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202 ;ffJ@] fi 110 ltJ QoS lim JE , l::J.1if. :lr fciJ ~ ~ :S ili T:W, tE tl ~#fi 106 l!-fti# o 3ft 

----ivt[trm*~wiJ, :ti1.H1tiiil:tt PQMF ,ttJ11¥Jft~riffl :iEJAttftifij 106 Juur r-1q ~ it 
M ---- 114 M~a:i '~/;;.•k~lx' M ~a..E!. •-":1 f,7 m:1/,h .l..Lw . ___. ,,1 ~ff JJ::.i)fi;:i~ ,r 6 ·:r.--1-1:tf ';,,,; 
-'T· 7G 1:1 'J .J..!:!11 f-i "tl:l;IJ'.tf P 'J JYl fil ~ \I.T, Y,~ ~t !l-lfii 106 P J ib-Jz:r·----· tY l=lL ~ 7'1 Jf~j A':J "'i-f ;lJli 

f!r ~* ilJfrl 116 tt~ Jfff t~ 1]\m111-1x ii!t ~~ ;Jr tl ~ ~r (n 1~ ,~ Q 

-;1--·ilfi;:J ""'l ~~cB ,l,.1J,1=1 ' C::: -h '--¼[:?. Eii:;'. ---- -:1-.-- 'i¥i 1--'--".:i\:: !;I/;!' -;:;-1-1, INl .1.,1; l- -'-1:L f:lwJ~. ::lG5tj- _.lJ iliZJ~, yJ17j 1rtl: 304 rn zy;. =i::c:ltt!1r-'.1'fh:;iu.E!,x.1X.liJ~1=r i.., [i:iJ 

& r tt it 19: -~ c {qu tzn , ~~ ±-~ 5G 114 i~ 2 16 ) f5H ili l¥J ~~ ~ 1~ c 1~u :tti:1 , PQ:MF 

f:lli~~i 122 B,X 222) 1'¥~tidt5}if:L, Jt lL fi/m};~tlftmi C1~u:tm, 106 M 202) pJ 

1;.t'.k rgn~ rt~¥ o itt ~~ , -t~mi * :~i1tr r 1* 1] 4 t-f 11: ~ jfj fsf1 m , k:.l wfl 1w.: m---,t til 
i£ LAN ~&@ltim~ J::.trJ1½$oo,, tE14f·$tiJ*·--5ttiLtri5, :tzrrtr;tii 306 Jift.zy;, 

u1tJJS5l~f§~,f~$ru~~~1"1§lfv.t¥Jffi·-----,ttfi, ~El¾t-~1~~-t-wt$-i'ffi=5t~Jlo 
•£~,g~•mtt~~-~@~@~ffi=*m*~m~~~•~m-5t 
ffl~~illfi~@c~tt-,@ffl-~~ffi, *ffl=,rffl~~~~ffi-%ffl 
~~A~ffl~~~~~tt, ~~~~TfiM~~~~A~ffl~~m*~* 

~ ~ o ~ rrr.P=fJ ~ tm flil_., ~ ----fr.i trt= 0-ifl 7G-JE 'fffi ~ Wl Jl:t u1 tile o .trt&~, m lJ­
i4J n[t * ~ ~B :it jJ i-!-• E3m-----·frt!ll¥J1½~1'=f xtKJmit-1io tf~fq1't~m-F, J2E 
m~~-~~$~ffi=%ffl~~~~~mmffi~®tt•~~#~a 

~~-Josm~, ~ffi=?tffl~~-~~. ~r~m*•~ffl-*ffl 
ffl~@~m~~~ffi=*ffl~~~~tt, ~~~ffi-~1¥]-~ffl•u~~ 
tt~~~*•ffi-?tffl~~~~~~~ffi=?tffl~~~,-~Tffi-~ffi 
=0-ffl~tt~NM~, m~~ffi*tt~~~~limJEfilfilo~~~ttPTlJ-~ 
M§*m~~~-~$~ffi-~ffi=*ffl~~%ffl~*~MMl¥J~J:Eotf 
-~~~~.~$1",rffl~, ~MM~m~~t¥J%ffl, ttff*ffl*~~~ 
~"~~m3o8~tl~~€, ~ttfi~-~~ttNC*Rzy;)pJ~~m~ 
f~~~-~~~**~~~~~wm~M~o 

~~•·*mam~~~c*M~)~fitt~3oo, lJ-•~~Qm•~ 
tt~~-&ffla~~~~ffl~M, ~~ffltt~mr~~~Mttffl~, *~ 
~~ ~ t-E ~ ~ B'>J tJJ ~ q:i i§ I A :k ~ ~ s--t o t§ tv. :!:~. , t-1?:JJ! tJJ ~ i~~ ,f~~i=t=}· -~I 05f o~ S'-J 

~So~~' eyl::}.~~~#fflf~M~~~~g~~~~o 
§f $t, Js'52 ~'i:=kJl:%JJ:\Z PQMF i1Ji o 'tRJf 3t.nx. PQl\11• Mfii4J~ !Wf-1f£@! IE 

~~~s~OO~~, *~~mr~~~~~mffl~~Hffl 0 
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Jtlj(, JiY-*~-¥-Jf~f:i PQlVrF Jiff a PQrvn~- *31f¥3f~f1fi~-t=f-, ti~Jjyt"PJ 

~~~~~~-~~~W~@o~W, ffl~~~~MF~ff~H~M~m 
~~ffl~~~~, ~~~~~~~~~-~~o~#ffl~ff~~ffl@~H 

i~ PJ Lj ~ ¥Jc0 ~JGHrtJ ~ ~ ti nu Q i1t 1r , J.tK 1A :=r: t!J-1-x a'-:PlJ( ~ , T:iJ Lj tx: ~m ~ l?x 
tl:;;i~®tl±dr;JAlr PQ1v1F l~Ffo {J~:tln, :fzo*~ff~~J1J~tB]i¥Jffi=,ttJ:L !JliJ 

ey~~~~*ffi-~ffl~~~~mffl~fi*ffa ~~~~m~.ml;),~~ 
~:ITTIHlli1Jtf.f PQJ\1F i1tfiL ~~~tMfiffi.~JiJJ\f,to 

tt~3DO~fr~~r:pA~*Hffla~~-~~~~, ~*~•~m• 
~,fta1tJ;~1r PQMF ttl~, -~j_,j lsfl~fiitfrri1~t~r:p5!,,\.~t~ti:or,:J£-w~1t 

~*~~-a~~-~m•ffltt~~(~, ~~~m*•~~~~~* 
~il) BTI·ft~~~a~~y" ;t- lL iffijJ;(:f:iif;f EEJMi-f&zJfj] i} l )\.!£.~ $',JifttJB:!l 

T:iJ ~.:;_ rfi! Ft~,~, r* ~~•" 
JJ:tJf·, rtfi 300 JiY.~31;JJflll1H~NLl:·f&iit· 1t=1 Er,:i ~1iJHi o fr!i·-it r:p ft-.nbtl~T:if 

L;), ~ ¥1 tt-~ ir~ tJJ ~ r1n}t. * 11 :tzwmr JiJ-r J£., ~ &r~ 1r0tJn~ ~~~,~a -fffr 01 1]411n 
!L :# Ji ~t c3 I ~ 1137r st Hi~ , :ff 11 ~ Ll:t Mt .t~ iliLt1~t Uf n 4 f~H} ITfiU ~£ Pxl t 13/T 

~ r_m w ff: 1riJ tJt:¥1· " Ji z , 3 Mi ~J t}J :J!k f:11 ~ tJi fr ·t7J :}fft IJ!iJ PJ W-~ ;tJ ,1:-fu ~ O[rij llf u 4 

ITTQoSc 
tt11-, -i:fJPJ~-f'-*:f~:;f-l~E811J~rttiJat¥JOO 3 a~i:1fi 300a Jt 1=r-1't;.itl 

m~~~@~%~~~~*#*M£o~m~~~~~¾~mf,tt~ffl 
~fill:~~ }UM~~ J! $,~Ji f~ -ti~ E8 RTP $.v1" Z:£ TYi~ ~ ~- (t~ ffiU1J1 ~jp=p =w ix~ 
~iil¥J-!-xB~ RTP ¢ITT" tf}fl15E~•w:l!Jt RTP ~gp=j=q~}~j!J:.kffl1~ti9J, ~* 
M~~~~~~~£•~-gwffi~o~~~ffiITT~*~~~~~~~ 
-H.1 fr. 
'.l Ds. r-1 " 

ffl~~ffttffi300ITT~-~~mey~~f~~w~M~ffi~o~A~ 
~, MM-~~~, ~L;),~~w~*fflOO~-~~~~*~~~R~~~ 
fa]~~ c JS:P.ft~ .. 1,t~l8'7~ "ti PQrvIF ")., !jft fFit)q,ijJ~J1JH1:tlkwlU:i;J!fil% JffLi: rm 
;r~ 13 I J\Jl ~ (n ~ ft Jf m " ti tL13 ----·~ ~ 'Biu , =Ht PQ IViF ii~i :t~ lJ, tli tl tE ~ 
JJlJI: j'iiJlf a-t, &'ti~ooTlJ ~J_z;JJ~lili·tlJ~jf!I~>J, tt,Ja·,tfa] f§] F>M (f1$7ii "·tR PQMF"), ~~m•~~•-•m•~*ffi, ~~*ffl~~-o~ey~~~~~~* 
14, ,tgtftn Wi-Fi _t !¥J Uf nLj ~ ~" T lrti~** tll -ti~ 1¥1 ~~it tni ~'~, *ln1!~ 
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~~~0 ~ff, ~~~-~~~~M~m•. ~~~~~~~~*fflo 
~*· ~tt•, B~~$~ffl~~~~~~m~~*fflo~~. *~ 

Ai\1R,, EVRC trJ EVRC-B B~~j£Mti1:r~tmfHf.~~T:1J~t-£~~,ll1-Jt~1JHflJ~:t5-7} 
til !'BJ~~ /A 20ms Jt,~ ~i it: 640ms o i3J1; F ·a-it$;.~ f¥J1tii-,-}tJ1 ~ ~ riJ ~tr. ~:E 

m~m•~~m~~~~c~~. 1£D~M~~3~~~~-~M~~~ 

llitt~~~~33%f¥J~~*· *~eyl2J.tt~~~~g{Jm~D~~1±D~m 
fDJ '.Jc ~ff ll:: {½ {rntr~ff[ (rtJ ~ Mli~ I~, ,f9u :fzl-1 G .. 711 ITT t~ J£ ~ fJL, -5:tfil £ 9~& ii~~ 
1c ~ ~ !! fJr " x-1" ~ 1± ?ttil * ~ 1m1J ii a1 rsJ fEJ ri~ Wj fi=U xi~ fti ~ ~ ;-~ tJ> Et~.,-} tfl B"1 f~ 
m, t~ fl/If PT l2J. 1:t< ~ PQMF *~:riifl ±ih 1'~7FiJ!~ JJ!f iL 

~*~~tt•, *~~~M~tt*A~~~M~~~~ME~m~~ 
~~#~~o~~~M~~. M~T~~ffl~~m~~-~-~~~~ 

----~~~1:Yti, :~1tFf-OO 2 JJT1s,(t~,mi~~ 222" ~*-wtl:~, ~~fl ~JTJ,~U,qj 
1j ti B~ wU¥l lHtrt9J, i)(.' ffff 7F R.: ~ :fji~,.=!:¥-m PQ rvtF 7} f:[:l WJ• ix 0 

t£-1'-3twV ::p' ilR·ftt~ft/fff:iJ LJ {fJ=f:1 ill!t~ fx~H!imunt~l miSl CICMP) *~ 
~~~m•~~o1±~#ffi~~. ~~~~ey~~ffi~Mffl~-~~~~ 
:~C5t:fi"t';Ew~i_1_t, :ft Jli-&f§ffffi~fgl ICMP ping s~.r}J~~*llilti~w?fi1J'K-H1 
!¥]Jffti:o J1:t7b, ~:==f-titft-tkf¥"ittiJ (3GPP) ~~n~11~~1X1:¥2 (PDG) J}J 

~~ f~ 7il ~1t ~ :* i'J I J,JUt%-~{l~ Tffi (t-J t~ 1 Li' f{4J * " xi EY. 8'0 3 GPP2 J;b ~~ ~i f1$ 7J 1t 
~rH&ffi:!ijffi.J)J~~ (PDIF)" t3f~¥ffl1tffl fElt~fx~~tJi:~~ ( i§UirU, IKEv2) WJtx 
~ PDG itiz:~1t8'0 IPsec ~lite tf~~~'tfm~, T:iJ~~:t5- PQMF ~ 1JL1£ PDG 

:it, ~]7g PDG 1:{rr VoIP !JfilL!~Jt~oopffili" 
VoIP ,H~*m~r~jjji1-tifL! PDG, * £1.IE!J}ttf PDG ~Et9 PQMF ~Hf~ 

£ ~ £ " Jf JL IKEv2 i:JJ, tx, m {tU± ttJ * ffHl)J PQ MF ~JJl" ili: 1f!tlj T:iJ ~)Jli~ it 

VoIP fl~*' ff:f~-idilO* § t~fr1tcrs{Jft4flJ1~~~9§-f:H&i1 IPsec ~i@:" ft 
i6:fT~fYl*, JA~ft#H~U PQMF ~f¾*:H:((']~9§- ~Jt$~~WHiJ:.~ VoIP~* 

JVf:f ;t§ IAJ (t-J ~ tt, 
JHt ~, {E Skype 1M ~~ M ~~Ht,J-1" ~ Wu q:i , fft~~Y. 9§-Jfil 'ltt?: tfl mH& lJ 

~~~-~~M~tt*~~~~~~, ~~q:i~-~q:im:H:*W~~tt~ * ~ t~ ftffii w ;rr tr 2ll ~ o tE Jt tr ~:frr ~t 1* i:r ~~ :ii ~m ;t;; oI r , ey l2J. #f- PQMF " ,ij~ 

*•"&~~-~q:i~U~cM~~-~~(PQM)~~~~~~@~N 
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~~~~~-~~~¼~~• ,ll,&~~M~• 
J~Jf.\J~ 1vfa 7Jii :J¾"t- r:~ ;:ir-t JJ,:f-ff.i. fi5] VoIP ~ 7.,-1A.;·1Jt n'.J }.!4 ~~" 

1l:t;1~, :iiffJ~AiXXJ C GAN) =m:ili T-f~~;jtJ, 1-Eitktft1J ~, :f·tJL;frJ GAN 
-~,;1•;!32. (("ANC) ,!5( GSM N f:!-=,B:,.+r1 ' .y•"-•J:U'.E.··x±.J-*-b4-1lr··11kl;;.f---~-1-+. ,, ~ 
1'.:I'..fi5'1Ji'.!r'l' r 1 1v , .. AS ·1~ -~;rr~ GS11 ~'fl-':;(k1s:.1:~~:i~i!Sif,:r1XXJ IJJ'}X::9'.: 

4: (IPsec) ~im9=J., GANC -~ GSfvI tJ<,t\lUJ1.:tD, jf_§.p{i1r&·~(1'J1jj!{l)). 

{J:?:}-t-JVf$fJJ3cJj 1=t11[;' MSC Wf~ D 3f~1 fuR~~ GPRS 5(f<f°p li ( SGSN) ${] Gb 

tf [J O :tf. GAN M it q:i ' PQ JvrF PJ i;,J, {\I -=f GAN C 9-t ,, f;fr ff 1t-~ trJ ilk i~ :UNH: 
GANC ~m c :i1U21A~- PQMF 1JJcitfE GANC ~. PQJ\1F "~&t:%-~" tnt~~m 
l:J, t1J, ifill ~ fift.1 fE liI?H~X~tit o !El JJ:t, IB4Himl ~ ~J f¼f ~ T:iJ ~,;_ 11: :,J.1 ffl l· :tAtf }A GAN 

~~M~ffl~(~~ili)~~~${JM~.m-~~. ~~~~M*m•~ 
~}B>j', ~fftnu._ Pt~~~tn GANC T:iJl)).:ittfr·jy}~~fttff:'11:, 15~:!LD~liI?i:ifil$, 
:n:.i(-, tTV1~~" 3 WAN 09qlMI111wFF@t;;tJJtfftJJ:t~Jt, ml!ffiti}lffi"i:iJfj~ 
11#.L, 

001~2~$m~~~ffl~wr~~~m~~~- ~~~~~, ~~ 

§ ~ f§ -f J.X:jfilln~ 1.vmil1£Jitl: B~ ~ME, l~J at {fl ~f-OS¥ n4 ft 1.tftlm 5li:I~ Pit 3li: 8'~ B~ 

*B~~~~~~~ffl•ili~ilia~~-·*ffi~~~~tt*A~~~M, 
T:iJ~~ffl~~~~*~~*~m0*~~~ffi-~~~~o~~. T:iJ~a 
~~m~~~~~~~. ~~~~~. fflr~~~~~~*~•~w~~ 
f ~ M.P:P rfrJ 7f: :{-Er:t ftI!fi ~=r a :ff-~~ iJtl 9=1 , rxxJ ~ ~t-~ iITTU QoS ~ m Jt J~jm ~JliJl 

T -tJJJ#.: mo.1m ~n~*ffff., faJf+x~iHrti 53----1":JsrtR.:ftlmJ!Jfttfif a11r1t, t1:~1f1ti=r, 
fflf~M-*MA~gITT~~~~~~~~i:potE~S~~§.~~~~ ~wlYJ.•~~•~•~· *H~f~~~~~~~~*~~~~m~*~ 
::ill: 11>li i:i I I tf .la.. 
I=! "T '1 JJJ-l..m. 0 

~4¾~lliJfflfffi*~•~~~~~~tt~~~~~~~mooo~ 
00Jifi7f-, JJILA~JUJ!'rl.t~ITTfil4Hi¾t!fft#!l 402 t§ PQMF ~i*~ 404 7 fsJB1W!1io 
!m:1im 406 p)r~, ~ft™ 402 -~~:tznxtJt LAN ( \VLAN) (f~,FPJ:tt!X5\lif§~}t'" 
,tlt3Jf,, :fE VoIP ~*Et~~;13iuq:i, ~ftoo 402 ·r=iJl)).x,r]j3J.tl;;~JEITT LAN IMJ~~~:fj 

~@~J:il.t1T VoIP ttfill, ;t=ti:p13~~~!f~5EH1 LAN ~~~1iili~¥Jif.11l~~Ff IP 1¥1£ 
~~~~~~ffl~~ff~-~~~tt*~~-a 

tlntf11! 408 ~ty7J;;, {f~~t1~rJ r:ij LAN 1tl·~~z..]f:r, f~ff:TT:iJ ~~~ PQ1v1F 

fi:J,W,o ~*lffibtJJl PQ1v1F ,~!i*:g!1t1tJ;-JJflg~~ 404 (:J{J IP t·iliJ1L ffl TtJ.Vff ltf.W,E(~J@; 
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#Mf~lfx1~-=f~!~ttJ-0U't~:l&:f¥0 :ti1.rfiffi: 410 Ffijj~, 30.JJ!l, PQ!v1F Ert!5·:H11.\t 
~~~~, m~~fi~~m•~m~maA~~, ~~4~ey~mtt~~ 
~~ffiA~m~~*~m~~M~am~, ~~4mm~ft~~¼~*~ 
ft] PQMJ M&q;--:g 404 1t!mtr Xe 1'-ft-tHiJ.vliiiO!tlJrr*¥~ }i O PQMF flffi.*~g: 404 

,8:1 tt1Hi1.0ui ~~~ ~- n1~ f\Z ¥~ ,~, **1r P1r1 E'.Z O tt tJm 402 i&~ t~ ~itiJ ,_~i }t -11 rmi -~ a ii , 
{'itl:~ofil~" }it~h3f!l~~¥o fiu:!zn, oJ i;(-0_: VoIP u.pn4;t~faJWGtE!t.:~Jft-H-A1T~ 
11£ :i:1Ji () ;f50l ttti 7SJ ~ ff ffl ~Jr~:]! 0 Jl:tj~ ~ 4}}.-t-ffi jj'~ t!>t rt iYlU :iff:iJ #Ff tt 
,"Ider i::l:::. .. ,.L M ;I,;;,'> ,,.a:: ,'-ffill _1§.. 
{},,",, 7-C ~ U ~l 'J · iX f i±: 19,~ .fil. o 

J[~ f/fJ 4ij {,X t-1:: HJ} B1 :/I111A {r t!>t rt iif.i 410 0 ~t ftffij T:iJ ~ ff fit ..J: ---· <JZ t!>t rt lfJ ~ 
*, Jf _§A~ iz: ~~ ~lL\l -!01~U :Pri WLAN tj iJU§ fr.~ o {9Ll YO IT Wi-Fi ~ ~·t~ tR. 'F , 
\\'LAN ;f:ffeiJrnJrJJ! AP a·{_J MAC itt!JJt" ~ft#ti 402 'i3JIJJtE[5~t83Ut~9=lf:1}1',Xff 

ffl~~~*om•~~' ~-~m~ffim•~~~s~~~ffi~~. *~ 
·::i:::1,u, ~-- :eE: 'il:q •....>... '¼fl; '-c+ --p id· 'ii: '-c+ .,.r:i 'Tr,! i, 1 ~TI ·r uffi c.!:z R ;;i:;; ·:i i- -~* ., .. -1~ J.1.-L,"' 1" M ~ & 1 i J-.:L:f.:E o 1x:, i :t1..if.E:kt: 1=1J 0-ni -✓-- wu JJ.:: n.: -ci iE WLAN _cm lJ Vo IP 

n,r n q a :~n ~ t£ tl ~ J!J!§'1Ftf YlP ,& \\r1.,AN B''l fi-1Hi ... b'$:d> J?J.$ ~ QoS. mlJ t~ f,;Af 

TIJl~ &t ;! a \VAN "mf ~ t:. LAN ... UtHT IJJ n ~ c .tl:t1~ • ~ f4m m \;). tE Jis: ±-tlJJ& ti}$ q:i 

1¥1i1H·-50#Jt-J ti#* c ittf ~ . & j~Jt~3cr!3t Mc~~ $',J Qo s if'1:iJ ffl r :t:E l;L J§ at IJJ 

flljrpi~t~JE \VLAN 3'UA~~1¥-o 
~rrJJ;M~ 412 Wrif-' i£t5l1tz.J§' 1Jt1f~1£JJ/ii!lf1ii O ,1{~~2}-------"j'-~11U' 

~ftffij 402 Pl~ PJ f]n,E)t $',J a~· fa] rsJ pj%~{Ea:::!:.ffi9.btZ.J§fA1T PQM1<' Y:t~" t~ 

ftlm 402 :a: t}-t Y t aJ-1:.( 1t~ ~1 PQMF Mfi ~ ~~ 404 f~ trtu Xt -t rt1H~1m: ~1: ~m •ii* w1 
~(~~' ~_t*~003m~~ffi-%~)a~~~ffl-=f~~-J:Kffl~l¥J~ 
*ffl~*~fitt~. ~~~m•l¥J~•,wx~~~m~~~•••~* 
..t tl1 ~ * o PQ MF E~ * 1~ 404 ffl re1H£ffit iiJ~~ :1: n1fsJ@ m ,m cwHm , rt:i ii oo 3 

PJr~ l¥J m =:::. * ~li ) * 3tHr Pfr-0 Ji'L o ii im1 402 m l;:J, ~1jiJ~ n1~J ~ * 11 ~ ;J:: & ii, 
{9u:{mgJJs._ t4M::fr.1*~*0 

tf:;jfil; 412 1=t~1t'1W!1iWtlil1tiz.J§", :Pn:J:ftlf 414 Ji)r~, ~ttm 420 m~ 
tlAfd:itt-tl5- sfJ i4HiJJ;~Jl:5t;tfr, :ft Ji£:f 5}tJr~ *~JEtJJ~*u~ o ~t-Jqffl 402 

ffi~~~-~~$JE~~B~m~•*fr~~o~~g~-~m•~~§, 
r-~ftlrJ 402 PTLl~~JLlttr:tm WAN ir:J~--tM~i~t-JtJJ=f-j, wt~·Prt4~f:ili., PT~ 
1fo1 ~ '~ 8"J ~ ffi j! If ;fL1 ~ 11!?,mi $ o 
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~ttm, 004~~~-~~~~£ey~~, m~ttffl~~~c#~1f 
m 40s, 410-. 412 fa 414 tr~J;h&~t{t1r1r~w1111,v:¥:tJ1Jr. 11:_§jz:»--~JJJ~~tl1Jt 
1=t~ W-11"" :wtJ! $ ~ nJ ~ 11:ti ±-tlrltfr o 

% iH1~ , nr i;JJlJLtt ftffl 5t~n1m ,~. ;E-~1Jtv} ix*~ :EJJLt.i£ (t,J * =tPfi i~ JF 
~ PQJ\1F 1f ft: to ~ir ., # J:l , * too: f:\1i Er~,~~* H~:i~ A.~ ~~ 3£JN , H~ T:iJ tJJt fJr 
11 m ~-ft~ ;Jj ~tr e ~ri s<1-w} ix. wu :~n !El ·tzy ~ r;~ tu 11':f ,m t{J, ·iSl c r cMP) tu 0:1 tt fJjJ 

fil tf~ ~ ~ (IKE) , * ~ IJJl* Xffr 1} 1f ITT ~f irn :Ii J!{)J.W, ., 1-E lfil 4 l:fJ J: .. F :$l:: r:p 
* m ~5!*--~ T:iJ ~t~ a~ YJ, ix., 

Y~f ICMP, ~rt~ PQlv1F Efil*:H 404 1ft:-=f PDG/PDIF ~' JU!J1tJJil~ff 
408 ~off i}UliJ PQMJ• ~Ii~ itHrh IP J.ih±.tl:, l:U, {fj~ Yffij ( wttm , 00 4 (t,J 402) .ttJ_m 
PQMF mi:%--.ffra lii11tffl ICMP, ~-ilffit 402 ·ti112)_1fffl ICMP @lU!~if:Jt:frtJH'f:: 

1vi1Hi:!J/f:iliff!tliliri*¥Mf ,~"'Bfii*:ff 404 Bfr:rA{fl¥] PQW f&J§T:iJt21-1tJ-f1 ICJ\1P 

@~~~*ffl~~~~m~~-~mfflga ~ffi~ffl~~rtffl**fi 
PQMF. {~ 1i~ IL~ )f ~JNr B'~ Wi5L !El JJ:t~fft3 ~-Mtff a~ }JLi8.lL1 ~t~ [l~lJ',1-t" 

~tt~, :!,t[J*~t]Zffij 402 iit~m DSLAi'vi !4¼ crvrrs IM} EB~*Jlttr ICl\1P 

rt~, ~~MPtt~~ey~~~, ~~!El~~~~#ilif~~~~~~~ 

it ICl\tlP 3-tfiL tJT~{lR PQMF 1trJV¥Otf1tiE8fJJtJ}J, PQlvU' ~f¾%-ff•:aJl?1tl. 
-=f PDG/PDIF ~" Ji1lit, VoIP B&*tlH~r-fti"f:iJl;l19: PDG/PDIF ~3tt~ ICMP 

j,ffj" ttf4m~fifi:iJt2J-lili IPsec ~ilt-F:i PDGIPDIF 1Aff 1Cl\1P rl~" ~]7~r:)=1 
fa]Jif~E:El:~1~r5l.t$.~{4:~* C 11Ufrn, VoIP~*) -----·ff~JJit ICMP ,-}tii:1! 
iL{cl,(t,:J, f-ilrl2H=~~ 402 T:iJ!;,t'Al~~l~ill'.~.t§f~118''J~li*~m (TOS) 5¥f:x CIR 
:5-}EEl*~;Ri2) **-~fic~~w IC:t-v1P §Ju!fTI+1f*l¥J IP l'YJf/H'~c PQlvIF iI-ilJ~)•lt3 

t!htjic 1c1v1P rm oj[] ur.u J.~~z" 
;i,·m,, {xjjic ICMP :$}tli1Y.] TOS ~f?i:JiF~iiJ¥B'~, ~71~fa]~!El3i!T:lJ~5 

