIAS APRLRICRYoh Hod I 4 SREL Y wireless
J he step_of sendi ng an SDR_nessa fr.om,t
ZfpAf M. 77 A Nl 2rEa, Dinganiars #net 2o 18oR)

confrol | a % in the host domain, the nmessage

i°AA relaltri“?‘lﬂ%il od ComPrissg thesteP® ATt r om t he SDR contr ol

layer in the host domain is accepted by the enbedded

domai &) Previdingenbostrmyaaindneludingeamupperaer ptasecol for the first
conprises, after step d), the step of sending an SDR

coasagEicatianridue, SPRippEriaydr gretoen! fon thé eeentd ddmunication
domain to the SDR control layer in the host donain,

sy BsS agss DRBGHM! [ggje};hat t he software upgrade has
been executed. is Advantageously, one or nore of the

SDR . j . ,

or of o PB g ARl BE R B SRR R ozl RrgRofiEb! for the
TR i RS e B S ool B B8 Poyuncatn
t he host domain and/or in the enbedded domain may 20
Modg aR¢ g8 PR G 13Yeri he appropri ate destination

for an incom ng data packet fromits identifier. The

SDR censeontingaares DRmessage fromithenS D Racatosl layertinghe host
enbedded domai n may be arranged to add an identifier

‘dondein ¢t SOR dentrolnagdrch the episBdikd dornbfm, the message
desti nati on.
commanding the embedded domain to switch from the first communication
mode to the second communication mode; and

d) switching, in the embedded domain, from the first communication

mode to the second communication mode.

Thus, the SDR control enables switching from the first communication mode to

the second communication mode. Before the switch, the device operates in the
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14 In one enbodi nent, the nmethod further conprises)
before step c), the step of receiving in the SDR
control layer in the host domain, software upgrade
data froma renote device. s In that enbodi nent, the
met hod may further conprise, b@efore receiving the

sof tware upgrade data fromthe renmpte device, the step

‘ﬁf'st [eBAfthithiBELibM nidtR BRRe ARl Why! ANEF thenswitih, |ﬂ§>§HeV|ce
domai n, an SDR nessage fromthe renote devi ce,

t ri‘;\?ffe[
@aﬁgg}#ﬁgéo@% éégﬁﬁﬁgﬁagﬁﬁdﬁ?&ek %Q’Ia i's’the
case, the nethod may further conprise the step of
sending an i o SDR nmessage fromthe SDR control |ayer
to the renpte device, the nessage indicating that the
Woairrelestadembedimee thesmethodiirtnes compiisespaiter $op diethe step
SDR control |ayer. In that enbodi nent, the nethod may
fofisehding camPPRsmesadge fromethe SDRgcarﬂspl layes i themembedded
upgrade data fromthe renote device) the step of

gentHimeo te SDR cesiscldeydrinthé hestddtnaimnti®mdsaxge indicating that
the renote device, the nessage indicating that the

t%ﬁéeg\pﬁ? r Jnggg?gﬁfsg?Bﬁ‘hn'ﬂﬂﬁcQﬁﬁﬂmb%%Yﬁg se@ﬁﬁg Eggﬂﬁur‘ileatlon

e invention, there iIs

ARG A6 el p&fier” Th rBSSads Eotms Bebihe Qb cpmtete so

devi ce, the device supporti né; coexi stence bet ween a
thatdhe gevicesan poWARGTaiR: N A F8ERNG RAMINWERRN mode.

W rel ess communi cati on node, the nethod conprising the
steps of: 15 a) providing at |east one protocol

| ayer for each of the first and second comuni cati on
Fvefesablp) therrethticyrthet tompeisdsf betadenateps CHBRY d), the step of
control conprising a | ower |ayer protocol and an upper

lsaK8ihgRIrPSPFOMes8age fodh the'SDFOEGNIRG| Saydrdh AHE eﬁi’dé@jded domain
fromthe SDR control upper layer to the SDR control

Ittg Y SO®Y Ebntrdl '?51)((%) in{R& 'i'\%?{ @&n%[?ﬁ the Hé’é@:@@e 'J’&C‘I"ﬂ'ﬁ? that the

rd aspect of i'nven
ARbEREnd from 1 RBR sied Jastd tof opd e%&w%.fa&%epted by the

embedded domain.

Preferably, one or more of the SDR messages comprise a data packet.
Advantageously, each data packet includes an identifier for identifying the
packet as an SDR control packet (rather than a packet for either of the first or

second communication modes). In one embodiment, the identifier is a header.

The SDR control layer in the host domain and/or in the embedded domain may
be arranged to identify the appropriate destination for an incoming data packet

from its identifier. The SDR control fayer in the host domain and/or in the
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the device may conprise a software nodul e according to
the first aspect of the invention. According to a
fourth aspect of the invention, there is provided a
met hod for is identifying the appropriate wrel ess
conmuni cation node to be used!1n a device, the device
supporting coexi stence between a first wrel ess

efibBddiedaddraginage bandrangerictoratidan éertifiec tovam niutgding data
node, the nmethod conprising the steps of: a) searching

%két'%F&nﬁ%‘itg%é‘stlhﬁoﬁomm cation node; 20 b) if

0 signals i first conmuni cati on node are
received within a predeterm ned tinme period, swtching
to the second communi cation node; c) sear chi ng for

naI in.the ,second,k c ication nmo
T 868 sibdtiments BedBetRd TUHRRGADRTPoR Heere 4Pa ) the step of
received within a predeterm_ned tinme period, swtc g
frecaivings froat a comatmiewes o ﬁ&ﬁ%me&ﬁa%)n thereRR ﬁ@ﬂtm' layer in
steps a) to d) either until a signal is received in
¢he hest dombim, the sessagrwedeestingra awieh from the fist opmunication
comuni cation node or, if no signal is received, for a

phicdetethe Mrﬂwﬂmmuﬂicambdenedé.tln Hieat cdge, tie nfetbod may further
aspect of the invention, step b) of switching fromthe

%Hﬁns‘éqm& at b@ﬁdlﬁ@% SOR MBsSEFORENTHIETDRCES it layer in

may conprise a to nethod accordl ng to the second

Iqﬁ(?/ g(é%l? %rp%'s}fto mg)%h#&gv%etbc ) ng ﬁégénég%e SECOI?O{ha{ {H‘:‘e request

0 ni cati nmode . to . the fi i catli nmpde may
363D 1R ESmOfamaRS hed Siednascentachd TUgc Bk Og i
the invention. 15 Brief Descriptjon of the Draw ngs
TR BNBieatiaR ynegaytaitheeather aﬁyt%ln.sﬁvem MLVt now be
described with reference to the acconpanyi ng draw ngs,
of which: Figure 1 shows a coexistence architecture
according to the prior art; Figure 2 shows standard
Blaterding ho ltivsveecdry aspadtafithe ifvention, there is also provided a
method for switching from a first wireless communication mode to a second
wireless communication mode, in a single device, using software defined radio
(SDR) control, the method comprising the steps of:
a) providing at least one protocol layer for each of the first and second
communication modes;
b) providing software defihed radio (SDR) control comprising a lower
layer protocol and an upper layer protocol;
c) sending an SDR message from the SDR control upper layer to the

SDR control lower layer, the message commanding the lower layer to switch

from the first communication mode to the second communication mode; and
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20 Figure 3 shows standard Bl uet ooth upper |ayer
architecture; Figure 4 shows standard WLAN | ower | ayer
architecture; Figure 5 shows standard WLAN upper | ayer
architecture; Figure 6 shows hardware architecture
according to the invention; Filgure 7 shows software
architecture according to the invention; 17 Figure

8a i s B sWitsBIMYFréiahe Tiist dbtnimdhitatiof iméde &PIReCosBHRmAd
packet; Figure 8b is a diagram showi ng the format of

"%' £ et; Figure 8c is a diagram show ng

?ﬁe orl%?% an SDR data packet; Figure 9a is a

di agram showi ng the format of an SDR PDU command s
packet; Figure 9b is a diagram showi ng the format of

n, SDR PDU, data packet; Figure 10 is a flowhart of a
1638 SRl aspectiol the gmegt'%ﬂ, {he &wqeoweaa%qmmsaaapparatus
renote node switch; Figure 12 is a flowhart of a
laseardingtq the rstiaspeeiad the invengane In the secorid aspegiaf the
of a renote software downl oad; and Figure 14 shows
smfentione ther dévice chay eormprise adi suftware ancdude ratcordiogl tortie first
of the invention. Detailed Description of the

Rispbef srflelntgttiorents is Figure 1 illustrates an
arrangenent according to the prior art and has al ready
been described. 20 Figure 2 shows standard Bl uetooth

| oner | ayer architecture and Figure 3 shows standard

AEHERS o YEREE d BEEL ok B ThiBISY ByuP BB brgtod o
Iél%ﬁ u’%‘ﬁf%%it@:g rgwlsg%ﬁ%%rl eiéf@ﬁgggﬁwﬁgg%‘%ﬁ@&re upgrade in a

Interface 205. Referring to Figure 3, we see that the
ewice, thg devise sHppeting eoaxiriener betwrerpn fisstovreless
application 301 itself, the Bluetooth upper |ayer
moatraupicaBos neodk dhe ahsetond vitelessroumnuaiicatiordmoder; the method
305 for comruni cation across the Bl uetooth/ Host

lodherisheg thedsteps of:

a) providing a host domain including an upper layer protocol for the first
communication mode, an upper layer protocol for the second communication
mode and an SDR control layer,;

b) providing an embedded domain including a lower layer protocol for the
first communication mode, a lower layer protocol for the second communication
mode and an SDR control layer;

¢) sending software upgrade data from the SDR control layer in the host
domain to the SDR control layer in the embedded domain; and

d) upgrading the software.



10

1

w

20

Simlarly, Figure 4 shows standard W.LAN | ower | ayer
architecture and Figure 5 s shows standard W.AN upper
| ayer architecture. Referring to Figure 4, we see that
the I ower |ayer architecture includes standard RF and
Baseband nodul es 401 and 403 &hd a standard W.AN MAC
nmodul e 405 with WLAN/ Host Interface 407. Referring to

Birgfefsblp, theemegpdt fofthet bemprises, Delywr stepd); thecstep of sending an
i ncl udes the WLAN application 501 itself, the WLAN

g‘tﬂ@ s%gé FRIAERE DR R3nf@daldranitRe RBst d@mame tch@tsnR control
rirver

for communi cati on across the WA

e .

e i P emberF St ETh e Gt GORTE 4R e‘rﬁ‘b” g%?ed gomain of
shovvs the hardware archite and Fi sho
4o fartheomiag spEware UpgF M@?P@ﬁ %gfﬁﬁﬁlﬂde V*BHEF‘
see that the Bl uetooth and WAN har dwar e have
comprisedhe sten AEsending amolld Renessageirem hhﬁélaBe%orttf% layer in
physi cal (PHY) |layer and those portions of the MAC
ltiagy embeddledrdamaia torthé &DRR&ostroldayaninBhadtasb damaia, the
WLAN. The inplenentation of the hardware will be well
ltneygagerindieating thatrtbde wotificatiun faemche GBRexbntrot tdyer in the host
her e, although it should be noted that the conbined

Rlowedin % Eéiégs‘fghmfbytﬁlé@ Bhéddbd8ormBirsepar at e nodul es or

i n conmon 19 In the architecture shown in
Figure 6, we see that there is a single CPU 603 which
wi || support BI uet oot h, WLAN and sone Software Defi ned

TRt b g e ESHbebSs 4 ek 88 wop o

Figure 7 shows the software architecture 701 proposed
isending amBER massape fxpihe SER renisd layer inthe embedded domain
architecture |ayers are divided into two donai ns,

whitiods SOR control lager indhe heistidomain the inegsage imtligating that the

Bl uet oot h/ V11LAN device will work together with a

hestware @ ghad hagpeenwixecoedt he upper |ayers, the

enbedded 10 portion inplenenting the | ower |ayers. The
upper |l ayers conprise the Host Software Donain 703 and
t he | ower Iayers conpri se the Enbedded Software Domain

s%?\(éwgg@esc;\ﬁ orpfe%rgllnb\l;é] Igﬁ H’\%téBE{t Mggsé’éeg Qc?mEH?&Q defhta packet.
Each data packet preferably includes an identifier for identifying the packet as

an SDR control packet. In one embodiment, the identifier is a header.

