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A number of RPs stagger the times in which they begin searching

for available channels. In a preferred method, one of a plurality of RPs <? -
in 2 UPCS system is selected to have a first start time (520), The system
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censed band for isochronous personal comunications services (UPCS) .

This unlicensed band will be used primarily to 25 support wreless
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Fig. 1 is an exanple of a sinple UPCS system 50. A 30 custoner has a
nobile termnal (MI) 52 such as a wreles hone which is in
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port control unit ( r of RPs
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eld of th nvent
15 The present invention is directed to assigning channels
in a wireless communication system and, more particularly, to
a method for assigning communication channels to radioc access
ports in the unlicensed'persenal communications spectrum.

20 ckground v [~}

The Federal Communications Commission (FCC) has designat-
ed the frequency band between 1920 and 1930 MHz as an unli-
censed band for isochronous personal communications services
(UPCS) . This unlicensed band will be used primarily to

25 support wireless telephone and circuit switched data. The
maximum permitted transmission power of 55 mW for 300 kHz
bandwidth limits UPCS to indoor use, because the power level
is too low for effective use outdcors.

Fig. 1 is an example of a simple UPCS system 50. A

30 customer has a mobile terminal (MT) 52, such as a wireless
telephone which is in wireless communication with a radio port
(RP) 54 connected to a radio port control unit (RPCU) 56. A
UPCS system 50 may have a number of RPs 54 connected to the
same or a different RPCU 56. The RPCU 56 may be connected to

35 a communications network, such as an ordinary telephone line
58 which connects to a local switch 60. The switch connects
to a telephone network, such as a public switched telephone
network (PSTN) 62. The customer may have personal informa-
tion, such as a telephone or personal communications number,



5 The 1920-1930 WMHz band was previously allocated to | i censed
poi nt-to-point mcrowave comuni cation. The FCC has Instituted strict
requirenents on the use of UPCS systens, at | east until all of the.

poi nt-to-point nicrowave systens are cl eared fromthe band. It is
expect ed t haVOPHRYTE| ear | ng 10 .process may take as | ong as BE/USP6HENS S .
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under st ands B@&itthe MT 83udwhichppsi capakle ocofii mevirndutside of aur.ho-
rized areas), must initiate communications.
Because the UPCS band is unlicensed, it is available for
use without paying the FCC a license fee for each piece of
20 radio equipment installed. To permit the band to be used
fairly by a number of radio ports, such as RPs from unlike
systems or from a number of service providers, within the same
area, the FCC requires an etiquette for obtaining channels in
the UPCS band. This etiquette is called the Listen-Before-
25 Talk (LBT) etiquette. |
In the LBT etiquette, each RP must find an available
channel in the band on which to transmit. The FCC has divided
‘the band into eight 1.25 MHz channels. *"Narrow band" (e.g.,
less than 625 kHz occupied signal bandwidth) communications
30 devices are required to begin searching for available channels
in the lower 3 MHz of the band. "Wide band" communications
devices are required to begin searching for available channels
in the higher 3 MHz in the band. The following description
will refer to narrow band communications devices, but the
35 reader understands that it is equally applicable to wide band
communications devices. As described below, protocols in the



conmuni cati ons devices. As descri bed bel ow,' protocols in the
2 WD 97/ 27677

PCT/ US96/ 03506 UPCS spectrum may divide each 1.25 MHz channel into a
nunber of wos hannel s. The RP 54 begins its peausbeddsos
measuring a first annel (e.g., randomy selected fromthe system

channel s. cont ng@gd F@c@r’hﬂema?t 8001 de Mritciof1 13 MI@NGhahflelhgnbond i¥mber
determne if erfeF‘ence bel.ow a threshold (the FCC requires the

threshold o[fosygtﬁgl §P8RPE!St han 30 dB above a background |evel . except
in special cases). ThenREr S&érbeginatidee seaschhbygtrAsidinge firstnehannsds

that the Chan % ggﬂyrahasa Jaé&@nfbam&wepbyeﬁ%ﬂ&n@wcbataghed in
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it imedi- 15 atel dons

han e earc the n her
channel to detid ¥ ’1 ‘Eaﬁess)aval F%‘b? %i?ﬂea"glﬁj qér 1‘;] Ievel

indicates that the channel may already be taken by a nearby RP

10 and is not available. The RP monitors the channel for the
threshold level of interference for 10 ms before it can
transmit, to make sure that another RP has not already
acquired the channel. 1If the channel has interference beyond
the threshold at any time during the 10 ms period, it immedi-

15 ately abandons that channel and searches the next highér
channel to determine if it is available. An RP must acquire
the first available channel it monitors and detects no
interference above the threshold for 10 ms. Once the RP 54
has acquired a channel, it is required to transmit immediately

20 on that channel to “advertise® its availability for communica-
tions with an MT 52. If the RP 54 does not establish communi-
cation with an MT within that 30 second time period, the RP
must relinquish the channel, and begin again its search for an
available channel.

25 One problem with this etiquette is that a successful UPCS
spectrum implementation having a large number of RPs should
frame synchronize the RPs. This frame synchronization makes
it likely that more than one RP will simultanecusly monitor a
channel for 10 ms and then acquire it, resulting in unaccept-

30 able co~-channel interference. Once two (or more) synchronized
RPs acquire the same channel, it is likely that they will
continue to do so, rendering the ports relatively useless.