:11f ~t}JH~ Et~~~, f)itl -tiu YJ, ix~ru, l?1 iJliJ!.l :0-tli~$." m Tm, r±ff 1tffl IP sec 

~i~*li* EB I CMP :5-} f:lL ?fr t21- r:t-1 faJ Itm- ffi ~~~ tm ~ ~ ~ w ,t!JL 5'H)ii 7:J'·~J:Lt 
filr1'1=(('11~-ta,fijfj~;a:t~itim;¥fJ PQMF ZJ§J S'J r~~ f!i~{~_tx,t ICMP 5ti.fl%r.1 VoIP ?T 

IB*fiffl~~5l.t~, ~~~~m*tt•~~*oom•~~~~•~•o 
jlt=-t-ey ;iztJJJtJ! f1::ffl IKE C -f3iUfrf.L IKEv2) tdJ,t~., Jt:~1#J1t1iJ*~M~ 

1?:Jm:fi:.WJJ.W,J;}J~~(PQMF) 8'0~JJ1L Jl-1;$::L-fu, IKEv2 xitf~,fil3tJ:fk:, Jt: 1=j=1 IKEv2 

TP Link Ex. 1004 
Page 236



200780036180. 7 

ft~'-~~~ q:i El~ if ;J< ¥~ ,tP1J l;l ~ ~ * ~ 9:Jl ~f~j\ ifR ~ i¼ t}], i,)l , IKEv2 »:r ~ fitM 
!.16-iffifofj O[P]J\'t¥11J ,~,*O!AJJ5_\1~-ig3tL ig)fif1i}~ffifil}c (keep-alive) t0=11I 1:1j ~JJ§ f 

i~itJiiH1tt'l::L Yxf~~3fftyAf 402 lll PQMF 1~&4}~ 404 Pf PJ~i1tg:4,, IKEv2 Yl='L~ 
faFFffMH1mit.iYrn1i~l*lDf1H£JJtiUYlu1iO(r-Ofiil¥~,ffi.o Ji:.f:i, ~~fttm 402 Y-t1 ~ VoIP 

~!L9Yf§ ~(r-J~5}~9Yli~1~*f;;,r"d2, IKEv2 {~,~,1i3-J<, l1~1.*.:~il3F:B''11½rifil tz; 

r~~t~x,f VoIP \Jt*B'l1½$mr.t§[[~Me, jf:J11N1l:t:ii)l{itiwUITTiY1tiL IB1¥f, PQMF 

Rflt%-:~£ 404 ~ii•tt~±thf~ii: IKEv21~,~,n(ri][5Ya 

:tzo ru-m ~, iE T:iJ ~ -& !~ffl ·J<(E im 1~ ~ iJcr=f=1 ~l,fil PQI\1F j=fj 83 r~ MH~ tu B'J 
1Jito 00 5 1J;ill -Y:t.£Jli·fi¥f1c 500 r:p, 1;{5gttt?.1Mh J:t(:(:J PQI\1F (87sd~~·l:f~ 

I]lo Jlf$:t-tn, ~f~tfft~~ PQMF J}J~tflf PDG/PDIF 502 !zl::, PDG/PDIF 502 

x,,fitH~ VoIP \l~*mL, lirlllit fi* § ~~~im,e(t-JmL PDG/PDIF 502 9-tErJ PQMF 

i=ff ~Jit-JJlJ~~t-Y E11i~t1Hr~J-&:Jj· D ~Ja PQJ\fF {iffiJE1·E~~™ so4 fo PQ1'vff ::tfEJ 
ltl1i!!{~J:. ( -Wu:tm, AP 506 lrl@Hi 508) t]_:~p~fliBi, !J!!J PQMF pJ ~~)=~ PCRF 

510 l!J P-CSCF 512 WiJiiJ, l;lrt]~fttAf 502 5fiH;Qff*l~t~J1rtiip;¥:~trJtJJ~1m~" 
,fft-f· PDG 502 &!::BS PQ1',1F {JeJ=§ Diameter jj}i,)l (Gx H{?) *[tJ PCRF 510 

tfH~1±1iiJ J»il!JffQL PCRF 51 O 1:tffl Diameter t!J,i,Sl. ( Gx 1Hi), ~5,f *f~ ,g 1:p 
tllifiJ P-CSCF 512" P-CSCF 512 ftJ§{fftHttt(~,~-i:ttJJ:9fttJ}iX (SIP) 1~J.% 514 

(r:iJ~Y:fffl 502 3i9;U QoS /f~JE." "i:iJfff~J&, PDG 502 ~sq PQiv1F l!J~~ii\l 504 "ilJ 

~ ttm JI: tu ttJ,tx. t& .t1:t:1i!t3m 1i, ~ rtJ rt~™ so2 31119;~ ~Mi ~fAfrtJJ ~ o 

EE ~~] ~t£mLl a~ PQ1\,1F ~:E~ t-l'a ~-"t~WifPJ ~), 1:~Ais1!ffl ~mtv!Ul~~~ 
( 

··JJ.:,*~ ~',;I/Jr,ihJ,,h-k~i=r'-'-!-nTl'!il!i:-l;:,;g_1l ·-hh;.-• Q11...rc ,.,..i.:r;r-=r femtocell)·f(/1,'ii \.VLAN APo ~VJ;X.inl~!7'-JZ-E.!tr-1 PJ !,;,,,1=1Cl§i.)i"hJ>!.tfT p _lVil ... liii:±, 

t-0 PQMF R~~~~~ PQMF ?ttfL ~~v~d!fflt1iffi~Jjlf9}:g?i{)§~ij-;tj{:g~ftoo 

stt'Jt~" 
w1 · ·-·- .t • -7 R=! "f uffi , •- '~ 1'-'-~-Jr: l;lk ;;l/;' "-7... ~ El trh - lr; I If!· ;l-;:1::-~ •a:fi ' '· .=a:: >.':±: -~ 
i:3..--:i 6 7.:R tw ,; ni --- -- 'lJftl ~ J.fil ~ ·t:ttwtr lJctr lr: JY-[ l'[ w ':J 7J~ D' ~ 'L:i.~ .1'3. " ~ ff .~: , ~ k 

600 nTiti~,Jli;::t~-'-J-.!";¥,1~/J.:,~-.!;!-;::;-P,-~D.-/Sf ·;:;{-';-c:J;,;.·:f-r't"l'ij~~-M:;f \.(}/x_ ·-;f;, AP rh1Hi~N.-1hk 
PJ-r!Xl=IL.1-El./:J.@ r-:i~~Jtl11l~£lZ1:a-, ~-i=-i1IJ.!!l:11=1~::.!-;1ij, 1.x.·r::i:rE~ TI.X::.rt.l!~~x.c 

£I~ wt~ {W:ix-lr " :tin 00 Jfr7J, , -~~ 11 ~ t5 ttttR: 602 , }=¥Ff i'.!~:lr----t-9-lt $ 1' ffi 
-%ffl~~~~~~illfim•wn~~*ffl~~A~~~(t,J~fto 

~IE,~,~ 604 11-Jt~1t,llY~irn.{tf~~, i~ffi--·1tf!fi1'fiifiltLl1Jt~ 606, t~~ 

606 f§-f<;{£JU~fl9r:ff C §p 00 6 q:i f;T-1.r;:(l'-J PQl\,1_F ~rt~~!) B1:Jiffi 1fHiii~ _t 1ttrntr 
-·0 f&::£; 1-~ ----· 7}t~" o :ftrrmr Fn it , PQM1• 19li *~:is. [~]--t-~ ~ 1" m =-'.5:ri'Ji, 

25 TP Link Ex. 1004 
Page 237



200780036180. 7 

i_:"l f:11 608 t.::i'>:; lkr ~¾ ~. ~. = .6. ti::t " hP.- ~ -l;foi j;l:t 61 0 .' w. .l-+· i:;s:::: t* I Lfr Afi ~ - .L,l,.. ~H s' I- 4d:;:. i,'-l-/\.. ~ 1~'1A .,._,....,5r;, './.J .:ti {(,~ 11=:J '1~ 151\. j; :''ii::l J7 i '.J.32; 'tX. Q'J5p .....• :JJ .a.ti }·r-,:r'r::t, 

~~~~m~~~•=*ffl~~tt~~~ffi@M~~-0~~6ooili~~ 
/e1. :rn il :iJ~ 612, ra ~ btJ1:] B>tffl!il tt i$;?t1i 1: JA-Eij ii Pu wLAN s~ ~t=rmr ~ ~ ag :it~ 
·tJJiW:fU~tm \VAN a·g:J1······/i'-~Mfo 11:t,~1 {E~jl 600 yj[~~J!7g]iH~~!t#it'ifrj~p 

:YJ:J.Itia~'ttm··f' ~=I 600 'i:JJ;i&t{ki!J ~J,'f:!1:ti!i91:JIB 6140 :triKfip'tf?.RT' 91: 
~-614ey~~~~~®-~*~fi~tt~~tt~B>t~~D*~~-600 
it PT ~J 'etrlfnJ :lzt f8 ·tt •tJ13lJ * 1r In 11lf¥ 1* ff 616, m ~ fI1i#-it •t)PiJ il ffi ¾ 
tn~i;, ~ti/4>:fiJfiJ!tPif~f ~lx~~y~J;Jr0H(rtJfltk11x!ittW~ C tE~ir 600 

~~-~~~~m~T)~~~(rtJttffl~fi~o 
@~~M, ~~tl~~~-~-~~~~~~m~R¾~~tt~~~ 

-~~~o~~~M,fflffl~tt~*' ~~fflili*~OO~~m~M~T, 
ey~ffi~*M~~~-~~~~~~~~o~~~~~*~~~tt~~ff 

~~T~~~-~~-. ~#~¾~~~~m~~~~~~~~~~o 
*~~tt*A~~§~M,ffiBfflm~m~~ffl$#~~~tt#ffi~ 

~*~~om~, ~-~~~~*•&~~ffl,ffi~,~4._ffig,ffi%, 
~~,~~~~#ey~ffl~ffi, ~~' ~-~,~~~~~,*~~~~ 
pl~- ,¥- -t,r If ffe, f'.8 .L-.. -~ .:±:. -/~ -;-X.!1=1 :-7\"~r Jfu't~n w ~---c<.. ~.J, o 

*~~tt#A~~&~~~, ~½*$~~~~~m~~~~~mtt 
~~•m,m~, ~~~-~~-~f8ff•-~m~~~~~~~#,tt 
•m~#d=*~ffl~o~7~~~*~~#~~#~~~ey~~tt, ~ 
~~~#~mtt~$#,~m,m~, ~~~~•~m~~~~illfr7~ 
~m~a~~~#~n¾~~~~#~~~~~~#.~~~~~~~ffl 

~~~~~mm~~~~tt~**#o*~~~~tt*A~M~tt~-~ 
w~@m. ~~m~~~~mm•~~~~, @~,~#~~~•~mM 
~ 7'.J ~ -~:;4~ 'it fl}3 ~ fj:}P ill Bfil 0 

·aJ~JJfliiffl!zt~~" ~+f~~:YJ:!I:H: (DSP), ~ffljU&El1If.i (ASIC), 

!,WJ,fi PI ~,lie ti n ri$Jtl ( FPGA) M Jt ·t.: T:iJ ~ t¥:i!$.l iti 4k .. 1t }L n ~*fa ft,: >gJZ'. 

mu#.*~~#ffl#~iti*ffl~~fi*~~~~~~~~~a•m** 
~~~~fi~~*$~~~smmm~~~~~m~~~•m,•~~~ 
~o~ffl~WMM~¾~~~ft, ~-~~, Dffl91:~ff~'fiJ~¾ffM~ 

26 TP Link Ex. 1004 
Page 238



200780036180. 7 

m~~~-~~~-,•~~B~~tt~ma~~-~mLl~~~#-~ 

4~ffl*, ~~. o~~-~~•~m* ... ~~•~en,-~~$~• 
0.: mHi-~ DSP rig tt 81 ~ *, l:ix=1f {f 1PJ At: 11:t to/~ tt;J o 

~**$~~~s~~-~~~~~~-~~#•m~~~~~~ 
114- ,+, f.1 ~ :i:ffi .EIB -hl1 ::,:.- 1:16 -k,~ .M· i1t; -l-+t ---1'; 1t l,j:J ./::... -kl,, JJ-l.. ±-0· J.·h ·---r I " 1-:'. :r.. RAM --x:-· /Jclt. His!. 
·1T, m :.xJ.:.J::E.-ti~'.JJ'v1 J -i"..I ;(A IT1~-~,:!:1x..:.,-._ ~ll r::i o ;:e!(·1T1~~J1:: P ~-t-!L .J 1·f-1J;J:111i:r-.. 

j)::J;ff ... R01v1 H·ft@ ... EPROM 1¥1it:g, EEPROM 1ffif:gg:, tff'f~, ~j!ffl:, 

f$ $J IHI , CD-ROM wt~:;$: 1lf! ±gi l\ ~rH'r-J {f 1iiJ $/i?; ~ ::r:t (tF{f-fitr 11'- J.rJJ: rp o -frp 
~~tt~~Mfrmc*~lli)M*~~~e, MW~~~-~-~~~~ 
*M~~ffiA,Hm~ffi~M*~~Affig 0 m~~~. 1?MkmmLl¾ 
'.ill: Ji llrEITI tfi M ff~ :n' " ~~-I!~ 1f: 1iif k JfffaJ ~ {tr-=f ASIC q~ " -t~ ASIC ey ~U:fl. 
-=fffi~~~~o ~~, ~~-~~M1r-m&eyLl*~**ffl##~-=ffflP 

~~m~~~~&&~~~tt~, #H*ffi~~~~tt#A~m~~ 
~~~~~ili~, ~~~-*~~m0ff~~~ttffl~~~~T.~lli~ 
~~fflo*~~~~~tt*A~m~$~~ffi~~-=f~~~~~~#-a, 
*~tr~G•*~oom0*~~oott•~~M~ffim~~~~~. *~m 
~x~Afflffi~m~mffl~~~~ffl,~~, a~~mgm*~a•mm 
St~ J!YJ1tlil f~ r~1m s-~ ~ ,wu ~ o !El Jlt, * 'l} JT B"J m ~ 1t-~ ~ • oo ~~ ~ * x ,rr ~ 
~~~,W¾~~~½~~0ff00~~~ffi~tt~filffl-~~-~m~ 0 

~ii;~ , 7-t~ X Jfr 1t fl 1f f+=Ht,1 ~11 ii½ " 7Jd~u tr Et~ " ~ r*~ " 1t ~ ~ ¥~ , '&ff , 
~~"o*~m~~ff•"~~tt~"~~~-~Mff~~~~~~~X~ 

~~o~~'*xlfr~~ffi-~ffi~ffim~~~m•~~~~*m~X~o 

27 TP Link Ex. 1004 
Page 239



200780036180. 7 

IC 
N ' 

,---- \........ _________ ~ 
: .....---, : 
I ..L.i I 

-: I 
: ,(Ii::: I 

: a ;mt-
' '<I r.l-, 
l = 
I - ,.____......, 
I 
I 
I 
I 
I 
I 
I N 
I N 
I -
I 
I 
I 
I 
i 
I 
I 
I 

28 TP Link Ex. 1004 
Page 240



1:-,.:) 

'-D 

202 

214 

210 

206 

ltZ m /RT P 

MAC 

PHY 

~~~ 

--~ \ L .. -- PQMF 

-
~ 

218./ 

212, 
MAC .. . 

. 208, . PHY - . 
. 

204 

AP 

l!)2 

--

... 

222 

Jtlffl/RTP 

MAC 

PHY 

~f::•,B;..Jii!ii!. 
il:'l:i1X.J~~-

M~JfilijfHHti 

. .. 

216 
-

h!lffl/RTP 

MAC 

· PHY 

Pfnij~J.t 

t·-=> 
0 
0 
-.:i 
c.o 
0 
0 
w 
cr, 

'""" 00 
0 

-.:i 

~ 

~ 

,_~, 

~ 

= tl'..~i 

;/'~ 
t-~ 

~ 
)3', 

TP Link Ex. 1004 
Page 241



200780036180. 7 

( 1H~ ) 

/ 
300 

I, r302 

iji:Ji-.,.hii §.; 1' '.ffi-5Hi!., ii<~ 
-5Hfi!:j ii '.iE 1tffl. ~~ ~ ~ ?±! '.JJ 

-4' 7tffl. ~~·1·1 

/304 

:t±ii 1~m~ ..t ~1fl r~ Jt ii-l-isi-tilis~ 
niR~~ ( i§lj~Q, PQMFniH}ff) flifiri~ 

-4'Ei.ltS4'a--,tili 

'" ,.-30 6 

m~~u•n~a~ffi~•~--t• 
s1-a-1tm~~ffia1tw~•~-

1'~ §.; t-•-= 1t ffi 

' r3o 8 

•~M•~~-t-•s4'm-=1tm~ 
i1Htu~'tt, 1i ~iffi 1tHJt~ a~ ~ii 

,i, 

( ~* ) 

30 TP Link Ex. 1004 
Page 242



1.,....402 
~~~ 