The SDR control layer in the host domain and/or in the embedded domain may
be arranged to identify the appropriate destination for an incoming data packet
from its identifier. The SDR control layer in the host domain and/or in the
embedded domain may be arranged to add an identifier to an outgoing data

packet according to its destination.



1

(=

1

W

20

I's includes Bluetooth functionality 707, W.AN
functionality 709 and SDR control 711. Enbedded

Sof tware Domai n 705 conprises Bluetooth firmare 707a,
WLAN firmvare 709a and SDR control firmware 711 a,
together with Bluetooth | ow | &er protocol 707b and
WLAN | ow | ayer protocol 709b. The Bl uet ooth) W.AN and

$PBn6 @mBbadimieint rm@rrﬁéthaa?farthépgmaﬂﬁeg bbf@recgtarmwl thatstep of

dlrectly 20 wth the hardware 713. Above the | ow | ayer
pockaaln i S Solanhed ke SER AB0RAE BRRglSHBal it

“Brbedded Sof t war e 20 Donmmin 705, for
communi cating with the Host Software Domain 703. All
the software conponents will work wth sone RTGCS,
shown generally by the reference nunber 719. s
twihatesbodimenttthe mehedi oay dirthercomprissu beferetreceiving the
t he Enbedded Software Domain 705. The Bl uetooth
fsoftwaee apdide datd frawtheyemoty dévice| thé&Tdp 0§ tadeivdsg in the SDR
Li nk Manager protocol) are the sane as in a standard

Bbuebloayér et dost Bomdimrdry SDRIMedbhgdlfioni tR@femd@ddevice, the
and | ow | ayer protocol 709b are the sane as in a

| sre por?\s‘% % ﬁﬁoﬁ%fwgéqgﬁﬁ eﬁ)fmére%pgrade
d§?bgtlf ﬁ’wg? IS?J{EI% éa]ssg ﬂﬁeaFn% hcgd F e fjlugtngp $or§R@ § 6%&%&;) of sending an

connu i cat es hardware 713 f
SHR eSO g6s conF{el IS5 Wnagemate g the message
conprlses the SDR manager is 711 ¢ and the SDR filter
rdicafingrihet tsrnetifiqagion7iom dhe eerapteedeyies iecdecantedbyithe SDR
Host Software Domain 703 via the host comruni cation
a@gontreklayas. It identifies the packet as either for the
Bl uetooth | ow | ayer protocol 707b, for the WLAN | ow
| ayer protocol 709b or for 20 SDR managenent purposes,
dependi ng on the header attached to the packet: the

IO e SRR AT B R e
td°- yvg%Rypg?adc%rdth‘jfrcﬂ'ﬁlthg %ncﬁowﬁe@ as kt% sttgp otf %eR&?l% an SDR

I nNa

?rk}h? rsm p%g conmuni cation driver 715 is |ocated at

message from the SDR control layer to the remote device, the message

indicating that the software upgrade data has been received.

According to the third aspect of the invention, there is also provided a method
for performing, using software defined radio (SDR) control, a software upgrade
in a device, the device supporting coexistence between a first wireless
communication mode and a second wireless communication mode, the method

comprising the steps of:
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21 The SDR filter 711 d al so receives packets fromthe

Bl uetooth | ow | ayer protocol 707b, the WLAN | ow | ayer
protocol 709b and the SDR Manager 711c, adds an
appropriate header to the packet (depending on the

origin of the packet) and del f¥ers the resulting

packet to the Host Software Domain 703 via the host s
conmuai Q%Vi&ﬁgfﬁtlldﬁt ohtrotdie| BBr fsraskish dfthd fiestt enhdsécond

occupies the tirst byte of every packet noving across

BRmhMiBAfiSH hdiekween t he Host Software Donmin 703 and
tEert%ﬂe%éed of tware Domain 705 in either direction.

For e N . ' rd '

oi us 37 B3 Ed e rBuGIR DR PR pferiSid & Rler
managenent packets. Thus, the proper destination of a
IANFERTISEREANG. AR Uper JRNRY PFei98Bky t he SDR header
attached to it. The SDR manager 711 c deals with SDR
nmanag &rEARdigisehtware sRgrads daia fremithe SERsentel uppedamer to
and WLAN nodes, software downl oad and so on. For

the SAIRcaMPOlflawet layes;, anche SDR nmanager requires the
support of the SDR control firmmvare to access the

har dwal) @pgidthing thesoftwake SDR manager will be

di scussed in nore detail below. 20 The job of the host
communi cation driver 715 is sinply to transmtlreceive
packets between the Enbedded Software Domain 705 and

) i S PR 3 B0k SR

BRI RS S PUobSh b WiPiraett o re imventon
Domai n. 703, whi ch, again, includes Bluetooth
thmeevigadnay gompose agafiwargdpeddleaqooydingdo dhrifigbRspect of the
control 711. Host Software Domain 703 conprises
Biwestioot h upper | ayer protocol 707c, W.AN upper | ayer
protocol 709c and SDR upper |ayer protocol 711f., s
together with Bluetooth application 707d, W.AN
application 709d and SDR application 711 g. Below the
. . ] r
ARRBAhGIG BUR aepect &Rk fhverteR, Fibfolo provided Slméfbd for
! re in o 7 fo .

ST E g RBeliiete ' ISsCerBRRA e, ot 18 s v in 2

nsi der now the function of the various_parts of the
Biicestiia deiee sinmprnauberRtenes BEfssTa S iSRS ppor
| ayer protocols 707c, 709c and applications 707d, 709d
oEauRicatien Mmpdenare a sesoadvilass eommunieation mode He method
is device but the upper |ayer protocols are based on
tdoenBdichthet stepstofir 711 a rather than directly on the
host conmuni cation driver. In addition, the SDR

appl i egt i orzeatdhifg ifer si§eale in fite st ebavhiniéafich At \LAN
709d applications. The SDR application 711 g has two

functiggns: if g, gf@‘éiléjr‘?\ptﬂel‘fﬁgtr cdrﬂﬁw%hfc%@i%nﬁrf\tSSjé gﬁ% ir%((geived within a

user inputs an O report status or res

e AL AR e SR 3B h Saccts BB ¥ Ein mode:

The SDR upper_ layer. protocql ,711 f has two j.obs. _
Firstld), | oGuehiNg fabsianasdn the speand pemplicetisn mode;
Software Domain 705 in this device. This is done via
the SDR filters 711 d and 711 a and host conmuni cati on
drivers 715 and 717, as
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23 has already been described. Secondly, it has to
communi cate with the SDR upper |ayer protocol in a
second renote device. Wien the SDR upper | ayer
protocol wants to send a command to a renote s SDR
upper |ayer protocol, it does'&o through the SDR
application 711 g. The SDR application will check the

curregy acifirkesigharinithaseoondrodmnanricatissmobie aremeeeided
to the active node's application. Wien the renote

QRS gré@é{erﬁﬁ\édhﬁnémadswltéhng kd tiRAf%t Ebmnfuribftion mode;
SDR upper layer protocol of the rénote device via the
?Rﬁ application of the renote device. io The SDR host
ITter 711 a is simlar to the SDRfilter 711 d in the
Enbedded Sof tware mai n,705. . The host, .filter 711 .

a rec&lves rﬁ%%gss%%rﬁ) F%%Eﬁ%@d&ﬁ%s%@@%? ée‘%ﬁ%%gw either
705 via the host communication driver 717. It .

itk fitst coe¥Mumicatior eadeer thetsasond somrmenigatied swde or, if no
upper | ayer protocol 707c, for is the W.AN upper |ayer
isigrtab sotecébed, for 4 predeternsbed mppdrer|odyesdepswitcires.

711f, depending on the SDR header attached to the

packet. Once the destination has been identified from

the SDR header, the SDR host filter 711 a strips off

IR ek rﬂﬁé’&k?ézcé %j'lF thalBlVeHASS, étBSlb?gf Egiltcﬁiﬁg'ﬁo?n PO ARt

desti nati on. he SDR host fi 1 a™al so
b T
einogacbiing Kol seanecamackal the isientiongndhe fotuth aspect of

origin of the packet) and delivers the resultin

A Kuention; steprhisd udighber fromrtbe sgrane cwsnvmlaat?% mode to the

host conmuni cation driver 717. 24 Thus, with the two

$ibR danmenkcatitt onadel nvaylegymplise a ooethod\Acahrdingl taiie second

packets can be delivered across a single interface via
bctonthienhedition drivers 715 and 717. The SDR

filters recognise the headers on incomng traffic s

and therefore send the packets to the correct

destination. The SDR filters also add the appropriate

i ffic so that the opposite SDR
ﬁ'ﬁ@éiéﬂp%bgjﬁgﬂgoé{a&%ggel ivery. The job of the
{]I?vz% g%gm ?&% |m%rn|tsy 81[ che]izvclar?tioSnl m?ll IYOV\t/ %e described with

reference to the accompanying drawings, of which:

Figure 1 shows a coexistence architecture according to the prior art;
Figure 2 shows standard Bluetooth lower layer architecture;

Figure 3 shows standard Bluetooth upper layer architecture;

Figure 4 shows standard WLAN lower layer architecture;

Figure 5 shows standard WLAN upper layer architecture;
Figure 6 shows hardware architecture according to the invention;

Figure 7 shows software architecture according to the invention;
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to packets between the Host Software Domain 705 and

t he Enbedded Software Domain 703. The host

comuni cation driver 717 does not need to know
anyt hi ng about the particul ar comruni cati on node bei ng
used. As already discussed, SDR managenent conmmands
are transmtted within the is | ocal device between

Fafiire ®ad efa dimgtadosiowing and forhsat dieinvBBR ¢dranandapacket;
devi ce and a renote device. Consider the first case

(5?] gufe 8&° Wgﬁléq{ﬁﬁ?%&klﬁ@ thé Fdvimattdfan SOR ewsitigaRket;

ere are three kinds of managenent packets for the

El@lﬁ%omaéﬁas Q%irangt%ﬁ% g@?ﬁﬁ‘% r??ﬂ@n%agﬁéto the
FIRTE Gt FoR diperSpre comipl 6° E&R%HW%SWEDQ%%@

8a. The packet conprises 8xN bits. The 25 first

bits (1 byPapkek the SDR Host Conmand header

identifying the packet as an SDR Conmand. Currently
FigureiS defis aetiagram slkowwiDg the format ¢iardSPR PR éetaomr:ket
byte is the operational code, which identifies the
Fadgurecid ar is arfiowuhabtedfglosahinodeawitdhe Host Domain to
the Embedded Donain. s Currently, two operational

‘Fl%ﬂé f1av e iD8eRvHPHIE remoteBde Wiiteh: | ndi cat es the
Host Mbde Switch conmmand 2) OX011 whi ch i ndi cat es

i I
ETen Dot o aroub R OL A pleth samuars SowrRag: Ppb°

Bl uet ooth to WLAN or vice-versa. The SDR Host SW
c shemscsafvarerarchitasiitenacoasdingrie mserang emeodiment of

Errbedded Domain to indicate that the Host Domain is

goi ng to ddhelimantioof t ware. The third byte indicates

the total parameter length. In the case of the SDR

Host Mbde Switch command, the fourth portion is the

"New Mode" paraneter (1 byte) identifying the node to
tb‘ethﬂea%éscéiﬁ&.mb@thé Prefiréd EmBbdiniéntsDR_Host

Dovvn oad, for the fourth portion there are two

ect ?‘%tsbérf a rgﬂgg% F%@@gﬂwe{t g%sro av\rg ?rgd has already

m be updated (the software programw || be
"q@e%dfﬁ e,  nal

sh) and 0x01 indicates the hardware
programw || be updated (the hardware programw || be
ROM and FPGA). For 20 File Size (4bytes), its val ue
indicates the length of the file to be downl oaded. O

ddguree? shows stardardtBluétostir mvmﬁawﬁfahttecptam(end Figure 3 shows
SDR Header will be added (this is not shown) to

| stendardyBlubicoth aplet |dyer afiPRecturagdRafetringuiopigase 2, we see that
the lower layer architecture includes a standard RF module 201 and a standard
Bluetooth Baseband module 203 with Bluetooth/Host Interface 205. Referring
to Figure 3, we see that the upper layer architecture includes the Bluetooth

application 301 itself, the Bluetooth upper layer protocol 303 and the host
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rat her than for WLAN or Bl uetooth. The SDR command
packets will be discussed further bel ow. 26 An SDR
event is transnitted fromthe Enbedded Domain to the
Host Domain to report the status or result after
recei pt of an SDR command. Thé&8format of an SDR event
packet is shown in Figure 8b. The packet conprises 8xN
Rotruriibation Biivert 365 firtcdnirhukichBon herdsieh&BRusteetH/Host
header |dent|fy|ng the packet as an SDR Event.