The following description uses the personal access
communications for unlicensed@ bands (PACS-UB) protocol to

35 illustrate the present invention. The reader understands,
however, that the principles of the invention apply to any
protocol operable in the UPCS spectrum or which uses an LBT



the first available channel it nonitors and detects no I nterference
above the threshold for 10 ns. Once the RP 54 has acquired a channel,
it isrequired to transmt imediately 20 on that channel to "advertise"
its availability for comrunica- tions with an MIr 52. If the RP 54 does
not-establiéﬁoeﬁﬁﬁﬁhi- cation with an M within that 30PSEERH0P6Ge
period, . the
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channel, it ha1ki kei.ysd haiz tgmdwnbbhd 204C0Bt FHUEE [ Ahe bedithASY %gxdt he
ports relatlve foll ow ng description usesthe

y
per sonal acc%gé ot %Eﬁﬁﬁﬁﬁ¥¥§FPBﬁSbP8§ unl i censed bands (PACS-UB) protoco
to 35 illustrate PAG{iBswaetsnvdiet | BAC TIRES exelguixembntsd abgs,using a

however, that‘bif‘ﬁd&ié ngkRESAY Of; fole‘acb&vent 'ramsam@asﬁst OtRLY the PRSL 0GQ

oper abl e in the UP ectrum o uses_ an
3 10 transmit eacon" s:.gn s that: MTs 52 use to f£ind RPs with

which they can establish a communications channel. This
"blinking beacon" is preferably accomplished using the PACS-UB
hyperframe and superframe structures, illustrated in Fig. 3.
Fig. 3A illustrates a preferred PACS-UB hyperframe 300 which

15 ' comprises 30 one second superframes 302. This arrangement
satisfies the FCC requirement that an RP 50 may only hold a
~acquired channel for 30 seconds, unless it establishes
communication with an MT $2. These superframes 152 are system
broadcast channel superframes (SBC-SF). Fig. 3A shows one

20 type of superframe 302’ called an access superframe. An RP

broadcasts an access superframe 302' when it is attempting to
acquire a channel. Each access SBC-SF is preferably divided
into four phases 304, 306, 308, 310. These phases are:

1. a first 200 ms period 304 (phase A) during which an

25 active RP 54 transmits incoming call alerts or short
messages to the MT 52; '

2. a second 200 ms period 306 (phase B) during which.
an active RP 54 transmits system and othexr service
information;

30 3. a 400 ms period 308 (phase C) for idle ports to
select a channel on which to transmit based on
signal strength; and

4. a third 200 ms period 310 (phase D) permitting MTs
52 to select an RP 54 having the best signal

35 strength to which the MT has access rights (i.e.,
the MT is from the same system).
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etiquette. PACS-UB further divides each of the eight 1.25 M{Z channel s
into four 300 kHz system channels, providing 32 total channels. Fig. 2
illustrates ed system channel structure 200 for RiprIsoB03ss
channel separation 202 of 100 5 kHz ensures that no channel overlaps the
FCC 1.25 MHZ chan-rig. 3Elshows a0sktEngueysk tancéug@&framéouoﬂ' atcdlled a
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il lustrates afjprs¢ e?rOrOeGSPAQE- hasgpdy)f AumdngOodhigh cin 26tivenpP i txensY0tene

second super f{i&eimdalercEbe @Iiéfﬂgﬁmbes toSehé %ht &3 taﬁdFQ;C) an, 800
acqui red channel

requi renment that 0
Codondeunt B8 168 cclaimae s Rrlno niiRPoam: BREIYE R, L ILERL tay T em
superfrarres 1884 apttheyy stegrwice ilmfosmesadbnchannel superfranes (SBC SF).

Fig. 3A ghows one £ cbyPSrRf £8URSES ra?é'&%s@ze:i@lé&fé arh@c§§s§m§gpqufzrsqrre

An RP broadcasts an access_superfrane when it 1.s atte ting

acqui re a chafffRtCY EARh*GTeRR s %%'C,S%Fc?ss % t'eﬂ"éfib'l VS GARfSy tra ﬁ%ﬁ?‘ﬁ’&ur
phases 304, 3€ian3EB, IJitte Ehedwnmedsbssabeen identifidd, an fRP stseZ0@hes

period 304 (pll?é’éfc AkBCdﬂ#" BOrik CRoRNfdPther transmifsidys %Mz]'_Sﬁgt kBN S

i ncomi ng cal | aestot e 5
O o cond SRS % BiSskBophRAged T AnARNGR) i cRig . SC 1liustratgs
“active RRS4 ar hyprrfsasgsBom afd a henacknawlesged RP transmission. A

hyperframe begins with an access SBC-SF 302’ to acguire a
channel. The RP acquires a transmission channel and begins
*advertising® for an MT with which to establish communication.
This is done by broadcasting a number of one-second long basic
20 superframes 302’’. The RP repeats the basic SBC-SF if it does
not establish communication with an MT. This continues for
thirty seconds. After thirty of unacknowledged transmission,
the RP must relinquish access to the transmission channel.
After the channel is relinquished, the RP again transmits an
25 access SBC-SF in order to acquire a channel.

It is an object of the present invention to provide a
method for a number of radio ports to “acquire” available
channels without co-channel interference, even where the ports
are located in the same general location and/or frame synchro-

30 nized.

Summary of the Invention
This and other objects are achieved by the present
invention, which provides for a method wherein a number of RPs
35 stagger the times in wh:.ch they begin searching for available
channels.



I nformation; 30 3. a 400 ma period 308 (phase C) for idle ports to

sel ect a channel on which to transmt based on signal
strength; and 4. a third 200 nms period 310 (phase D) pernmitting
MIs 2 to select an RP 54 having the best signal 35
strength to m%’ﬁ’?ﬁe MI has access rights (i.e., PCT/US$0O3N0F | s
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an RP nust fis%3xt time. Alternatively, if the number of RPs is less than

or equal to the number of available stagger start times, each

10 RP may be assigned a unique stagger start time.

£ Descr on of Drawi
The present invention is described with reference to the
following drawings:
15 Fig. 1 illustrates an unlicensed personal communicationé
system;
Fig. 2 illustrates the standardized system channelization for
a PACS-UB protocol; _
Fig. 3A illustrates a hyperframe/superframe structure of a
20 preferred PACS-UB protocol, showing an access superframe
structure;
Fig. 3B illustrates a basic superframe structure of a pref
ferred PACS-UB; .
Fig. 3C illustrates an unacknowledged system broadcast
25 superframe sequence;
Fig. 4 illustrates a preferred structure of a superframe phase
C according to the present invention;
Figs. Sa and Sb are a flow chart of a preferred method
according to the present invention; and
30 Fig. 6 is a timing diagram illustrating a port channel
assignment according to the present invention.
Attached as Appendix A is a glossary of acronyms used in this
patent application.