,......406 
WLAN~II* 

/"408 

PQMF~J.½\ 

r4l0 
(.,~ 

~~~mt~ ~ti 

/"412 

~✓.A f.E_g_ '!j!{i_lj 1.::X:: ~~-'l, 

r414 

~{2~.ffl 7t*Jr:¥UtJH~~fil~ 

1!14 

I PaMF mHr ~ 404 

/400 

t--=i 
0 
0 
--:i 
c.o 
0 
0 
w 
cr, 
>-' 
00 
0 

--:i 

~ 

~ 

,_~, 

~ 

= tl'..~i 

;/'~ 
""-

------a> 
)3', 

TP Link Ex. 1004 
Page 243



(.,~ 
t~ 

t 
506 

(E5 

/500 

512 

P-CSCF I• !IP ~lj~-=f~ 

RxEf.{£ 

PCRF 

Gx~.1£ 

502 

PDG/PDIF 
(PQMFH!HHUt+· + ~lj~-=fil&l 
W M -

t--=i 
0 
0 
-.:i 
c.o 
0 
0 
w 
cr, ,..... 
00 
0 

-.:i 

~ 

~ 

,_~, 

~ 

= tl'..~i 

;/'~ 
Ul 

~ 
)3', 

TP Link Ex. 1004 
Page 244



200780036180. 7 

600 
·~ 

r 602 
W-604 

('__ 606 

ffl "T ~21i-1'-s.x.tt-ffi- fiJPQM F 
5-tffi i-~ ,i ~.!::j ~·~i~fi ~ 
~ ffll :@ 8~ 5-Hfi ~~ J;l~ ~ J:TFf ff im iimJ* _t JJ!i~,, 

fi 4~•i1 f.l~ tJ ±~ i•1 ~m. ~ lmfUwrf. - ~ 

V 

:$trnsf.ltlJ:~ 

r 610 
/"' 608 

m =F~-T--JiMl412:asffi=:$f *~p 
tIHt-J t¥•!131H1fl ;i im 1~m~ ffff 114$1: w JJ&~~ JJ!i~" 

BS mt ii as f~±~ n1t1@-=f 311 m a<:irt.- ~ 

-... 

:$t~nrfr1tttiita~gg = 

QMF 

tH.f.l a~f~±~ 

r 612 

lfl-f-~ ; rfr ~;is~ m.t ~ * 
~~ tJJ t!k !flJ ,ji:; a~ *l :t/i:; 

.L 616 L6l4 
,-------- ----1 ,-------- ----· 
I I I I 

l 1¥1'Ut a 

I I 

l 71 ~---------
________ 1 

:9-t~H l 
I I 

I I ! I 

I I ! I 
c.... ........ _ .............................................. L------------- I 

33 TP Link Ex. 1004 
Page 245



Espacenet 

Mobile terminal device and wandering method thereof 

lnventor(s): 

Applicant( s}: 

Classification: 

Application 
number: 

JIZHONG SU [CN]; MINGJIA JIANG [CN] .!. (SU JIZHONG, ; 
JIANG MINGJIA) 

HONGFUJIN PREC IND SHENZHEN [CN] .!. (HONGFUJIN 
PRECISION INDUSTRY (SHENZHEN) CO., LTD, ; HON HAI 
PRECISION INDUSTRY CO., LTD) 

- intemationa.l:H04W36/30; H04W36/36 
- cooperative: H04W36/26 (EP}; Y02D70/00 (US); Y02D70/142 

(EP) 
C N20081 0302155 20080616 

Priority number CN200810302155 20080616 
(s}: 

Also published CN101610558 (8) US2009312014 (A1) US7991425 (82) 
as: 

Abstract of CN101610558 {A} 

The invention relates to a mobile terminal device comprising a detection module, a 
wandering adjusting module, a position-sensing module, a wandering deciding module 
and a wandering executing module. The detection module detects prior communication 
environmental parameters of a plurality of base stations and a wandering frequency 
and an encapsulation-sending failure rate of the mobile terminal device; the wandering 
adjusting module receives the prior communication environmental parameters and the 
wandering frequency and the encapsulation-sending failure rate of the mobile terminal 
device and calculates an RQI: the position-sensing module calculates a Ul\!11 according 
to tt1e RQI and adjusts the frequency of the mobile terminal device for scanning 
destination base stations according to the Uf\~ 1; the wandering deciding module 
receives the UM 'l and judges whether a destination base station satisfying wandering 
conditions corresponding to the UMI exists or not: and the wandering executing module 
is used for receiving a wandering executing command, breaking up the communication 
between the mobile terminal device and the prior base station and establishing the 
communication between the mobileterminal device and the destination base station. 
The invention also provides a wandering method of the mobile terminal device. The 
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device and the method reduce the energy 
source consumption of the mobile 
terminal device in the wandering process. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CNl.01610558 

A mobile terminal device includes a detection module detecting a current communication environment 

parameter of a plurality of base stations and a roaming frequency of the mobile terminal device and a packet 

transmission fallure rate; the roaming adjustment module receives the current communication environment 

parameter and the roaming frequency of the mobile terminal device and the packet transmission The failure rate 

calculates the RQI; the location detection module calculates the UMI according to the RQI, and adjusts the 

frequency of the mobile terminal device scanning the target base station according to the UMI; the roaming 

decision module receives the UMl, and determines whether there is a target that satisfies the roaming condition 

corresponding to the UMI. The base station, the roaming execution module is configured to receive the roaming 

execution command, disconnect the communication between the mobile terminal device and the current base 

station, and establish communication between the mobile terminal device and the target base station. The present 

invention also provides a method for roaming a mobile terminal device, which reduces energy consumption 

during roaming of the mobile terminal device. 

Mobile terminal device and roaming method thereof 

Technical field 

The present invention relates to a mobile terminal device, and more particularly to a mobile terminal device 

roaming using communication environment parameters of a plurality of base stations and a roaming method 

thereof. 

Background technique 
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With the widespread application of base stations, mobile terminal devices can access the Internet by establishing a 

connection with a wireless local area network (Access Point, AP). Generally, each base station can be connected 

to a certain number of wireless terminal devices. When the base station's Receive Signal Strength Indication 

(RSSI) is weakened or the current network congestion becomes severe, the base station and the base station are 

The connection of the mobile terminal device is interrupted, thereby interrupting the transmlssion of data. In 

order to prevent the interruption of the transmission of data due to the interruption of the connection. the 

mobile terminal device usually roams from the current base station to a target base station that is better than the 

cum:nt base station. 

In the prior art, the moblle terminal device generally selects a base station with a stronger RSSI than the current 

base station and a better network quality than the current network as a roaming target, and the mobile terminal 

device continuously scans the target base station at a fixed frequency during the roaming process. Choosing a 

better base station as a target for roaming, but constantly scanning at a fixed frequency can result in rapid 

consumption of power to the mobile terminal device. 

Summary of the invention 

In view of the above, the present invention provides a mobile terminal device capable of saving power 

consumption and a roaming method thereof. 

A mobile terminal device for roaming from a current base station to a target base station according to 

communication environment parameters of a plurality of base stations, where the mobile terminal device 

lndudes: 

a detecting module, configured to detect, in a predetermined detection time, a current communication 

environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a 

packet transmission failure rate; 

a roaming adjustment module, configured to receive a current communication environment parameter of the 

plurality of base stations. a roaming frequency of the mobile terminal device, and a packet transmission failure 

rate, and calculate a Radio Quality Index (RQI) value, and according to the The RQI value adjusts a roaming 

threshold of the current base station; 
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a location detection module, configured to receive an RQI value of the roamlng adjustment module, calculate a 

User Movement Index (UMI) value, and adjust, according to the UMI value, the mobile terminal device to scan 

a target base station frequency; 

a roaming determinlng module, configured to recelve, by the detectlng module, a current communication 

environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a 

packet transmission failure rate, and receive the a UMI value, and a target base station for determining whether a 

roaming condition correspondlng to the UMI value is met; and 

a roaming executlon module, configured to: when the roaming determination module determines that there is a 

target base station that satisfies a roaming condition corresponding to the UMI value, receive a roaming 

execution command sent by the roaming determining module and a receiving signal of the target base station a 

Received Signal Strength Indication (RSSI) value, disconnecting the mobile terminal device from 

communication with the current base station, and establishing communication between the mobile terminal 

device and the target base station. 

A roaming method applied to the mobile terminal device lndudes the following steps: 

The detectlng module detects a current communication environment parameter of the base station area, a 

roaming frequency of the mobile terminal device, and a packet transmission failure rate in a predetermined 

detection time; 

The detectlng module sends a current communication environment parameter of the base station area, a 

roaming frequency of the mobile terminal device, and a packet transmission failure rate to the roaming 

adjustment module and the roaming decision module; 

The roaming adjustment module obtains a Radio Quality Index (RQI) value by calculating a current 

communication environment parameter of the base station area, and adjusts a roaming threshold value of the 

current base station according to the RQI value, and a sending station. Deriving the RQl value to the position 

detecting module; 

The location detection module receives an RQl value of the roaming adjustment module, and calculates a User 

Movement Index (UMI) value according to the RQl value, and adjusts the mobile terminal device scan 

according to the UMI value. The frequency of the target base station; 
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The roaming decision module determines whether there is a target base station that satisfies a roaming condition 

corresponding to the UMI value; and 

If there is a target base station that satisfies the roaming condition, the roaming execution module receives a 

Received Signal Strength Indication (RSSI) value of the target base station of the roaming execution command 

sent by the roaming decision module, and disconnects the The communication between the mobile terminal 

device and the base station is established, and communication between the mobile terminal device and the target 

base station is established, and if there is no target base station that satisfies the roaming condition corresponding 

to the UMI value, the operation ends. 

Compared with the prior art the mobile terminal device and the method for roaming by using the 

communication environment parameters of the plurality of base stations, the location detecting module, 

according to the UMI value, adjusting the frequency at which the mobile tem1inal device scans the target base 

station, The roaming decision module enables the mobile terminal device to successfully roam to the target base 

station according to whether there is a target base station that satisfies the roaming condition cmTesponding to 

the UM] value, and the mobile terminal device according to the user during the roaming process The moblle 

state automatically adjusts the frequency of scanning the target base station in real time, and reduces the energy 

consumption during the roaming process of the mobile terminal device by adjusting the scanning frequency. 

DRAWINGS 

The present invention will be further described in detail below with reference to the accompanying drawings in 

conjunction with the preferred embodiments. 

FIG. 1 is a schematic diagram of communication between a preferred embodiment of a mobile terminal device 

and a base station according to the present invention. 

2 is a block diagram of a preferred embodiment of a mobile terminal device of the present invention. 

3 is a flow chart of a preferred embodiment of a method for roaming the mobile terminal device of FIG. L 
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detailed description 

Referring to FIG. 1, a preferred embodiment of the mobile terminal device 200 of the present invention is applied 

to a base station area 100. The base station area 100 includes a number of base stations, such as base stations 110, 

120, 130, .... In this embodiment, the mobile terminal device 200 and the base stations 110, 120, 130, ... are 

devices conforming to the WiFi standard of the Institute of Electrical and Electronics Engineers (IEEE) 802.11. 

The mobile terminal device 200 and the base station 110, 120, 130, ... may also be devices that comply with other 

standards. 

In this implementation manner, the mobile terminal device 200 communicates wHh the base station 110, when 

the communication environment in which the base station 110 is located gradually deteriorates to prevent the 

mobile terminal device 200 from being always in the WiFi network. The mobile terminal device 200 interrupts 

the communication connection with the base station 110. At this time, the mobile terminal device 200 needs to 

roam from the base station 110 to another base station such as the base stations 120, 130, ... In order to keep the 

mobile terminal device 200 in the WiFi network. 

Referring to FIG. 2, the mobile terminal device 200 includes a detection module 210, a roaming adjustment 

module 220, a bit detection module 230, a roaming decision module 240, and a roaming execution module 250. 

The various modules in the mobile terminal device 200 can be constructed by a computer program or circuitry. 

The detecting module 210 is configured to detect a communication environment condition of an environment 

where the mobile terminal device 200 is located within a predetermined detection time, where the 

communication environment condition includes a current communication environment parameter of the base 

station area 100 and roaming of the mobile terminal device 200. Frequency and packet transmission failure rate. 

The current communication environment parameter of the base station area 100 includes a quality of service 

basic service set ( QBSS) of the basic service unit of the base station area 100 and a received signal strength 

indicator of the base station area 100 (Received Signal) Strength Indication, RSSI) Rate of change. The QBSS of 

the base station area 100 identifies the current channel utilization rate of each base station and the load amount of 

each base station. The larger the value of the QBSS, the smaller the utilization rate of the current channel of each 

base station is. The greater the load per base station, that is, the worse the quality of service of the base station area 

100. The RSSI change rate of the base station area 100 is the amount of change of the base station area 100 during 

the detection time, and identifies the working stability of each base station. The larger the RSSI value, the higher 

the service quality of each base station. it is good. The roaming frequency of the mobile terminal device 200 is 

that the detecting module 210 detects the number of times the mobile terminal device 200 roams during the 

system working time within a predetermined detection time, and the roaming frequency of the mobile terminal 

device 200 identifies the mobile terminal The stability of the communication connection between the device 200 

and the base station area 100, the higher the roaming frequency of the mobile terminal device 200, the worse the 
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communication connection stability of the mobile terminal device 200 and the base station area 100 is. The 

packet transmission failure rate of the mobile terminal device 200 is the number of times the packet transmission 

fails during the voice operation time, and the communication between the mobile terminal device 200 and the 

base station (in the present embodiment, the base station 110) corresponding to the communication is identified. 

The connection stability is higher, and the higher the packet transmission failure rate of the mobile terminal 

device 200, the worse the communication connection stability of the mobile terminal device 200 and the base 

station 110 is. The detection time, the system operation time, and the voice operation time may be set to the same 

value or different values according to actual needs. 

The roaming adjustment module 220 is configured to receive a current communication environment parameter 

of the base station area 100 and a roaming frequency and a packet transmission failure rate of the mobile terminal 

device 200, and calculate a radio quality indicator. A (Radio Quality Index, RQI) value, and a roaming threshold 

(Roaming Threshold) of the base station in communication with the mobile terminal device 200 is adjusted 

based on the calculated RQl value. In this embodiment, the roaming adjustment module 220 obtains an RQI 

value by using an operation formula. 

The calculation formula of the RQI value is: 

RQI=Max ___ RQI-iRQI, (1) 

Where the maximum RQI is the default value, and 

lRQl=(((Avg_QBSS--~-Max_QBSS)*Max_RQI)*0.5)+ 

( ( (Roam_Freq --,-Max_Freq) *Max_RQI) *0.2) + 

( ((Retx_Rate--~- Max_Retx_Rate) *Max_RQI) *-0.2) + 

(((Avg_RSSI_ Variance-;- Max_RSSI_ Variance)*Max_RQI)*O.l). 

(2) 
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among them, 

Max __ RQI: maximum value of RQl; 

Max ___ QBSS: QBSS maximum; 

Avg ___ QBSS: QBSS average; 

Max __ _Freq: the maximum number of roaming times; 

Roam_Freq: the number of current roamings of the mobile terminal device 200; 

Max_Retx_Rate: the maximum packet transmission failure rate; 

Retx_Rate: current packet transmission failure rate of the mobile terminal device 200; 

Max_RSSI_ Variance: the maximum value of the RSSl change rate of the base station area 100; 

Avg_RSSI_ Variance: The average of the RSSI rate of change of the base station area 100. 

The value of Max_RQI is preset to 100. the value of Max_ Q BSS is preset to 100, and Avg_ QBSS is the average 

value of QBSS of all base stations in the base station area 100. Max __ Freq is the maximum number of times the 

mobile terminal device 200 is roaming during the system operating time. Roam_Freq detects, for the detection 

module 210, the number of actual current roamings of the mobile terminal device 200 during the system 

operating time within a predetermined detection time. Max ___ Retx __ Rate is the maximum packet transmission 

failure rate of the mobile terminal device 200 during the voice job time. The Retx_Rate detects, for the detection 

module 210, the actual current packet transmission failure rate of the mobile terminal device 200 during the voice 

working time within a predetermined detection time. 
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Max_RSSL Varlance is the maximum value of the rate of change of the RSSI of the base station area 100 wlthin 

the detection time. 

The A vg __ RSSI __ Variance is an average value of the RSSI change rate of the base station area 100 detected by the 

detecting module 210 within a predetermined detection Orne. 

In this embodiment, different RQI values ldentify dHterent communlcatlon envlronment states, including a 

nom1al state, a high traffic state, and an interference state (or a severe interference state). The two preset values 40, 

70 are preset in the roaming adjustment module 220. If the RQI value is greater than or equal to the preset value 

70, the communication environment state of the base station area 100 ls in a normal state, and the 

communication environment quality is normal; If the RQI value is greater than or equal to the preset value 40 

and less than the preset value 70, the communication environment state of the base station area 100 is in a high 

traffic state, and the communication environment quality is relatively poor; if the RQI value is less than the preset 

value 40 The communication environment state of the base station area 100 is in an interference state, and the 

communication environment quality is even worse. More or less communlcatlon envlronment quality states may 

be distinguished according to the RQl value, and the threshold values of the various communication 

environment quality states are not limited to the preset values 40 and 70, and different values may he set 

according to actual needs. 

In this implementation manner, the roamlng adjustment module 220 may adjust a roaming threshold value of the 

base station area 100 that is in communication with the mobile terminal device 200 according to an RQI value. If 

the RQI value is less than 70, the roaming adjustment module 220 increases the roaming threshold of the base 

station 110 in communication with the mobile terminal device 200. The smaller the RQl value, the higher the 

roaming threshold will be adjusted. The roaming threshold value includes a difference between a target base 

station of the mobile terminal device 200 after roaming and an RSSI of the base station 110 currently 

communicating with the mobile terminal device 200, and a difference between QBSS. 

The location detecting module 230 is configured to find an alternate target base station for the mobile terminal 

device 200 when the mobile terminal device 200 communicates with the base station 110, when the mobile 

terminal device 200 and the base station 110 communication is lnterrupted to enable the moblle terminal device 

200 to quickly roam to the alternate target base station. The location detection module 230 calculates a User 

Movement Index (UMI) value according to the RQI value of the roaming adjustment module 220, and adjusts 

the mobile terminal device 200 to scan the target base station according to the UMI value. frequency. 

In this embodiment, different UMl values identify different user movement states, and the user movement states 

include a stationary state, a walking state, and a running state. If the user moves to the quiescent state, the 
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communication signal between the mobile terminal device 200 and the base station region 100 is stable, and the 

standby target base station can be found by shortening the scanning frequency, that is, expanding the scanning 

interval, and if the user moves to the walking state, Because the user moves at a speed that is not fast, the 

communication signal of the mobile terminal device 200 and the base station area 100 does not rapidly decrease, 

and the scan frequency can be adjusted between the scanning frequency of the stationary state and the scanning 

frequency of the running state. If the user moves to the running state, because the user moves quickly, the 

communication signal of the mobile terminal device 200 and the base station area 100 is rapidly weakened or 

even interrupted, and the mobile terminal device 200 needs to quickly find a backup. The target base station can 

therefore set a higher scanning frequency to cause the moblle terminal device 200 to quickly roam to the target 

base station. Since the above three states use different scanning frequencies, and the prior art uses only one fixed 

frequency scanning, the present invention can effectively save power. 

The roaming decision module 240 is configured to receive the current communication environment parameter 

of the base station area 100 and the roaming frequency of the mobile terminal device 200, and receive the UMI 

sent by the location detecting module 230. The roaming decision module 240 is configured to determine whether 

there is a target base station that satisfies the roaming condition corresponding to the lJMI value, and if there is a 

target base station that satisfies the roaming condition corresponding to the lJMJ, the roaming decision module 

Sending a roaming execution command to the roaming execution module 250, noti(ying the roaming execution 

module 250 to establish a connection wHh the target base station; if there is no target base station that satisfies the 

roaming condition corresponding to the UMI value, ending the operation . 

The roaming execution module 250 is configured to receive the roaming execution command sent by the 

roaming decision module 240 and the RSSI of the base station area 100, disconnect the mobile terminal device 

200 from the base station 110, and establish a The communication of the mobile terminal device 200 with the 

target base station. 

3 is a preferred embodiment of the method for communicating the mobile terminal device 200 and the base 

station ln FIG. 2, including the following steps: 

Step Sl: The detecting module 210 detects a current communication environment parameter of the base station 

area 100 and a roaming frequency and a packet transmission failure rate of the mobile terminal device 200 within 

a predetermined detection time. 

Step S2: The detecting module 210 sends the current communication environment parameter of the base station 

area 100, the roaming frequency of the mobile terminal device 200, and the packet transmission failure rate to the 

roaming adjustment module 220 and the roaming decision module 240. 
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Step S3: The roaming adjustment module 220 obtains an RQI value by calculating a current communication 

environment of all the base stations, and adjusts a roaming threshold value of the base station area 100 according 

to the RQI value, and sends the RQI value to the The position detection module 230 is described. 

Step S4: The location detecting module 230 receives the RQI value of the roaming adjustment module 220, 

calculates a user mobility index UMI value according to the RQI value, and adjusts the scanning target of the 

mobile tem1inal device 200 according to the UMI value. The frequency of the base station. 

Step S5: The roaming decision module 240 determines whether there is a target base station that satisfies the 

roaming condition corresponding to the UMI value. 

Step S6: If there is a target base station that satisfies the roaming condltlon corresponding to the UMl the 

roaming execution module 250 receives the roaming execution command sent by the roaming decision module, 

and disconnects the mobile terminal device 200 from the base. The communication of the station 110 establishes 

comrmmication between the mobile terminal device 200 and the target base station, and if there is no target base 

station that satisfies the roaming condition corresponding to the UMI value, the operation ends. 

The mobile terminal device 200 and the method for roaming by using the communication environment 

parameters of the plurality of base stations, by adjusting the frequency of the mobile terminal device 200 scanning 

the target base station, the mobile terminal device 200 can successfully roam to the target base station, The mobile 

terminal device automatically adjusts the frequency of scanning the target base station in real time according to 

the moblle state of the user during the roaming process, and reduces the energy consumption during the roaming 

process of the mobile terminal device by adjusting the scanning frequency. 
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based on machine-translation output. 

CLAIMS CNl.01610558 

L 
A mobile terminal device for roaming from a current base station to a target base station according to 

communication environment parameters of a plurality of base stations, where the mobile terminal device 

includes: 

a detecting module, configured to detect, in a predetermined detection time, a current communication 

environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a 

packet transmission failure rate; 

a roaming adjustment module, configured to receive a current communication environment parameter of the 

plurality of base stations, a roaming frequency of the mobile terminal device, and a packet transmission failure 

rate, and calculate a Radio Quality Index (RQI) value, and according to the The RQI value adjusts a roaming 

threshold of the current base station; 

a location detection module, configured to receive an RQI value of the roaming adjustment module, calculate a 

User Movement Index (UMI) value, and adjust, according to the UMI value, the mobile terminal device to scan 

a target base station frequency; 

a roaming determining module, configured to receive, by the detecting module, a current communication 

environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a 

packet transmission failure rate, and receive the a UMI value, and a target base station for determining whether a 
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roaming condition corresponding to the UMI value is met; and 

a roaming execution module, configured to: when the roaming determination module determines that there is a 

target base station that satisfies a roaming condition corresponding to the UMl value, receive a roaming 

execution command sent by the roaming determining module and a receiving signal of the target base station a 

Received Signal Strength Indication (RSSI) value, disconnecting the mobile terminal device from 

communication with the current base station, and establishing communication between the mobile terminal 

device and the target base station. 

2. 
The mobile terminal device according to claim 1, wherein the current communication environment parameters 

of the plurality of base stations comprise a quality of service basic service set (QBSS) value of the basic service unit 

of the plurality of base stations and The RSSI change rate of the plurality of base stations, the QBSS of the 

plurality of base stations identifying the utilization rate of the channel of each base station and the load amount of 

each base station, and the RSSI change rate is the each base station in the The amount of change during the 

detection time is used to identify the operational stability of each base station. 

3. 
The mobile terminal device according to claim 1, wherein the roaming frequency of the mobile terminal device is 

that the detecting module detects that the mobile terminal device is within a system working Ume of the mobile 

terminal device within a predetermined detection time. The number of roamings, the roaming frequency of the 

mobile terminal device identifies the communication stability of the mobile terminal device and the current base 

station, and the higher the roaming frequency of the mobile terminal device, the mobile terminal device and the 

current base station The worse the communication stability. 

4. 
The mobile terminal device according to claim 1, wherein the packet transmission failure rate of the mobile 

terminal device is the number of times the packet transmission fails during the voice operation time, and the 

current base station that identifies the mobile terminal device to communicate with it Communication stability. 

5. 
The mobile terminal device according to claim 1, wherein the RQl value is calculated as: 

RQI ccMax_RQI-iRQL 
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(1) 

iRQicc, (((Avg ___ QBSS -i- Max __ QBSS)*Max ___ RQl)*0.5)+ 

( ( (Roam __ _Freq --,-Ma,x __ Freq) *Max ___ RQI) *0.2) + 

( ( (Retx ___ Rate--,- Max __ Retx ___ Rate) *Max ___ RQI) *0.2) + 

(((Avg_ __ RSSL_Variance -;--Max ___ RSSL_Variance)*Max ___ RQI) *0.1), (2) - . . . 

among them, 

Max_RQI=lOO; 

Max_QBSS=100; 

Max_RQI: maximum value of RQl; 

Max_QBSS: QBSS maximum; 

Avg_ QBSS: QBSS average; 

Max __ _Freq: the maximum number of roaming times; 

Roam __ _Freq: the number of current roaming of the mobile terminal device; 

Max ___ Retx ___ Rate: the maximum packet transmission failure rate; 
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Retx ___ Rate: the current packet transmission failure rate of the mobile terminal device; 

Max_RSSL Variance: the maximum value of the RSSI change rate of the base station area; 

Avg_RSSI_ Variance: The average of the RSSI rate of change for the base station area. 

6. 
The mobile terminal device according to claim 5, wherein said different RQl values identify different 

communication environment states, and said communication environment states include a normal state, a high 

traffic state, and an interference state. 

7. 
The mobile terminal device according to claim 6, wherein the roaming adjustment module presets a first preset 

value and a second preset value, and the first preset value is greater than the second preset a value, if the RQI 

value is greater than or equal to the first preset value. the communication environment state of the current base 

station is in a normal state, and the communication environment quality is normal; if the RQI value is greater 

than or equal to a second preset value And being less than the first preset value, the communication environment 

state of the current base station is in a high traffic state, and the communication environment quality is relatively 

poor; if the RQI value is less than the second preset value, the current base station The communication 

environment state is in an interference state, and the communication environment quality is very poor. 

8. 
The mobile terminal device according to claim 1, wherein the roaming threshold value comprises a difference 

between the target base station of the mobile terminal device after roaming and an RSSI of the current base 

station, and a basic service unit The difference in Quality of Service Basic Service Set ( Q BSS). 

9. 
A roaming method applied to the mobile terminal device of claim 1, comprising the steps of: 

The detecting module detects a current communication environment parameter of the base station area, a 

roaming frequency of the mobile terminal device, and a packet transmission failure rate in a predetermined 

detection time; 
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The detecting module sends a current communication environment parameter of the base station area, a 

roaming frequency of the mobile terminal device, and a packet transmission failure rate to the roaming 

adjustment module and the roaming decision module; 

The roaming adjustment module obtains a Radio Quality Index (RQI) value by calculating current 

comrmmication environment parameters of all base stations, and adjusts a roaming threshold value of the base 