éHﬁEé 7 0x02 is defined as the SDR Event Header.

he second byte is the event code, which identifies
the particular result or status being reported to the
Fbst Donai n fron1the Enbedded Domai n. CUrrentIy, t wo

d .
Sy deSiect Sem ot dmibandohel s aé%{%cugﬁoﬁ% Figure 5
Ox02 whi ch indicates the SDR Host Cormmand
shews. stamzarébﬁLﬁbbvadﬁW@rshﬁwyreevBﬁferrl@g §@ Eﬂgbrredlmwe see
t he Enbedded Donmain to the Host Domain in response to
thasDire Hoser IRydeashitecture modes standar@ORF Host Baseband modules
SW Downl oad conmand. The Enbedded Domain is indicating

it heid 40Rhnd ta dtandQaidyyLIAN MAC efbdusé WB8Wwith WLAN/Host Interface
comuni cation nodes (in the case of a is SDR Host

Mpgre_ %fbﬁﬁ%ﬁ;ﬁ?ﬂ@ 5 %ﬁts'é@tthéf thisSu aﬁp‘éi‘q%{_doércﬁltecture includes

sof tware do (1n the case of

Y R Bipa ) T p BTN BTG RS BE8 anc the

in to i.ndica i cul ar conmmand exe
RSt rammpicaticsatiel S fer FomEnyieRuan prgSshe WYL ANAHost
it has conpl eted a switch between 20 conmuni cati on
WH@EaCce o7t he case of a SDR Host Mbde Switch conmand)
or that it has received the software downl oad data and
updated the ROM or Flash or FPGA with the received
data (in the case of a SDR Host SW Downl oad command).

Thecarghitecturs tdp‘bséti Dyt thefingstionSORIUSIerdd MeEkBFes 8/ind 7.
SDR Header VVI be added (thls is not shown) to

|
STk i St S PR
%a‘tgﬂ{ cﬁ?’ kets w | be di scussed further bel ow. SDR
be transmtted fromthe Host Donmain to the
Enbedded Domain s or fromthe Enbedded Domain to the
Host Domain. The format of an SDR Data packet is shown

in Figure 8c. The packet conprises 8xN bits. The first
Raferring torfdgersrd rwesepdbat theBleetaate and\y/LAN hawlware have
packet as an SDR Data packet. Currently, O0x03 is

deenresinkised hegbBr bs imddrdel 601 Wiieh sreclodes thet ghysical {EHY)
Connection Handl e paranmeter. The third and fourth

ayeraral ok diidres ditthel MAC layer implemented in hardware for
Bluetooth and WLAN. The implementation of the hardware will be well known
in the art and will not be discussed further here, although it should be noted that
the combined Bluetooth/WLAN hardware can be in separate modules or in

common hardware.
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I 0 Length paraneter, which specify the SDR data
packet's |l ength. The remai nder of the packet is the
payl oad. O course, at the start of each SDR Comrand
packet, an SDR Header wi |l be added (this is not
shown) to identify this packetl9f or SDR managenent
pur poses rather than for WLAN or Bluetooth. is Now,

GRS BRhitebRire 8RORGH iAFSGurel 6 Sve SeatmatdRetd iBRpsingleeOPU 603
bet ween the | ocal device and a rempte device). To

ey . . A _ '

ﬁ@%’ﬁs%%%w?mﬁdt ’egylblg'gl e%olr@é (ang 82?3}”:&%25&&8 (SDR)
T S € t P .

Hiehentenifels RS 5 Sy TRGBRLEES Bnft STGisRtegiodost

tmonkin%igof SDR PDU packets: SDR PDU conmand and SDR

pHerage #87a. An SDR PDU command is transmitted from

t he SDR upper |ayer protocol of a |ocal device to the

SDR upper | ayer protocol of a renote device, via the

SDR application. The format of an SDR PDU conmand

graglret7 ssowh then softwEregarohitecttide 981 proposextkythe invention. |t

conprises 8xN bits, the first 8 bits being the

ApRURE be hated Ble thaviikdhitebtlpd laydre aird BRIdBRT inte tW@Bomains, which
command being sent fromone device to the other. (Note

ti@ﬁ&uélﬁSLBOfﬁBf&%tﬁﬁgﬁ: etL%(N.S?ﬁefmé&%btﬁleAgf@@gy\%einu work

packets because t I's being delivere

BB, Ve S BB A S bocer

for _sending a SDR P acket, the SDR upper |ayer 711
o KeReT OB RN LA BIS. « T HBPaLEYBE combrise fie Host
conmuni cation node's application 707d or 709d via the
Sitwargl DemeinnA0F ang the iewen IagersprRrmpiseiekkmbgidded Hoftware
conposed as a normal Bl uetooth or WLAN packet and it
Wddrhaime’ @iassed to the enbedded domain 705. io As a

Bl uet ooth or WLAN packet (although its content is

actually the SDR PDU packet), it wll be given a

header, indicating Bluetooth or WLAN, at the interface

RS NGEaY, ka‘% %@%tﬁﬁ%ﬁ@%@ﬁ%@jﬂ%ﬁ@ﬂ%ﬁ @%%ﬁﬁm&gﬁmh

process’'for’ recelving a I's exact

JRRRREH et O EB lithaly B RN PR ElerERE R SR S Contro
?gﬂi%%%%mfﬁa%og I@}Srq't{pl)rlrs]% ﬁﬁé@%p&hhﬁrmware 7073,

i ndi.cates the SDR PDU accept conmand; 4) 0x02 which

i WhAbhfimaware7 6BRapD$ DBtcoatrobfitmysrmahta, tagathey wilhddluetooth
whi ch indicates the SDR PDU SW Downl oad_check conmand.

Tow |ayergirotoum| 3PEbandondlAN e kay2o pestdcolnE9asThe Bluetooth,
operational code are sent froma first device to a

St ANIafe SR cantroPfenRares Y7 J00 ahd Anfa ébmignisatet directly
in the opposite direction. The SDR PDU Mdde Switch_req

C\ﬁiﬂﬁ"ﬂi@hérﬁvﬁaﬁetﬂ@om a first device to a second device
to request that the comruni cation node be sw tched.

The SDR _PDU accept command or the SDR _PDU not accept

command i s sent 29 back fromthe second device to

the first device to either accept or decline the
-Abfiessiher g 1ayenpicdpcalieva imioratast ihsrSiganageent layer 711b,
SDR _PDU SW Downl oad req command is sent froma first
deormprising the SER manrkgardd Tca@nditedIPR fillea” 1de The Best

devi ce wants to downl oad software to the second

communication driver 715 is located at the top of the Embedded Software
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s device. The SDR_PDU accept command or the

SDR _PDU not accept command is sent back fromthe
second device to the first device to either accept or
decline the request for a software downl oad. The SDR
PDU SW Downl oad check command2@ s sent fromthe first
device to the second device to give sone verification

DRNHINFO50 foraltinin0AicaEAg MEthi@E| Hest\Bdftware BemdirPaeX. Al the
SDR_PDU accept or SDR PDU not accept to indicate

; e
SRR PP RE RSP ik WP RE RT GV Sebe AR e
P[?U Dat a_ W ‘3er£ transm tted between host domai ns of
{A6 T &Pt E"PE (\afi ces to load data for a software

downl oad. The format of an SDR PDU Data packet is

shown in Figure 9b. (Once again, note that there is no
need for an SDR header as the packet is bheing

Sensiger sepwethedbnctiamotthgaratios'srartscefthe smbeddeg Software
bet ween the host and enbedded portions of a single
Pomain 7052 oT g Biustooth fomware 7d7ahandk mwi layeo prdtogolr A B5(such
and 7 will now be described. As should already be

aBRiicManader pRRoSHIF hRMHESENB S ihd SthHEARPBIuIBSA dYvice.
WLAN node. The system can switch between the two nodes

%%icl)érlk’}/él?ﬂe WFANgggfwé@%0{?@%6@@?%?&0@8@7@? #‘eafgle same

al's downl oa eith oca renotely.

I ' . 1 h ' . .
55 R BRSSP bEch " OB B 219 s responsive
requir enent t he renote device for e swtchi

i RS b elilet SRe AR 16fateAdi ity abaveitie MAC
now be descrjbed: - Switching between nodes s - _
batdwaradil hip isdhe waleportian of theisaftvare whichheoromunicates with the
node. 1 ) Switching between Mddes At any one tine,
haeveares? 18hfor SDIR pacposes. conmuni cati on node in the

Enbedded i o Software Domain. | n Bluetooth node, the

Bl uetooth [ ow | ayer protocol and the Bl uetooth
firmvare exist but the WLAN | ow | ayer protocol and the

sfchbap@@%l gggpﬂgpggéﬁkpt faaggv o) ?Sl\x)[‘)mrﬁer@ltm;ﬁgréyﬁ%anager

the WLAN o 0oco t he

28 endthe IR AEE 880t “exi o1 - 1 & Suppose the devi ce

is working in Bluetooth comuni cati on node. The SDR

The SDR filter 711d receives packets from the Host Software Domain 703 via
the host communication driver 715. It identifies the packet as either for the
Bluetooth low layer protocol 707b, for the WLAN low layer protocol 709b or for
SDR management purposes, depending on the header attached to the packet:
the “SDR Header". Once the destination has been identified from the SDR
header, the SDR filter 711d strips off the SDR header and delivers the packet to

its proper destination.
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application sets the Bluetooth node active and the
WLAN node inactive. Al the WLAN tasks are term nated
by the RTGS. Nornmal Bl uetooth commands and data wil |
be passed fromthe Host Domain 703 to the Enbedded
Domai n 705 20 via the host in2erface. The packets
passi ng across the interface include an SDR header,

TheEDRamee7 11 dendd féo@stfmadkéﬁd(ﬁbwﬂﬁeéBIBéﬂwtmmmlayer protocol
packet. Therefore, when the SDR filter 711d receives

VG?BWh'éQN@NWIa ? F&Bcbl | drYd tH‘er SR Dana&Er 711c, adds an

header, that the ets are for Bluetooth usage and,

BhbEle hgﬁ{ﬂ%p@"%ﬁﬁ#‘iﬁ?’@?@?ﬂﬂ% ERpfgk] o135 Gt and
elirs i, epsifica Pafketas doe bloBb Sokare PRm0Y Whd hget

t he steps taken when a user switches froms Bl uetooth
geEENYRCPIGNrYRIe’ 19-e. a | ocal npde switch. Two

devi ces A and B, each i ncl udi ng host and enbedded
domai ns, are cormuni cating in Bluetooth node. Wen the
user of device A wants to switch node, the Bl uetooth