35 DRetalled Description of a Preferred Method
The present invention provides a method for a number of
RPs to acquire available channels, even if the RPs are located




enpl oy an access SBC-SF to selective, suitable transm ssion channel .
Once a channel has been identified, an RP uses the basi ¢ SBC- SF f or nat
for further transm ssions for up to 30 seconds for unacknow edged
transm ssi on. “]39, .,g,q illustrates 15 a hyperfranme 300 of an pEFossRIdeedged
RP transm ssi on. hyperframe begins with an access SBC-SF 302' to
acqw re.a haanel sambegBRepal]ul ot sor rad nifs sty Gheen nitansen dsyoedines:

"advertising bLi.sh i e is
done by br oadcg‘§%|§ a nun%&m%mn%sttg the pEQE’QHEI fﬁ““““ ro-Uld%s

er one-sgecon asl| C rarres
302' .  The RPfPEpé'&?%g?Wﬁ)éi‘leccBB@S# ?#aﬁthd%egmedﬁsf- %ggamws of
comuni cat i on wPkht Rt Man “"Helag"ceathnodsef ofe.g., thhrigteerosaish cAftear s
thirty of upack ransgy ssi ; i i h to
t he transm%lyoggl‘}%ﬁggsfmlIl P g\#?é QJ}% %h%%ﬁﬁﬁséﬂﬁaq%%uqi% t %E%%
agai n transnit 8Pgnthet §apedsteRt. SFCR nobheRs FRANSHASIONS A¥ehmyyevented
It is an obj ecroin hAeipgesgAthroNEséd ODO Ais PhoNi tor fng peﬁiabh@d for pre-

nunber of radi orts qu ai I C out
co- channel int rg]e:rgénc%}? t:éc\g;‘en %mg’r 1%13&‘%% Eegms ‘Df‘m % 1 9 tP sgﬁe
general |ocati supanframe fphare & ridcoa BomMbaY 7@ snaggezswmmvpsrlpﬁé

| nvention i¢ fbgs Qndlmﬂﬁréﬁééachs ﬁe&e&%ﬁemﬂc@wﬁ henhasesent 308
t hod wherei.n a n s .35

Lhe i mes i n WRCER-ONDY  BBoPRe SEEFMng Iarcidr nifiase € ade id qivialee”

5 into two parts 402, 404. A first part 402 is divided into a
number of timed intervals 406. In the present invention, it
is preferred that the first part 402 be 40 ms divided into

15 sixteen equally spaced 2.5 ms intervals 406. A person skilled
in the art recognizes that other time intervals may be used as
well. A stagger start is timed to begin during each time
interval. Thus, an RP starting its channel searching proce-
dure at a particular time will not have the same 10 ms

20 monitoring period as RPs beginning their searches at other
start times, even though there may be other RPs in the same
general location alsc searching for channels. In the pre-
ferred method, there are sixteen stagger starts per superframe
(e.g., 16 x 2.5 ms) and 30 superframes per hyperframe. Thus,

25 in this preferred method there are 480 total stagger starts
per hyperframe. This permits up to 480 RPs to each have an
exclusive stagger start time to begin its channel search. -

Fig. 5 is a flow chart of a preferred method 500 accord-
ing to the present invention. The method comprises an

30 initialization phase 502 and an optional iterative phase 504.
The initialization phase 502 begins by setting each RP 54 in
a UPCS system, such as a PACS-UB system, to have a stagger
value (STG} egual to -1 and to set a value k, which represents
the number of ports assigned a stagger start time, equal to 0

35 (step 506). The RPCU 56 to which the RPs are connected elects
one RP 54 in the system to be *first” (RP;); and the value of
k is increased to k+1 (step 508). This means that RP, is
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a preferred nethod, one of a plurality of RPs in a UPCS systemi s
selected to have a first start time. The system det erm nes which RPs in
the system can "hear"” the sel ected RP. Each of these PPs is given a
uni que st agg®P9”8%7Ttart tine. RPs that cannot "hear" eacPCHUS6/03506may
be .assigned the_sa stagger start tine. This process nay be

repeat ed unt APSLEREARPIE, FEETs BrAgHeTs STty fddien Rarigser IR therprefne.
Al ternativel ferrédt methodberPofwRFE begimsstéha@hannel OsefHtR| dhpihdecRynber

f i | abl to 4] h.20 b Melg} I que
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2 PACS. U protasgflt || Vot Lol BRERUE JSRsTUR, T THE ciBerrrankesin
structure of S@apehing &me ofd thacsysEeprahasdsils ishohe nkpwer dcMBgsof the
superframe band!lrupkeferably, the RP randomly selects one of the nine
| PACS-UB system channelis falling entirely within the first 3
10 MHz. Because RP, is the only RP searching, it is likely to
acquire the first channel it monitors and transmits at that
first frequency (step 510). All of the other RPs 54 in the
system 50 measure the interference on this first frequency
caused by RP,’s as transmission (step 512). All RPs that
15 measure greater than a threshold amount of interference on
this first frequency are considered to “hear” RP,, and thus
must have their channel search start staggered to avoid co-
channel interference (step 514). All RPs 54 that “hear” RP,
are assigned unique STG values, to avoid any interference.
20 The number of RPs assigned a stagger start is set as nc, and
k is increased to k+nc, the total number of ports with
assigned stagger start times (step 514). Thus, if several RPs
"having different stagger start times are searching for
available channels at the same time, none of these RPs will
25 begin or end a 10 ms channel monitoring period at the same
time. This avoids the likelihood of co-channel interference,
even for frame synchronized RPs. As noted above, a system may
" have up to 480 unique stagger start times.
The total number of RPs that “hear” RP, is counted (step
30 516). 1If the total number of RPs 54 that “hear” RP, is equal
to the total number of RPs in the system, then the method is
complete (step 518). | _
' If the total number of RPs assigned a stagger start time
is less then the total number of RPs in the system (step 518),
35 then the optional iterative steps 504 are performed. All of
the RPs that did not “hear” RP, still have their STG values
set to -1 because they have not been assigned stagger start