station area according to the RQI value, and a sending station. Deriving the RQl value to the position detecting 

module; 

The location detection module receives the RQI value of the roaming adjustment module, calculates a User 

Movement Index (UMI) value according to the RQI value, and adjusts the mobile terminal device scanning 

target according to the UMI value. The frequency of the base station; 

The roaming decision module determines whether there is a target base station that satisfies a roaming condition 

corresponding to the UMI value; and 

If there is a target base station that satisfies the UMI value roaming condition, the roaming execution module 

receives a roaming execution command sent by the roaming decision module and a Received Signal Strength 

Indication (RSSI) of the target base station. And disconnecting the communication between the mobile terminal 

device and the base station. and establishing communication between the mobile terminal device and the target 

base station, if there is no target base station that satisfies the roaming condition corresponding to the UMI value, 

Then the operation ends. 

10. 
The method for roaming a mobile terminal device according to claim 9, wherein the current communication 

environment parameters of the plurality of base stations comprise quality of service of the basic service units of 

the plurality of base stations (Quality of Servlce Basic Service Set, Q BSS) a value and an RSSI change rate of the 

plurality of base stations, the QBSS of the plurality of base stations identifying a utilization rate of a channel of 

each base station and a load amount of each base station, the RSSI change rate being the each base The amount of 

change of the station during the detection time identifies the operational stability of each base station. 

lL 
The method for roaming a mobile terminal device according to claim 9, wherein the roaming frequency of the 
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mobile terminal device is that the detecting module detects that the rnoblle terminal device is ln the calling 

terminal device within a predetermined detection time. The number of times of roaming in the system operating 

time, the roaming frequency of the mobile terminal device identifies the communication stability of the mobile 

terminal device and the current base station, and the higher the roaming frequency of the mobile terminal device, 

the mobile terminal device The communication stability with the current base station is worse. 

12. 
The method for roaming a mobile terminal device according to claim 9, wherein the packet transmission fallure 

rate of the mobile terminal device is a number of times the packet transmission fails during the voice operation 

time, and the mobile terminal device is identified to communicate with the corresponding The communication 

stability of the current base station. 

13. 
The method for roaming a mobile terminal device according to claim 9, wherein the calculation formula of the 

RQI value is: 

RQI=Max_RQI-iRQI, 

(1) 

iRQicc, (( (Avg_QBSS--;-- Max_QBSS)*Max_RQl)*0.5) + 

(((Roam_Freq--;-- Max_Freq)*Max_RQl)*0.2)+ 

( ( (Retx_Rate--;-- Max_Retx_Rate) *Max_RQI) *0.2) + 

( ((Avg ___ RSSI___Variance -i- Max ___ RSSLVariance)*Max ___ RQI)*0.1), (2) 

among them, 

Max ___ RQI=lO0; 
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Max ___ QBSS=lOO; 

Max_RQl: maxlmum value of RQI; 

Max_QBSS: QBSS maximmn; - -

Avg_QBSS: QBSS average; 

Max_Freq: the maximum number of roaming times; 

Roam_Freq: the number of current roaming of the mobile terminal device; 

Max_Retx_Rate: the maximum packet transmission failure rate; 

Retx ___ Rate: the current packet transmission failure rate of the mobile terminal device; 

Max __ RSSI __ Variance: the maximum value of the RSSl change rate of the base station area; 

Avg ___ RSSI __ _variance: The average of the RSSI rate of change for the base station area. 

14. 
A method of roaming a mobile terminal devlce according to daim 13, wherein sald different RQI values identify 

different communication environment states, and the communication environment states include a normal state, 

a high traffic state, and an interference state. 

15. 
The method for roaming a mobile terminal device according to daim 14, wherein the roaming adjustment 

module presets a first preset value and a second preset value, and the first preset value is greater than the a second 
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preset value, if the RQI value is greater than or equal to the first preset value, the comrmmication environment 

state of the current base station is in a normal state, and the communication environment quality is normal; if the 

RQI value is greater than or equal to the second The preset value is smaller than the first preset value, the 

communication environment state of the current base station is in a high traffic state. and the communication 

environment quality is relatively poor; if the RQI value is less than the second preset value, the The 

communication environment status of the current base station is in an interference state, and the communication 

environment quality is very poor. 

16. 
The method for roaming a mobile terminal device according to claim 9, wherein the roaming threshold value 

lndudes a difference between an RSSl of the target base station and the current base station after the mobile 

terminal device roams The difference between the Quality of Service Basic Service Set (QBSS) of the basic service 

unit. 
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r'rl- -,- i·'· 'k J' "+,'-] .;. ri·J"Rf1t.'l f' 'JI. H~ i 13 f") 

( 1 ) 

RQI=Max RQI - iRQI, 

iRQI ( ( (Avg QBSS ·;· Max QBSS) * Max RQI ) * 0. 5) f 

( ( (Roam Freq MaxFrcq) * YfaxRQI) * 0.2) + 

(((Retx Rate Max Retx Rate) * Max RQI) * 0.2) + 

(((AvgRSSJ Variance-;- MaxRSS1Variance) * MaxRQT) * 0.1), (2) 

MaxRQI 100: 

Max QBSS--100; 

Max_RQI: RQljjji_.:};:;:(]'.{; 

Max_QBSS: QBSS{&.:}({J't 

AvgQBSS: QBSSf±_'.;:Jfi't 
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Radio Quality Ind ex, RQI> il., :f/:lfHJi,l mitRQ I {l. t~ it.t1it ~ tt~:§n><):1-k iJi.iil!HH~m, & 

'.fjj!t; Wr~RQI 1iJfr }Yrit1tr'!i{r111ff!lltU-k: 
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\.r
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[ +xr ''°IJ~>J-,. • .-- ] ·!Ju;j;•' ;f;Jc!Ii --I-cl- n: :+ ,',',-fh --n· ✓,.,, ,'-"' •_,rL /.7 ~]/-J,',tt ,".!----0-- '+ a• /!~ ''• ✓ I.) 1 • ,v-•, -+>'-_,iv )>111 J.,;-,f{•i,xyAy' '·0 >;/rtfi-1'.,;-;;-,. -·, y,,-Jlft'J-1Y-r , , _ -.._._, ,, . A __ ;;,<-., -•"'-• ,, ,,-..1 __ ,,-J _ .,.---. illJ VA ci::. _ ,_'::.t~•!.J, ..,, ,.....-'.1 1:ttl-fi 11-J-:-cf)::J'-. fi,'T ,.,--... ·f , ~ 1I: • f1 , 

RQI MaxRQI -- iRQI, 

(1) 

H<Ql ( ( (Avg_QBSS i Max_QBSS) * Max_RQI ) * 0. 5) + 

( ( (RoamFreq -;- Max Freq) * ½axRQT ) * 0. 2) + 

( ( (Retx Rate + Max Retx Rate) * Max RQI ) * 0. 2) + 

C ( (AvgRSSIVariance -~-- MaxRSSIVariance) * MaxRQI ) * 0. 1), (2) 

Max_RQI 100; 

Max_QBSSlOO; 

Max QBSS: QBSS~:.-k:{~: 

Avg QBSS: QBSS'fJ$Jf~{; 

MaxRSSIVariance: riUtl!,i:;-[XJ¥~f'f{JRSSI~!?d-t~~~tJ:~_k11L 

Avg RSSI Variance: :k-~itl!.f1l~)r£8<JRSSI1e1-t~8'-J'fJ:5Jf_t'[o 
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fi'l: CRoami ng Threshold) -4-• ~ '-~ __ , ____ ,,. ct- I"'-" " ,'. "'- i,\¾ -~ '"'" ·1·#· j'f - '-_,I. J, j ;-1 i:' ,_ '1 HT,~ p .. ,o~ l ,, .. !i!.6-_ •c,1- ;,r. 
0 ; _7'.,1-,1 .J.--. .- \,_( ' /J,)(l.:-1_>(_<1.J);,: -!L"l':.. /"- -... 

RQI MaxRQl -- iRQI, (l) 

jRQI= ( ( (Avg QBSS + Max QBSS) * Max RQI ) * 0. 5) + 

(((Roam Freq Max Freq) * \'lax RCJI ) * 0. 2) + 

C ( (Re txRa te MaxRetxRate) * MaxRQI ) * 0. 2) 1 

(((AvgRSSIVarlance -;- MaxRSSIVariauce) * MaxRQI) * 0.1)" (2) 

J:f;rt1, 

Max_RQI: RQI~jcJ1'L 

Mc1x QBSS: QBSS.ftil :J:fi't 

AvgRSSIVaric1nce: riUtl!,i:;- [XJ¥~l 00~tJRSSF.lH-t/F f'f'tl'f H}r@o 

Jt cj=i, Max RQI 8'.J {]tfi).ji&f.:f-J 100, Max QBSS 8'-jf]tf~i:x:;;JlOO, Avg QBSS:;;7 Pk~Js-~J-th f, [;,<),g\( 
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Abstract of CN1 0i 7968S9 (A) 

Apparatus and method for associating with any one of a plurality of access points in a 
mesh network including estimating a plurality of metrics for the access points, the 
estimated metrics being related to throughputs provided by the access points, and 
selecting one of the access points to associate with based on the metrics and a 
plurality of backhaul metrics for tt1e access points, the backhaul metrics being related to 
backhaul throughputs for the access points. The backhaul metrics may be advertised 
by the access points. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CNl.01796869 

An apparatus and method for associating with any one of a plurality of access points in a mesh network, 

comprising: estimating a plurality of metrics of the access point, the estimated metrics by the access point 

Providing throughput related; and selecting one of the access points for association based on the metric and a 

plurality of back-degrees of the access point the degree ofreturn and the access point The backhaul throughput 

is related. The amount of back can be advertised by the access point 

Routing in a mesh network 

Technical field 

The present disclosure relates generally to wireless communications and, more particularly, to various techniques 

for routing in a mesh network. 

Background technique 

In wireless communication systems, an access network is typically used to connect any number of access 

terminals to a wide area network (WAN) such as the Internet or the Public Switched Telephone Network 

(PSTN). These access networks are typically implemented with multiple wireless access points scattered 

throughout the geographic area. Each of these access points provides a wired backhaul connection to the WAN. 

A common example is a cellular network that provides voice, data, and signaling between a mobile access 

terminal and broadband Internet access. These cellular networks typically cover multiple cellular areas with fixed 

location access points in each cell for serving mobile access terminals. 
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Grid networks differ from this traditional approach in that any number of access points can be combined to 

provide hackhaul services to mobile access terminals. The principle is similar to the way data is routed through 

the Internet. Basically, data in a mesh network is routed from one access point to another until it reaches its 

destination. The throughput of the mesh network will depend on the route established by the access point to 

forward the data. 

When an access terminal uses an access network to connect to the Internet or some other WWAN. the access 

terminal typically attempts to associate with an access point that will provide the highest throughput to it. In a 

cellular network, the process of selectlng an access point to associate is typically based on a geometric condition 

(ie, the closest access point). In this way, the primary uncertainty in throughput is based on the number and 

geometry of other access terminals served by the same access point The ad hoc deployment of the mesh network 

may further contribute to the uncertainty of the throughput of the access terminals associated with the geometry 

based access points. 

Accordingly, there is a need in the art to improve the processing used by access terminals for association with 

access points in a mesh network. 

Summary of the invention 

In an aspect of the disdosure. a method for associating with any one of a plurality of access points in a mesh 

network in dudes estimating a plurality of metrics of the access point, the estimated metrics and Determining, by 

the access point, the throughput provided by the access point; and selecting one of the access points to associate 

according to the metric and the multi pk degree of the access point, the amount of the hack The backhaul 

throughput of the access point is related. 

In another aspect of the present disclosure, a method for announcing a degree ofback--off in a mesh network 

lndudes estimating an amount of back-degree associated with throughput of a backhaul through the mesh 

network and, advertising the The amount of the back level in the mesh network. 

In another aspect of the disclosure, an apparatus for wireless communication in a mesh network having a 

plurality of access points includes a processing system for estimating a plurality of metrics of the access point The 

estimated metric is related to throughput provided by the access point, the processing system further configured 

to select, in the access point, based on the metric and a plurality of back-degrees of the access point An access 
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point is associated with the amount of backhaul associated with the hackhaul throughput of the access point 

In another aspect of the disclosure, an apparatus for supporting a backhaul through a mesh network includes: a 

processing system for estimating a degree of return associated with throughput through the backhaul; and, 

announcing the network The amount of the degree ofreturn in the grid. 

In another aspect of the disclosure, an apparatus for wireless communication in a mesh network having a 

plurality of access points includes means for estimating a plurality of metrics of the access point, the estimated 

metrics Associated with throughput provided by the access point; and means for selecting one of the access 

points for association based on the metric and a plurality of back-degrees of the access point The amount of back 

is related to the backhaul throughput of the access point. 

In another aspect of the disclosure, an apparatus for supporting a backhaul through a mesh network includes: 

means for estimating a degree of back off associated with throughput of a hackhaul through the mesh network; 

and, for A module that advertises the amount of the back-end in the mesh network. 

In another aspect of the disclosure, a computer program product for wireless communication includes a machine 

readable medium having instructions executable by a processing system for: estimating a plurality of metrics of 

the access point, estimated Metrics associated with the throughput provided by the access point; and selecting 

one of the access points for association based on the metric and a plurality of hack-degrees of the access point, 

The amount of return is related to the hackhaul throughput of the access point 

In another aspect of the disclosure, a computer program product for wireless communication includes a machine 

readable medium having instructions executable by a processing system for: estimating throughput with a 

hackhaul through the mesh network An associated amount of hack; and, the amount of the back in the mesh 

network is advertised. 

In another aspect of the disclosure, an access terminal for wireless communication in a mesh network having 

multiple access points includes a processing system for estimating a plurality of access points Metrics, the 

estimated metric being related to throughput provided by the access point, the processing system further 

configured to select the access point based on the metric and a plurality of back-degrees of the access point 

Associated with one of the access points, the amount of back is related to the backhaul throughput of the access 

point, and wherein the processing system is further configured to access with the selected one of the access points 

A point is associated; and a user interface for enabling a user to control communication between the processing 

system and the selected one of the access points. 
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In another aspect of the disclosure, an access point includes: a network adapter for supporting a backhaul 

through a mesh network; and a processing system for estimating a throughput related to passing through the 

backhaul The amount of return, and the amount of the back in the mesh network is advertised. 

Other aspects of the invention will be apparent to those skilled in the <RTigt; It will be appreciated that the 

invention is capable of other and various embodiments and embodiments Accordingly, the drawings and 

detailed description are to be regarded as 

DRAWINGS 

In the figures, various aspects of a wireless communication system are illustrated by way of example and not 

limitation, in which: 

FIG. 1 is a conceptual diagram illustrating an example of a mesh network; 

2 ls a conceptual diagram illustrating one example of an access terminal attempting to associate with a mesh 

network 

3 is a conceptual diagram illustrating another example of an access terminal attempting to associate with a mesh 

network; 

4 is a block diagram illustrating an example of a function of an access terminal; 

FIG. 5 is a block diagram illustrating an example of the function of an access point. 

detailed description 

The detailed description set forth below with reference to the drawings is intended to be a description of the 

various embodiments of the invention, and is not intended to represent the only configuration in which the 
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lnvention may be practiced. The detailed descrlption includes speclflc details for a thorough understanding of the 

invention. However, it is apparent to those skilled in the art that the present invention may be practiced without 

these specific details. In some instances, well known structures and components are shown in block diagram 

form in order to avoid obscuring the inventive concept. 

FIG. 1 is a conceptual diagram Hlustrating an example of a mesh network 100. The mesh network 100 is shown 

with a duster of mesh access points (MAPs) 102 that are used together to provide backhaul services to one or 

more access terminals (not shown). The mesh network 100 includes a wireless node 102A that provldes a wired 

backhaul connection to a network 104 (e.g., the Internet, a cellular network. etc.). This wireless node 102A is 

sometimes referred to as the root access point (RAP) of the duster due to the wired backhaul connection of the 

wireless node 102A. However, this wireless node 102A may also provide backhaul services to access terminals 

along with other access points in different clusters having different RAPs. 

The dusters in Figure 1 are created by establishing a radio link between MAPs 102A--102G. ln the example shown 

ln FIG. 1, RAP 102A has a radio link wHh MAPs 102B and 102C, MAP 102B also has a radio link wlth MAPs 

102D and 102E, and MAP 102C also has a radio chain with MAP 102F and MAP 102G road. Although not 

shown, one or more of the MAPs 102B--102G may have additional radio links to other MAPs in the same duster 

and/ or wireless nodes ln other dusters. Moreover, one or more MAPs 102B-102G may also act as RAPs for other 

wireless nodes in one or more other dusters. 

The air interface specifications used or employed to support the mesh network 100 may be based on any wireless 

technology that enables the mobile access terminal to share available radio resources. Examples of such wireless 

technologies include Code Division Multiple Access (CDMA), Wideband CDMA (W-CDMA), Orthogonal 

Frequency Division Multiple Access (OFDMA), Time Division Multiple Access (TDMA), Frequency Division 

Multiple Access (FDMA), or a combination. The air interface specification for supporting the radio link may be 

CDMA2000, Evolution Data Optimized (EV-DO), Ultra Mobile Broadband (UMB), IEEE 802.11, or any other 

suitable air interface specification now known or later developed .. 

2 is a conceptual diagram illustrating one example of an access terminal 106 attempting to associate with a mesh 

network 100. Access terminal 106 may be any moblle user device capable of supportlng radio communication 

with wireless node 102, including, for example, mobile or cellular telephones, personal digital assistants (PD As), 

laptop computers, digital audio devices ( eg, MP3 players) ) , game controllers, digital cameras or other voice, 

data, audio. video, messaging or multimedia devices. In some applications, the access terminal 106 can also serve 

as an access point for other wireless nodes in the same or different dusters of the mesh network 100. 

When the access terminal 106 attempts to associate with the mesh network 100, the access terminal 106 
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determines how it should forward data to the RAP 102A. In this example, it is possible for the access terminal 106 

to establish a route through one of the two MAPs 102B or 102C. Access terminal 106 can use a variety of possible 

correlation techniques to select a MAP that can provide the highest throughput. These techniques are also 

applicable to other wireless nodes attempting to join the mesh network 100, such as MAPs that were previously 

offline but are now ready to be part of a mesh network. 

One association technique is based on certain metrics for each of the two MAPs 102B and 102C. Specifically, for 

each MAP 102B and 102C, the access terminal 106 estimates a metric related to the throughput that the MAP can 

provide. The access terminal 106 also obtains the amount of back of that MAP associated with the throughput 

that each MAP 102B and 102C's backhaul can provide. The amount of back can be advertised by MAPs 102B 

and 102C, or access terminal 106 can obtain them in another way. Access terminal 106 then selects one of the two 

MAPs 102B and 102C based on the metric and the amount of back. 

An example of a metric is now introduced that in dudes the geometry of the MAP 102 in a mesh network. 

Referring to Figure 2, access tem1inal 106 determines the geometry of MAPs 102B and 102C. The geometry of 

the MAP can be determined, for example, by the signal strength of its beacon. The beacon can be sent from each 

MAP in a manner that avoids collisions. This is achieved by separating the beacons in time, using GPS 

synchronization, and having the MAPs transmit their beacons using the appropriate offsets in the beacon frames. 

Alternatively, the beacon can be transmitted on a different frequency. In either case, once the geometry of MAPs 

102B and 102C is known, access terminal 106 can determine the throughput it can achieve through each of 

MAPs 102B and 102C. 

Access terminal 106 then obtains the backhaul geometry for each of MAPs 102B and 102C. The backhaul 

geometry can be determined by measuring the signal strength of the beacon transmitted by the RAP 102A at both 

MAPs 102B and 102C. The backhaul geometry of each MAP 102B and 102C can then be advertised in their 

respective beacons, or each MAP 1028 and 102C can transmit the backhaul geometry in response to a probe 

message from the access terminal 106. Once the backhaul geometry ofMAPs 102B and 102C is obtained, access 

terminal 106 can determine the throughput that can be achieved by the backhaul of each ofMAPs 102B and 

102C. 

The process of selecting the MAP to be associated is a two-step process. First, the access terminal 106 estimates 

the overall throughput it will achieve through each of the MAPs 102B and 102C by obtaining the minimum 

value: (1) throughput to the MAP (determined based on the estimated geometry); 2) The throughput that the 

MAP receives from its own connection to the RAP 102A (as determined by the backhaul geometry). Second, 

access terminal 106 selects the MAP that provides the greatest overall throughput. 
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The example just provided ls well suited for grld network 100 that is unloaded or lightly loaded. In the loaded 

mesh network 100, the access terminal 106 or other wireless node may attempt to associate with the MAP for 

which the highest throughput is provided while the MAP follows its scheduling policy. In the example below, it is 

assumed that an MAPs employ the same scheduling policy. such as an Equal Service Level (EGOS) policy, but 

those skilled in the art can readily extend the principles provided in this example to any suitable scheduling 

policy. In this example, each MAP advertises its rate based on its scheduling policy and its backhaul geometry. 

Based on this advertisement and its own estimated geometry, the access terminal 106 can calculate the overall 

throughput it will receive when associated with any particular MAP. After the access terminal 106 is associated 

with the MAP, the MAP thus adjusts the rate it provides to all of the wireless nodes with whlch it is associated. 

Access terminal 106 can use various other metrics to associate with MAP 102 in mesh network 100 to maximlze 

throughput. For example, the access terminal 106 can use the channel gains in the mesh network 100 to select an 

appropriate MAP for association. Referring to Figure 2, access terminal 106 determines the channel gain that 

each MAP 102B and 102C can provide. The access terminal 106 also receives the channel gain (Le., the channel 

gain between the MAP 102 and the RAP 102A) that the backhaul of each of the MAPs 102B and 102C can 

provide ln the beacon or in response to the probe message. These metrics can then be used to calculate the 

overall throughput provided by each MAP 102B and 102C, and select the appropriate MAP 102 to associate with 

in a manner similar to that previously described in connection with the geometry based selection. 

As an alternative to channel gain, the access terminal 106 can use the rate to select the appropriate MAP 102 to 

assoclate wlth. In this example, the access termlnal 106 determines the rate that each MAP in its vicinity can 

provide and the backhaul rate that each MAP can support. These metrics are then used to calculate the overall 

throughput provided by each MAP to support the selection of the MAP 102 to be associated. 

So far, the examples provided relate to a single-choice routing scheme between RAP and MAP. However, 

depending on the configuration of the mesh network, the load on the mesh network, and the channel conditions, 

the access terminal may select a path with multiple hops between the RAP and the MAP associated with the 

access terminal. 

FIG. 3 is a conceptual diagram Hlustrating another example of an access terminal 106 attempting to associate with 

a mesh network 100. In this example, there are two MAPs 102E and 102F to which the access terminal 106 is 

likely to be associated, each of these MAPs 102E and 102F having a backhaul to the RAP 102A. The first MAP 

102E has a backhaul through the MAP 102B to the RAP 102A, and the second MAP 102F has a backhaul 

through the MAP 102C to the RAP 102A. 

When the access terminal 106 attempts to associate with the mesh network 100, it determines the metrics (e.g., 
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geometry, channel gain, rate, etc.) for each of the MAPs 102E and 102F. Next, the access terminal 106 recelves an 

announcement from each of the MAPs 102E and 102F, or otherwise obtains a degree of return for each. The 

degree of return includes a vector that contains a measure of each hop through the backhaul of the mesh network 

100. For example, the access terminal 106 can obtain a vector from the MAP 102E that includes a first metric for a 

hop between the MAP 102E and the intermediate MAP 102B and a hop for the jump between the intermediate 

MAP 102B and the RAP 102A Two metrics. The access terminal 106 then determines the throughput to each of 

the three hops of the RAP 102 and allocates the minimum throughput as the overall throughput supported by the 

MAP 102E over the mesh network. In a similar manner, the access terminal 106 determines the overall 

throughput supported by the MAP 102F and then selects the MAP with the largest overall throughput for 

association. 

FIG. 4 is a block diagram illustrating an example of the functionality of the access terminal 106. Access terminal 

106 is shown having processing system 402 and transceiver 404. The transceiver 404 can be used to implement an 

analog portion of the physical layer, and the processing system 402 can be used to implement a digital processing 

portion of the physical layer as well as a link layer. Processing system 402 can also be used to perform various 

other functions, indudlng processing associated with access points in a mesh network In particular, processing 

system 402 can provide a module 406 for estimating a plurality of metrics for an access point. These metrics can 

be related to the throughput provided by the access point. The processing system 402 can also provide a module 

408 for selectlng one of the access points for association based on the metric and a plurality of back-degrees of the 

access point The amount of back can be related to the backhaul throughput of the access point. 

FIG. 5 is a block diagram illustrating an example of the functionality of the access point 102. Access point 102 is 

shown with processing system 502 and transceiver 504. Much like the access terminal discussed above in 

connection with FIG. 4, transceiver 504 can be used to implement the analog portion of the physical layer, and 

processing system 502 can be used to implement the digital processing portion of the physical layer as well as the 

link layer. Processing system 502 can also be used to perform various other functions including processing that 

enables an access terminal or other wireless node to associate with it to join a mesh network. In particular, 

processing system 502 can provide a module 506 for estimating the amount of back-degree associated with the 

throughput of the backhaul through the mesh network. Processing system 502 can also in dude a module 508 for 

announcing the amount of back-to-back in the mesh network. 

Processing systems 402 and 502 described in connection with Figures 4 and 5 can be implemented using 

software, hardware, or a combination of both. For example, one or more integrated circuits (I Cs) can be used to 

implement the processing system. An IC may include a general purpose processor, digital signal processor 

(DSP), application specific integrated circuit (ASIC), field programmable gate array (FPGA) or other 

programmable loglc device, discrete door or other designed to perform the functions described herein. 

Transistor logic, discrete hardware components. electronic components, optical components, mechanical 

components, or any combination thereof, and can execute code or instructions that reside within the IC, external 
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to the IC, or both. A general purpose processor may he a microprocessor, but ln the alternative, the general 

purpose processor may be any conventional processor, controller, microcontroller, or state machine. The 

processing system can also be implemented as a combination of computing devices, such as a combination of a 

DSP and a microprocessor, a combination of multiple microprocessors, a combination of one or more 

microprocessors in conjunction with a DSP core, or any other such configuration .. 

The code or instructions may he embodied in one or more machine readable mediums to support a software 

application. Software should he lnterpreted broadly to mean instructions, programs, code or any other electronlc 

media content, whether the electronic media content is referred to as software. firmware, middleware, 

microcode, hardware description language, or otherwise. The machine-readable medium can include a memory 

lntegrated with the processor, such as may he the case wlth an ASIC. The machine-readable medium can also 

include memory external to the processor, such as random access memory (RAM), flash memory, read only 

memory (ROM), programmable read only memory (PROM), erasable PROM (EPROM), Register, hard disk, 

removable disk, CD-ROM. DVD or any other suitable storage device. Additionally, a machine-readable 

medium can include a transmission line or a carrier wave that encodes a data signal. Those skilled in the art will 

recognize how best to implement the described functionality of the processing system. Moreover, in some 

aspects any suitable computer program product may comprise a computer readable medium or a machine 

readable medium comprising code related to one or more aspects of the present disclosure. In some aspects, a 

computer program product can include packaging materials. 

The previous desoiption is provided to enable any person skiHed in the art to practice the various aspects 

described herein. Various modifications to these aspects will be apparent to those skilled in the art, and the 

general principles defined herein may be applied to other aspects. Therefore, the claims are not intended to be 

limited to the scope of the present invention, and the scope of the singular elements is not intended to mean "one 

and only one" (unless so specified), Instead, it means "one or more." Unless specifically stated otherwise. the term 

"some" means one or more. All of the structures and functions of elements that are known to those skilled in the 

art and which are equivalent to the various aspects described in the present disclosure are expressly incorporated 

herein by reference. Moreover, nothing disclosed herein is intended to be dedicated to the public, regardless of 

whether such dlsclosure ls explicitly recited in the claims. The elements of any claim should not he lnterpreted in 

accordance with the provisions of the sixth paragraph of 35 USC § 112, unless the phrase "a module for" is used 

to explicitly state the element or, in the case of a method claim, The phrase "steps for" is used to state the 

elements. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not he 

based on machine-translation output. 

CLAIMS CNl.01796869 

L 
A method for associating with any of a plurality of access points in a mesh network, comprising: estimating a 

plurality of metrics for the access point, the estimated metrics and provided by the access point Transmitting 

correlaUon; and selecting one of the access points for association based on the metric and a plurality of hack­

degrees of the access point, the back-degree amount and a backhaul of the access point Throughput related. 

2. 
The method of claim 1 wherein said one of said access points is selected based on said metric and said amount of 

hackhaul to provide a highest throughput through said mesh network. 