GQ@BIDRQﬁéadm il Ibytdandiozeapieethe firsttbyte obévérytpeekédmbying
, and then the SDR upper |ayer protocol will send a

?@%s‘é“’cﬁ% d@@%c@‘ﬂ Beﬁ 6§t SBﬁ\WEF’e DBn'@W?@Q%dQﬁE%rﬂbedded

step 1 to indicate atam)esvvl tch

gD nﬁgéjﬁ@a%ah (@'@“@PR F?P%%%??C%e&%&afd a SDR
59'&%%1@5&5 daipeg iy aetieos DR eag s BaTRES &ﬁéﬁé}ﬂaﬂagement

prot ocol _707b. Then the SDR manager w || sen

Perkeisst ThwsathaProper destinadiap of @ given %@Ket@@ﬂ&%'d@ﬁ'@%d by the
1005) to is indicate whether the Enbedded Domain wil|

SR tveadehattaehed to ibet ween Bl uet oot h node and W.AN

node. |f the Enbedded Dommi n does not agree to perform

the node switch, the follow ng procedures will not be
comenced. |f the Enbedded Domai n does agree to

ﬁ?{é@b?ﬂ(ﬁﬁﬁa&%ﬁé& $AHESR, wu;H“Sbeé Hr%n???n{éhtfﬂ ABEh Al § switching

contr ol I rmaar e 0O swtc

BEEE 810 AN EARTH oG Lo AN PREE o
"@%E%EQSB&YWM%‘S@@ SO e aeiacauires q?é’&?éo”rt of the SbR
conplete, the SDR nmanager wll send a SDR Host mmand
conppbiienwetento acsassdhedardwaiailhe(rstepf tb@cﬁ@Rtraanager will be

i ndicate that the node sw tching has been conpl et ed.
Idiscussed in more detail below.

The job of the host communication driver 715 is simply to transmit/receive
packets between the Embedded Software Domain 705 and the Host Software
Domain 703. The host communication driver 715 does not need to know

anything about the particular communication mode being used.
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32 there is a problemduring the node switch, the

event wll specify the error reason. Thus, the device

i's now working in WLAN commruni cati on node, rather than

s Bluetooth. The SDR application sets the W.AN node
active and the Bl uetooth node?? nactive. Al the

Bl uetooth tasks are term nated by the RTOS. Nor nal
\BloAsidznmeva dth eastel dfiatecofith e IHdet Sudissard Doroaint T3, Mdsich, again,
Domain 703 to the to Enbedded Dormain 705 via the host

it @B RIetddtA fRAGHHLD FOT] WLARQ Fescidnadity TOSKhaSDR control
i ncl ude an SDR header, which header identifies the

?ﬁﬁﬁ-ﬁoé@‘%ﬁ%‘é@%%ﬁ% Eeﬁ{qgégé BiudtBsth ﬁﬁ%ﬁ%r protocol

Fecel ves | ncom ackets, It

ifdenti fvea, fromthe SDR he

7 CWRAN SRBE" bty Prtees A A RORHpe PRV Rteol 711,
header, can deliver the pa fs. to WLAN | ow | r
pegRtBeoVith dduetosth @Pp'eq%lpn%?@y WcANapRiicajion ¢ OBfiand SR
same as normal W.AN operation. 15 Figure 11 is a flow
@palicationold 1@ t he st eps taken when | ocal and renote

devi ces switch node together i.e. a renpte node

switch. As with Figure 10, two devices A and B, each

i ncl udi ng Host and Enbedded Domai ns, are communi cati ng

iBBI&Y Y8 QBper rsgée Prdﬂﬁ@(ﬂ 18eii§ Bfe SDRHoS M7 1@, STHe kst
to a 20 new node together, SDR PDU packets will be

LRnLRicSfoN d?iQQWiTj?s IRRLIRER thB® e gF’fHeCﬁﬁ'st %alﬁa Domain

upper layer protocols and, hence, commence the swtc

<R BB s S LB Mebe SuereRemBflroT.y e

protocol of Host B (step 1101 ). Since operation is
currently in Bluetooth node, this 33 command will be
sent in Bluetooth node. If Host B agrees to do the
rensidat nah the funcgDR of e vatieyepafs of BipHost SedwaregDomain
will send a SDR _PDU accept command (i n Bl uetooth node)
1793t HEheSBRietppitr andYWALAN ruppec tdyeo brotfosblsA Q7L #098 BHOE) .

If Host B does not agree to do the node switch, the

fplieadidis PORE erboeareSsimiilat tdPlosBen GostERASRIBIUBtodtA )y WLAN
stage, the steps will be just |like that in the | ocal

i B 1445 i '
TSR R rrr P SRS SR SRR 7116
rather than directly on the host communication driver. In addition, the SDR
application 711g is above the Bluetooth 707d and WLAN 709d applicati_ons. The
SDR application 711g has two functions: to provide a user interface (to receive

user inputs and to report status or result) and to provide a data path between

the SDR upper layer protocol 711f and the Bluetooth/WLAN application.

The SDR upper layer protocol 711f has two jobs. Firstly, it has to communicate
with the Embedded Software Domain 705 in this device. This is done via the

SDR filters 711d and 711e and host communication drivers 715 and 717, as
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then, in each device, the SDR Host Mdde Switch will be
sent fromHost io Domain to Enbedded Domain (step
1107). Then each Enbedded Domain will return a SDR
Host Command Status event to its respective Host

Domai n (step 1109). Then, aft@¥ conpleting the node
swi tch, each Enbedded Domain will send a SDR Host

Gasmavedd Fhephaisscebet! Seeohtlly, It émigeotconembinishtddnithithe SDR

(step 1111 ). Fromthen on, the two devices wll

%EFEXEPRW%IQH% detandtefiBuRifat € in WAN node. 2)
wnl oadi ng Software The software of the Enbedded

Domai n (i ncluding hardware FPGA data is there is FPGA

in hardware) can be updated and Figure 12 is a flow

rt,sh the 20 ure for a software wnl oa
6% 174 S dpbefialSL BrofSe wants §f 58 8 qmmeaﬂﬁo asfﬁeﬂote
a softvvare downl oad can al so take place even i
@&Raeeebbayebﬁrqﬁoe@mm@éaﬁoéhrww @‘len%IPB @R)‘H'@at'on 34 1g. The
Two devices, A and B, each including Host and Enbedded
ShRiapslication witlhtheckdae cuehhadiveccaomuniaadion rmpde andepass
user of device A wants to update the software in A's

fiindd ediah@ciarishid ther sctiverrabde’s applicaticroWihdh tkee révdicte device
conmmand wi || be sent between devices (step 1201 ).

To&dlved tH &QRMW& wiyaks &t tBHRE SER upbbl la%@Fﬁr@to&Q%f the
Host SW. Dovvn oad conmand to the Errbedded Donmai n

e BRSSP

i ncl udes an SDR header (see Figure 8a) so the SDR

filter 711d will know to pass the comTand to the SDR
manager 711ci¢ rather than the Bluetooth | ow |

Pt L6 hoss Fier Thie is simlastthambietiten 111d b thdmaedded
SDR Host Command Status event to the Host Domain (step
Bufwyare domaincZd® WhetSRR hostfillermedkeeceivesi packets traoythe
for a software downl oad. After sending this event to

tHmbéiddd Bofthiane DidngaifTosdde thdnost cormiunicsioh drivier 7. It
softvvare downl oad. On receiving the SDR Host

iad_ti9k ?%‘éﬁe@é@@ﬁhertfﬁ?tﬂ'@ﬂue?ctﬂﬁ Jbg#;og%ydégﬂgto%ol 707c, for

p urallty data packets t

necesuggija%r%g& Iprofdi8) 4888.0PASHEL SCHRIRLER IR bhstocol 7111,
Yf\’é“l?l?@tore oA Ae: e hEPeBRPt %E%tt%aestmat'on

(whi ch can bhe determ ned by checking the data Leng

{8 s RenkGed Tiam fher SoReBeadaretts RO ResLIter 7RSS off the

to update the ROM Fl ash or FPGA depending on the 20

SHPR Hesd esan Daletiveescdtheqracketitsite piaper deSkinatioanet er .

This is shown at step 1209. Once the upgrade procedure

is conplete, the SDR nanager will send a SDR Host

Command_Conpl ete event to the Host Domain (step 1211 )

t'Fhé SHRCRO& ﬂlﬂé?t71t1 E%I%Fé%gﬁ\fe% [?Mé’t@ﬁ%ni ﬂ1eCBFTB|t@6tﬁ udﬁer layer
S

t ere IS a problemwt of tware downl oad, th

ar{)lic %e%‘.ﬁﬂﬁﬁﬁ&r Iagcgﬂ@‘éﬂ?col 7§5g cﬁn?“t‘h@ §[§R' L?ppaer layer

Showi ng € 'procC

0 r renote devjce i,e. r enp of t

g1 1€ befls aRanmoniate Heandstodug ﬁapk%ﬁ (dgprydingen the
and Enbedded Donmai ns, are conmuni cati ng
wighuef the packetbaed deliversihe resultieg packetetmtbe Embegded
to update the software in B's Enbedded Software
Ceofbware BORaRDYOH aikthieshogt/dontraunigatioh drivend1¢omuands
bet ween the two devices' SDR upper |ayer protocols.
Host A's SDR upper |ayer protocol will send a io
SDR_PDU SW Downl oad_req to Host B's SDR upper |ayer
protocol (step 1301 ). Since operation is currently in
communi cati on node A, the command wll be sent in that
node. If Host B agrees to the software downl oad, Host
B's SDR

(I
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upper |l ayer protocol will send a SDR PDU_accept
command to Host A s SDR upper |ayer protocol (step
1303). After sending this nmessage to Host A, Host B is
will wait for the software downl oad. On receiving the
SDR_PDU accept nessage, Host 24w |l send a plurality
of data packets to Host B (step 1305), the data
packets conprising the necessary software upgrade
data. If the upgrading data is | arge, Host A may need

TRUS SR @ﬁé‘h&%‘a@i\? PREKSF P1d éﬁd ﬂ‘l%\% ?\Q%%O,?ghgﬁﬁ%%égﬁém

the upgradi ng data to Host

SW Downl cad check conmand to S St. ) .
Boskre elie 9Tt SHPR SRl et Gk Phlym 5 ion

i f. the received data size is equal to the , , ,
grirerspl erbdirt obie PRIR titsrraneegniss fhe Readersaninepaiing traffic
36 (O herwise, Host B will send back a SDR PDU not
andaherafersssans thedpackets ta thewsaiteqi destiartians The ISORfilters also
be comenced.) At that stage, the steps will be just

laidklehé lapipropriata dvdadesd tosolitgoagetrafiessbdhat thesoppisite SDR filter
first, Bwll disconnect the current conmunication
tcaarma{@a%aﬁeé;pggnvér?yer protocol will send a SDR Host

SW Downl oad conmand to the B's Enbedded Domain (step

1311 ) to indicate that a software download is

required. Then, B's SDR nanager will send a SDR Host

TRREE 8 WS, Rl oBn SRR 74 TS Sl g St gcbive

sof re downl oa Then, B's. Host inwll send
WGG‘% iRfWEEN S go@f&@@ pnt %H&Rﬂéﬂ‘h&ﬁ@ﬂ%owafe
gstep_ 1315), the data packets conprising the necessary
aifr 3 p e hestieemmunieatioal drivelid 13pRasanet nreskiot know
are received, B's SDR nanager w |l request the SDR
@oythirng abouhher partioulap damendrieatkEMnBdaHeing uBEHEA
dependi ng on the SDR Host SW Downl oad conmand's is
obj ect ROM paraneter. This is shown at step 1317. Once
t he upgrade procedure is conplete, B s SDR manager