Fig. 3Billustrates a basic superframne structure of a pre- ferred
PACS- UB; Fig. 3Cillustrates an unacknow edged system broadcast 25
super frane sequence; Fig. 4 illustrates a preferred structure of a
superframe phase C according to the present invention;, p~Rigsmnpa and
Sb are a fl oW CRYFI"of a preferred nethod according to the ;I)l?esent

I nvention; and.30 Fi | I Ja i Al tratd t annel
assi gnnment acgi')?‘ﬁfh ,[Q‘get %‘eﬂcﬁfr Zssén%g%ngl t ?%%Ed&é Lbz}et Zc%:%re%egsﬁ%pp(e% Q A
is a gl ossarywéf—ha%'g%rfynsl wsedave & = 1 {FReRN?2%hp| iBeAFUSE. RPIFIMCH | ed

Descri ption ofh@aPreRpy red J\et katknot detect TRR, 'R €3anbmi sy bthis D iides a

ggtshg?ef U ocat g§@81c8$nne1 RiPed fe AGTHY 1§ B2 ix?&"fpgcﬂé‘aﬂ? | Sne Y %Jg{ﬁetz'@g??

PCT/ US96/ 0B508earchnsimel sameoygkier al | ocation and if they are frame
synehr o- ni zed. phyr iy heBeaGaitdi gpd OF Fdie PIESEN! dWYERY | ©Re PhEXEISD
for staggering,Lhe chppngt Sgar@hl oA eedV L8 s3bAbh LidESe® start times
‘perform the channel search and begin transmitting on their
acquired channels (step 522). During this time, all of the
10 RPs remaining with STG= -1 (e.g., do not yet have an assigned
stagger start time) measure the signal strength on all of the
channels (step 524). All of the ports that *“hear” RP,
strongly (e.g., measured interference on a first frequency
higher than a threshold amount), report their measurement on
15 each frequency to the RPCU 54. These RPs are assigned stagge:r
starts based on their measurements on the other channels.
That is, if an RP that "hears" RP, strongly also measures a
high interference on a particular frequency, it will not be
assigned the same stagger start as the RP (or RPs) that were
20 transmitting on that frequency when the signal was detected
{step 526). That is, no RP is assigned a stagger start of any
RP that is in interference range with it (i.e., any RP whose
transmissions may be detected above a threshold amount by the
RP in question). At the end of the hyperframe, the number of
25 RPs that are assigned stagger starts is again counted (step
528). If the number of RPs assigned stagger start times equal
the total numbers of RPs in the system, then the procedure is
complete (step 530). If unassigned RPs remain, the iterative
steps 504 are repeated for the RPs that cannot "“hear" RP, or
30 RP, until each RP has an assigned stagger start time.

A system 50 having no more than 480 RPs need not perform
this procedure. Each RP may be assigned a unigue stagger
start, without the possibility of interference. That is, each
RP may be assigned a stagger start STG(RP;)=(T,S), where j is

35 the number of total RPs, T is the position of stagger starts
in a superframe, and S is the number of superframes in a



RPs that can "hear" each other (e.g., can detect each other's 5

transm ssion.) This avoids co-channel interference because RPs t hat

can detect each others transm ssions are prevented from havi ng

synchroni zed 10 ns nonitoring periods. A pre- ferred way to acconplish
thi s begi ns W@ ?T78TVi di ng a PACS- UB superfrane phase C P%T’Hs%f’q?%er of -

stagger start periods. 1 . Fig.. .4 illustrates ? preferred PACS- UB
phase C 308RYPSrLrams ui Eg‘uﬁo im&hs AELHELTAVEYR PEATPLEHIRSCRibRT 3DOVE| vi ded
into two pastTe 4O2RP,464.(1,A)fi RBj, pal®, UD2 arxd iR, ded (Bat D6 hA. Aunber of
timed intervals . len & SELY | hO I g4 ' er, at the
first part 402 blg?%b nG1s g?%?géegl ntqs%\ggggi?x%%r#feltusaj F; ;%}gécey%gghﬁs
interval s 488VeREHAsof i 1§ &F 2 CLifngnEiagran &}y lAdEquRsdng: POFtt i me

i nt ervalss naysbgnmeers for a sywetdn havingt agRs ustiagt ai BACS +UEl prothegiln
during each_}} bt er. : S | | .chann chi ng
pr oce- %‘f‘frigs %ﬁf%ﬂgﬁrfitcu z;nret;ﬁigﬁleo\% FFgﬁg?éﬁ%#e t ‘{aetnzcé%%'-lo%#sig‘gg

moni tori ng peFPBErakiols 58§ nFFIHPSheStaskartines shayenalreadyst beent i nes,

even t houghakstgredmnd ehet Rps e beehhépsrdting. gaANCHDd fiefaie,08wal SO
searching f PARNRLS - I e- _aker R} _dder re sipxteen
st agger stag{lggéo_er suépes‘r zra%eé Y €. gS.B,c fg‘ Xé% rrsr}%zg:n(#?}ﬁ gﬂgérfrigmes
per hypgdt f r BB, £ifis supsrirame §BC5$Fat dtheks Aasicnedhehe Linststagges)

stagger stastart ingeatvalypRPfiamessidgned ptievskaond, IRP,408 d¥¥drieceand have

an excl ygi S 0k Start, ti.ne _t:0 1 4] ch el, sear

Fig. 51is agﬁ'%(\?\f chgfgt ‘igﬁ %Q rag%égrﬁgg n%%ﬁo%%'acgggﬁ-lss Qs%’g%n?% fhe
present invERRFGRr Stamte imephagecendf i thes next3gupenframg iSBG-SF..phlse 502
and an- opti RpalcHe! chégimeinase phbse A 302 igH tspctimtim,phnpq% hag