3. 
The method of claim 1, further comprising: saving a list of access points, and wherein the one of the access points 

is selected from the list based on the metric and the degree of return. 

4. 
The method of claim 3, further comprising receiving the list in an over--the-air transmission. 

5. 
The method of claim 1 wherein the metric comprises a geometry of the access point and the back level comprises 

a backhaul geometry of the access point 
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6. 
The method of claim 5, further comprising: receiving a traffic rate from the access point, and wherein selecting 

the one of the access points based on the metric, the amount of homing. and the traffic rate Describe an access 

point. 

7. 
The method of claim 1 wherein the metric comprises a channel gain provided by the access point and the back 

level amount comprises a backhaul channel gain of the access point. 

8. 
The method of claim 1 wherein the metric comprises a rate provided by the access point and the back level 

comprises a backhaul rate of the access point. 

9. 
The method of claim 1 further comprising receiving the amount of back-degree from the access point 

10. 
The method of claim 9 wherein said back level is received in a beacon signal from said access point. 

11. 
The method of claim 9, further comprising transmitting a probe message to the access point, and wherein the 

back level is received from the access point in response to the probe message. 

12. 
A method for announcing a degree of back-off in a mesh network, comprising: estimating a degree ofreturn 

associated with throughput of a backhaul through the mesh network; and announcing the back in the mesh 

network The amount of degree. 

13. 
The method of claim 12, further comprising transmitting a beacon signal, and wherein the back level is advertised 

in the beacon signal. 
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14. 
The method of claim 12, further comprising receiving a probe message from the wireless node, and wherein the 

wireless node is advertised to the wireless node in response to the probe message. 

15. 
The method of claim 12 wherein said back level includes a geometric condition provided by said backhaul. 

16. 
The method of claim 12, further comprising following the scheduling policy to support the plurality of wireless 

nodes and advertising a traffic rate that can he provided to the other wireless node if the scheduling policy is 

followed. 

17. 
The method of claim 16 further comprising: supporting said addltlonal wireless node and updating said 

advertised traffic rate based on support for said additional wireless node. 

18. 
The method of claim 12 wherein said back level amount comprises a channel gain provided by said hackhaul. 

19. 
The method of claim 12 wherein said back level amount comprises a rate provided by said backhaul. 

20. 
An apparatus for wireless communication in a mesh network having a pluralHy of access points, comprising: a 

processing system for estimating a plurality of metrics of the access point, the estimated metrics by the access The 

throughput provided by the point is related, the processing system is further configured to select one of the access 

points for association according to the metric and a plurality of back degrees of the access point, the degree of the 

back The amount is related to the backhaul throughput of the access point 

21. 
The apparatus of claim 20, wherein the processing system is further configured to select the one of the access 

points to provide through the network based on the metric and the amount of hack-degree The highest 

throughput of the grid. 
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22. 
The apparatus according to claim 20, wherein said processing system is further configured to save a list of access 

points, said processing system further configured to select said one of said access points based on said metric and 

a degree of return Describe an access point. 

23. 
The apparatus of claim 22 whereln said processing system is further for receiving said list in over-the-air 

transmission. 

24. 
The apparatus of claim 22 wherein said list is provided to said processing system. 

25. 
The apparatus of daim 20 wherein the metric comprises a geometry of the access point and the amount of 

hackhaul comprises a hackhaul geometry of the access point. 

26. 
The apparatus of daim 25, wherein the processlng system is further for receiving a traffic rate from the access 

point, and wherein the processing system is further for utilizing the metric, the amount of The traffic rate is 

selected to select the one of the access points. 

27. 
The apparatus of daim 20 wherein the metric comprises a channel gain provided by the access point and the 

hack level amount comprises a backhaul channel gain of the access point. 

28. 
The apparatus of daim 20, wherein the metric comprises a rate provided by the access polnt and the hack level 

amount comprises a backhaul rate of the access point. 

29. 
The apparatus of daim 20 wherein said processing system is further for recelving said hack level amount from 

said access point. 
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30. 
The apparatus of claim 29 wherein said processing system is further for receiving said back level amount in a 

beacon signal from said access point. 

31. 
The apparatus of claim 29, wherein the processing system is further configured to send a probe message to the 

access point, and wherein the processing system is further configured to receive from the access in response to the 

probe message The point receives the amount of the back. 

32. 
An apparatus for supporting a backhaul through a mesh network, comprising: a processing system for estimating 

a degree of back off associated with throughput through the backhaul, and announcing the amount of back in the 

mesh network . 

33. 
The apparatus of claim 32 wherein said processing system is further for supporting transmission of a beacon 

signal, and wherein said back level is advertised in said beacon signal. 

34. 
The apparatus of claim 32, wherein the processing system is further for receiving a probe message from a wireless 

node, and wherein the amount of the degree of return is advertised to the wireless node in response to the probe 

message. 

35. 
The apparatus of claim 32 wherein said amount of back indudes a geometric condition provided by said 

backhaul. 

36. 
The apparatus of claim 32, wherein the processing system is further for supporting a pluralHy of wireless nodes in 

accordance with a scheduling policy and advertising a traffic rate that can be provided to the other wireless node 

if the scheduling policy is followed. 

37. 
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The apparatus of daim 36, wherein the processing system is further for supporting the additional wireless node 

and updating the advertised traffic rate based on support for the additional wireless node. 

38. 
The apparatus of daim 32 wherein said back level amount comprises a channel gain provided by said backhaul. 

39. 
The apparatus of claim 32 wherein said back level amount comprises a rate provided by said backhauL 

40. 
An apparatus for wirelessly communicating in a mesh network having a plurality of access points, comprising: 

means for estimating a plurality of metrics of the access point, the estimated metrics and by the access point a 

throughput correlation provided: and means for selecting one of the access points for association based on the 

metric and a plurality of back-degrees of the access point, the amount of The backhaul throughput of the access 

point is related. 

41. 
The apparatus of daim 40, wherein the means for selecting one of the access points is further for selecting the 

access point based on the metric and the amount of hack-degree The one access point to provide the highest 

throughput through the mesh network. 

42. 
The apparatus of daim 40, further comprising: means for saving a list of access points, and wherein said means 

for selecting one of said access points is further for The metrics and the degree of return are used to select the one 

of the access points from the list 

43. 
The apparatus of daim 42 further comprising means for receiving said list in over-the-air transmission. 

44. 
The apparatus of claim 42 further comprising: means for providing said list 

45. 
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The apparatus of daim 40, wherein the metric comprises a geometry of the access point and the amount of 

backhaul comprises a backhaul geometry of the access point. 

46. 
The apparatus of daim 45, further comprising: means for receiving a traffic rate from the access point, and 

wherein the means for selecting one of the access points is further for The one of the access points is selected 

based on the metric, the amount of back, and the traffic rate. 

47. 
The apparatus of daim 40, wherein the metric comprises a channel gain provided by the access point, and the 

back level amount comprises a backhaul channel gain of the access point. 

48. 
The apparatus of daim 40, wherein the metric comprises a rate provided by the access point and the hack level 

amount comprises a backhaul rate of the access point. 

49. 
The apparatus of daim 40, further comprising means for receiving the amount of the degree of return from the 

access point. 

50. 
The apparatus of claim 49 wherein said means for receiving said back level is further for receiving said back level 

amount in a beacon signal from said access point. 

51. 
The apparatus of claim 49, further comprising: means for transmitting a probe message to the access point, and 

wherein the means for receiving the degree of return is further responsive to the probe message To receive the 

amount of return. 

52. 
An apparatus for supporting a backhaul through a mesh network, comprising: means for estimating a degree of 

return associated with throughput of a backhaul through the mesh network; and for advertising in the mesh 

network The module of the degree of return. 
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53. 
The apparatus of claim 52, further comprising: means for transmitting a beacon signal, and wherein said means 

for advertising said back level is further for advertising said back in said beacon signal The amount of degree. 

54. 
The apparatus of claim 52, further comprising: means for receiving a probe message from the wireless node, and 

wherein the means for advertising the amount of back is further for responding to the probe message The wireless 

node announces the amount of back. 

55. 
The apparatus of claim 52 wherein said amount of back includes a geometric condition provided by said 

backhaul. 

56. 
The apparatus of claim 52, further comprising: means for supporting the plurality of wireless nodes in accordance 

with the scheduling policy and means for advertising the rate of service that can be provided to the other wireless 

node if the scheduling policy is followed . 

57. 
The apparatus of claim 56, further comprising means for supporting the additional wireless node and means for 

updating the advertised trat11c rate based on support for the additional wireless node. 

58. 
The apparatus of claim 52 wherein said back level amount comprises a channel gain provided by said backhauL 

59. 
The apparatus of daim 52 wherein said back level amount comprises a rate provided by said backhauL 

60. 
A computer program product for wireless communication, comprising: a machine readable medium comprising 

instructions executable by a processing system for: estimating a plurality of metrics of the access point, the 

estimated metrics and The throughput provided by the access point is associated: and selecting one of the access 

points for association based on the metric and a plurality of back-degrees of the access point, the amount of The 
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backhaul throughput of the access point is related. 

61. 
A computer program product for wireless communication, comprising: a machine readable medium comprising 

instructions executable by a processing system for: estimating a degree of return associated with throughput of a 

backhaul through the mesh network; And announcing the amount of the degree of back in the mesh network. 

62. 
An access terminal for wireless communication in a mesh network having a plurality of access points, 

comprising: a processing system for estimating a plurality of metrics of the access point, the estimated metrics and 

The throughput provided by the access point is related, the processing system is further configured to select one 

of the access points to associate according to the metric and a plurality of back degrees of the access point, where 

The amount of back is related to the backhaul throughput of the access point, and wherein the processing system 

is further for associating with the selected one of the access points; and a user interface for making A user can 

control communication between the processing system and a selected one of the access points. 

63. 
An access point for wireless communication, comprising: a network adapter for supporting a backhaul through a 

mesh network; and a processing system for estimating a degree of return associated with throughput through the 

backhaul, and announcing the The amount of the degree of back in the mesh network 
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r ] -/-• -¾, ,. n. / n A . ·rfn :f' r' . f-c ~-, ,_,,_ lw1 'h ,- iJliiJ "" er:;'" fM. \,'. s:r:--•-1 "" fT-1 -r -+- '± L0015 fr)1\..'.1'~) I (10 f1-· [' /J !HJ' -·;rr1i /\,S:,·dJr'I ; 1X,Xj ti',;@~[ rtit' J-:,,1 J~r')(J 3'ida~C11i/-1j r _y_j',j' 

;fl-l . J li>:l oh'/'\- llj(I tz;v f-1:\! i p It,§:: • DI p hf, JEjl z': ~t< • Jt f+j ·1-·- 1-,+· 't _t_=; -i~t . J firy- '* Ip I CJ;§ fl~! ~ P+ _fc~:L ;H1 c_',:'·. r.v1 Ip I 0f§ ft'F 
,'.(_! __ :cc__ , '11-, I 'J. 1'-f r'. µ , -•• , _A/.X., -,,. __ ,_,,,J'-,.)L . .,- , ;-n Pt ::., r ___ .c: __ ;;; :l:._ ~ 1r_,.rj ✓ '1-J _.,_ej:J_ 'I r:1/\. 1-1 ~ 11"L-tX. 

f'· '' •; '§~,:;y--•1,'•--,__; I' tf'' -H-• -'Ti '-r"J'ltr;,' "i ';·:/· /r,,',/1'>:-·_,_ .... _,. L'l".J-m 
,, )<~-----• _ _,ifll, , , ?\ 7 1-1 , u 

[0017] 

[0018] 

[0019] 

[0020] 
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[0021] 

[00:?2] 

*~~~~tt*A~*~H~~.~~~&~~@~~m~~m~T~~*~~-~~ 
.Lif;.l,;I,-1'Q ----i:::- ~~-1 tff 1'1<1 n:; -;:c\' -/T: ~L1

1 ·-J-
7 l,'--'cLi 1'1<1 ?-_.-

1
Li:.k.t1 frI 3/'1fi 14:. 1'. 1J'g-,),b"1'Hi& \: 'R, f:r-11'>(1 ffi Jg ----~ In ../U !'' ~;' ,--• 1----1. /!/,..J-'-1...; .-1_ J_j,, _h,1I-I . .,._1 ! ...,.,.r.- ,- ✓ O ! , t:A ~-% YU,r:J/:f ,,A,. nwJJ~•J~"'\O 

[0024] flJ 1 ~i$t,8,~Tix;<Jt4§-f~;<lii 100 Bbij~f3'US<.Jtl!ti':l~" ~:~ 1r6IX~f{11oot1Jlj)~iliiJ~tr~1f~iX~ 
*1H~A,~ (MAP) 102, ·t:1i'J-1ffiHif ---t-~J; -~f~Af~t-kmi ( ;f,;.~tt:\ ) :J:A'!:,f:ftfri],tfilH~%" r«Jt& 
1
#1 l;tx 1 () () trJ ;t::r:. J,l: {~, --1;i; ti 1 (i '> A !t r:';i 111,r i~ 1 (i A i JE1j /Jil [ '-11.J;; !Jf-:<1 ,i,~- ·'B;' IXlil ft~ .lr{J.: '1 ;l:~ ltJ: :;{t 7s\c; Ip i :f!ii ~t,~ :i.-1-=f .. _ · l __ ..1Jp_,,,_._~ ,..,,,,, - ..,,._,_n_l',,...,jH_Jl-'!l--8' - .1'"l\ J/ _ __7-,' ~!!'°r '~"':t,,_z-~-"-:,J ~--1-=J---s;-:::r, -:J..tl/'>, 1::J--:A.1~/[J_.AJ._, 

[0025] 

~{if~ "t1 , RAP 102A ff{r 1=j MAP 102B .;f~I l02C ((~Jc~ 11=fJJ1JZ1,, MAP 102B ifJt1r1=J ivlAP 102D ;fiJ 

102E :'v:--r 7L·:rt ~ ~'J'1f.~J1<, ft E-1 MAP 102C :)J~!L:ict MAP 102F :t'P MAP 102G rv:-,/T:~f, ;±r 'fi1f.''1, o !i~ f~:5K: ,_,:J __ _.. 1/',,j •t:. ~---v--1:f .,, 1 _ _t__L -,- ~-H -r - r=i:J_ --~ .A.I •t--:.. ... ____ trtf .;::l:s..1,,-.. , 

~ ili, illTE: MAP l02B---102G 1't(J-·-t-tx~ 1"~1T u~~ Ej 1--F[P]--$~~ 1't(J-lt'E MAP ;fP / !'.(Q.;,"t::-tt·EJ~ 
rt1 ~lJ,;tr.:~ '1'.. /c\ Erb 5~:'.Y'r- ftJ;tr.:~ rgl').ffff-%r o ((ij JL t· Iiiz[G 1' MAP l 02B-102G ttfiiJ ~:Zff.: 3/JtE 

[0027] 
t-' ... tl •U, 

J?( /\ t·~- Y.)ri.f 1 0 6 

/v -f,• "t ,--'---- '+! r+, -f:_-.',c) !,'-7 _>.JJ lnti·, at.1 ···r 'k -'-L Ljl ·1- fM;". -Ml_,_ fM_ "_,·-1:z l, c·.11~·.1 ql,:r Bl-•' . ~,_,_E'··,-:c,,1,:f- X Fl,,_·,. ")j'_1,'.•. 1-h ,[_',,r,'J ·fir O u:: . --''-• J_\'l_f-t:j T ' 1 :!.i,: \. "'~ :lfro \.] I T!.:.. J:1 1 f-0 J') J-tj . 1"1J '11:f l'-'j 7 !'i' ~ - 1:, J I HJ :-v<., ,_, / I ' I•-~ ;, .. T . 

·; r,.,_' ",' r•2s' y· ·, l.f:l..'''' i'i/·'-•H-JA'7;f' ___ J.''t'..'.f "rP!cl:+----,J;>.--•-••"--'.yL,t'.,,!;-1z.1:B{E' u---"--•-r B '1 -! :'-R Jcl.il!f1-, EB O 1~ ;,J ~ Irru 106 v_A 3~}ii _:_-v TT n 1'11:. b J;:,-'-c ~:c~ -•1\. )!t;(:1, Jt, fk. 11)-y'.ITI~ i;.l: Jfj ITT) :-t:f 

pj_J§J,j MAP O )6:~H±:*.: tr!.3£m I' -j;.J:,['fl)jp)\, fx~H~r1xHi 100 i'fJ-Jtt:~f[::H/r:f ,~:' Wtltri, :it~§U/~H&1fl 
fjll:(:E Ht½ r&-JJ ~~ 1(4 VAJ ti S~J ms 5} ff'] MAP" 

[0029] -----tr11 c.'i:"- :E+,·,''. 1_~; .. ~ ~_,R:_:_g;_•±-~_._::r·.·;J;f,_· MJ-1P 102B 1, IJ 102C 1'1{11;::i.,0 r'J !0•@~ -!:;• n li1'A+fh,, x,t ==r-. 
--

11 l _/\,, ,. 1 .x.../r' _1,.,1_- - .J VY:-J 1-1.J '--"+ ! .~ / !'-...---~,_X:. .,--_.L_-- - /' ..... ~p,. '--"'. / -· ..J 
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106 ifi::1t:fc~P6fff,,,f'- MAP 102B ;;f!J 102C R'S @lt-~i'Je;1i$t%1c!-tR'SttftLl:il-TI*ff(JJJfVi~ MAP @Jr,~,~ ii:c, 

fITlfRln.'m. nr QJ11rit_ vlAP 102s %P 102c m1'11i, ~tw}tAtt-fjfj 106 j'jr QJ l:i !,J--t~ H .1·t7f<=~fc~ r:: m" 
+:iL (\ iZ ,;;1'_1 J ()f-, 47)/;. fti i,~<1 JF fir-;:~:1~ fi"F ~·1'1! 1i:ii;r:~-i~ i61f.I;:

1
1+F~•.=-,v.;''t.r¥ 11i:1· 1,1,11, r,J J ()2J:' ::i::1. r 1 (i?(' r-t1 r_v,1----·+ _ JA/ ..... -- ..... _;J! 'J - _, 1)1"'>/f---J 'l:- .... Jf-l'//! ,1.J-1,X.._:_-_-t_-_:./!" ·,? .l(L._µ,!_L .X.,._:._'-=-t-:::-• .,,-'!'- <..:-.:;..:-1-• ,~ - JL- - _,) /I' - ..,,._, _. 1-1:J ! V 

[0030] IYl,tE1rtB ~/1'-ITUi: Ii~ :if~f7U' tt{!]Jt ff~ te;-11.~ t';,;, L+j H½ MAP 102 li'.J JLfi:rJ:!:ftl;r, 0 ~ 9~ lfil 2' 

;J-~At'.lf.iitt~ 106 ~fflJE MAP 102B frl 102C lfJ)l1r1f:Jl~oL MAP B<JJL1r1f~J(?5t PJ l::~1§1J-/Jlf:Hl.Lc1Jt1~tiB'~J 
{~ \~- 211\ 1'tF );rh -:r;4. ~ a PT 1; i l;) ;~ ;'(, ;rf1 ?',;<: 1'1<1 )'; :;;\' :,f7- ~l fi'f/i'-- MA p 'f'; ,'~ fif1'._}f'- o .•ltl_,_J':,_t T~· /l:1· i:+'- .=-,t,1.. ~_-_/,: .~-, ~' J . .J...>.,_x_rlX:_'!~FfJf..t__ ..J j> _...-.~ ____ .7I_~, l _,,,_~~- .J ->-'\l.-7l.'--1i\ .__. , -- -- ,..A...K:..-1_, kl~- l,.!. _ __ ! , -~-\._,,,-;, F:.. 

*~i?l'f::11'] !'f'.J,(J§.j~ 0 l:'X:~mr'' Pj Q,,l{'E:f~ l1 1rn<Jfyj:,t{J:~i?l,rfi·kt,(J§.j~ 0 t'f:f:E1rif ·l~l1F5t T' . _f:H::~ 
~n MAP 102B ;;f[J 102C BtJL(PJ;j;,\~];L lf(IH~Attf1rfti 106 [2),fjffl'.,i:'f?;jfil)1 MAP 102B ~IJ 102C ITT 
¾i./l'- ii>H1:V ,,,1, rrn ri 1

1
,;: u+ l'ii 

'-~d- ! !Ju :,:..7 ~ J,_,,u. ~~ .J :...r . _ _L • ..,=:!'='.. o 

[0031] 

~-, .Llx i·llJ:"I' MAP 10~m tr1 102c ~6J t:J Q(ri]f{,[ F* tH·tAf/f ftmt 106 ti<J~*~9111ttLW1,::*1x:~ffr1£@lt~ 
)lJ1r:J;-t?fl,, - El.~{'B' MAP 102B HI 102C ff-Jlr1U~JL1i:rtl:ft6L ITTUt~Jd'!fii/ci 106 -PT~f.iflJ;:~3£11)-t MAP 

102B tn 102C ~<Jf:J~--8½[t31lffii'?~'nJ-},1)Yi!iB½t\:ll±jl:o 
r,_0032] r]t J,~~ ~..:'i;':: ~'f:rr{r 'v"AP rt(: 1jHEEl -~E;,·;i::i::;_//1~-/Ll=: _;J,§\'f IY;1 /I[, T8l ,¥t ,;1-. +_i /\ st)?. .'1~r;,1' 1 (){; ,rti ;,t,,~+:;cfJ r:: ;;,~ ,.,, __ :Jt_'.-.,.t,,,_/\,.,;.;,1'-f-=l'J_J n..//"---Lr VY~ __ J/:1,-,p .. !-I...J)l-.--)::__J_o l=t,.,-L,,1.,;....,,, .... , ___ ~-11 J._ \,.J~A.;L,'.,J_,,--.._,~.J 1·.x...!._ 

lj½~ 1j\11f*fr1it[·jl;ltl1.tiMJ\P 102B ;fP 102C 4" (fJ#J1-~:tr~WUi-J~1*·ff PL;_: (l) :rLl MAP ilJ{f~J 
~it ( .Hrnmr~•itEf'.f)L1i1r:l}(0~tiil5ii) ; (2)MAP .hf,_Jt ~ .-91 (tJj,lj RAP 102A t't'JiiJ.&·~®JtJ;e:n±il: ( tr~ 
m@lHlJL1crfi:ft0"lffu;E ) " Jt,x, f~Aftim'i 106 ;®.:ff:±@{:!t T ~j:JIH* &Pi~:i't''l MAP 0 

[0033] 

tH ..tj ff f r.rf t# Yi! Ef'.f MAP 1t-§ •AE&'.: !H 't:: ~4f Hl! tf;( fiLl fJtJ :fl f:4~ tt w± .i: o tr Hl! }, 0} ll!i~ l 06 .tj MAP ts ';,,'t. ttfcJEt , 
flff )£ MAP ~ .tlt if,lf1.-!t fr=iJ lcj Jt * ff)t li'l fifr ~ J[:tt '11 ,f2'. ±@1Jt l'rS :rHl $" 
[0034] 1:~A§'.lf.ii~~ 106 riT~J,f,[ffH.frl.iiJl't,rit~Ht~1="'1IX:~i1(41~~t% 100 ff'./ NLA.P 102 :.t§Aij*, ~J 
iffck1-tti:n±::i: 0 lff}Ll ITTitf' ii .\ttlmt 106 ~6J ~21, {ti=§ fr [Axj {ttf:X:<] ti 100 L}l !'fb·ii:Yit1±~ 0M!J{{;~tJ'hii 
:'3 tf'J MAP ;r#·tf ;¥,;:lf)t,, 1~ .. ITtl., 2, tl A~ft/m 106 {iffi;~f;'i:"!'· MAP 102B fP l 02C .PJ [;JJ,~NtrtJ{~~±~ 
.fulo t:~Af+irM 106 if{f:1~i~r{JfJ¼~U[rfJ/\17.Tf*iil~WL~tiJ~Lixfi}1' NLI\P 102B fl] 102C [f,J[~3Jtffir1J 
Ut%fJtstfrfiR±i 1i1i ( t~[J' r:E MAP 102 t~l RAP 102A :zJs}Btf;'fl~:±~ :fut ) 0 }!:@,15t §'i}~Jr(PJTU=ti 
f if-~ m fit'~ Y1AP 102B ff1 102C :MH;t (:tj·~f4 e::~t.~it, J+ lilJ-EJ ~1rffitf:f;-:=lt;~f JLf~·~:X1.\tfj<JJ& 
Jt:fi-rn Ef'.f R1iJ, !'fb :tJ .:ct:31{:11-t;J'f ~it:¥:1:ffc flt j~ ::§ MJ-1P l O 2 o 

[0035] 1t -tJ J.1-f,ftcf ilj)~ fiil. 8J {1{~, =ti Afl!I//& 106 N l]~{'1:'.ffl i[{~'-1(:JZi;fr -~*lt\i'r~;:N':1§ MAP 

1 o 2 o t'Eil 1-~ 1§1] r{J , 1~ )\ ~ ftrM 106 JE t'E Jt [~,Ji.5.: BS :8- l YlAP r-iJ ~), ti 1ft &'0 3M 5~< ;.f!J #}. 1'· NLi\P r-iJ 
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[0036] 

;t,§ :is;: I;:15c Ef'.f MAP z_ fsJ (• {-J Jl if$ W6 !I:J mkt o 

[oo37J Dtl 3 JtdR, ilfJ T iA Dtl rij IX~~, IX~ t~ 100 1ftl *~l lfj Jt A tt irlr\i 106 !'(j ~ ~1'-- ii·Wu lfj t~t;tl;~ 
lll o t'Eii/f' ~jj1J rti, 1iZE1:iAf'f ~rrd 106 if PJ tm:Jt~~StTf,IJ·t- MAP l02E ;l{l 102F, :i½1t1;: NLA.P 102E 

;f~[ 102F Lf 1ffJ1±/:1'Jl7~~:I'iJ RAP 10~2A lfi@Jf!tL 3lt ·l\MP l02E Jl1f3m:i.'.tMAP 102B ti! RAP 102A 

B%1Jffil, f¾_: MAP l02F JJ.:iLitfl),t Y1AP 102C JU RAP l02A B%1Jffil" 
[0038] '3+iAitltfAf 106 ~,J~ lI] :X:ltk T fxx1:Vtr V~f~ 100 fJ,J, it till JE f;J'i' 1'Li\.P 102£ f~I 102F 8½liJt 
( fJHm ' JL1rif :[tUSrn 1¥'f iii t~ fil. ' 1-'K $ ~ ) G ti~ ' t~ A tt %',1 10 6 N1. 'Rf 1~ !v'lA p 10 2 E ~IJ l O 2 F t~ 1Hc 

ml'11f, f11iZ~ u it't h:1:tfit1ij#f.1'"fj~ ffll¥Rni;, o [nJffilJi'it fl •flI 1i'ij ;, , :rt/E:l/~-m1J1 ixxJit ixxJ f,t 100 

tI'1Ll=tlt¥f](}'Rfl£jUf:JJjJiL Jff!j~ f(ff~-, 1i)\f:tii111 106 -~iJ DJN\ MAP l02E ifzij rt1~1L, i1/eJ,itffi J:{E 

u t p 1 cyii:: =rr1J.j 1 r'El] ivrt p 1 n2B -:, !'ill H' <1 fi!,1k i'r<11'i"i ~ ftf.~·Jn FR .::G-fr: ,.f.11'FjJ u t p 1 c·1•1p =rr: n;\p 1 0?f\ L' i'~fJ i'i1J lVlt\. ..L , t:..u /j~H ! • •• \. ,J ,..(_ ..., JµJu!-, _ .7f7 ,_X_ =· , 1--l/tj J 1:1~ ,- lVlt\. ..L , L,_.__) .,,,~H l\ • • _. \. .__ ,-I 

:rt; ~t' ;gt; Ltl 1'.~, ti1i ~ tE M it ~/21 ft r11 ft0 -~Al!. itt 1: j'· Jc:. 11:~ ft0 _All Tijl_ 0 Jt 14'it!I,' .5l.t: Jfr. li fJ[ 4 0 2 -~,J DJ t1:1J~ 
;t~t~ 406, m f'fttf·+i )\.,8 J;1'N.!!:" J<:i•~~Bf.•l't !iJ DJ iccJ ftA,8t~fft8<.J fr~tL~t~·*,, !lt3:t•fi£ 
fl ,w2 ifr-iJ ~Jj,~fftt1Uk: 408. Jtj Ttl:tW}J5hJt,f:[Jifrl1i .A,s fr']$'/' lr:tl¥1ilfili *illA'¥tiA,'2, "t' 
{f-J--A[ J':f-J:1···:l·c:¥~:S:4 Fi11:+*' fjjl;t'i!~ ifn]· l:l G.~J, dc.i i':1·<1 fu1f.@~n+ ~:/41 :'L 1-i .._ _____ \.. v;.o !/ XJ;_p j_J_.,_;Z~---'-- 1/• :J ,_7-. , •• ~~. ~'!-•- 1--l _ _L. ___ L. r-1 j..._,_o 

[0040] 

tft so2 ;fn,&tttJL sMo ~tuafitrtdt ,1 J5frNi{:?lr'~+t)\itMAf1~1Zi., L&t:z:tn so1 nJ t.Utl T*J1J~Jt1 
:mu~ R-gtJ%10,f{1H}' Jlf:l>11:EEJUj'~~JC 502 'pJ L:J.fti r·~tf½'.,tm:mu~ R.(_J~'f./,d:J1l:it!H} !)J1'k 1t{fHi.~ 0 ,51J:: 
:EM fi£ f5E 60 2 yfYlT !)J HFf 1:A tf 3- ;f~ Jt 't J}J Mt ' it; 4J frJ. +§ 1f f@, f~ A ft !lmf DX~ R 't:.: Tc tt 11 ,8 i'mri 
,._...1f'if<"f'lj )\4,••1··,1:V•·--,1•0t '//l'if! §l_J,!.J.,J ,, .. E!J-,"f:'··c· ---]··,J'B"t+"·jf:c·" !+l]"'}'t 

-"'j :.,.,.. ;r-;:if,R i,-..,,,011. dU X)(_i •n"r ix:>'j ~~ r 1 [EJ ;l.t:J:r: a t, i'fJ:[!1, y',tJ;" ;)f~.JL :102 r1 l.--A 1!!:it~1~ .~~ :100, 1"U •ti:i i 

i~ /~ fl;<) ffr IX:~ f.:4 "t' B ~J 1.r:il -tffi )Jf_ .m 0 

f0041] 'fjT l>i 1'f+i R=l t-;,.Jtl:. :r1·r.f1 {lt: ff; _;P;· -rt/;,¥· L'v!J f[:l A:,p, r/t:fTf.l {,,f,.~ f-o?~I tJ frJ ::; I#;,;, f'v;J lr~ +fg -~ i.~F A(i'-i :fr] 
- • ..,I ~A ,:t.._ _ _/ij •f/\. I' l ~ )J,: __ ! I ,!..!--..):..·f=l [//j ·e 1-1 < t w /T'- j",_ /u ... -W ,_____. ~ . I 1-~ u 1µ:!,,..(J:.._.--1 _.x.:.......,...,.-~J_./J,,...-,,._! Lj_ ..,,., /: j-

502 o *W1JWfS8', 1=1r~J1tJtl ·1'-1vt~f-~JJXrt111% (IC) *'~tfJll5JlJ~;%r:JE,, IC -PTl;J,t~t\'~1;~1-stil 
*+ft1r1~xNr:12E:0<J:r:1J~e:rr'l:iHlJ.-tJ50~ftJ&,1i".f":f~li:J!ltJ:flllt (DsP>, ~J.-tJJIH&AUt-15- (Asic) -:FJi!Jm 

/~ , ..... 'µ)l '·R , . ' c•· /f' -'•'t /f' .,·-~'13"·r-y 1fTcl" .L,J>- \l ,rr!'l•,-f.-';j,,,.f. 
I l==t ~'1-'-i"' /, -- -- I-:,.><-.,. I ! f-,,--> I ! ' 

0, im DSP ;fr1r:ri xt rm ~i s1r£L i'), ~-i't'~!ZJ:Jill 1~ sSrlif-"?, 1="1 DSP tteA:i-t§ i:rlf f;-8S 1r" EfX:$·1'- 1~ 
h~~~~~~&,*1'-f-~]~rl~~~~~~ :...x..!...._±:,...:=J'r~-..1---1 .... f-----1•?..:'--hi:=1 __ ., ../'""t _;A:;.._1°, .-•"'1~~1...1_13_0 

[0042J !=if QJ1+ 'i'- ivt~ 1-11L?:ifPHJl;ftt f* c:p 1*tY[Jifr J&1~fi0ivt=W(r~·~ QJ :ct.Jl~): fft·BJH" $Xftt:. 
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Jffi ~ *i& ftJ lf 1i:ff ~' 1fiJ .trr·~ir l)J ~.~ 1ff ASIC Ef'1 'li4 t'Jl O iJL f/5: 'fiJ ii~ 1*:if fiJ ~), iJ, :j:~ !zl:J~ ~Jt, gµ 
HI.Jft' 1r§~, ~i ~~I fl@tllff~ Zf fi~ ~ (RAM) , ·[Jt [Aj Z¥ fr§~, .Ft i~Zf·fit~ (ROM) , 'pf mll'f.H lift' 1r§~ 
(PJ:.,'QM\ W~~~ l)R0/1!(.Fl)Rf)H: ~"-JC:Ji,~r i;,lim- r-1: tti-),fl· C[).-RfW! DVDi P,t~#11J:·fiif1C·v};±;'J',L'!{JIZ 
\-'- _._ -·-/ '> Hj .,J.•.;., '.-'...J'I lt ~ - .:.v_._,, , n '! ../ ,.,,f' '> 1---iAJJJl "- ..J 1_v -- ,;.J TII1. '> \. - i'f. , V .. -~J(.-t::r ,_ -• --1 _,,., LJ A"~ ----1 !----l ·IT 

:i:m pT 1J''' JI# r,1191W Jt·,:.' /_,]i':f .. r1;1 :~k J7°i::1i •tF ~ :.;; ~'ii· r_;s X* ', '1rr>¼'-H' <1 JJ' · ·r,,,·1 ·r'f,i'i -~ ¥ •1'"t1-~ l:-c:? :1 
.,, _ _Lo. ../ V .. 11)_,------'--'"J-tj ,.,.-IJ ,...-.. l_J. /J .1:L," ~ JJ---u' l~-\../r..., :;A. .-:f\../1 ,1_•_,.'I e~/\. 1- ~~ J /+'- x_,17 )d: J ..., 13_ ' !1-.i 7E _.,,__ - l--s j _J 

rn:ltXfiJ:JJ$: · ··ttsfJ 1::-i11 {[[1\j, Jt , X'J'T i'j'J.lx [f'.] JG~ [f'] g I [fj 1~ '.@~1i):·1x~ " - :j:j:J::t1X 1X· 
/i"-" ( ltit~~ tulltJlA*iJ?)l,rj ) • rnHt:Jz;jz" -1~1'.DG~'l"'''o p;i~~~ ~ 51~~ft.,t~JI,~' ;Kft\ .. _ .. ~,. :zz1J~ 

-~~$~. *~~~~~~tt*AMO~~~**~~~~-~~+#a~*0ff~~ 
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Abstract of CN102387553 {A} 

The invention discloses an initial configuration method and an initial configuration 
device for a wireless backhaul link. The method comprises the following steps of: 
starting an access node, and reporting information to a base station by using an 
original authorized frequency spectrum; and reconfiguring a wireless backhaul link 
between the base station and the access point according to a TVWS (Television White 
Spectrum) resource distributed by a system by using the base station, and switching 
the wireless backhaul link onto the distributed TVVVS resource. According to the 
method and the device, the resource distribution problem of the wireless backhaul link 
is solved, and the volume or service quality of a wireless access link is not influenced 
simultaneously. 
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DESCRIPTION CN102387553 

The present invention disdoses an initial configuration method and apparatus for a wireless backhaul link. The 

method indudes: after the access node is turned on, the original authorized spectrum is used to report 

information to the base station; and the base station allocates a TV band white space (TVWS) resource according 

to the system. A reconfiguration of the wireless backhaul link between the base station and the access node is 

implemented, and the wireless backhaul link is switched to the allocated TVWS spectrum resource. The 

invention solves the problem of resource allocation of the wireless backhaul link, and does not affect the capacity 

or service quality of the wireless access link. 

Initial configuration method and device for wireless backhaul link 

Technical field 

The present invention relates to the field of wireless communication and cognitive radio technologies, and more 

particularly to an inHial configuration method and apparatus for a wireless backhaul link. 

Background technique 

For the LTE (Long Term Evolution) technology or the LTE-A (Long Term Evolution-advanced) technology, 

the current AP (Access Point) has the following types: enhanced macros. An enhanced Node Base Station, a 

Relay, a Femto NB, a Pico NB, and a Home NB. Some of these access nodes can be directly connected, and the 

link between the directly connected access nodes is called a backhaul link. 
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The backhaul link may be wireless in LTE/LTE-A, such as the following scenarios: remote areas, coverage of 

temporary hotspot areas, disaster relief periods, access nodes in nomadic states, and so on. In these scenarios, 

because the cost of deploying a wired connection is too high, or it is impossible to estimate its location and 

advance wired coverage, or wired communication is interrupted, it cannot be effectively covered by a wired 

connection. The wireless link can provide services quickly, so lt is necessary to allocate frequency resources for 

this part of the backhaul link for wireless connection. 

In the above scenario, for the resource allocation of the wireless backhaul link, it is basically considered that a part 

of the authorization is allocated to the spectmm resource of the LTE/LTE--A system for the wireless backhaul link 

connection according to the provisions of the spectrum management organization. Since the spectrum that each 

operator finally obtains for the operation of the LTE/LTE-A system is very limited, this way of dividing some 

resources into the wireless backhaul link is bound to cause loss of the capacity and quality of the access link. . 

Despite the strict physical layer and high-level protocol definitions, this loss can be minimized, but this loss must 

exist. 

Therefore, how to solve the resource allocation problem of the wireless backhaul link without affecting the 

capacity or quality of the access link is a problem that needs to be solved in the prior art. 

Summary of the invention 

The technical problem to be solved by the present invention is to provide an initial configuration method and 

device for a wireless backhaul link, which solves the problem of resource allocation of the wireless backhaul link 

without affecting the capacity or service quality of the access link. 

To solve the above technical problem, the present invention provides an initial configuration method of a 

wireless backhaul link. where the method includes: 

After the access node is turned on, the original authorized spectrum is used to report information to the base 

station; 

The base station performs reconfiguration of the wireless backhaul link between the base station and the access 

node according to the TV band white space (TVWS) resource allocated by the system, and switches the wireless 

backhaul link to the allocated TVWS spectrum resource. 
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The base station inHiates a TVWS spectrum resource allocation request to the system for the wireless backhaul 

link; 

After receiving the spectrum resource allocation request, the system determines that available TVWS spectrum 

resources are allocated to the base station according to the maintained available TVWS information. 

The system maintains the available TVWS information according to the acquired TVWS information and the 

usage of the system by the TVWS spectrum resource; 

The TVWS information refers to information of a television band spectrum resource that is not occupied by a 

TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum 

resource that is not used by the system. 

After receiving the spectrum resource allocation request, the system allocates available TVWS spectrum 

resources directly to the base station according to the available TVWS information, if there is currently available 

TVWS spectrum resources; if not currently available The TVWS spectrum resource is allocated to the base 

station by using TVWS spectrum resources used by other base stations by negotiating with other base stations in 

the system. 

After receiving the spectrum resource allocation request, if the system does not currently have available TVWS 

spectrum resources and fails to negotiate wHh other base stations in the system, the system sends a failure 

response to the base station. and refuses to allocate spectrum to the base station. Resource 

After receiving the failure response, the base station determines that the wireless backhaul link with the access 

node continues to use the original licensed spectrum resource. 

The system updates the available TVWS information for maintenance after allocating available TVWS spectrum 

resources to the base station. 

When the base station initiates the spectrum resource allocation request to the system, the base station applies for 

the spectrum resource only according to the actual requirement of the wireless backhaul link between the 
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subordinate access nodes, or appBes for a certain resource reservation amount Establish a wireless backhaul link 

with the newly opened access node. 

The present invention also provides an initial configuration apparatus for a wireless backhaul link, the apparatus 

comprising a first configuration module in an access node, and a second configuration module in the base 

station, 

The first configuration module is configured to report information to the base station by using the original 

licensed spectmm after the access node is enabled; 

The second configuration module is configured to implement reconfiguration of a wireless backhaul link 

between the base station and the access node according to the allocated TVWS spectrum resource of the system, 

and switch the wireless backhaul link to the allocated TVWS spectmm resource .. 

The device further includes a spectrum resource allocation request module in the base station, and a spectrum 

resource allocation module in the system, 

The spectrum resource allocation requesting module is configured to initiate a spectrum resource allocation 

request to the spectrum resource allocation module for a wireless backhaul link between the base station and each 

of the subordinate access nodes; 

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource 

allocation request, the available TVWS spectrum resource to be allocated to the base station according to the 

maintained available TVWS information. 

The spectrum resource allocation module is further configured to maintain the available TVWS information 

according to the acquired TVWS information and the usage of the TVWS spectrum resource by the system; 

The TVWS information refers to information of a television band spectrum resource that is not occupied by a 

TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum 

resource that is not used by the system. 

28-10-2019 4 TP Link Ex. 1004 
Page 322



The spectrum resource allocation module ls further configured to: after receiving the spectrum resource 

allocation request, according to the maintained TVWS information, if there is currently available TVWS 

spectrum resource, directly allocate the available TVWS to the base station. Spectrum resources; if there is 

currently no TVWS spectrum resource available. the TVWS spectrum resources used by other base stations are 

allocated to the base station by negotiating with other base stations in the system. 

The spectrum resource allocation module is further configured to: after receiving the spectrum resource 

allocation request, if there is no TVWS spectrum resource currently available, and the other base stations in the 

system fail to negotiate, send a failure response to the base station, Refusing to allocate spectrum resources to the 

base station; 

After receiving the failure response, the base station determines that the wireless backhaul link with the access 

node continues to use the original licensed spectrum resource. 

The spectrum resource allocation module is further configured to: after the available TVWS spectrum resources 

are allocated to the base station, update the available TVWS information that is maintained. 

The spectrum resource allocation requesting module is further configured to apply for the spectrum according to 

the actual requirement of the wireless backhaul link between the subordinate access nodes when the spectrum 

resource allocation request is initiated to the spectrum resource allocation module. Resources, or, apply for a 

certain amount of resource reservation to establish a wireless backhaul link with the newly opened access node. 

The present invention obtains available TVWS spectrum resources by accessing a database and collecting usage 

information of the TV band spectrum of each base station in the system, and establishing a wireless backhaul link 

by using the available TVWS spectrum resources. 

Compared with the prior art, the present invention has at least the following beneficial effects: 

1. 
Solve the problem ofresource allocation of wireless backhaul link without affecting the capacity or quality of 

service of the wireless access link; 

2. 
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The wireless backhaul link can be dynamically established without the need to pre-lay cables in advance (the 

location where the cables are laid may not be known in advance), saving manpower and material costs; 

3. 
For the wireless backhaul link, its setup and removal can be controlled only by software, increasing the flexibility 

of the backhaul link. 

DRAWINGS 

The drawings are intended to provide a further understanding of the invention, and are intended to be a part of 

the invention. 

In the drawing: 

1 is a schematic diagram of an application scenario of an initial configuration device of a wireless backhaul link 

according to an embodiment of the present invention; 

2 is a schematic flowchart of initial configuration of a wireless backhaul link according to an embodiment of the 

present invention; 

3 is a signaling flowchart of an initial configuration of a wireless backhaul link according to an embodiment of the 

present invention; 

FIG. 4 is a signaling flowchart of an initial configuration of a wireless backhaul link according to another 

embodiment of the present invention. 

detailed description 

In order to overcome the deficiencies of the prior art, considering that the utilization rate of the existing television 

spectrum is not high and the stability is good. the present invention proposes a resource allocation method for a 

wireless backhaul link based on cognHive radio technology, and the core idea is According to the current wireless 
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backhaul link requirements and the collected TVWS (TV White Spaces) information, the TVWS spectrum 

resources are used to establish a temporary wireless backhaul link, thereby solving the problem of resource 

allocation of the wireless backhaul link. The capacity or quality of service of the wireless access link is affected. 

Based on the above ldea, the present invention provides a resource allocation method for a wireless backhaul 

link, and specifically adopts the following technical solutions: 

After the access node is turned on, the original authorized spectrum is used to report information to the base 

station; 

The base station implements reconfiguration of the wireless backhaul link between the base station and the access 

node according to the TVWS spectrum resource allocated by the system, and switches the wireless backhaul link 

to the allocated TVWS spectrum resource. 

Further, the base station initiates a spectrum resource allocation request to the system for the wireless backhaul 

link; 

After receiving the spectrum resource aHocatlon request, the system determlnes that available TVWS spectrum 

resources are allocated to the base station according to the maintained available TVWS information. 

Further, the system maintains the available TVWS information according to the acquired TVWS information 

and the usage of the TVWS spectrum resource by the system; 

The TVWS information refers to information of a television band spectrum resource that is not occupied by a 

TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum 

resource that is not used by the system. 

Further, after receiving the spectrum resource allocation request, the system directly allocates available TVWS 

spectrum resources to the base station according to the available TVWS information that is maintained. if there is 

currently available TVWS spectrum resource; The available TVWS spectrum resources are allocated to the base 

station by using TVWS spectrum resources used by other base statlons by negotiatlng with other base stations in 

the system. 
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Further, after receiving the spectrum resource allocation request, if the system does not currently have available 

TVWS spectrum resources and fails to negotiate with other base stations in the system, the system sends a failure 

response to the base station, and refuses to allocate the base station. Spectrum resources: 

After receiving the failure response, the base station determines that the wireless backhaul link with the access 

node continues to use the original licensed spectrum resource. 

In order to facilitate the description of the present invention, the implementation of the technical solution of the 

present invention will be further described in detail below wHh reference to the accompanying drawings and 

specific embodiments. 

FIG. 1 shows an initial configuration procedure of a wireless backhaul link according to an embodiment of the 

present invention. Referring to FIG. 1, the initial configuration process of this embodiment mainly includes the 

following steps: 

Step 1: The system obtains TVWS information and maintains available TVWS information; 

The TVWS information refers to the information of the TV band spectrum resource that is not occupied by the 

TV band authorization service, and the available TVWS information refers to the information of the TVWS 

spectrum resource that is not used by the system. 

The TVWS information may include, but is not limited to, an available channel (including a working frequency 

and bandwidth), a coverage, a possible duration, and a maximum transmit power allowed. 

Step 2: The newly opened access node reports the information to the system by using the original licensed 

spectrum. 

Step 3: The system makes a TVWS spectrum resource allocation decision; 

The basis for the allocation decision mainly includes: the available TVWS information maintained by the system, 

and the reporting information of the newly opened access node. 
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The allocation decision can be made according to the needs of the actual application scenario, and a specific 

example of the assignment decision will be given below. 

Step 4: Obtain a wireless Backhaul link reconfiguration of the TVWS spectrum resource, and switch to the 

obtained TVWS spectrum resource for communication; 

Step 5: The system updates the available TVWS information. 

The application scenario of the embodiment of the present invention is as shown in FIG. 2. The initial 

configuration device of the wireless backhaul link in this embodiment mainly involves the following network 

elements: 

TV database (TVD B): It can be provided by a TV operator or a third party. The content of the TV database is 

the use of the TV spectrum (channel) of the TV operator locally or in several local areas, that is, 1. 

The spectrum (channel) status being used, induding but not limited to: channel number, bandwidth, possible 

duration, D/U requirements (power ratio of wanted and interfering signals expected for the TV receiver), 

spectrum mask, coverage Information such as range and isolation zone; 2. 

Unused spectrum (channel) status, including but not limited to: channel number, working bandwidth, coverage 

range, possible duration, maximum allowable transmit power. etc.; Information about channels that are not 

allowed (may be admin domain restricted channels or carrier reserved channels, etc.), in duding but not limited 

to: channel number, working bandwidth, etc. 

Central Control Point (CCP): CCP and TVDB can be fixed connections; Converging spectmm usage 

information from each BS and TVDB, obtaining and maintaining available TVWS information corresponding to 

each BS; 2. It is responsible for allocating TVWS resources to each BS, including initial spectrum allocation, and 

resource coordination allocation between wireless backhaul links under ditforent BSs. and link switching 

assignment when primary users appear. 

Base Station (BS): The BS can be directly connected to the CCP. Its functions in dude but are not limited to: 1. 
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The obtained TVWS resources are allocated to the wireless backhaul links connected thereto; Change or adjust 

the parameters of the wireless communication technology, for example, modulation type, transmission power; 

Manage and maintain the working spectrum, for example, operating frequency and frequency bands; 

Responsible for communication with the central control node; 5. Spectrum sensing function; 6. Perceive data 

processing capabilities. 

Access Node (AP): The AP may be a Relay, a Femto NB, a Pico NB, and a Home NB. The AP aggregates user 

information and communicates with the BS (constltuting a backhaul llnk). The AP interacts with the user 

through the AP. The coverage of the AP is significantly reduced compared to the BS. AP functions include but 

are not limited to: L Change or adjust the parameters of the wireless communication technology, for example, 

modulation type, transmission power; Adjust the worklng frequency and frequency band; 3. Spectrum sensing; 

4. Two-way communication with the user and the BS. 

In addition, in another embodiment of the present invention, an apparatus for initial configuration of a wireless 

backhaul link is provided, where the apparatus includes a first configuration module in an access node, and a 

second configuration module in the base station. 

The first configuration module is configured to report information to the base station by using the original 

licensed spectmm after the access node is enabled; 

The second configuration module is configured to implement reconfiguration of a wireless backhaul link 

between the base station and the access node according to the allocated TVWS spectrum resource of the system, 

and switch the wireless backhaul link to the allocated TVWS spectmm resource .. 

The device further includes a spectrum resource allocation request module in the base station, and a spectrum 

resource allocatlon module in the system, 

The spectrum resource allocation requesting module is configured to initlate a spectrum resource allocation 

request to the spectrum resource allocation module for a wireless backhaul link between the base station and each 

of the subordinate access nodes; 

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource 

allocation request, the available TVWS spectrum resource to be allocated to the base station according to the 

maintained available TVWS information. 
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The spectrum resource allocation module is further configured to maintain the available TVWS information 

according to the acquired TVWS information and the usage of the TVWS spectrum resource by the system; 

The TVWS information refers to information of a television band spectrum resource that is not occupied by a 

TV hand authorization service, and the available TVWS information refers to information of a TVWS spectrum 

resource that is not used by the system. 

The spectrum resource allocation module ls further configured to: after receiving the spectrum resource 

allocation request, according to the maintained TVWS information, if there is currently available TVWS 

spectrum resource, directly allocate the available TVWS to the base station. Spectrum resources; if there is 

currently no TVWS spectrum resource available. the TVWS spectrum resources used by other base stations are 

allocated to the base station by negotiating with other base stations in the system. 

The spectrum resource allocation module is further configured to: after receiving the spectrum resource 

allocation request, if there is no TVWS spectrum resource currently available, and the other base stations in the 

system fail to negotiate, send a failure response to the base station, Refusing to allocate spectrum resources to the 

base station; 

After receiving the failure response, the base station determines that the wireless backhaul link with the access 

node continues to use the original licensed spectrum resource. 

The spectrum resource allocation module is further configured to: after the available TVWS spectrum resources 

are allocated to the base station, update the available TVWS information that is maintained. 

The spectrum resource allocation requesting module is further configured to apply for the spectrum according to 

the actual requirement of the wireless backhaul link between the subordinate access nodes when the spectrum 

resource allocation request is initiated to the spectrum resource allocation module. Resources, or, apply for a 

certain amount of resource reservation to establish a wireless backhaul link with the newly opened access node. 

The signaling flow of the resource allocation method for the wireless backhaul link of the present invention will 

be further described below in conjunction with two specific embodiments. 
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Embodiment 1 

As shown in FIG. 3, the resource allocation method of the wireless backhaul link in this embodiment is 

speclficaHy descrlbed as follows: 

Step 101: The CCP obtains the TVWS information in the TVDB (that is, the information of the TV band 

spectrum resource that is not occupied by the TV band authorization service), including but not limited to the 

available channels (including the working frequency and bandwidth), the coverage, and the possible duration. 

And the maxhrmm transmit power allowed; the CCP maintains available TVWS lnformation based on the 

acquired TVWS information and the usage information of the system on the TVWS spectrum resources stored 

in the CCP (hereinafter also referred to as TVWS usage information), ie, is not the system Information on the 

TVWS spectrum resources used; 

The manner in which the CCP obtains the TVWS information may include one of the following modes or any 

combination thereof: the CCP periodically accesses the TVDB, or the CCP accesses the TVDB on demand, or 

the TVDB actlvely notifies the CCP. 

Step 102: After the AP is turned on, it works in the original licensed spectrum. 

Step 103: The AP reports information, including maximum transmit power, supported working frequency band, 

location information, and access terminal capability. 

Step 104: The BS requests the TVWS spectrum resource allocation to the CCP according to the wireless backhaul 

link between the BS according to the information reported by the AP. 

Step 105: The CCP makes a decision accordlng to the resource application reported by the BS and the currently 

available TVWS information, determines the radio spectrum resource allocated to the BS, and sends the 

allocation result to the BS. If there is no TVWS spectrum resource available for the BS, the CCP first performs 

TVWS spectrum resource negotiation allocation with other BSs, that is, finds other BSs to exit or switch, for 

example, the wireless backhaul link of other low priority BSs can be taken out of the occupied network. TVWS 

spectrum resources, or, for a wireless backhaul link under a BS wlth multiple avallable TVWS spectrum 

resources, can be switched to other available TVWS spectrum resources, and the TVWS spectrum resources 

being used are assigned to be issued The applied BS and the result of the distribution is sent to the relevant BS. If 
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there is stm no TVWS spectrum resource available after negotiation, the failure response is returned to the base 

station. At this time, the base station will not perform the following operation, and the wireless backhaul link 

continues to use the original licensed spectrum resource. 

Step 106: The BS determines, according to the information reported by the subordinate AP and the obtained 

TVWS spectrum resource, the radio resource used by the backhaul link. 

Step 107: Perform reconfiguration of the wireless backhaul link whose working spectrum changes, and switch to 

the new spectrum resource for communication; 

The wireless backhaul link between the working spectrum and the base station includes a wireless backhaul link 

between the new access node and the base station, and a wireless backhaul link between the other BSs and the 

access nodes of the CCP that the CCP negotiates to quit or switch. 

Step 108: The BS sends resource allocation update information to the CCP, and the CCP feeds back the 

acknowledgement message. 

Step 109: The CCP updates the TVWS usage information and the available TVWS information according to the 

resource allocation situation. 

Embodiment 2 

As shown in FIG. 4, the resource allocation method of the wireless backhaul link in this embodiment is 

specifically described as follows: 

Step 201: The CCP obtains the TVWS information in the TVDB, and combines the information stored in the 

TVWS by the system in the CCP to maintain the corresponding available TVWS information; 

The manner in which the CCP obtains the TVWS information may he a CCP periodic access to the TVDB, or a 

CCP access to the TVDB on demand, or a TVDB proactively notify the CCP, or a combination thereof. 
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Step 202: The AP is turned on and works ln the original authorized spectrum. 

Step 203: The AP reports information, including but not limited to a maximum transmit power, a supported 

working frequency band, location information, and an access terminal capability. 

Step 204: The BS according to the information reported by the AP, if the BS has the reserved TVWS spectrum 

resource allocated to H by the CCP, the TVWS spectrum resource ls reserved for the AP and the wireless 

hackhaul link between the AP; 

In the first embodiment, the BS requests the TVWS resource request to the CCP according to the actual needs of 

the AP. In the embodiment, the BS applies for the TVWS spectrum resource for the first time, according to the 

statistics of the previous cell traffic, the application resource has A certain amount of reservation, in order to 

subsequently open the AP, the TVWS resource allocation is reserved directly. In this case, the BS needs to 

maintain this part of the reserved resources to ensure that it is an available TVWS resource. If there is no reserved 

TVWS resource in the BS, the TVWS spectrum resource application may he performed according to the 

operation in the first embodiment 

Step 205: The wireless backhaul link whose working spectrum changes is reconfigured, and is switched to a new 

resource for communication; 

Step 206: The BS sends resource allocation update information to the CCP, and the CCP feeds back the 

confirmation message. 

Step 207: The CCP updates the TVWS usage information and the available TVWS information according to the 

resource aHocatlon sHuaUon. 

The above is only a preferred embodiment of the present inventlon, and is not intended to HmH the present 

invention. The present invention may be embodied in various other embodiments without departing from the 

spirit and scope of the invention. Various changes and modifications may be made to the invention, and such 

changes and modifications are intended to be included within the scope of the appended claims. 

One of ordinary skm in the art wiH appreciate that aH or a portion of the above steps may he accomplished by a 

program instructing the associated hardware, such as a read-only memory, a magnetic disk, or an optical disk 
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Alternatively, all or part of the steps of the above embodiments may also be implemented using one or more 

integrated circuits. Correspondingly, each module/unit in the foregoing embodiment may be implemented in 

the form of hardware or in the form of a software function module. The invention is not limited to any specific 

form of combination of hardware and software. 
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CLAIMS CNl.02387553 

L 
An initial configuration method for a wireless backhaul link, the method comprising: 

After the access node is turned on, the original authorized spectrum is used to report information to the base 

station; 

The base station performs reconfiguration of the wireless backhaul link between the base station and the access 

node according to the TV band white space (TVWS) resource allocated by the system, and switches the wireless 

backhaul link to the allocated TVWS spectrum resource. 

2. 
The method of claim 1 wherein 

The base station initiates a TVWS spectrum resource allocation request to the system for the wireless backhaul 

link; 

After receiving the spectrum resource allocation request, the system determines that available TVWS spectrum 

resources are allocated to the base station according to the maintained available TVWS information. 
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:t 
The method of claim 2 wherein 

The system maintains the available TVWS information according to the acquired TVWS infom1ation and the 

usage of the system by the TVWS spectrum resource; 

The TVWS information refers to information of a television band spectrum resource that is not occupied by a 

TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum 

resource that is not used by the system. 

4. 
The method of claim 3 wherein: 

After receiving the spectrum resource allocation request, the system directly allocates available TVWS spectrum 

resources to the base station according to the available TVWS information, if there is currently available TVWS 

spectrum resources; if no TVWS is currently available The spectrum resource is allocated to the base station by 

using TVWS spectrum resources used by other base stations by negotiating with other base stations in the system. 

5. 
The method of claim 4 wherein: 

After receiving the spectrum resource allocation request, if the system does not currently have available TVWS 

spectrum resources and fails to negotiate with other base stations in the system, the system sends a failure 

response to the base station, and rejects allocation of spectrum resources to the base station; 

After receiving the fallure response, the base station determines that the wireless backhaul link wlth the access 

node continues to use the original licensed spectrum resource. 

6. 
The method of claim 4 wherein: 
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After the system allocates available TVWS spectrum resources to the base station, the maintained TVWS 

information is updated. 

7. 
A method according to any one of daims 1 to 6, wherein 

When the base station initiates the spectrum resource allocation request to the system, the base station applies for 

the spectrum resource only according to the actual requirement of the wireless hackhaul link between the 

subordinate access nodes, or applies for a certain resource reservation amount to establish and A wireless 

backhaul link between newly opened access nodes. 

8. 
An apparatus for initially configuring a wireless backhaul link, the apparatus comprising: a first configuration 

module in an access node, and a second configuration module in a base station, 

The first configuration module is configured to report information to the base station by using the original 

licensed spectmrn after the access node is enabled; 

The second configuration module is configured to implement reconfiguration of a wireless backhaul link 

between the base station and the access node according to the allocated TVWS spectrum resource of the system, 

and switch the wireless backhaul link to the allocated TVWS spectmrn resource .. 

9. 
The apparatus according to claim 8, wherein said apparatus further comprises a spectrum resource allocation 

requesting module in the base station, and a spectrum resource allocation module in the system, 

The spectrum resource allocation requesting module is configured to initiate a spectrum resource allocation 

request to the spectrum resource allocation module for a wireless backhaul link between the base station and each 

of the subordinate access nodes; 

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource 

allocation request, the available TVWS spectmm resource to be allocated to the base station according to the 

maintained available TVWS information. 
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10. 
The device of claim 9 wherein: 

The spectrum resource allocation module is further configured to maintain the available TVWS information 

according to the acquired TVWS information and the usage of the TVWS spectrum resource by the system; 

The TVWS information refers to information of a television hand spectrum resource that is not occupied by a 

TV band authorlzaOon service, and the available TVWS inforrnatlon refers to information of a TVWS spectrum 

resource that is not used by the system. 

11. 
The device of claim 10 wherein: 

The spectrum resource allocation module is further configured to: after recelving the spectrum resource 

allocation request, according to the maintained TVWS information, if the TVWS spectrum resource is currently 

available, directly allocate the available TVWS spectrum resource to the base station. If there is currently no 

TVWS spectrum resource available, the TVWS spectrum resources used by other base stations are allocated to 

the base station by negotiating with other base stations in the system. 

12. 
The device of claim 10 wherein: 

The spectrum resource allocation module is further configured to: after recelving the spectrum resource 

allocation request, if there is no TVWS spectrum resource currently available, and the other base stations in the 

system fail to negotiate, send a failure response to the base station, and reject the The base station allocates 

spectrum resources; 

After receiving the failure response, the base station determines that the wireless backhaul link with the access 

node continues to use the original licensed spectrum resource. 

13. 
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The device of claim 11 wherein: 

The spectrum resource allocation module is further configured to update the maintained TVWS information 

after the base station allocates available TVWS spectrum resources. 

14. 
The devlce of claim 9 wherein: 

The spectrum resource allocation requesting module is further configured to apply for the spectrum resource 

only according to the actual requirement of the wireless backhaul link between the subordinate access nodes 

when the spectrum resource allocation module initiates the spectrum resource allocation request, Alternatively, 

apply for a certain resource reservation to establish a wireless backhaul link with the newly opened access node. 
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Abstract of CN102740306 (A) 

A method for evaluating a wireless 
service network includes receiving 
information indicative of a wireless 
coverage area associated with each of a 
plurality of base stations •.Nithin a 
geographic area. The method also 
includes determining a threshold 
performance requirement within the 
geographic area. The method additionally 
includes simulating a deployment of at 
least one femto base station witt1in the 
geographic area. The method further 
includes determining at least a first 
performance parameter based on the 
simulated deployment of the at least one 
femto base station within the geographic 
area. The method fuiiher includes 
generating a deployment 
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recommendation based on at least the 
first performance parameter and the 
threst1old performance requirement. The 
deployment recommendation may 
indicate whether to deploy the at least 
one femto base station within the 
geographic area. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CN1027 40306 

The present invention relates to a method and system for evaluating a wireless service network. A method for 

evaluating a wireless service network is provided, the method comprising receiving information indicative of a 

wireless coverage area associated with each of a plurality of base stations within a geographic area. The method 

also includes determining a threshold performance requirement within the geographic area. The method 

additionally includes simulating deployment of the at least one fem to base station within the geographic area. The 

method also indudes determining at least a first performance parameter based on the simulated deployment of 

the at least one femto base station within the geographic area. The method also includes generating a deployment 

recommendation based on at least the first performance parameter and the threshold performance requirement 

The deployment suggestion can indlcate whether at least one femto base station is deployed within the 

geographic area. 

Method and system for evaluating a wireless service network 

Technical field 

The present disclosure generally relates to methods and systems for evaluating a wireless service network. 

Background technique 

Various wireless technologies (eg, 3G, 4G, 3GPP Long Term Evolution (LTE), LTE-Advanced (LTE-A), 

WiMAX, etc.) leave room for the use of smaller, user-installed base stations, which are commonly referred to 

herein. It is a femto base station (iBS) (for example, a femtoceH in WiMAX, or a home node-Bin 3GPP). The 
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ms is provided to the user by the wireless service provider. The user or the wireless service provider's technlclan 

installs the f.BS in the user's home or office (herein referred to as a home or home location) to increase the signal 

quality and strength of the local wireless coverage. The backhaul connection of the ms to the wireless service 

provider's network (WSPN) is provided via the user's home network access (e.g., DSL). The ms operates in a 

wireless manner similar to other base stations (e.g., macro base stations (MBS) and/or relay stations (RS)) of the 

wireless service provlder (e.g., using the same licensed band). The ms may allow handover from the MBS to the 

ms to be completed without requiring user notification ( eg, similar to switching from one MBS to another). 

Essentially, an endpoint can treat an ms as another base station. Thus, any endpoint that utilizes the same wireless 

service may be able to establish a connection through the ms. However, the owner of the ms may not want to 

make their IBS available to the public, whereby the owner can set the ms to only allow access from members of 

the Closed Subscriber Group (CSG) designated by the owner. 

Summary of the invention 

The teachings of the present disclosure relate to methods and systems for evaluating a wireless service network 

For example, a method for evaluating a wireless service network can lndude the step of recelving information 

indicative of a wireless coverage area associated with each of a plurality of base stations within a geographic area. 

The method can also indude the step of determining a threshold performance requirement wHhin the geographic 

area. The method can additionally lndude the step of simulating deployment of at least one femto base station 

within the geographic area. The method can also include the step of determining at least a first performance 

parameter based on the simulated deployment of the at least one f emto base station within the geographic area. 

The method can also include the step of generating a deployment recommendation based on at least the first 

performance parameter and the threshold performance requirement. The deployment suggestion can indicate 

whether at least one femto base station ls deployed wHhln the geographic area. 

The technical advantages of a particular embodiment include the ability to evaluate a wireless network that 

provides femtocdl services and ms. Another advantage of certain embodiments is that the wireless service 

provider can determine whether to deploy the femtoceH service within a geographic area. Another advantage of 

certaln embodlments is that the wireless servlce provider is also able to determine the price of the f emtocell 

service within the geographic area. Another advantage of certain embodiments is that the wireless service 

provider can determine the spectrum utilization policy of the ms within the geographic area. Other technical 