A S8 on R ST, COMRGRTRI G SnBy SF oBafg i e

ownload i.s.complete. 20 3 de,ldentificatiqn,The

R Rl e L apd el ARl f1d AlsoPuuaRn the local
to determ ne which kind of conmunication node will be
&evicgeand azemalp gs¥icer he defaul t conmuni cation mode is

Bl uetooth. In that case, after power on, the Enbedded
Donain will set the hardware into Bl uetooth npbde and

begin Bluetooth tasks in software. As already

rGortsiderdtie fivsl gasen@ ec oommama it tramsmitted withinthe lozahtievice).
tinme. Therefore no WLAN tasks will s commence. SDR

AMre &né tirdeinds @ﬁilﬁaﬁ'agéhﬂé?ﬂ ba@l@@c's'f,élaihef)ﬁrst @a%é%% OR

for Bluetooth signal. Bluetooth application an

ﬁ%‘ﬁ h QP b | k Enbedded Domain to
?eéa*ﬁc tgt’her g\/&b%ﬁ{jhgbevqagés (for exanpl e by
Bl uetooth inquiry procedure). io If there is a
response, the device will remain in Bluetooth node. If

no response
An SDR Command is transmitted from the Host Domain to the Embedded

Domain to specify an SDR management command. The format of an SDR

command packet is shown in Figure 8a. The packet comprises 8xN bits. The



1

<

1

(9,1

20

Is received (wthin a given tine period), a node
swwtch to WLAN will occur (by the steps described with
reference to Figure 10). Then SDR application will ask
WLAN application to search for WLAN signal. As with
the Bluetooth procedure, if n&response is found,
within the given tinme period, the systemw || swtch

fpels biss (H%)Eé}ii%tth@tSDRHw,Comnmdrmniidaentﬁymgum packet as
the device w swi tch between nodes, searching for a

shBBR @@\'ﬁhwéddTBCuﬁéﬁW (ﬁ(Oﬁﬁ@%l@flh@@@SﬁHé’%R TorfiR@Ad Header,

swtches, the systemw || return to its default node,
t
e insth b e oty ateer

node. The skil.| ed wi | . re

SRUEFRTGRSDE Sa ore L FRSEpPmaR R EmstidRdRohah

to Bluetooth and WLAN conmuni cation _only. |n fact g_e
iGureantly otwa apetstionakepdas havenbeer defineds Huiet wmh ipglicates
wirel ess standards and Figure 14 shows the proposed

$he 6OR rHosisMaideh SHitghraommand @) &Xéxiiltwhichiirdicaes the
divided into two domai ns, Host Domain 1403 and

SorRddest_ByvaDowhisi comafandntiwds D RDetast Mbde5Switch command
conprises firmvare and | ow | ayer protocol for n

GOEBRT A thE MIR IR AR do TRERBEddeld DbAANRES cdhiind the
Host Domain 1403 conpri ses upper |ayer protocol and

F A POl o MRER Baflior M RReal Y BlodB Tt ol
B I LSS0, S RN ol

Donmi n i ncludes a host comruni cation driver 1419 and
sent fies thej hegtrDanaiyto thedumbedded Ramainia indisate thahitye Host
communi cation standards need to be divided to into
Eidieaidds gbingaiondawmlobid softanei Thelthird byte indigates the total
comruni cati on standards need not be divided as

parendtst ISyGthen thiedcawessf thgSBR) Hosy Medd SwittH coemand, the
slightly changed: the SDR host filter, SDR filter and

g&ﬁ’rtth E@HTBH\WEQR& "‘RBWbMSGpWénI\etE?ERSk\@ader Wln%; ige H{&je to be

omai mer ge toget her w I T not be

%%t%ﬁéa P ﬁ'rc'th%agdé%eet Sf fhg éﬂiﬁ pl' %tﬁ\ﬁnbo\/@bad for the fourth

onmunI ca can be den

5008 48 B s SO B0 ST

The overal |l operation of the Fi ure 14 case w || not
Kablaek ROMdd ek @D indisates thp Kottare pEegramywil ba dpdated (the

operation is essentially the sane as that previously
Zofthese pragram wiltlee i ROMiar Irlasif) emsn@xd t indBlates e hardware
and WLAN. However, a few general points wll be nade.

Adrogram Qmwbélumatémethemtrmw brogeaeneaiti el ROM shdHRGA). For
comuni cati on node only. That comrunication node wil |

bEi1eS iz @by ves)Mis LafuetiBicaidittheedgthiTtHa ifdttd B8 downloaded. Of
course, at the start of each SDR Command packet, an SDR Header will be
added (this is not shown) to identify this packet for SDR management purposes

rather than for WLAN or Bluetooth. The SDR command packets will be

discussed further below.
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39 siois nodes wll be set inactive. The SDR filter
and SDR host filter can identify the packets crossing
the interface and deliver them as appropriate. The SDR
upper |l ayer protocol will manage the | ocal SDR
capability and communi cate wi &h the SDR upper |ayer
protocol of a renote device. The SDR managenent
packets and SDR PDU packets are identical to those of
the Bluetooth / WLAN case al ready descri bed. Mode

?\W $BR ev%?ft‘ié"ﬁéﬁsﬁﬂﬁ% P85 tha EEmBBEged BRRdih t& #id PBsADBmain to

supported. It wll be seen fromthe previous
I
m&@tr%p%@;h r.%é.%%at'eemés&%eﬁ&cgﬁ% i R

erent cqmuni cati on_node i mar e

S ALl g 'rp;ﬁ%%ﬁp NP Baget eamqsﬁeg%rxN bits. The
of f-the-s with no or slight npdification. on
érﬁi@d@&jﬁdmeu) s hhge%iDBrE:VQn%é\egéﬁéld,e@ufwng B@Aeacket s an SDR
consunption, size and nmenory usage are reduced
EveptirCurenttyh OkO2us dafinethge tles SOR Evenhigeader. r Ehesecond byte
term nal can be used for multiple node conmunication
dthesevamt eodeswhichhideotifiss thegrartiosiasresultl) sthtaisieidg reported
software nodul e for supporting) in a single device,

‘rfggzé Flbso8nih ?r'i‘tﬁfb Fh’fb%‘dd%r[%rﬁﬁﬁl C OTREM aMd)Bvent codes

and a seco w rel ess s contmuni cati on th

é‘%&%’%&f"%@ e 13 PRI R indleteR e SHK 65§ @qr@@spd Status
SgatSg 9 92@?00&1%'\ clidHies He, SPEC Hask Cotimait. Capplete event

enabling sw tching between the first communication
Hosk_Gemarrnd: satusi et snserideom the EmbeddegaiPemain to

nodul e according to claim1, conprising a host domain,
dme Eloist Ddenhid inreéspanse tara Saﬂg_ﬂ—f&sct :dMbde wBwitch isommand or a
domai n and the enbedded domain, the host domain

ISTIR Udb s SW'S D@Wdl@ﬁborﬂﬁﬂanﬂoﬁﬁﬁe Eayiddeidobeseiin fsdhdicating
the Tirst communication node; at feast one upper |ayer

PﬂPAt |tf|ereé§5‘?t03§\W&ﬁj b@%&é@ﬂﬁ%ﬂﬁﬂ%ﬁégg (iithe case of a

app | cation and a prof oco

té"fRequBStd %%jd ‘%’W&JI} h&%*# i Dr t@aq |@1§ ?gi?or%g%%t\gﬁfer download

I aye1~ prot 0col comminrcs

t one l.0 coI r the seco
B e B8 0" SRS SV mieipaf oyBanghatfe  mvar o

for the SDR control . _
SDR_Host_Command_Complete event is sent from the Embedded Domain to
the Host Domain to indicate a particUlar command execution result. The
Embedded Domain is indicating either that it has completed a switch between
communication modes (in the case of a SDR_Host_Mode_Switch command) or
that it has received the software download data and updated the ROM or Flash
or FPGA with the received data (in the case of a SDR_Host SW_Download

command). Of course, at the start of each SDR Event packet, an SDR Header

will be added (this is not shown) to identify that the packet is for SDR
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41 3. A software nodul e according to claim2 wherein
each one of the host domain and enbedded domain

i ncl udes a conmuni cation layer for comunicating with
the other one of the host domain and enbedded domai n,
across the interface. s 4. A 8b6ftware nodul e according
to claim 3 wherein the comuni cation |ayers in each
GOAFR JeneORIUrBEs@s Fatheethandor WIeAN idrBlaetobtit. oFien§ Dihevent
out gol ng data packets and a comruni cation driver for
(aRREEIill R SAFsJRCrRfthbPBedd). @ packets across the
intertace. io 5. A software nodule according to claim
4 wherein the filter in each domain is part of the SDR
control. 6. A software nodul e according to claim4 or

claim5 wherein the filter in is each.d i n_i .
S0R bata Wil be teansmies dmneisiost amal t© My Eibadged Pomain
identifier to the data packet for_identifying the

wadiorm e 5mbgddadddaeein fsuieatostRemet. adiedermehef an SDR
dat a packet to the communication driver for deliver

datapmckekisi shosvrf imcleiguemn8lc f dhe gracket caraptisgs GalNaits. }I/'he first
packet, to identify the destination of the data 20

e R thErSIDRI H6st Digtat nddder iddrifyingtive phblecti atcan ISDR Data
and to deliver the data packet to its destination. 7.

ﬁ)(?ggfef. Wr?erft@f,jgkﬁS ?SCSQﬁrﬁ’éd“%sé H& 8DhR PloSt MB8HSE. ”I't?é“@econd byte is

tifier eader . A software nodul e

R AR R AL 4 Do o
ok OBl b ey 5k BPE S5k st 3R Toe romancer
data packet. 9. A software nodul e according to anéoone

@fdherpagketds ghemeayead. Oieosmr, ebihe stari of eaph K Command
domain is arranged to send data packets to and receive

mtckeh ark®@DR FHeadet Wil [BDRJdedh (this isinot sheweirbe ithbadify this packet
domai n, to enable switching i o between the first

FOFBODR fRinagenard ouapdsdseitiserapad feOWNAN orBlestootide.
10. A software nodul e according to claim9 wherein the

SDR control in the

Now, consider the second case (i.e. commands transmitted between the local
device and a remote device). To distinguish this. type of packets from the SDR
packets transmitted within the local device (and described above), we shall refer
to these packets as SDR PDU packets. (PDU refers to Protocol Data Unit.)
There are two kinds of SDR PDU packets: SDR PDU command and SDR PDU

data.

An SDR PDU command is transmitted from the SDR upper layer protocol of a
local device to the SDR upper layer protocol of a remote device, via the SDR

application. The format of an SDR PDU command packet is shown in Figure
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host domain is arranged to send data packets to and
recei ve data packets froma renote device to enable
switching between the first conmunication node and is
t he second communi cation node. 11. A software nodul e
according to claim 10 wherei n28ata packets sent to and
received fromthe renote device are sent by and

paceThe pabiet domSEER D8N Gits) thedirst 8 vite belrg theRoperational code,
application. ao 12. A sof tware nodul e accor di ng to any

Wﬁcrﬁhéhﬂﬁegtﬁeop%c%? E8hMAMELSIRG SePb Frofh ohé d”eb&:eh@fthe other.

domain I's arranged to send data packets to the

gIQBfer tﬁ%t H%é% hsenS %%ﬁ%gigcﬁ@lkﬁ‘rgaﬁ@*' t&%@ﬂ@éefﬁd&%‘t’s bécause

war e nodul

im12 rein the S nt.r ol
3% Bacies horg ier'wgﬁ@deﬂ’”f rivs S DR{%S%\QE%%f%tH?f@\%
rem)te device to enable the software upgrade in th
thedpstiand embedded perticns e %'GGF d%%rla.fa@t f@r sending
any one of clainms 1 to 13 wherein one of the first
@R DUt panketttie SR upper tayeodd 1€ withpad sctive SRR packet to
is Bluetooth. 15. A software nodul e according to any

ot aofivect@rmunicadtibnlrodbsraiplicatien 3074 or 700dfvia #ie SDR
cormuni cati on node and the second comrmuni cati on node

PNMHn A61g. AN BMeUSDRPDEYRKEL MIObE @BPﬂp‘b‘s@B% a normal

ween a fi rst W rel ess conmuni cati on node and

SB‘?&&BSth"‘M Wﬁfﬁ g‘é& dé“d: ﬁWlﬂ)ge %@Sgd g&;ﬁ?@eﬂﬁ%@ﬁgﬁldgmam 705.

conpri ware no war e

" SRR R o b BB °C€tpa@é ‘& AR PDU

har ewar e nodul e and the sof t war e nodul e. 17.