beg, 0o YRR ARG S0l Wi by P MR RNE vl R AR B, L
whi ch repredbnhas CO'“P&etﬂénﬁeﬂlYQFrﬁﬁﬁmg 499i gnédna scmgyeicatier WRfe,
equal to O established with an MT 52). RP, begins its channel search by
measuring the interference on available channels during the
"measure" interval 608, and the other RPs continue to trans-
20 mit. This encourages RP; to acquire a channel to avoid
interference from heighboring RPs because it can “hear” their
transmissions. {Prior to the "measure® interval 608, the RP
may perform adaptive, autonomous LBT threshold measurements
during the "TH" interval 608 as described in the related
25 application described above.) Once RP, acquires a channel, it
"advertises" its availability for communication on the
acquired channel during the "Xmit" interval 612. After a
brief idle time 606, each RP begins the same process at the
RP’s assigned stagger start interval, assuming that the RP is
30 not communicating with an MT. The idle time 606 is the time
between the beginning of phase C and the beginning of an RP’s
stagger started frequency search. Thus, the idle time for the
RP having the first stagger start time is zero. This arrange-
ment provides (1} a stable port assignment, which is not
35 required, but provides improved access performance for both
initial access and for handoffs; and (2) reduces battery usage
for MTs.
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35 (step 506). The RPCU 56 to which the RPs are connected el ects one
RP 54 in the systemto be "first" (RP[err]); and the val ue of kK is
increased to k+1 (step 508). This means that RP[err] is

7 27677 PCT/USI6/03506
PCT/ US96/ 0358"(5)\@’29’2-/1%& gned the first stagger start tinme period. In the

pre- - ferred rf%ta%reBPe&&r Mnwddidedid hdes pmﬂ@@a €8aggh atirslcuasteae

first 2.5 t t f
300, Rp[;‘fae' Boeh: Ryl r8tbRanwar Loba RRELHEIOE. YueesryslbBS 588
the 3 MHz of mdt@o@@n@mmamdrwtmw depaggingnfrom tERuScOPENO ph@s- uB
Isystem3 Nhge ﬁ%d&a\t @ﬁ%ﬂcmn Se:fltgzc@%@qua? het @ﬁd rﬁ&ineﬁmil Rlehiti naépe
ower 0] rerera anao elecys one o
theonime > dsaedagads patd THERRRASE (59| PndRSAr PP ARCERn ¢ 1 PRTEPRS 10
VHz .- Becausesldaﬂ[ladr]m sthae agntl yuRkessrarsds nghat t the Iurmeln;t:-too may abguire

the first chappal %tr@&rg 12 & at egqueRnC
(step 510). ALl i cBORRY O Solld eﬁl% pie 2h Egst%ﬁ%o@r{iﬁrﬁ B end

i nt er f er ence HIFYEN $OAE BESFr 8By yeth“ec%ﬁ%ed by RP[err]'s as
transm ssion (step 512). All RPs that 15 neasure greater than a
t hreshol d anbunt of interference on

11



‘this first frequency are considered to ,%near., RP[err],, and thus nmust

have their channel search start staggered to avoid co- channel
interference (step 514). . All RPs 54 that "hear" RP[err] are assigned
uni que STG v, o avoid any interference. 20 The nunber_of RP
assigned a s é}?{g?ﬂztart is set as nc, and kK is increase’a:'lfjﬂs"ﬁ’ii“f@,6 t he
total nunber of ports with assi gaegERbegORr sStart times (step 514).
Thus, if sev ral RPs havi ng di fferent stagger start tines are searching
for avaid @Q’h&ﬁn@F§°§Y’“ghe sane tine, none of these RPs will 25
begin or end®aL 10 ns Frderel fomnunicayipes | Cekeissitm same time. This
avoi ds t he IHLl i hoodHomecbogathne| Regiakerrence, even for frame

synchroni zed8%s. As ﬁ*é EanaBBf@reaT% %t%‘?ﬁ- te have up to 480 uni que
st agger sta Cg_g&g ile Tejﬂ nber RPs " Sar" RP[ e
i s count ed D 30 z%gcen £ gu_ﬁ) 2% lce“ﬁ-"'é‘célflf’ﬂa YSHen,
RP[err] is eto system then the .
method is gp conplet Qagg,epo e total nunber of RPs

assigned a Hpawger st Re8ibi pPBrt cgnsrd,:esgn_{@en the total nunber of RPs in
the system (SBiCe3F518) Sysbemt Bﬂaaad:asopﬂ:hmmél |Sv.fgfea:tﬂr\aexest eps 504 are

perfornmed. 8@ of stapggeRPStahatVallye not "hear" RP[err] still have their
STG val ues UPCSset t oUnlipenaedcPenegnahcommininadiions Syghew st agger start
WO 97/ 27677 PCT/ US96/ 03506
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times. The RPCU 54 random y assi gns-'Oﬁe—eFt—he—RPs_erP[err]) with STG =

-1 to have STG = 1 (step 520) Bec err cannot "hear" RP[err]
(e.g., cannot detect RP[err]'s traiﬂi’iﬂ " ’m]ﬂm no co- channel

i nterference whotegs ] and RP[err nnel S JTF%96/03506

si mul t aneousl y. During the next 'hyperfrarre (e.qg., duri ng the next
30 sec. ), wal t18imt he RPs that have assigned stagger start tines

perform the Channe S%ihr"@fgfh‘f cgl%eu{g’:\gsgg%%%g grtcgg},gr rocdfifil rf% o

channel s (ste BRI ng w
STG= -1 (e.q. Hbuml%Pmmlan99§§$ gie@ wiredegggeemmunicatione sysEssur e

the signal st hgmﬁ ha Qis@bh-BE£6H6-talk etaguette, (Sdniixivddly the Adepd oithe

ports that "hear RP[err ._stron sur d i nterferen
first frequency g‘ﬁe% AT 8 ?ﬂ?ﬁ%%ﬂ%ﬁggﬁﬁuﬁﬁ E“' St fATH © cBe °
measur enent oplnsalewrofr redaenpgris thag RRCUidgEct Fhe‘setm artargsdodded

stagger Shavks Qﬁs@ébrprbéﬂlfysﬁ E&éﬁ'&lﬁ&%i‘éﬁsor&ﬁ&‘e ot her channels.