advantages will be readily apparent to those of ordinary skill in the art in view of the appended claims. Moreover, 

although specific advantages have been enumerated above, various embodiments may include all, some, or none 

of the enumerated advantages. 
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DRAWINGS 

For a more complete understanding of the specific embodiments and their advantages, the following description 

will be described with reference to the accompanying drawings in which: 

Figure 1 illustrates a communication system including various communication networks in accordance with a 

particular embodiment; 

2 mustrates a network induding a more detailed view of a computer, in accordance with a particular 

embodiment; 

3 illustrates a method for evaluating a wireless service network within a geographic area, in accordance with a 

particular embodiment; 

4 illustrates a method for boosting a femtoceH service, in accordance with a particular embodiment; 

Figure 5 illustrates a method for determining installation configuration parameters for a femto base station, in 

accordance with a particular embodiment. 

detailed description 

FIG. 1 illustrates a communication system including various communication networks in accordance with a 

particular embodiment. Communication system 100 can be complised of multiple networks 110. Each network 

110 can be any of a variety of communication networks designed to facilitate one or more different services, 

either independently or in combination wHh other networks. For example, network 110 may facilitate Internet 

access, wireless access (eg, via LTE or WiMAX wireless services), onBne gaming, data downloading, file sharing, 

peer-to-peer file sharing (P2P), Voice over Internet Protocol (VoIP) calls, IP A video call, or any other type of 

functionality typically provided by the network. Network 110 may utilize any of a variety of protocols for wired 

or wireless communication to provide their respective services. For example, network 110a may indude an 

802.16 wireless network (eg, 802.16j), commonly referred to as WiMAX, which may include, in addition to other 

portions, a macro base station (MBS) ( eg, base station 120) and a fem to base station (tBS). (eg ms 190). 

28-10-2019 3 TP Link Ex. 1004 
Page 356



For simplicity and ease of dlscussion, the remalnder of this specification may use simplified naming for the 

various entities, components, and networks discussed herein. "Home location" may refer to a location where a 

user has access to a home network to an external network such as the Internet The home location is not limited 

to only the user's home, which may include, for example, the user's office. "Horne network access" may refer to 

any of a variety of methods and/or techniques for accessing one or more external networks, such as the Internet, 

from a user's home location. For example, home network access may include: cable modems, DSL modems, 

xDSL modems, and the like. 'lfome network'' may refer to a local area network (LAN) that is placed within the 

user's home location. The LAN can include both wired and wireless connections. The term "Internet" is not 

limited to the Internet, but includes any type of network, including puhllc and prlvate networks. An ''Internet 

Service Provider" (ISP) may refer to an entity that provides users with access to their home network. "Wireless 

service" may refer to any of a variety of methods and/or techniques used by a wireless service provider to provide 

wireless access to an endpoint over a large geographlc area. A Wlreless Service Provider (WSP) can refer to an 

entity that provides wireless services. Although such a nomenclature is used for simplicity, it does not represent 

the full scope of all possible embodiments and/or circumstances. For example, an ISP can also be a WSP. As 

another example, an ISP may not provide Internet access directly to a user (eg, an ISP may provide Internet 

access to a building, which may then provide Internet access to fBS users). 

The embodiment depicted in FIG. 1 includes an ms 190. fBS 190 may essentially be a small base station that a 

user purchases (or rents) from their WSP. Once installed, the ms 190 can provide a geographically small 

coverage area that can be used to enhance signal coverage within the user's home location. In some 

embodiments, fBS 190 can use the same wireless service as surrounding base station 120. For example, in a 

particular embodiment, ms 190 may use the same licensed spectrum as other local base stations 120 of WSP (e.g., 

MBS, pico base station (pBS) (not depicted), and/or RS (not depicted) ( For example, the spectrum licensed by 

the user's WSP). Depending on the situation, the user can share the coverage of his ms with other unknown 

users (eg, the ms is a public ms), which he can limit to known/authorized users (eg, the fBS is a private fBS), or 

above Some combination. Known/authorized users may be referred to as CSGs. Because every fBS user can 

operate their own corresponding ms, all of them can prefer to use thelr ms in a CSG type configuration. 

Although the exemplary communication system 100 of FIG. 1 includes six different networks, the networks 

llOa-11 Of, the term "network" should be interpreted to generally define the ability to transmit signals, data, 

and/or messages (including through web pages, email, text chat, Any network or combination of networks of 

Voice over IP (VoIP) and instant messaglng (signal, data, or messaging). Depending on the scope, size, and/or 

configuration of the network, any of the networks 110a--110f can be implemented as a LAN, WAN, MAN, 

PSTN, WiMAX network, a global distribution network such as the Internet, an intranet, an extranet, or Any 

other form of wireless or wired networking. 

Network 110 may include any number of wired links 160. wireless connections 150, nodes 170, and/or endpoints 

140, and combinations thereof. For purposes of illustration, and by way of example only, network 110a is a MAN 
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that may be implemented at least in part via WlMAX or LTE; network 110b is a PSTN; network 110c ls a LAN; 

network 110d is a WAN such as the Internet; network 110e may be responsible for The network 110a is a WSPN 

that operates with a WSP operated by a wireless service (e.g., WiMAX); and the network 11 Of is an Internet 

service provider network that can he operated by an ISP responsible for providing home network access 

(including Internet access) to its users ( ISPN). Although not depicted in Figure 1, the lSPN network 110f may 

lndude servers, modems, gateways, and any other components that may be requlred to provide their respective 

services. 

Although network 110 has been depicted as six separate networks, depending on the situation, any two or more 

of these networks may be a single network. For example, the WSP and ISP can be the same business entity that 

can maintaln the necessary components for both services on the same network, thereby combining the ISPN 

network 110f and the WSPN network llOe into a single network. Moreover, the interconnections between the 

plurality of networks 110 can be different than the interconnections depicted in FIG. For example, if a user uses a 

Digital Subscriber Line (DSL) for his Internet access, his network access device 180 can connect to the PSTN 

110b. 

In general, network 110 is provided for communication of packets, units, frames, or other portions of 

information (referred to herein as packets) between endpolnts 140 and/or nodes 170. In a particular 

embodiment, networks 110a and 110c-110f may be IP networks. The IP network transmits data by placing data 

in the packet and individually transmitting each packet to the selected destination along one or more 

communication paths. Network 110b may be, for example, a PSTN, which may include a switching station, a 

central office, a mobile telephone switching office, a paging exchange, remote terminals, and other related 

telecommunications equipment throughout the world. Network 110d can be coupled to network 110b through a 

gateway. According to an embodiment, the gateway may be part of network 110b and/or 110d (e.g .. nodes 170e 

and/or 170c may include a gateway). The gateway may allow the PSTN 110b to communicate with a non--PSTN 

network, such as any of the networks 110a or 1 lOc-1 lOf. 

Any of the networks 110a or 1 lOc-1 lOf may be coupled to other IP networks including, but not limited to, the 

Internet. Because IP networks share a common method of transmitting data, signals can he sent between devices 

located on different and interconnected IP networks. In addition to being coupled to other IP networks, any of 

the networks 110a or 110c-l 10f may also be coupled to a non-IP network by using an interface or a component 

such as a gateway. Similarly, PSTN 110b may be capable of connecting to other networks, including connecting 

to an IP network via an interface or gateway. 

The networks 110 can be connected to each other and to other networks via a plurality of wired links 160, 

wireless connections 150. and nodes 170. Not only the wired link 160, the wireless connection 150, and the node 

170 connect various networks, but they are also interconnected with the endpoints 140 and with any other 
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components or any portion of any of the networks 110 that are coupled to the endpoints 140. The 

interconnection of network 110 may enable endpoints 140 to transmit data and control signaling between each 

other and allow any intermediate component or device to transmit data and control signals. Thus, a user of 

endpoint 140 may be able to transmit and receive data and control signals between and among network 

components coupled to one or more networks 110. 

In the depicted embodiment, wireless connections 150f and 150g may represent, for example, a wireless 

connection between end point 140 of WiMAX and base station 120 or ms 190. In other embodiments, wireless 

connection 150 may use other wireless technologies and/or protocols, such as LTE, or LTE-A. In some cases. 

WiMAX, LTE, or L TE-AMBS, along with an extended range of one or more relay stations, pBSs, and/or fBSs, 

may allow network 110a to cover a larger geographic area associated with the MAN. 

Node 170 can include any combination of: network components, moderns, session border controllers, 

gatekeepers. ISPN gateways, WSPN gateways, security gateways, operations management and maintenance and 

provisioning (OAM&P) servers, network access providers ( NAP) server, base station, conference bridge, router, 

hub, switch, gateway, endpoint, or any other hardware, software. or embedding that implements any number of 

communication protocols that permit the exchange of packets in communication system 100. Logic. For 

example, node 170e can include a gateway. As a gateway, node 170e may allow network 110b, PSTN networks to 

transmit and receive communications from other non-PSTN networks. such as network UOd, IP networks. In 

some cases, as a gateway, node 170e can switch communications between the various protocols used by networks 

110b and 110d. 

In particular embodiments, network UOe may include various servers, gateways, switches, routers, and other 

nodes used in providing one or more wireless services. For example, WSPN 1 lOe includes: a mobility 

management entity (MME) 130b, a security gateway 130a, a serving gateway 130d, and a home node gateway 

130c. The MME 130b may be responsible for storing, organizing, and/or maintaining bindings received from 

various endpoints. Security gateway 130a may include multiple, logically separate security gateways. Although 

gateways can be logically separated, they can be physically juxtaposed or separated. The secure gateway 130a may 

provide security to the WSPN llOe for access to the WSPN 110e via the Internet and/or to the ffiS accessing the 

WSPN llOe. In a particular embodiment, this security can be provided by two logically separate security 

gateways. For example, a security gateway can be responsible for an internet-based connection, while a second 

separate security gateway can be responsible for an IBS-based connection. 

The home node gateway 130c can be used as a concentrator for the control plane (eg, S1-MME interface). In 

some embodiments, the home node gateway 130c may terminate the user plane towards the home node gateway 

130c and toward the serving gateway BOd. The home node gateway 130c may provide a relay function for 

relaying user plane data between the home node gateway 130c and the serving gateway 130d. In some 
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embodiments, the home node gateway 130c can support a NAS node selection function (NNSF). Although 

specific components have been described and depicted within WSPN llOe, WSPNs may include different, fewer, 

or additional components. 

Network access device 180 may provide home network to fBS 190 by hardware, software embedded in a 

computer readable medium, and/or any combination of encoding logic (e.g., firmware) incorporated into or 

otherwise stored in hardware. Access. In some embodiments, network access device 180 can be provided by a 

user's ISP. For example, lf the user's ISP is a cable company, the ISP can provide a cable modem as the network 

access device 180. As another example, if the user's ISP is a telephone company, the ISP can provide an xDSL 

modern as the network access device 180. As can be appreciated, network access device 180 can provide home 

network access to components other than rns 190. For example, a user can connect his personal computer to the 

network access device 180 to access the Internet. 

Endpoints 140 and/or nodes 170 may provide data to a user via hardware, software embedded in a computer 

readable medium, and/or any combination of encoding logic (eg, firmware) incorporated into or otherwise 

stored in hardware. Or web service. For example, any one of the endpoints 140 can be a cellular telephone, an IP 

telephone, a computer, a video monHor, a video camera, a personal digital assistant, or any other hardware or 

software that supports the use of one or more networks 110 to transmit packets (or frames). And/ or coding 

logic. Endpoints 140 may also include unattended or automated systems, gateways. other intermediate 

components, or other devices that can transmit or receive data and/or signals. 

Although FIG. 1 illustrates a particular number and configuration of endpoints, connections, links, and nodes, 

communication system 100 also contemplates any number or arrangement of such components for 

communicating data. Additionally, elements of communication system 100 may include components that are 

centrally located (partially) relative to one another or distributed throughout communication system 100. 

2 illustrates a network including a more detailed view of a computer, in accordance with a partlcular 

embodiment. The depicted network 200 is a simplified Hlustration of a computer 210, a network 220. and storage 

areas 230a-230c. Computer 210 may include one or more portions of one or more computer systems. In 

particular embodiments, one or more of these computer systems can perform one or more steps of one or more 

methods described or exemplified herein. In particular embodiments, one or more computer systems can 

provide the functions described or exemplified herein. In some implementations, encoding software running on 

one or more computer systems can perform one or more steps of one or more methods described or illustrated 

herein, or can be described or illustrated herein. The function. 

The components of computer 210 may include any suitable physical form, configuration, number, type, and/or 
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layout. By way of example and not limitation, computer 210 may comprise an embedded computer system, a 

system on a chip (SOC), a single board computer system (SBC) (for example, a computer on a module (COM) 

or a system on a module (SOM)), desktop computer system, laptop or notebook computer system, interactive 

query system (kiosk), mainframe, computer system network, mobile phone, mobile phone, personal digital 

assistant (PDA), server, or these A combination of two or more. Where appropriate, computer 210 may include 

one or more computer systems; single or distributed; span multiple locations; span multiple machines; or reside 

in one or more networks including one In the cloud of more or more cloud components. In one example, 

computer 210 can be a radio system level simulator or a commercial radio planning tool. 

Where appropriate, computer 210 may perform one or more steps of one or more methods described or 

exemplified herein without significant spatial or temporal limitations. By way of example and not limitation, 

computer 210 may perform one or more steps of one or more methods described or exemplified herein. One or 

more computers may perform one or more steps of one or more methods described or illustrated herein at 

different times or at different locations. where appropriate. 

In the depicted embodiment, computer 210 can include processor 211, memory 213, storage 215, interface 217, 

and bus 212. These components can work together to plan, design, and evaluate a wireless network that can 

include ms, as discussed below. Although a particular network is depicted as having a particular number of 

specific components in a particular arrangement this disclosure contemplates any suitable network 200 having 

any suitable number of any suitable components in any suitable arrangement For the sake of simplicity, only the 

components of computer 210 are depicted. Other devices in network 200 may have one or more of the various 

components described below for computer 210. 

Processor 211 can be a microprocessor, controller, or any other suitable computing device, resource, or 

combination of hardware, software, and/or coded logic operable to separate or in combination with other 

components (eg, memory 213) To provide the ability to plan, design, and evaluate a wireless network that can 

include fBS. Such functionality may include providing various features discussed herein. For example, processor 

211 can identi(y one or more potential deployment customers to which to deploy an fBS. Additional examples 

and functions provided at least in part by processor 211 are discussed below. 

In particular embodiments, processor 211 may include hardware for executing instructions, such as instructions 

that constitute a computer program. As an example, and not by way oflimHation, the processor 211 may retrieve 

(or extract) instructions from internal registers, internal cache, memory 213, or storage 215 for execution of 

instructions; decode and execute them; and then The more or more results are written to the internal register, the 

internal cache, the memory 213, or the storage 215. 
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In particular embodiments, processor 211 may include one or more internal caches for data, instructions or 

addresses. Where appropriate, the present disclosure contemplates processor 211 including any suitable number 

of any suHable internal cache memories. As an example, and not by way of limitation, the processor 211 can 

include one or more instruction caches, one or more data caches, and one or more translation look-aside buffers 

(TLBs). The instructions in the instruction cache may be copies of instructions in memory 213 or storage 215. 

The instruction cache can be used by the processor 211 to speed up the retrieval of those instructions. The data in 

the data cache may be: a copy of the data in memory 213 or storage 215, operating on instructions executed at 

processor 211; previously performed at processor 211 for subsequent processing The instructions at 211 are 

executed for execution, or for writing to memory 213 or storage 215; or other suitable data. The data cache can 

he accelerated by the processor 211 for read or write operations. The TLB can speed up virtual address translation 

for the processor 211. In particular embodiments, processor 211 may include one or more internal registers for 

data, instructions or addresses. Depending on the implementation, processor 211 may include any suitable 

number of any suitable internal registers, where appropriate. Processor 211 may, where appropriate, include one 

or more arithmetic logic unHs (AL Us); may be muHi-core processors; may include one or more processors 211; 

or be any other suitable processor. 

The memory 213 can he any form of volatile or non-volatile memory including, but not limited to, magnetic 

media, optical media, random access memory (RAM), read only memory (ROM), flash memory, removable 

media. Or any other suitable local or remote memory component or multiple local or remote memory 

components. Memory 213 can store any suitable data or information utilized by computer 210, including 

software embedded in a computer readable medium, and/or encoding logic (e.g., firmware) incorporated into or 

otherwise stored in hardware. In a particular implementation, memory 213 may include a main memory for 

storing instructions executed by processor 211 or data operated by processor 211. By way of example and not 

limitation, computer 210 may load instructions from storage 215 or another source (e.g., another computer 

system. storage area 230, or remote transceiver) to memory 213. Processor 211 can then load the instructions 

from memory 213 into an internal register or internal cache. To execute these instructions, processor 211 can 

retrieve these instructions from internal registers or internal cache and decode them. During or after execution of 

these instructions, processor 211 may write one or more results (which may be intermediate or final results) to an 

internal or internal cache. Processor 211 can then write one or more of those results to memory 213. In particular 

embodiments, processor 211 may execute only one or more internal registers or instructions in internal cache or 

memory 213 (as opposed to storage portion 215 or elsewhere), and may only be one or more Data is 

manipulated in a plurality of internal registers or internal caches or in memory 213 (as opposed to storage 

portion 215 or elsewhere). 

Bus 212 may comprise hardware, any software embedded in a computer readable medium, and/or any 

combination of encoding logic (e.g., firmware) incorporated in or otherwise stored in hardware to couple 

components of computer 210 to each other. As an example, and not by way oflimitation, the bus 212 may 

include: an accelerated graphics port (AGP) or other graphics bus, an enhanced industry standard architecture 

(EISA) bus, a front side bus (FSB), a hypertransport (HT) Connection, Industry Standard Architecture (ISA) 
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bus, lNFINIBAND interconnect, low-pin-count (LPC) bus, memory bus, microchannel architecture (MCA) 

bus, peripheral component interconnect (PCl) bus, PCI Expansion (PCI-X) bus, Serial Advanced Technology 

Attachment (SAT A) bus, Video Electronics Standards Association Local Area (VLB) bus, or any other suitable 

bus or combination of two or more of these buses. Bus 212 may include any number, type, and/or configuration 

of bus 212, where appropriate. In a particular embodiment, one or more buses 212 (which may include an 

address bus and a data bus) may couple processor 211 to memory 213. Bus 212 can include one or more 

memory buses, as described below. ln particular embodiments, one or more memory management units 

(MMUs) may reside between processor 211 and memory 213 and facilitate access to memory 213 as requested 

by processor 211. In a particular implementation, memory 213 can include random access memory (RAM). The 

RAM can be a volatile memory, where appropriate. The RAM may he dynamic RAM (DRAM) or static RAM 

(SRAM), where appropriate. Moreover, the RAM may be a single port or multi-port RAM, or any other suitable 

type of RAM or memory, where appropriate. The memory 213 may include one or more memories 213, where 

appropriate. 

In particular embodiments, storage 215 can include a mass storage for data or instructions. As an example, and 

not by way of limitation, the storage portion 215 may include: an H:OD, a floppy disk drive, a flash memory, an 

optical disk, a magneto-optical disk, a magnetic tape, or a universal serial bus (USB) drive or two or more of 

these. The combination. The storage portion 215 may include a removable or non-removable (or fixed) 

medium, where appropriate. The storage portion 215 may be internal or external to the computer 210, where 

appropriate. In a particular implementation, storage 215 can be a non-volatile, solid state memory. In a particular 

embodiment, storage 215 can include a read only memory (ROM). Where appropriate, the ROM may be a 

mask programming ROM, a programmable ROM (PROM), an erasable PROM (EPROM), an electrically 

erasable ROM (EEPROM), an electrically rewritable ROM (EAROM), or a flash. Memory or a combination of 

two or more of these. Storage 215 can take any suitable physical form and can include any suitable number or 

type of storage. The storage section 215 may include one or more storage control units that are easily 

communicated between the processor 211 and the storage section 215, where appropriate. 

In particular embodiments, interface 217 can include one or more interfaces for one or more I/0 devices. One or 

more of these I/0 devices may be capable of enabling communication between a person and the computer 210. 

As an example, and not by way oflimitation, the I/0 device can include: a keyboard, a keypad, a microphone, a 

monitor, a mouse, a printer, a scanner, a speaker, a still camera, a stylus, a tablet, a touch screen, a trackball, a 

video A camera, another suitable l/0 device, or a combination of two or more of these. The I/0 device can 

include one or more sensors. Particular embodiments may include any suitable type and/or number ofI/0 

devices, and any suitable type and/ or number of interfaces 117 for these I/0 devices. Interface 117 may include 

one or more devices or encoding software drivers that enable processor 211 to drive one or more of these I/0 

devices, where appropriate. Interface 117 may include one or more interfaces 117, where appropriate. 

Herein, a reference to a computer readable storage medium encompasses one or more tangible computer 
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readable storage medlum processing structures. As an example, and not as a limitatlon, the computer readable 

storage medium may include semiconductor-based or other integrated circuits (lCs), such as, for example, Field 

Programmable Gate Array (FPGA) or dedicated, where appropriate. IC (ASIC), hard disk, HDD, hybrid hard 

drive (HDD), optical disk. optical disk drive (ODD), magneto-optical disk, magneto-optical drive, floppy disk, 

floppy disk drive (FDD), magnetic tape, holographic storage medium, solid state drive (SSD) A RAM drive, a 

secure digital card, a secure digital drlve, a tlash memory card, a flash memory drive, or any other suitable 

computer readable storage medium or a combination of two or more of these. Here, references to computer 

readable storage media exclude any medium that does not meet the patent protection conditions under 35 

U.S.C. § 101. Here, references to computer readable storage media exclude temporary forms of signal 

transmission (e.g., propagating electrical or electromagnetic signals themselves) from the point that they do not 

comply with the patent protection conditions under 35 U.S.C. § 101. 

Particular embodiments may include one or more non- transitory computer readable storage media that 

implement any suitable storage. In a particular embodiment, the computer readable storage medium implements 

one or more portions of processor 211 (eg, such as one or more internal registers or caches), memory 213, where 

appropriate. One or more portlons, one or more portions of the storage portion 215, or a combinatlon of these. 

In a particular embodiment, a computer readable storage medium implements a RAM or ROM. In a particular 

embodiment, a computer readable storage medium implements a volatile or persistent memory. In a particular 

embodiment, the one or more computer readable storage media specifically comprise encoding software. 

Here, where appropriate, references to encoding software may encompass one or more applications, bytecodes, 

one or more computer programs, one or more that have been stored or encoded in a computer readable storage 

medium. Multiple executable programs, one or more instructions, logic, machine code, one or more scripts, or 

source code. and vice versa. ln a particular embodiment, the encoding software includes one or more application 

programming interfaces (APls) stored or encoded in a computer readable storage medium. Particular 

embodiments may use any suitable encoding software that ls stored or encoded in any suitable type or number of 

computer readable storage media, written or otherwise expressed in any suitable programming language or 

combination of programming languages. In a particular embodiment, the encoding software can be expressed as 

source code or object code. In a particular embodiment, the encodlng software is expressed in a high level 

programming language (for example. such as C, Perl, or a suitable extension thereof). ln a particular 

embodiment, the encoding software is expressed in a low level programming language such as assembly language 

(or machine code). In a particular embodiment, the encoding software is expressed in JAVA. In a particular 

embodiment, the encoding software is expressed in Hypertext Markup Language (HTML), Extensible Markup 

Language (XML), or other suitable markup language. 

Computer 210 is coupled to network 220. Network 220 can include hardware, software, coding logic, or any 

combination thereof. The term ''network'' should he interpreted to generally define a signal, data, and/or message 

(including, but not limited to, signals, data, or messages transmitted via web pages, email, text chat, voice over IP 
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(VoIP), and instant messaging). Any network or combination of multiple networks. Depending on the scope, 

size, and/or configuration, network 220 ( or any of its component networks) can be implemented as a LAN, 

WAN, MAN, PSTN, global distribution network such as the Internet, an intranet, an extranet, or any other form. 

Wireless or wired networking. In general, network 220 provides communication of packets, units, frames. or 

other portions of information (referred to herein as packets) between various components. More specifically, 

network 220 can couple computer 210 to one or more storage areas 230 such that computer 210 can access any 

information stored in storage area 230. 

In particular embodiments, storage area 230 may include a mass storage portion of data or instructions. As an 

example, and not by way oflimitation, the storage area 230 may include: an HDD, a floppy disk drive, a flash 

memory, an optical disk, a magneto-optical disk, a magnetic tape, or a universal serial bus (USB) or two or more 

of these. combination. Storage area 230 may include removable or non-removable (or fixed) media, where 

appropriate. In a particular implementation, storage area 230 can be a non--volatile, solid state memory. In a 

particular embodiment, storage area 230 can include read only memory (ROM). Where appropriate, the ROM 

may be a mask programming ROM, a programmable ROM (PROM), an erasable PROM (EPROM), an 

electrically erasable ROM (EEPROM), an electrically rewritable ROM (EAROM), or a tlash. Memory or a 

combination of two or more of these. The storage area 230 can take any suitable physical form and can include 

any suitable number or type of storage. In particular embodiments, storage area 230 may refer to a database 

accessible by computer 210. In a particular implementation, storage area 230 may store any suitable data for 

planning, designing, and evaluating a wireless network that may include an fBS. For example. storage area 230 

may store: demographic information associated with the geographic area (eg, population density, revenue, 

subscription status, etc.), geographic information associated with the geographic area (city, county, state, 

building, etc.), Terrain information associated with the geographic area (eg, altitude, vegetation, etc.), current top 

information of the service provided by the service provider, current licensed spectrum information for the 

wireless network, information about the spectrum available for licensing, and licensing License cost information 

associated with available spectrum, deployment cost information associated with deploying f.BS within a 

geographic area (eg, installation cost, site lease cost, spectrum license cost, etc.), data throughput associated with 

deploying fBS within a geographic area Changes in volume information, information about expected fees to be 

collected for deployment of fBS in a geographic area (eg, normal customer charges, promotional customer 

charges, etc.), and/or during planning, design, and evaluation of wireless networks that may include ms Any 

other suitable information used or created. 

So far, several different implementations and features have been proposed. Particular embodiments may 

combine one or more of these features depending on operational needs and/or component constraints. This can 

allow the network 200 to be highly adaptable to the needs of various organizations and users. Some embodiments 

may include additional or different features. In particular embodiments, the functionality of computer 210 may 

be provided by additional or different means. 
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In accordance with certain embodiments, the teachings of the present disclosure relate to planning, designing, 

and evaluating a wireless network that can include an fBS. Traditionally, wireless service providers have not been 

able to efficiently plan, design, or evaluate wireless networks that provide femtoceH services and IBS. In particular, 