Raskett it wilblee giveing header, indicating Bluetrgth air‘#M EAN, @§ the interface
menory. 18. Apparatus according to claim16 or claim
between thentwd eoswiignicatiomdrivgre 7ddnpnd dS. dheqrrbeesietor

domain for inplenenting .a first set of protocols for
eacdivingra8 DRERDILPpacistds aralctly thessppdeitei)n Guarently, five

i npl ementing a

operational codes have been defined: 1) 0x08 which indicates the
SDR_PDU_Mode_Switch_req command; 2) 0x09 which indicates the
SDR_PDU_SW_Download_req command; 3) 0x01 which indicates the
SDR_PDU_accept command; 4) 0x02 which indicates the
SDR_PDU_not_accept command; and 5) 0x0A which indicates the
SDR_PDU_SW_Download_check command. The first two operational codes
and the last operational code are sent from a first device to a second device
and operational codes 3) and 4) are sent in the opposite direction. The
SDR_PDU_Mode_Switch_req command is sent from a first device to a second

device to request that the communication mode be switched. The

SDR_PDU_accept command or the SDR_PDU_not_accept command is sent
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44 second set of protocols for each comuni cation
node, the second set of protocols being higher than
the first set of protocols. 19. Apparatus according to
any one of clainms 16 to 18 wherein the software s
nmodul e conprises a software nmB@ul e according to any
one of clains 1to 15. 20. A nethod for switching from

datk froin e SbasiRl ¢oVIBalD &Y firehdevwes té eithes&ssyd or decline the
Wi rel ess comuni cation node, in a single device, using

igc;%éw& Q@Ml@ﬁ% Eéﬁing#iéﬁfgn @Ak50! Thd he met hod

rising e steps 10 a) providing a host domain

SERoPD S0 BO0AloA 180 BT 56 s 44 sl to @ secons
RSP AR BB /SRR el B Ak hath o R socont

protocol for the first comrunication node, a | ower
dayise. pherSRBLPPA_acsepteemA@EndprinaiaRL BRU_natmarsept

and an SDR control layer; c) sending an SDR nessage
commanmak isSEtdackfrom ithy secomd device ds thelfirshidevice toreither
SDR control |ayer in the enbedded domai n, the nessage

@eoBmtsH dutlihBehe rbquksie dodg 8Bfthai®dewhiodd. Them t he
first communi cati on node to the second conmuni cati on

5pske; PR SR Bbwivddd: thBek cbirh dRfin t device to the

fromthe ™ irst c(cj)m’run'lcatlon nmode to tde secon I
SETHELBOEEAS o Eom oo BT M ARGRL MRS Afloo wn
SRnd ek SORLPRL Hoebtor RORCAB L it BLcenty8ind aterghetner it
host donmi n, the nessagg?i ndi cat i ng that the switch

recatvedhall the datas dheubP Bt Porcareanand packetsswilldiridiscussed in
comruni cati on node has been executed. s 22. A nethod
marerdsitaibbelowc| ai m 20 or claim 21 further conprising,

bet ween steps c¢) and d), the step of sending an SDR
nmessage fromthe SDR control |ayer in the enbedded
domain to the SDR control layer in the host donain,

SR PR Pl W6 el od bl AR Pree ote
BPVEBETTIS TG 105 folvele Tl i s Yok B RS SR PU Date
RECRe s AhoPeT I oo R AGeine nala fab feater npcraaskior an
8érI]I)R header as the packet is being delivered between two separate devices

rather than between the host and embedded portions of a single device.)

Operation of the architecture of Figures 6 and 7 will now be described. As
should already be appreciated, the system can work in Bluetooth mode or
WLAN mode. The system can switch between the two modes easily by virtue
of the SDR management. Software can also be downloaded, either locally or

remotely. If a remote device enables the same architecture and protocol, the
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is identifier for identifying the packet as an SDR
control packet. 25. A nethod according to claim24
wherein the identifier is a header. 26. A nethod
according to claim24 or claim25 wherein the SDR
control 20 layer in the host &min andlor in the
enbedded domain is arranged to identify the

02l devicalcandesid SBRI requiremenits toheneniptd aleviceafok etode
fromits identifier. 46 27. A method according to
WcRRG 2Hd Sorflare hrhfe 2Pnidlaah8HEs b 8pelafioR Al Mdw be
[ayer ©'n the host domain andlor in the enbedded domain
[ q ged to add an identifier to an outgoi ng data
gégérigead;ccordi ng to its destination. s 28. A nethod
according to any one Qf. clai 20 to 27 further
conprising, before stﬁﬁtcg‘)r]g E%gvesetneraoapsr ecei vi ng,
froma renote device, an SDR nmessage in the SDR
control layer in theDpwiloadirgisefitwaie ardsage
requesting a switch fromthe first communi cati on node
to the second cemmunildentifgingribeeorreot @@deA net hod
according to claim 28 further conprising the step of
sendi ng an SDR nessage fromthe SDR control |ayer in
the host domain to the renote device, the nessage

deicgﬁﬁﬁg“kggéw@g#,mggggst fromthe renote device has
been accepted. 1S . net hod according to any one of
A=Y ; ' V| y t
R AV dig, fre Bl dricMeE CeaEREgkoA o R fhbeddec
ccor di to. an e of, clains, 2Q to 3 erein the
SEiete Lhaiing ot BLESRtharat e Biocth i Vet pipleol and the
one of claims 1 to 15. 20 32. A nmethod for perform’n%bl
Plyeigothviinmware st biddhe WMEON(lsnrpyeoprotesol agddbetWh
upgrade in a device, the device supporting coexistence

fiemwaes da ot iexistwi CehearselypmidiiAdimanie, tioel &V AN law layer
second wirel ess conmuni cati on node, the nethod

pooipeolsanhtHe '/ LA fismoadare exiél bad ther Bluietbotl Iew ygsr protocol and
domai n i ncludi ng an upper |ayer protocol for the first

GBS SHh MmWRdedo ABt &per | ayer protocol for the

second communi cati on node and an SDR control |ayer;

Suppose the device is working in Bluetooth communication mode. The SDR
application sets the Bluetooth mode active and the WLAN mode inactive. All
the WLAN tasks are terminated by the RTOS. Normal Bluetooth commands and
data will be passed from the Host Domain 703 to the Embedded Domain 705
via the host interface. The péckets passing across the interface include an
SDR header, which header identifies the packet as a Bluetooth packet.
Therefore, when the SDR filter 711d receives incoming packets, it can identify,
from the SDR header, that the packets are for Bluetooth usage and, after

stripping off the SDR header, can deliver the packets to Bluetooth low layer
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b) providing an enbedded domain including a | ower

| ayer protocol for the s first communication node, a

| oner | ayer protocol for the second conmmruni cation node
and an SDR control layer; c) sending software upgrade
data fromthe SDR control lay&t in the host donmain to
the SDR control layer in the enbedded domain; and d).
wiestoadl 7ar 8. hAfenfthagtite pidteds is Jﬁsﬂm&@an@mm Bleetooth
claim 32 further conprising, before step c), the step
oe ﬁﬁﬁﬁhng an SDR nmessage fromthe SDR control |ayer
iﬁ the host domain to the SDR control |ayer in the
enbedded domai n, the nessage notifying the enbedded
domai n of the forthcom ng software upgrade. 15 34. A

tho cco d|n to.claimg33 further ris t.

8 g sisth dien AER aﬂgﬁw'&%s from
Ia er in the errbedded domain to the SDR_control |ay
|EHU@tﬁ@ MeededansiLaN masenss adgeal mare switeh- (v dewees A and B,
notification fromthe SDR control layer in the host
¢@chiincludingdustiaad émbedded dbrditsy ape cdowslinmicatity inBluetooth
nmet hod according to any one of clains 32 to 34 further
eoodhs.i IVhen thé user of épvide A whstssbewiteh raedd| the Bloefddth
message fromthe SDR control |ayer 48 in the

%ﬁﬁﬁdﬁ@aﬂ@r’)‘ﬁml‘bé Qiléd?ﬁnng%dcé’trﬂrﬁﬂéstépﬂ'@@ﬂ nbBeR % SDR

domai n, the nessage I n di cati ng t he SO tware

gﬁ% e‘?%?oﬁBESF\Nfﬁg%%‘dtae%Qlf’@loﬁ M%Hﬁogmﬁt%%ﬂ%rﬂgné % the

wherern one Of nore

?JBB‘?@R%@B FEr 1Pt it ReRa Bopeuiedh Ribdded. The

an identifier for identifying the packet as an SDR

domatnf tha SER conymard packekiRelddas aprIPRdaases (sgefigrure 8a) so
wherein the identifier is a header. 39. A nethod

dboe SOR fiket 51 td wiilhkdow do pabsitie 88mwiendeiorthe@DRDPRanager 711c,
control layer in the host domain andlor in the

eathed desh theBiuetdsthaowaagsrrocotio?h.f YTHdIEthe SDR manager will
appropriate destination for an incom ng data packet

EGIE! SBR Iyt EbRiman® _vﬁ@tus“e the théFoet 9‘0%1{13 Py1 005) to

one of cl ains ‘37 to 39 rein the SDR contr ol

ikt RSheL 1 AR Dol i it e W*Fbé&vee"
%ﬁ%ﬁ%te aCCqJ&d@?@V\t’)lréNdﬁo FolniBe Brpandap ﬁem%ﬂoes fot agree to

rising, before step c), the step of receiving in
ogmh@dnpdmswm@pethei followinarocedeniesiwill nodbevganemenced. If
upgr ade data froma renote devi ce.
the Embedded Domain does agree to perform the mode switch, then the SDR

manager 711c will ask the SDR control firmware 711a to switch the hardware
from Bluetooth mode to WLAN mode. Then the SDR manager will terminate all
Bluetooth tasks and commence WLAN tasks. Thus, the Embedded Domain is
now changed to WLAN mode. After mode switching is complete, the SDR
manager will send a SDR_Host_Command_Complete event to the Host

Domain (step 1007) to indicate that the mode switching has been completed. If
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49 42. A nmethod according to any one of clainms 32 to
41 wherein the device conprises apparatus according to
any one of clainms 16 to 19. 43. A nethod according to
any one of clainms 32 to 42 wherein the device
conprises a software nodul e aéording to any one of
claine 1 to 15. . A A ,.AU . Ah@o AAQ A@ A9. A

thek@ig\a, prAbIem\;juAng thMOde SwitckR .they evant will, spesify tiie rror
CAY. A el AA LA A LA AU ALLA LA ARA LA LAY
rédsoiR AAy. A AE . AU?. AE . A A . AU. A?. AY

A CAO=TTV( QN 2>@ |

{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] caU] ca]ca]c

S BRI se? ) pouvetiog o AN syompen sy lpernr
%ﬁ;&%{ Jahc al'lﬁ@] dgg]_.ggac é’ﬂ cal. ]c? g '?‘F] M%‘cﬂ%]@c a(]{lc al ¢ ac]: é_ﬁ%@ue tooth

] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]Rca(]ca ca
@Q@]a@gy@a%ltg]eca&u@gpcghrd asksparerterminated by the S. Normal
Pelt"I"b""">###}xsnid_Z]]] ca]ca]ca] ca]ca]ca]ca]ca]calc
&Y cANcadnaandk cajdeddtaayitt deqedssef dedm aﬂne aiasa])mmia]m%] o the
a] ca] ca] ca] ca] ca! #' $) $t $ESWNNABHES &&&I "' 3({(()d))) <* _
‘ErfiBedded Dol i7d54lia ehe st iftdrfaabe al helpaeker] sadst®] Géross the

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal ca

livdhasd FIGd an Kler hich h
/ /a///8000010/<1n1112§232 S5 Ahigh header identifies the packetas a WLAN

petkee] SaHaba ot e e spRcy Rl ARSI, o
7@%399%%9%%]@9?@&]% g Racketn 219 foaWb\blbyzagecand. after
ég]&:&]l&g Zgzx]aﬁéé%]e;%]sga] ca ca] ca] ca] ca] ca] V%]Ngg] caj ca]

}xsnid_Z]]]ca]ca] ca]ca] ca] ca] ca] ca) cal ca]ca]ca] ca]calc
Protarob] @2.c Aftaa]thal, tlad pedoeshds]ush Hvabamecad najmal] WaAN
a! CD El EEE6FFFF<GGGHqHHI . | 11~ 11 -J| JIJKgKKLLZLLL( M xsni
@példtlgma] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ( Mk
MVINZNv Ny NNNOI COO0PTPPPQ QQQR>RRR

SSOSSSSS4TY xsni d_Z] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

FR Y Co R AN SR Rah B, Ba ol
TR YQ]EE%%%@]E&& Al e L s s Eldige 10,

a]c cal Z[ e[u[ \\ K] N| ] ] >~an

WO devicq aé Rastuisiuging hinstand Eajkeddad amains gre

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cafralinighting dapltoathcmbliea! WherStevices Adatel B eedrit2bfswitch to a
goggghKhahhhAiii)jxjjjk}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca

IR Arideatbgaler S@RPW])&@H&@MI%@ @ﬂséa]té akhal orhhahas

] ca] ca] ca] ca] ca ca] ca] cal kivkkk6l ~I
SRRSO o A AL o
I DW- 5
b SRRy 2T elsﬁ}uyb La@%]%?%tgfe'x%ﬁi?éa‘} Mfﬁan%(é]z ol o
]ca%zca ca]ca%é% ca caj car]nca]ica]t a%ca:]ca ca] ca] caJca
QLR-E Mg rngreg gommand to h upper layer protocol of
{W~_K}xsni d Z&] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
d-]lraﬁiE ttep]1d 8] ¢a]Sinte aperdtion) is Alucrentiyjic Bluatboth madeathds
a]J ca] cal F- Z#s9c¢?B2} xsnid_Z]]] ca]ca] ca]ca]ca]ca]ca]ca]c
a)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca! \ | SCsc+sNhV} xsni d_Z]]]ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! V49D"" | V. SV1y"F| wr mhc

"Y]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FQBw
V.

WM ey =y AW 0" ] et o9
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UG xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal M g&pSV4M xsn}xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] cal cal ca:T7vi K- @1L0938 0& () -&10% o0& () - &#10%
0& ()- " 110% o0& ()- 10% o0& ()- F10% o0& ()-@

tobhragnd Wilvihé eht 1 BIOMonth Modet! 110%0st8B Gpreds toldyimsimode
)- &10% o& ()-f 10% 0& () -

SWMFORRSSHR- Jﬂb@r‘? érlpr&o\:%l &ﬁosthnll sendaSDR PDU _accept
10%0&() 610% 0& () 4310% 0& ()-L010% 0& ()- . r10% &

fégy %}%{ g*ﬂqélqgt%% mo]cfe%@ﬁké %P%upag}gge 5>rotoco| of Host A (step

HQbﬁgé%ﬁggQ 10f8};ﬂooé%(lg§')eo #>1 /%?noo(e) swi ch the following procedures
10% & () - '10%&(& 10%&() 110% & () -
il pet b commenged.' - 1004 & () - % #10% & () - S# 10% & ()-
& 10% & ()-F10% & ()-10% & () -

*ai KA7, 10\ 10\ @10% & ()- @GF10% & ()-, 4! 10% & ()-,y2: 1
0% & ()-90"10% & ()- .s10% & ()-abd}
Bt that, stayd, Ge &téps MIDB@ fst Jike tHAL% &d Jocrlnbid® sifohi.e. a
sz10% & ()-&s10% & ()-10\_@K-7@! 10% & ()-!110% & () -

%Ié&%t{ﬁ &Qsconﬁé’c@d&rﬁr}\ nd W|II be sent between deVIces (step 1105) and
10% & ()-Y10% & (

%%éj iﬂ %Cﬁﬁgﬁ%(yﬁ ?ﬁ%ﬂé%ﬁw)e S&\&é‘%vlﬁ besent from Host

e %I&)-(’(é gl g cirg‘eci)é)oi\géllg({%@f%& 1@7) 4 Then each Embedded Domain will

10% & ( *I5|KK@#10%0& (- 10% o0& ()- SLO%.0& ().
EVAR) Host ddgramanyd. Statyseayent io tomspectiye giskDemain
10% o0& ()-'S

1$tepd&0Q).- Yaiven, afiter coymid et gpie otk Bditch&eash Embedded Domain
Y10% 0&' () -310% 0& ()-8Q 5678i _UK)

Witsedd 6)SDR’_pibet WématHYCoklpte’event to its respective Host
10% 0& () -s0T0% o0& () -
Domain (step 1111). From then on, the two devices will switch to WLAN and

can communicate in WLAN mode.

2) Downloading Software

The software of the Embedded Domain (including hardware FPGA data is there
is FPGA in hardware) can be updated and Figure 12 is a flow chart showing the
procedure for a software download from a local user i.e. a local software
download. Such a software download can also take place .even if the devices

can only communicate in a single mode.
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3.10% 0& () -

L 10% 0& ()-8:iiK-KS10% & ()-&10% & ()-Y"10% & () -z

10% & ()-10% & ()- F 10% & () -

&@10% & () - lai K- Kyg#10% & ()- f# 10% & ()- L!

10% & ()- & 10% & ()-10% & ()34"10% & () -

&10% & () -To*| i K-K6 10% & () -
AgidIdeices, R ahl B, &dch-iRdtng KostarkPBmBedliell Domains, are
10% & ()-' 10% & ()-|\pi K6 10% & ()- 10% & () -

%Qrﬁrﬁgrg{l:?t)mq_ (& Ellléj%t%otE\)m?L%e When the user of ??vicg A wants to update

Iﬁ%kéﬂ??f% s anppaded Stithers Dorfahea Blictopth diseonagst

2' 1

oYhas )N"fqéc%ea? 5?&embéévlfss Wa379!Thens I8P poor v
>###$$°/&3&$ $) $t 2' 10% & ( % &
IPrateselv l)aeml q @qﬁ _/,S&V ownload command to the Embedded
10% & () - 410% & () - t$$$%)°/t%)/c>&| K-K! 10% & () -,
Draain((steps1 Zmﬁxbt&'il(\dica@/ﬁwat e)soft\nlja@éfd&wm)ead is required. The format
10% & ()-S10% & ()->&F &&&I" "' ' 3(i K-K+10% & ()-' 10% & ()

07&@3%%@1%&@%!&tthlﬂdéslﬁﬁ(@m'reé@% o) Figtipé Qai $0 the
“3({(()a)b)c)d))}si K+10% & ()- 10% & ()-310: 10°10: 4

%glt%g Tg%ﬁ i) kno? o pags the fsmsrslarld to,thg SDR ?anager 711c,
ﬁﬂfeﬁiﬁn thp%tgj géét}hw]r%@r‘% él)OCRllﬂ(ﬁtf‘o'élje@ 66& §D?R gaﬁ’ager will
fg&g é %?Q_{'B%gf O@%Fﬁ%&@ﬁa_u%(\yg\fér&)t@ %@f;H ot E)om(gln (step 1205) to

10:.10: @310%&@)5 gw%&() y210% & ()-010% & () -

indicatg whethepth mbed ledDomam isgeadwnforisoftwamaownload. After
10%V&' () - 10%VE' (

semsiiRg(this a\mm/mo ¢I)e Hos 1 Doiviig,) theE rabed @8d OahdinKvill wait for the
10%v&' ()- 109%V& ()-"10%V& ()- L10%VE () -

50fMBIrd HowndHVIOH )ec%@in%the SDR_Host Command Status event, the
109VE' ()-9%An1112c222i K- 73. 10%VE T ) -, YLOUVE' ()= ) &10%4VE’

Host DI cbnd ALPUM&tf br SHK th‘)é\@a&éets to the Embedded
Domain (step 1207), the data packets comprising the necessary software
upgrade data. The Embedded Domain will store the SDR data packets’
payloads in its memory. Once all the SDR data packets are received (which can
be determined by checking the data length), the SDR manager will request the
SDR control firmware to update the ROM/Flash or FPGA depending on the
SDR_Host_SW_Download command’s object ROM paramete.r. This is shown
at step 1209. Once the upgrade procedure is complete, the SDR manager will
send a SDR_Host_Command_Complete event to the Host Domain (step 1211)
to indicate that the software download is complete. If there is a problem with the

software download, this event will give the error reason.



10

15

20

9! 1098 () -

23A3333333} si K3. 109& () -, 10% & () - LOMLOMLOMBL! 109%&’ (
) - 6! 109%v&' () -y210%v&' ()- 0! 109%v&' () - 3) 4e444K555i K- KI s!
10% & ()- @O0% & ()-s!10% & ()-10% & () -

110% & ()-10% & ()-F10% & () 35 5#6&6uU667T7h7i K- K98
10% & ()-f#10% & ()- 9110% & ()- & 10% & () -

10% & ()-10% & ()-10% & ()-h7771 888399i K- K910% & () - 6
10% & ()-49!110% & ()-"0"10% & () -

.y
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SDR_PDU_SW_Download_req to Host B's SDR upper layer protocol (step
1301). Since operation is currently in communication mode A, the command will
be sent in that mode. If Host B agrees to the software download, Host B’'s SDR
upper layer protocol will send a SDR_PDU_accept command to Host A's SDR
upper layer protocol (step 1303). After sending this message to Host A, Host B
will wait for the software download. On receiving the SDR_PDU_accept
message, Host A will send a plurality of data packets to Host B (step 1305), the
data packets comprising the necessary software upgrade data. If the upgrading

data is large, Host A may need to send many data packets.

Once Host A has sent all the upgrading data to Host B, it will send a
SDR_PDU_SW_Download_check command to Host B (step 1307). Host B will
send back a SDR_PDU_accept message (step 1309) if the received data size is

equal to the SDR_PDU_SW_Download_req command’s File_Size parameter.
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10% & ()-ym'10% & ()- ~"110% & ()-3S 10% & () -

10% & ()-LZLLL(MKMWIE: / 10' o/ - #10% & () --y

% & ()=Y) 9% &' . : :
A 900 08 WA be Ju ka3 RABRISPABRYg R iRwnioad L. at
0'.0.3510% & %&' - 10: 10: . ,
TostoR i (SO e rit)come%caﬂ?vy thw&%ﬁ%&m@r layer
0010%&() 10%&()-'10%&( - 10% & ()-
Pootegol wilk-semg, & SOR dresipBYY ddewnjoag gommand to the B's Embedded
10% & ()-#10% & ()-10% & ()-!10% & ()-y#10% & ()- " 10%
@C(r)'laih&twmab®dicate2th30%s&ft@\bar@#bm&c( js-required. Then, B's
-10% & ()-+10% & ()-y)9'10% & ()- " "10% & ()-R SSS
SDR manager will send a SDR_Host_Command_Status event to B's Host
Domain (step 1313) to indicate that the Embedded Domain is ready for a
software download. Then, B’s Host Domain will send a plurality of SDR data
packets to the Embedded Domain (step 1315), the data packets comprising the
necessary software upgrade data. Once all the SDR data packets are received,
B's SDR manager will request the SDR control firmware to update the
ROM/Flash or FPGA depending on the SDR_Host_ SW_Download command'’s
object_ROM parameter. This is shown at step 1317. Once the upgrade
procedure is complete, B's SDR manager will send a
SDR_Host_Command_Complete event to B's Host Domain (step 1319) to

indicate that the software download is complete.