That is, if an RP { "hears” RP[err] stron al so neasures a h
interference on a }Bartl?iﬁ r TRAEGy Grg’r’gdncﬁ ﬁéaggeras%‘iag‘?‘r'ed‘tlﬂg
sanme stagger begitnimsg tthe BRafnel Hﬁrdthpromedué&t icansssigned) stagykat
frequency]_(y\,hegtgpg sifppal was detected (step 526). That is, no RPis
assigned a stagger start of any RP that is in interference range with
it (i.e., any RP whose transm ssions nmay be detected above a threshold

anount by the2 TRP mathodsbiforjlaist If,hevkewkiof tie byeprbfamssighdng
nunber of 25 héPat%o ﬁé’éss't@z'&e%téPéggff starts is again counted (step

528). If the nu S_assi start tinmes equal t he total
nunbers of RPs in £he SYARIGALI% éﬁlﬂén%raoééaﬁf‘esﬁgger s&éﬁﬁl"e’c'ﬁﬁ(tﬁeﬁe
530). If umassfgnkd Rﬂsraﬂe:rw f tiadibt poatsye b. stwps Sebtaradieppatred

for the RPs tRQLLEANOing G2 s RS rfL.eaﬁeﬁgy', RRlgrr] until each RP has an
assi gned stagger start ? , ) ,

. der.erm:.m.ng which of the plurality of radio ports
detect more than the threshold level of the first radio port
transmission.

20
3. The method of claim 2, the method further comprising
after the step of beginning the channel search:
a. assigning the first stagger start to a second radio
port that did not detect more than a threshold 1level of -
25 ctransmission from the first radio port; '
b. each radio port not having an assigned stagger start
time monitoring the channel search procedure; and
¢. each radio port not having an assigned stagger start
" time having a stagger start time assigned in a manner to not
30 have the same staggexr start time as any other radio port that
is in interference range.

4. The method of claim 1, wherein the communication system
includes a number of communication frames, the method further

35 comprising the step of dividing the communication frames into
a number of stagger start intervals prior to the step of
assigning unique stagger start times.

——
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A system 50 having no nmore than 480 RPs ‘need not perform this

procedure. Each RP may be assign a E start, wi thout
the possibility of interference. ﬂ lmﬂmﬂmﬂnﬂm P may be assigned a
stagger start ST RP[err])=(T,9), wher € J i s®35° the nunber of total RPs, T
is the positWOP787678t agger starts in a superfrane, and PECHUSKE3IN6NDer

of superfranes i . .9 WO
97/ 27677 g3 A flethod for conducting a Channelpﬁffﬁgggjl%ﬁ%cedure for

hyper f r ane. arpdural itynefi radie magtf igkanpi cebess rcormunilnatdon sy ST@nof
RP[err] (‘Lslng RP)listér-Beforerct K et jqredcd), 1@6mprz.s1nq: thél Grefs
|IIustrates ;veral benefits of the present I nvention ig. 6is a

" timing diagram 600 illustrating port 5 assi gnnents for a system havi ng n
RPs usin§ a PACS®UB piétacepmber ofh@vpddinblei wyiqhe stdgst starhetpmesent

invention. In this  isiqlestéatdmm at H&nﬁéﬁgﬁeﬁ:o%hir i-aéié“—’p%xl%%vﬁna{:ﬁgady
been assi gned and %QEeRPS havie heen ogperati.ng f| ure,

superfranmes 302 are sh s @8 IB0P ah S%%FF@FF‘P ‘:‘Lﬁlq‘t‘?le
first superframe SBC-SFpager, SRF!{'@rtr-‘ime.s amssi gned the fi rst st agger

start interval, BP[erif tRe ansnsiede ReratCeRdio Pdad lid $ndseigped e
10 greater than the number of available unique stagger
start times, then:
(1) selecting a first radio port to have a
first stagger start time;
(2) the first radio port transmitting at a first
15 frequency; '
(3) all of the radio ports, except the first radio
port, monitoring the first radio port'’'s trans-
mission;

(4) determining which radio ports detect more than
20 a threshold level of the first radio port‘s

transmission; and
{5) assigning a unique stagger start time to each
radio port that detects more than a threshold
level of the first radio port’s transmission;

25 and :
c. each radio port assigned a stagger start time
transmitting according to the channel search procedure at its
assigned stagger start time.

30 8. The method of claim 5, wherein after the step of assign-
ing a unique stagger start time to each radio port that
_ detects more than a threshold level of the first radio port’s

| transmission, the method further comprising the steps of:
a. determining if every radio port in the system has an

35 assigned stagger start time;
b. if every radio port in the system does not have an
assigned stagger start time, then:

13
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third, and RP3 is assigned the fourth. RP[err] is assi gned a st agger
start in phase C of the next superfr At the

begi nni ng of phase A 304 of SBC- SF| eTWﬂlﬁmmuﬂmml has 15 rel | nqui shed
the channel it has been "advertising” *on¢(etg.® s *t has co

hyper frame 30AHE S conmuni cation was established with &N S RP,
begi ns its channel searq&)byseleg ugl R IFHSBId esgﬁrg:etﬁ)gt aagégagbg
channel s during the measure” 1 nterval 608, and the ot cont [ nue

to trans- 20 mit. This enBBfrayRSRIGd ]SCatggeﬁcﬁE?F’é %1"'3?1&913“1‘50‘: Yoi d

interference from nei ghbori ngiRes beaggse staxmartinesar” their

transm ssions. (Prior t ?hre%?*ire%gur@hel Q.taag_galpoQQ%, ﬁ&? BBVlng E%L‘:.Bﬁéﬁorm

adapti ve, autononmpus LB nmeasur enent dur, ng g
interval 688 as described i nSER8IRE| éf‘éatZSm&ﬁpF“PB&FPSﬁn eSEF; 55&“35‘6% )
Once.RP[err] acquires a chansgbnsitof tHedvedibsepdrtss randinabialsistiignedr

cormuni cati on on t he acngésgeghﬁeﬂgé %éé‘]g the "Xmt" interval 612.

After a brief idletine begl ns' the same process at the
RP' s-assi gned stagger sti@?t ﬁﬁt:emamnasybh?hgreﬁa? PRELRPIPE BaViRg: as-

conmuni cating with an M. TheghddestaggefObcare dlindd Metect Merecehahha
begi nni ng, f phase C and the gegl ggiggfl%ge?h 0@3 éhﬁqptﬁgﬁ&ggg%’h‘?ﬁﬁar‘gfd‘he

frequency “search. Thus, the I
stagger start time is zero. FhRSOarPeFER- haVI%nesspsveaessqaggear SE&BFE
port assignnent, which is notimbks;r&fdired, but .provides inproved access

Pt ory eege o i@ bagh 25855 HA o nD0RAg L a i) Stagyees
start time being assigned a stagger start time
15 different from the stagger start times as-
signed to any other radio ports such radio
port can detect more than a threshold level of
such other radio port’s transmission.

20 7. A method for conducting a channel searching procedure for
a plurality of radio ports in a wireless communication system
using a listen-before-talk etiquette, wherein the communica-
tion system includes a hyperframe comprising a number of
superframes, each superframe being divided into a number of

25 time intervals, the method comprising the steps of:

a. assigning a unique time interval to each of the
plurality of radio ports; and
. b. each radio port beginning the channel search
procedure at its assigned time interval.

30
8. The method of claim 7, further comprising performing the
step of assigning according to STG(RP;) = (T,S), where:
STG(RP,) = a channel search time interval for radio port
j. where j is an integer from 1 to the total number of
35 radio ports in the system;

T = a position of a channel search time interval in a
superframe; and
I
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The present invention is not limted to the disclosed nmet hod, but rat her
various nodifications, substitutions, and nmet hods may be used wi t hout
departing fromyiwnsgepe of the present invention. For ex?;%ﬁmw%gﬁ
preferred enbodi nent was 5 disclosed wth reference to a PACS protocol .
A person-- skilled in the art understaT@ that the invention may be

applied to any protocol operable in the CS spectrumor in a system
that uses an LBT etiquette. WO 97/ 27677 :
PCT/ US96/ 03506 APPENDI XA d ossary of Acronyms: FCC
Federal Communi cati ons Comm ssi on HLR Honme Location Register LBT
- Listen-Before-Tal k Etiquette Ml i | eg Ter m nal
) (PRIOR"ART)
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A [err] W claim 1. " A nethod for conducting a channe
searching procedure for a plurality of radio ports in a wireless
comuni cati on systen1u5|ng a listen-before-talk etiquette,

conprising the ste a. - randomy assigning a fir bOCSsy
start tine tB“Bﬁ@“%% the plurality of radio porf?kn& b.
the first radio port transmtting at a first frequency; C.

determ ning which of the plurality of radio ports detect nore than the

3/5
' FIG. 4
2 308
405«\’5405 [ 46 404 7
/ ’/ | ~
- 40 RSEC: { — - -_360 fasec -

FIG. 6
600
Ve
602 604 |
04,306 SBC-5F; e 304, 308 SBC-5Fi41 308
, INTERVALS INTERVAL ¢ INTERVAL | INTERVALS INTERVAL C » » »
. Lsio o e | o AB |
ﬁ.mﬂ MEASURE | XMIT -vovvevvevennen. S/
PORT 2...."’”..' MEASURE lm'[ ............. // ............................
- NMBER 3....[mn|----] MEASURE | XMIT:-----cevee-- oo i ettt
rml ! " MEASURE ‘ YMIT «ccvrencennenes // ............................
o sttt eee e raaaaraeans //--Ithl | MEASURE | XMIT----

Th=ADAPTIVE AUTONOMOUS LBT THRESHOLD MEASUREMENTS
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threshold level of the first radio port tr

assigning a uni que stagger start tine to each of the plurality or

ports that can detect nore th
ot hers' transm ssions: and
assigned a sWaPIRIS%tart tine begi nni ngih
procedure at its assigned stagger star /
the met hod further conprising after the st

channel search:
radi o port that dlﬁmt' %Aec
radi o port;

assigning the first stagge

ansni ssi on; d.
radi o
an a threshold | evel of each
e. each radio port .
e channel sear ch rcrnﬁhmnﬂm
) The nethod of claim1,

ep of beglnnlng t he

:’%Lamo to-a second
nor e than a reshol d | evel of
each radi o port not

transm ssion fromthe first

havi ng an assi gned stagger start ti
assi gned stagger start tine, a55|gn|ng

tor ng the channel
dio port not yet having an
a stagger start tine in

EI’
-

g

radio port that is ih interferenge

wherein the conmuni chtion systemjin
frames, the nmethod further conpri
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a. if a nunber of available unique stagger start tines is greater than a
nunber of total radio ports in the system assigning to each
radi o port a unique stagger start tine; . and

b. if the nugRpsm@ést otal radio ports in the systemis greatf‘#’bgma&e
nunber of . avai |l abl e uni que stagger start tines, en:

(1) selecting a first radio port to have Gf§first stagger start tinmne;