3) Mode ldentification

The proposed system detects the available wireless signal to determine which

kind of communication mode will be active.
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Budpose the defauBcdmmidnicadovibid ibBluetooth. In that case, after
10" o/ @0% 0& ()--10% o0& ()-+ 10% o0& () -

Yhiwkd Ynofad Embe%@%m&né)nﬁﬂﬁéé%m%ébm&Mde and
moc 10' 010% o0& () - 10' 0

i) &%@W@% A CHTPS: S8R ().
W%ﬁ%@%% %@"tég%e? & 'Fﬁerefore no W%ﬁ(ﬁ tasks will
10008 () - 10k 0, () 3109 08 ) H0% ok (). 1109 08 ()
10% o0& ()-YX0% o0& ()-0!10% & ()-m e! 10%0& ()-nmx[\\H]

Blustrpty gigaat o Bhretoosheanplication and)Bluetpoth upper layer will ask
10' 0,  610% 0& () - 34mL0% 0& ()- +M 10% 0& ()-nj]]> A

Emﬁtbmdded Domain to search other Bluetooth devices (for example by Bluetooth

inquiry procedure).

If there is a response, the device will remain in Bluetooth mode. If no response
is received (within a given time period), a mode switch to WLAN will occur (by
the steps described with reference to Figure 10). Then SDR application will ask
WLAN application to search for WLAN signal. As with the Bluetooth procedure,
if no response is found, within the given time period, the system will switch back
to Bluetooth. Thus, if no response is found, the device will switch between
modes, searching for a signal each time. After a prescribed number of mode
switches, the system will return to its defauit mode, in this case, Bluetooth. On

the other hand, if a response is found, the system will remain in that mode.

The skilled person will appreciate that the invention of the present application is
not restricted to Bluetooth and WLAN communication only. [n fact, the |
invention can be used with any type and number (n) of wireless standards and
Figure 14 shows the proposed solution. As with Figure 7, the architecture 1401

is divided into two domains, Host Domain 1403 and Embedded Domain 1405.
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L8Rvisds opér (éyeF(Eg{@c@loa?r}c% ?p ggggé‘r A Ind3EYaR¢SOR Bpper

10% o0& () F'10%0& elf

0%.0& ) - - :

58, O IR B LE 7 ebocaed Doman
10" 01094V () - o ~LOYAVE: 10' o

Ho0BSHaFS @ SORIRRARDSS @é&caméba Fligsokt3cyand & host
109V&' ()-3S 10%W. ()-GlLO%WK ()-f
£onmuisatiamdgixeran ]—B@p | PraiR instuder & hosbammmunjgation driver
109%V&' ()-3% 109%v&' ()-# 109K () -
1698mnd) SDRova fiter R&GBeI 1 1111 dYNC 10' 0 10M 10M
10M 610%VE&' () - F4! 10%v& ()-210%WK' ()-/-#10%& ()--
109V& () -1 1 >mm; ndEYNC 10' o 10% & () -
10% & ()-y10% & ()- *~ 10% & ()-3'110% & ()-10% & () -
rYRE Aol Cthe case if any communication standards need to be divided
into Embedded Domain and Host Domain. If all the n communication
standards need not be divided as Embedded System and host system, Figure
14 will be slightly changed: the SDR host filter, SDR filter and host
communication drives will be deleted and the two domains will merge together.
An SDR header will not be necessary, as packets in the different

communication modes can be identified and distinguished in a single CPU.

Operation of the merged case will be the same as that of the two-domain case.

The overall operation of the Figure 14 case will not be described in detail as it
will be understood that operation is essentially the same as that previously
described in detail, with reference to Bluetooth and WLAN. However, a few

general points will be made.

At any one time, the system will operate in a single communication mode only.

That communication mode will be set active whilst the other n-1 communication
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10" 0! (9' #10%00&' ()-"10% & ()-m " 10%@PE& ()-m

4 dssir@ the interface and deliver them as appropriate. The SDR
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W6 b ol oS 5 1 SR mnsmon

10% & ()- 10% & ()-Y10%
Tgo/is%s f;ﬂdlww quﬂeﬁ 1?('}% @Eattca do dhespoh e, Bugieoth SWLAN
%

tad@uréady desodbes. (Mydevswiteh, &oftware towniogd,-gnd-modee~
~bC 10" 0! (10% & ()- 10% & ()-,10% & ()- 10: 10:
HBnBi1i6stich ade alb30ppdItdd.- ~—~PRIELC

10" ol ("10% & ()-510% & ()-10% & ()-S

10% & ()-"10% & ()- & 10% & () - R dEbC

10" o! (+310% & ()- '10% & ()-F% 10% & () -, # 10% & ()-f1

W{M‘ b@ sé'e%%rg‘m(t]we p}reg%ug d]egcﬁptqorilgf tht3nvention that the proposed

system can support multiple communication modes by using different
communication modes’ firmware, low layer protocol, upper layer protocol and
application off-the-shelf with no or slight modification. Only one embedded
CPU is used and the gate count, power consumption, size and memory usage
are reduced compared with known arrangements. A single wireless terminal
can be used for multiple mode communication and seamless switching between

modes.
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software defined radio (SDR) control for enabling switching between the

first communication mode and the second communication mode.

2. A software module according to claim 1, comprising a host domain, an
embedded domain and an interface between the host domain and the
embedded domain,
the host domain including:
at least one upper layer protocol for the first communication mode;
at least one upper layer protocol for the second communication
mode; and
an application and a protocol layer for the SDR control;
the embedded domain including:
at least one lower layer protocol for the first communication mode;
at least one lower layer protocol for the second communication
mode; and

a manager layer and firmware for the SDR control.
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packets across the interface.

5. A software module according to claim 4 wherein the filter in each domain

is part of the SDR control.

6. A software module according to claim 4 or claim 5 wherein the filter in
each domain is arranged,

for each outgoing data packet, to attach an identifier to the data packet
for identifying the destination of the data packet, and to deliver the data packet
to the communication driver for delivery across the interface; and

for each incoming data packet, to identify the destination of the data
packet from its identifier, to remove the identifier and to deliver the data packet

to its destination.

7. A software module according to claim 6 wherein the identifier is a

header.
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10. A software module according to claim 9 wherein the SDR control in the
host domain is arranged to send data packets to and receive data packets from
a remote device to enable switching between the first communication mode and

the second communication mode.

11. A software module accord.ing to claim 10 wherein data packets sent to
and received from the remote device are sent by and received by the SDR

protocol layer via the SDR application.

12. A software module according to any one claims 2 to 11 wherein the SDR
control in the host domain is arranged to send data packets to the SDR control

in the embedded domain, to upgrade software in the embedded domain.
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14. A software module according to any one of claims 1 to 13 wherein one of
the first communication mode and the second communication mode is

Bluetooth.

15. A software module according to any one of claims 1 to 14 wherein one of

the first communication mode and the second communication mode is WLAN,

16.  Apparatus for supporting coexistence between a first wireless
communication mode and a second wireless communication mode, the
apparatus comprising:

a hardware module;

a software module for implementing at least one set of protocols for each
communication mode; and

an interface between the hareware module and the software module.
17.  Apparatus according to claim 16 further comprising a memory.
18.  Apparatus according to claim 16 or claim 17 wherein the software

module comprises an embedded domain for implementing a first set of

protocols for each communication mode and a host domain for implementing a
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20. A method for switching from a first wireless communication mode to a
second wireless communication mode, in a single device, using software
defined radio (SDR) control, the method comprising the steps of:

a) providing a host domain including an upper layer protocol for the first
communication mode, an upper layer protocol for the second communication
mode and an SDR control layer;

b) providing an embedded domain including a lower layer protocol for the
first communication mode, a lower layer protocol for the second communication
mode and an SDR control layer;

¢) sending an SDR message from the SDR control layer in the host
domain to the SDR control layer in the embedded domain, the message
commanding the embedded domain to switch from the first communication
mode to the second communication mode; and

d) switching, in the embedded domain, from the first communication

mode to the second communication mode.

21. A method according to claim 20 further comprising, after step d), the step

of sending an SDR message from the SDR control layer in the embedded
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22. A method according to claim 20 or claim 21 further comprising, between
steps ¢) and d), the step of sending an SDR message from the SDR control
layer in the embedded domain to the SDR control layer in the host domain, the
message indicating that the command from the SDR control layer in the host

domain is accepted by the embedded domain.

23. A method according to any one of claims 20 to 22 wherein one or more

of the SDR messages comprise a data packet.

24. A method according to claim 23 wherein the data packet includes an

identifier for identifying the packet as an SDR control packet.
25. A method according to claim 24 wherein the identifier is a header.
26. A method according to claim 24 or claim 25 wherein the SDR control

layer in the host domain and/or in the embedded domain is arranged to identify

the app'ropriate destination for an incoming data packet from its identifier.
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befare step c), the step of receiving, from a remote device, an DR message in

the SDR control layer in the host domain, the message requesting a switch from

the first communication mode to the second communication mode.

29. A method according to claim 28 further comprising the step of sending an
SDR message from the SDR control layer in the host domain to the remote
device, the message indicating that the request from the remote device has

been accepted.

30. A method according to any one of claims 20 to 29 wherein the device

comprises apparatus according to any one of claims 16 to 19.

31. A method according to any one of claims 20 to 30 wherein the device

comprises a software module according to any one of claims 1 to 15.

32. A method for performing, using software defined radio (SDR) control, a
software upgrade in a device, the device supporting coexistence between a first
wireless communication mode and a second wireless communication mode, the

method comprising the steps of:
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first communication mode, a lower layer protocol for the second communication

mode and an SDR control layer;
c) sending software upgrade data from the SDR control layer in the host
domain to the SDR control layer in the embedded domain; and

d) upgrading the software.

33. A method according to claim 32 further comprising, before step c), the
step of sending an SDR message from the SDR control layer in the host domain
to the SDR control layer in the embedded domain, the message notifying the

embedded domain of the forthcoming software upgrade.

34. A method according to claim 33 further comprising the step of sending an
SDR message from the SDR control layer in the embedded domain to the SDR
control layer in the host domain, the message indicating that the nofification
from the SDR control layer in the host domain is accepted by the embedded

domain.

35. A method according to any one of claims 32 to 34 further comprising,

after step d), the step of sending an SDR message from the SDR control layer
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38. A method according to claim 37 wherein the identifier is a header.

39. A method according to claim 37 or claim 38 wherein the SDR control
layer in the host domain and/or in the embedded domain is arranged to identify

the appropriate destination for an incoming data packet from its identifier.

40. A method according to any one of claims 37 to 39 wherein the SDR
control layer in the host domain and/or in the embedded domain is arranged to

add an identifier to an outgoing data packet according to its destination.

41. A method according to any one of claims 32 to 40 further comprising,
before step c¢), the step of receiving in the SDR control layer in the host domain,

software upgrade data from a remote device.
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42. A method according to any one of claims 32 to 41 wherein the device

comprises apparatus according to any one of claims 16 to 19.

43. A method according to any one of claims 32 to 42 wherein the device

comprises a software module according to any one of claims 1 to 15.