(2) the first radio port transmtting at a first frequency; [err]
(3) all of the radio ports, except the first radio port, nonitoring the
first radio port's transm ssion; . (4) determ ning
which radio ports detect nore than a @Efgshogg!evel of the

first radio port's transm ssion; and
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the first

nore ]

i ganald 4 a@r\’c?'s
transm'ssion; &

Claiid .‘s b\«»—

timegtransmittin ”b‘t‘i"%ﬁ’)n Ctg“{ p mmu edure at
its assigned stia géPS‘sétcért t?’l“gfé1 """ tgp? e@e met hl m “\““E rein
after the step of aSS|gn a_uni A%(t el start = ¢ . t'ne to each
radi o port that ﬁﬁ%é‘?t‘ﬁ%n -a-threshol d | evel of the first radio
port's tran msS|on the met hod further conprising the steps of: a.
determ ni m}f? E‘very radio port in the system has an assi gned stagger start

ti me; 16 cbnd h'a R4 %ﬁysg ey PR
of conducting a sear procedure for a plur

Z‘Zilogge(rjafit[ gggg ggij%%fwweless con}mtﬁnca §s%1 hst?n-bef% pltii{( %‘?ue ng é
stagSe start tlrre (2) all of the radio

gdi 0. pprt aSSI gned a staiizer start

time to have the T
ports not having asghgbial S4igueeh firsk Sfabgdr!stRSHMDR S d¢1Be bRty of radio
- transm ssions of thgekadi o ports having assigned stagger start tines,
(3) determ ning which radio ports not having assigned stagger start timnes

det ect b. MHeeriréthradio Poitraashiting dt @\fedt f@uddeg; t r ansm ssi ons of the

- radi o ports having assi gned stagger start tinmes; and (4)
for each radi o port detetmigieg whivhiaf gheapluratity iof regitb siragigeact stose thab ithee,
assigning a threshotddenpbof the dirst radigrportitradserission; f r om t he st agger start
times assigned to any other radio ports such radio port can
detect nore thad-a PYHIEISH ¥NIGUSSE008F stary dime to each of the plyralityrorradie Bofort ' s
transm ssi on. that can detect more than a threshold level of each others’ transmissions:

and

e. each radio port assigned a stagger start time beginning the channel search
procedure at its assigned stagger start time.

2. The method of claim 1, the method further comprising after the step of beginning
the channel search:

a. assigning the first stagger start to a second radio port that did not detect
more than a threshold level of transmission from the first radio port;

b. each radio port not having an assigned stagger start time monitoring the
channel search procedure; and

c. for each radio port not yet having an assigned stagger start time, assigning
a stagger start time in a manner to not have the same stagger start time as
any other radio port that is in interference range.

3. The method of claim 1, wherein the communication system includes a number of
communication frames, the method further comprising the step of dividing the
communication frames into a number of stagger start intervals prior to the step of
assigning unique stagger start times.

4. A method for conducting a channel searching procedure for a plurality of radio
ports in a wireless communication system using a listen-before-talk etiquette,
comprising the steps of:

a. if a number of available unique stagger start times is greater than a number
of total radio ports in the system, assigning to each radio port a unique
stagger start time;
and

b. if the number of total radio ports in the system is greater than the number of
available unique stagger start times, then:

{1) selecting a first radio port to have a first stagger start time;

{2) the first radio port transmitting at a first frequency;
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6. A nmet hod for conducting a channel searWa pI ural’i ty
of radip ports in a wireless communi cati ystemu
i sten-before-talk etiquette, wherein the @ system
i ncl udes a hyperframe conprising a nunber of each
superfrane being divided into a nunber of tine rvals durrng
whi ch radi o ports conduct channel searches, the nethod conprising the steps
of : a. assigning a unique tine interval to each of the plurality
of radio ports according to ST RP[err] ) (T,S), where:
ST RP[err] ) = a @5’)%’]%'&&&3&%&' %ebtrth@?lréﬂ'adfo%or{ %nﬂorﬂﬁr dhe hirst radio
where j is an int egerpoi-trpm,ﬂs"ﬁ@,,ot, e total nunb radi o ports I nt
. system T=a position of a channel search time interval in a
superfrane; and (4) determining WHich Peiiopor3cieteat marDBEA b ARBShold e d1Rf the
- hyperfranme; and first fadio poaatansmidsion;mdt begi nning the channel search
. procedure at its assi gned tinme I nterval .
13 (6) assigning a unique stagger start time to each radio port that detects more

than a threshold level of the first radio port’s transmission; and

c. each radio port assigned a stagger start time transmitting according to the
channel search procedure at its assigned stagger start time.

5. The method of claim 4, wherein after the step of assigning a unique stagger start
time to each radio port that detects more than a threshold level of the first radio
port’s transmission, the method further comprising the steps of:

a. determining if every radio port in the system has an assigned stagger start
time;

b. if every radio port in the system does not have an assigned stagger start
time, then:

(1) selecting a second radio port that does not have an assigned stagger start
time to have the first stagger start time;
)
(2) all of the radio ports not having assigned stagger start times monitoring the
transmissions of the radio ports having assigned stagger start times;

(3) deterrhining which radio ports not having assigned stagger start times detect
more than a threshold level of the transmissions of the radio ports having
assigned stagger start times; and

{4) for each radio port not yet having an assigned stagger start time, assigning a
stagger start time different from the stagger start times assigned to any other
radio ports such radio port can detect more than a threshold level of such
other radio port’s transmission.

6. A method for conducting a channel searching procedure for a plurality of radio
ports in a wireless communication system using a listen-before-talk etiquette,
wherein the communication system includes a hyperframe comprising a number of
superframes, each superframe being divided into a number of time intervals during
which radio ports conduct channel searches, the method comprising the steps of:

a. assigning a unique time interval to each of the plurality of radio ports -7
according to STG(RP; ) =(T,S), where: -
STG(RP;}=a channel search time interval for radio port j, //"
where j is an integer from 1 to the total number of radio ports in the
system; -

T =a position of a channel search time interval in a superframe; and
S=the number of superframes in the hyperframe; and

b. each radio port beginning the channel search procedure at its assigned time
interval. .
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