for fomtoceH services and ms, various barriers have made planning, designing, and evaluating wireless networks 

impractical. For example, unlike traditional base stations (e.g., MBS, pBS, RS, etc.) where the wireless service 

provider controls the deployment of the base station, the wireless service provider has little or no control over the 

deployment of the ms. Specifically, because the fBS is owned or leased by a separate client, the wireless service 

provider does not know which home locations will deploy the fBS. Moreover, the wireless service provider may 

have less control over where the ms may he located wHhln the customer's home location. Therefore, since the 

number of potential ms site locations is significantly larger than that of a conventional base station, it is not 

feasible to evaluate all possible combinations of fBS locations. As another example, the wireless coverage of an IBS 

ls significantly smaller than a conventional base station. In particular, although the wireless coverage of the MBS 

can be several square miles, the wireless coverage of the fBS is limited to relatively small areas (eg, surrounding a 

house). Thus, planning, designing, and evaluating networks that include ms is traditionally not feasible. 

In one embodiment, planning, designing, and evaluating a wireless network may lndude three phases of 

processing: (1) a "pre-planning" phase (FIG. 3), which may be an auxiliary service provision prior to initiating a 

femtocell service within a particular geographic region The party makes a strategic decision; (2) the "promotion;, 

phase (Figure 4), which can assist the service provider to promote the femtocell service to a specific customer 

base, and the subscription of the femtoceH service for that particular customer group may benefit the service 

provider And (3) the "Operation" phase (Figure 5), which can assist the service provider in determining 

installation configuration parameters for faster and more successful deployment of the fBS. In some 

embodiments, depending on the situation, the pre-planning phase may occur during deployment of a planned 

new wireless service, after a traditional wireless network has been planned (eg, a wireless network including MBS, 

pBS, RS, etc.) but not fully deployed. In the case of a network, or afl:er a traditional wireless network has been 

deployed in a geographic area. In some embodiments, the promotion phase can occur afl:er the wireless service 

has been initiated by the service provider. In another embodiment, the operational phase may occur after the 

wireless service has been initiated by the service provider and/or at any time when the potential deployment 

customer is identified (e.g., a request for the fBS has been received from the potential deployment customer). 

Each of Figures 3-5 discussed below may relate to the deployment of an fBS. In one embodiment, the 

deployment of the ms may include any suitable action for providing the femtocell service to the client. For 

example, the deployment of the ms may include providing the fBS device to the client, providing the femto cell 

service to the fBS, configuring the fBS to operate, or any other suitable action associated with deploying the fBS. 

Moreover, each of Figures 3-5 discussed below may relate to "potential deployment customers." In one 

embodiment, the potential deployment customer may include any suitable individual, institution, company, or 

any other suitable group that may potentially deploy the fBS. In another embodiment, the potential deployment 
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customer may include: an exlsting customer of the wlreless service provider who has not subscribed to the 

wireless service provider for the femtoceH service (eg, they may subscribe to other wireless provided by the 

wireless service provider) Service), or a person or group (eg, a non--customer) who has neither subscribed to the 

wireless service provider nor subscribed to the wireless service provider for the femtoceH service. 

Figure 3 illustrates a method for evaluating a wireless service network within a geographic area, in accordance 

with a particular embodiment In a particular embodiment, the method may allow the wireless service provider to 

make a policy decision regardlng the deployment of the ms in a geographic area. For example, based on the 

determinations performed in the method, the wireless service provider is able to understand at a high level the 

performance of the wireless service network and how the incorporated ms may affect the performance. 

Specifically, the wireless service provider can determine how the ms affects wireless capacity, backhaul capacity, 

latency, traffic (such as traffic redirected from MBS to IBS), and revenue. Thus, the wireless service provider can 

determine whether to deploy the femtocell service within a geographic area and also be able to determine the 

price of the femtoceH service within the geographic area. 

In one embodiment, the method of FIG. 3 may be performed by a computer such as computer 210 of FlG. 

Likewise, the method of Figure 3 can be performed by a radio system level simulator or a commercial radio 

planning toot 

The method begins at step 310 where the computer receives informatlon indicative of a wireless coverage area 

associated with a base station within a geographic area. This information can be associated with base stations that 

have been deployed or are planned to be deployed in the future. In those cases where the wireless coverage area 

information is based on a planned deployment of the base station, the information may be based on a simulation 

of the deployment of the base station. Where the wireless coverage area information is based on actual 

deployment to the base station, the information may be based on measurements made within the geographic 

area, a simulation of the deployed base station. or some combination of the two. In one embodiment, the wireless 

coverage associated with the base station may include wireless coverage associated with any suitable type of base 

station. For example, these base stations may indude: MBS, pBS, RS, or any other suitable base station. The 

wireless coverage area information can be used in particular to determine the current capacity of the wireless 

network and/or to identify locations within the geographic area that the wireless coverage does not satisfy one or 

more performance thresholds. For example, the identified location may be an area withln the geographic area 

where the wireless signal strength is weak or there is insufficient available bandwidth. 

At step 314, the computer determines the number of potential customers within the geographic area. In one 

embodiment, the computer can determine the number of potential customers based on demographic 

information. For example, a computer can receive demographic information associated with the geographic area. 

Such demographic information may include: current population level, address associated with the population, 
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expected population growth, infonnation about the current customer of the wireless service provider, age 

distribution, household income, education level, or related to the geographic information. Any other suitable 

demographic information. This demographic information can also include U.S. Any accessible information of 

the Census Bureau. 

Once demographic information is received, the computer can identify a subset of the population within the 

geographic region. The subset may he identified based on the identified location where the wireless signal was not 

performed as required, an analysis of any suitable demographic factors, or a combination of the above. For 

example, a computer can identify subsets based on family income ranges, age ranges, education level ranges. and 

the like. After identifying a subset of the population, the computer can then determine the number of potential 

customers by multiplying the subset of the population by the probability of ordering. The probability of ordering 

may be based on historical data provided by the wireless service provider, e.g., based on previous deployments, 

deployments of other wireless service providers, other sources that have historically employed wireless services, 

or some combination of the above. In some embodiments, the probability of ordering may be based on a 

function of the household income range, age range, education level, etc. of the population within the geographic 

region. 

In some embodiments, the computer can determine the number of potential customers based on a list of 

previous customers, such as customers who have subscribed to previously generated wireless services provided 

by the wireless service provider. Similarly, the number of potential customers can be determined using an existing 

customer database accessible to the wireless service provider. 

In particular embodiments, potential deployment customers may he identified based on the number of potential 

customers. In some embodiments, potential deployment customers may also be identified based on market share 

maintained by wireless service providers within the geographic area. For example, a computer can multiply the 

total number of potential customers ( eg, people living in the geographic area) by market share ( the percentage of 

people in the geographic area that are already customers of the wireless service provider) to calculate potential A 

subset of customers. In this example, the market share can he determined by the computer or can be entered into 

the computer by the user. ln some embodiments, if demographic information is utilized to calculate the number 

of potential customers, the computer can randomly select an address from among all addresses within the 

geographic area. In another embodiment, if the previous customer list is utilized to calculate the number of 

potential customers, the computer can randomly select an address from among the addresses on the list. 

At step 318. the computer determines the current performance of the wireless coverage area. In one embodiment, 

the computer determines current performance based on information indicative of the wireless coverage area 

received by the computer in step 310. In one embodiment, the current performance of the wireless coverage area 

may refer to coverage and throughput provided by base stations within the geographic area. This current 
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performance may also refer to the cost of providlng wireless coverage (eg, maintenance, operations, etc.). The 

current performance of the wireless system can be determined in any suitable manner using any suitable 

information. 

At step 322, the computer detem1ines a threshold performance requirement. This threshold performance 

requirement can include any suitable wireless performance requirements. For example. the threshold 

performance requirement can include the total wireless capacity required within the geographic area during peak 

usage time. As another example, the threshold performance requlrement may include the total wireless capacity 

required within the geographic area during the average usage time. ln one embodiment, the threshold 

performance requirement can provide an indication of the extent to which the wireless system network can be 

expected to receive. In some embodiments, the threshold performance requirement can be based on a desired 

future performance requirement to reflect an expected increase in the number of customers. This expected 

increase can be based on the number of potential customers and/or the probability of the order discussed above. 

The threshold can be based on usage, capacity. cost, or any other metric that is recognized by the wireless service 

provider. 

This threshold performance requirement can he determined in any suitable manner. In one embodiment, the 

threshold performance requirement may be determined based on an estimate of the wireless usage requirements 

of current and/or potential deployment customers. For example, when a wireless service provider enters a new 

market, each potential deployment customer can be associated with a wireless subscription plan for wireless 

servlces. In such an example, this association can be made based on the probabHlty of the order dlscussed above. 

In another embodiment, such association may be based on any other information obtained during the above 

steps. In one embodiment, after the computer associates the potential deployment customer with the wireless 

subscription plan for the wireless service, the computer can estimate the threshold performance requirements 

based on the potential deployment customers and their associated subscription plans. In another embodiment, 

the estimate can be made based on any other suitable factor, such as typical wireless usage during peak periods. 

At step 326, the computer simulates an IBS deployment within the geographic area. In one embodiment, the 

simulation can include a computer simulation of the wireless coverage generated by the ffiS deployed (e.g., 

installed and operated) within the geographic area. As such, the simulation can include wireless coverage 

provided by both exlstlng base stations within the geographic area and also by the added IBS. ln one 

embodiment, this combination of existing base stations (MBS, pBS, RS, etc.) and fBS may be referred to as a 

"heterogeneous environment. n 

In one embodiment, the simulatlon can include deploylng IBSs to cause them to operate in a particular mode. 

For example, the simulation can include one or more of a plurality of IBSs operating in CSG, OSG, or HSG. 
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In one embodiment, the simulation can include deploying any suitable number of fBSs. For example, during a 

simulation, only a single fBS can be deployed, or muHiple fBSs can be deployed. In another embodiment, the 

number of fBSs deployed during the simulation may be based on the percentage of potential deployed 

customers. For example, the number offBSs can be ten percent of the number of potential deployed customers, 

twenty percent of the number of potential deployed customers, or any other suitable percentage. 

In one embodiment, the simulation can include deploying the ms to a particular location within the geographic 

area. For example. an fBS can be deployed to a specific address within a geographic area. As another example, the 

fBS can be deployed to any address of a potential deployment customer. In one embodiment, the selection of the 

address may be random. For example, the selection of an address can he based on the probability of ordering as 

discussed above. As another example, the selection of the address may be based on a uniform random 

distribution. In another embodiment, the selection of the address can be based on any suitable algorHhm. In yet 

another embodiment, the number of addresses at which the femto base station is deployed may be based on a 

percentage of the address of the potential deployment client. 

At step 330, the computer determines a first set of parameters based on the simulated deployment of the fBS. In 

some embodiments, the first set of parameters can include a first performance parameter. The first performance 

parameter can include any indication of the wireless coverage produced by the simulation. For example, the first 

performance parameter can be based on bandwidth, coverage area, signal quality, wireless capacity, backhaul 

capacity, any other parameters related to the wireless network, or some combination of the above. In some 

embodiments, the first set of parameters can also include a first cost parameter. The first cost parameter may 

include capital expenditures (such as equipment costs for fBS, security gateways, femtocell gateways, etc.) and 

operational costs associated with deploying fBS (eg, maintenance, technical support, customer support, 

providing another channel for fBS operation, cost of providing additional bandwidth, etc.). Likewise, the first 

cost parameter can include the total cost associated with deploying the ms. 

At step 334, the computer simulates the deployment of additional base stations within the geographic area. In an 

embodiment, the additional base station may not include an IBS. For example, the additional base station may 

only include base stations of the type already existing in the geographic area, such as MBS, pBS, RS, and the like. 

In a particular embodiment, such a deployment can he simulated to compare with the simulation of the 

deployment of the fBS. For example, the deployment can be simulated to determine if the added additional MBS, 

pBS, RS, and/or any other suitable type of base station already present in the geographic area can result in better 

performance than deploying the IBS. 

In one embodiment, the simulation of step 334 may include a computer simulation of the wireless coverage 

generated by deploying (e.g., installing and operating) additional base stations within the geographic area. 
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Likewise, the simulatlon can include wireless coverage provlded by both existing base stations wlthin the 

geographic area and also by added base stations. Moreover, in one embodiment, the simulation performed by 

the computer at step 334 may not include any ffiS from steps 326 and 346. Likewise, the simulation may only 

include base stations of the same type as the base stations already present in the geographic area. In one 

embodiment, this may be referred to as a different "isomorphic environment." 

In one embodiment, the simulation of step 334 may include deploying any suitable number of additional base 

stations. For example, during a simulation, only a single additional base station may be deployed, or multiple 

additional base stations may be deployed. In one embodiment, the number of additional base stations can be 

determined in any suitable manner. In another embodiment, the simulation of step 334 can include deploying 

the addltlonal base stations to specific locations within the geographic area. In one embodiment, the location at 

which additional base stations are deployed may be determined in any suitable manner. 

At step 338, the computer determines a second set of parameters based on the simulated deployment of the 

additional base statlons. In one embodiment, the second set of parameters can include a second performance 

parameter. The second performance parameter can include any indication of the wireless coverage generated by 

the simulation at step 334. For example, the second performance parameter can be based on bandwidth, 

coverage area, signal quality, wireless capacity, backhaul capacity, any other parameters related to the wireless 

network, or some combination of the above. ln one embodiment, the second set of parameters can include a 

second cost parameter. The second cost parameter may include capital expenditures (e.g., equipment costs for 

additional base statlons, security gateways, etc) and operational costs (e.g., maintenance costs) associated with 

deploying additional base stations. Likewise, the second cost parameter can include the total cost associated with 

deploying the additional base station. 

In particular embodiments, the information used by the computer and used in the simulations performed in 

steps 326 and 334 may include any number of different types that may or may affect the wireless network and/or 

any associated cost thereof. Any combination of appropriate information. For example, the information can 

include geographlc or terrain data associated with the geographic area. This data can be included from U.S. City, 

county, and/or state boundaries, building size and location, terrain, elevation, and land cover data received by 

the Geological Survey (USGS). The data may also include any information that may relate to the physical 

locatlon of the base station or ms and/or the range that may aftect lts wlreless signals. 

This information may include infrastmcture data associated with providing coverage areas. The infrastrncture 

data may include any suitable data regarding antennas, cellular towers, base stations, cabling, switching or routing 

offices, site leases (e.g., leased land or building space), or any other suitable infrastructure data. For example, the 

infrastrncture data may include location data for any aspect of the infrastructure (eg, the location of any base 

station, antenna, or cell tower within the geographic area), performance data for any aspect of the infrastructure, 
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and infrastructure-specific Any aspect of cost (eg, acquisition, rent, maintenance, upgrades, etc.) data, or any 

other suitable infrastructure data. The infrastructure data may include any suitable infrastructure data that is 

stored and maintained by the wireless service provider or by the Federal Communications Commission (FCC). 

The information may also indude spedmm information related to the availability of the wireless spectrum (e.g., 

the wireless spectrum available to the wireless service provider for lease and/or current lease). The spectral 

information may relate to available frequencies, bandwidth, costs associated with licensed available spectrum, any 

other features or components related to the available spectrum, or some combination of the above. 

This information can also indude capacity data. This capacity data can be associated with the cumulative 

capacity of the base station or fBS deployed or to be deployed, or the individual capacity of a single base station 

or ms. In addition, the capacity can be associated with wireless capacity, wired capacity, backhaul capacity, 

switched capacity, processing capacity, or the capacity of any other component or service required to provide 

wireless coverage. 

This information can also include currency information. The currency information may include the fees 

cum:ntly charged to the current customer, or an estimated fee that may he charged when deploying an ms or 

other base station. The currency information can include: promotional pricing, promotional discounts. or 

incentives. The currency information can include the costs associated with deploying the base station or fBS. This 

cost can relate to initial deployment costs (eg, purchasing new hardware, installing hardware, configuring 

hardware, acquiring site space, renting spectrum, etc.) and recurring costs (eg, site rental fees, spectrum license 

renewals, utilities, maintenance, etc.) ) . 

At step 342, the computer compares the first and second sets of parameters. The comparison can include one or 

more of the first and second performance parameters and the first and second cost parameters. This comparison 

can be used to help decide between deploying an fBS within the geographic area or deploying additional base 

stations. In some embodiments, the first and/or second performance parameters can he compared to a threshold 

to determine if any of the simulations result in a parameter that is sufficiently improved (e.g., a parameter that 

meets or exceeds the threshold performance determined at step 322). In some embodiments, the computer can 

determine if additional simulations are to be performed. In some cases, the determination can he made based on 

input from an operator of the computer. Depending on the particular implementation, determining that 

additional simulations are to be performed may enable the computer to simulate additional ways in which 

threshold performance requirements may be met. 

At step 346, a deployment suggestion is generated. In one embodiment, the deployment suggestion can indicate 

whether the fBS should be deployed within the geographic area. For example, based on one or more of the 
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slmulations at steps 326 and 334 and the threshold performance performance requlrements determined at step 

322, the computer can determine whether deploying the ms within the geographic area is desirable or 

undesirable. As another example, based on one or more of the simulations at steps 326 and 334 and the threshold 

performance performance requirements determined at step 322, the computer can determine whether deploying 

the additional base within the geographic area is desirable or undesirable. In some embodiments, the computer 

can determine that H ls desirable to deploy a combination of ms and base stations. In some embodiments, the 

computer can determine that deploying an fBS or base station is disadvantageous. This may occur, for example, 

when neither of the simulations produces a performance parameter that exceeds the threshold determined at step 

322. In yet another embodiment, the deployment suggestion can indicate performance parameters and/or cost 

parameters that may be expected with or without the deployment of the ms. 

In one embodiment, the computer can generate a deployment suggestion based at least on the first performance 

parameter. For example, it may be desirable for the computer to determine that deploying an fBS within the 

geographic area when the first performance parameter meets the threshold performance requirement. 

In another embodiment, the computer can generate a deployment suggestion based on a comparison of the first 

performance parameter to the second performance parameter. For example, based on a comparison of the first 

performance parameter to the second performance parameter, the computer can determine that the 

heterogeneous system (which includes the fBS) produces better performance than the homogeneous system 

(which does not include the fBS). Likewise, the computer can generate deployment recommendations indicating 

that ms should he deployed within the geographlc area. 

In another embodiment, the computer can generate a deployment suggestion based on a comparison of the first 

cost parameter to the second cost parameter. :For example, based on a comparison of the first cost parameter to 

the second cost parameter, the computer can determine that the heterogeneous system (whlch includes the ms) 
produces a lower cost than the homogeneous system (which does not include the fBS). Likewise, the computer 

can generate deployment recommendations indicating that fBS should be deployed within the geographic area. 

In yet another embodiment, the computer can generate a deployment suggestion based on the comparison of the 

first and second performance parameters and the first and second cost parameters. For example, based on a 

comparison of the first and second performance parameters and the first and second cost parameters, the 

computer can determine that the heterogeneous system (which includes the ms) produces better performance 

and/or performance than the homogeneous system (which does not include the fBS) Lower cost. Similarly, the 

computer can generate deployment recommendations indicating that fBS should be deployed within the 

geographic region. 
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In one embodiment, generating a deployment suggestion may also cause the computer to make additional 

determinations. In particular, the computer can determine one or more deployment policies (eg, spectrum usage 

policies) for the IBS. For example, the computer can determine if the ms and other base stations (MBS, pBS, RS, 

etc.) should share the wireless channel or determine whether to dedicate the wireless channel to the ms. As 

another example, the computer can determine one or more operational modes (CSG, OSG, HSG, etc.) for the 

ms. As yet another example, the computer can determine the bandwidth of the IBS channel. In one 

embodiment, these determinations can be made based on a comparison of the first and second performance 

parameters and/or the first and second cost parameters. 

In one embodiment, the step of generating a deployment suggestion can further include the computer generating 

a pricing policy associated with deploying the IBS within the geographic area. SpeclflcaHy, the pricing strategy can 

be based on capital expenditures and savings (eg, for equipment, site leases, security gateways, femtocell 

gateways, backhaul connections, etc.), operating costs, and savings (eg, for maintenance, technical support, 

customers) Information on support, spectrum, etc., marketing inputs (such as how many potential deployment 

customers may be willing to pay for femtocell services), and/or any other suitable information. In one 

embodiment, the computer can generate a pricing policy ln any suitable manner. For example, priclng strategies 

can be based on device cost, additional channel cost (as when ms receives their own dedicated channel). and 

base station channel bandwidth cost. As another example, the pricing policy may be based on an operating mode 

of the ms (CSG, OSG, 1--:ISG, etc.). In one embodiment, the computer can generate a priclng policy such that the 

wireless service provider can determine the price at which the potential deployment customer may be subscribed 

to subscribe to the femtocell service. According to this embodiment, the plice may be a national price, a local 

price for a femtocell service, or some other price (eg, having a partial promotional discount that expires after a 

certain amount of time (eg, 6 months)) National price). 

In another embodiment, the step of generating a deployment suggestion may further comprise the computer 

determining a profit margin for deploying the IBS. For example, the price that a wireless servlce provider can 

charge a customer for a wireless service utilizing an ms can be compared to the cost for the wireless service 

provider to operate the ffiS ( eg, the cost of providing a service and maintaining the service) so that Determine the 

profit rate. Moreover, the computer can determine how to adjust the priclng strategy and/or the performance of 

the wireless network to maximize profit margins. ln addition, the computer can determine how to adjust pricing 

strategies and/or profit margins in order to increase the performance of the wireless service network 

Although the embodiment depicted in Figure 3 includes a particular number of steps depicted in a particular 

order, it should be understood that other embodiments may have more, fewer, or different steps, and the steps 

may be rearranged. For example, in some embodiments, a computer can generate a deployment proposal 

without the need to simulate deploying additional base stations. As another example, in some embodiments, the 

simulation steps 326 and/or 334 may be repeated multiple times, with the number and/or placement of base 

stations and/or ffiS changing each time. This repetition can be used to better identify the best deployment 
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4 illustrates a method for promoting a femto service, in accordance with a particular embodiment. In one 

embodiment, the method of Figure 4 can provide wireless service providers with the ability to identify locations 

and/or potentially deploy customers if the deployment ms can provide the greatest benefit to the wireless service 

provider's network In another example, the method ofFIG. 4 may be provided to a potential deployment 

customer in such a manner as to provide wireless service providers with enhanced overall wireless system 

performance, increased individual services for customers, and/or may increase revenue for wireless service 

providers. The ability of femtoceH services. For example, by adding addHional customers, the benefits of wireless 

service providers can increase. Moreover, traffic can be redirected from the existing base station to the ms by 

adding additional IBS to the network at the location where the IBS can bring the greatest benefit to the wireless 

servlce network. This can reduce the traffic load on existing base stations in the wireless network, thereby 

allowing higher quality of service to be provided to customers. Moreover, by redirecting traffic from an existing 

base station to an ms, the wireless service provider can reduce the cost of maintaining its backhaul connection to 

an existing base station. ln some cases, wireless service providers can use IBS to offer discount rates to customers 

to encourage their use. 

In one embodiment, the method of FIG. 11 may be performed by a computer such as computer 210 ofFIG. As 

such, the method of Figure 4 can be performed by a radio system level simulator or a commercial radio planning 

tool. 

The method begins at step 410 where the computer receives information indicative of a wireless coverage area 

associated with a base station within a geographic area. In one embodiment, the information may be any suitable 

information indicative of a wireless coverage area. For example, the information can be similar to the information 

of step :no of FIG. As another example, the information can include any information that is received, used, or 

determined during the methods ofFigmes 3 and/or 5. As another example, the information may be a selection of 

a wireless coverage area within the geographic area and/or a selection of the geographic area. 

At step 414. the computer identifies potential deployment customers to deploy the fBS for these potential 

deployment customers. In a particular embodiment, the computer can identi(y potential deployment customers 

ln any suitable manner. In one embodiment, potential deployment customers can be identified by receiving an 

indication from a potential deployment customer. For example, a potential deployment customer may contact a 

wireless service provider to learn about femtocell services or install femtocell services. As another example, a 

computer can identify potential deployment customers by randomly selecting addresses from a subset of 

potential customers. The address of a subset of potential customers can be retrieved in any suitable way, such as 

by U.S. Information from the Census Bureau, or through detailed maps such as those available from online map 

resources. In one embodiment, the random selection of the address may be based on the probability of the order 

discussed above. In another embodiment, the random selection of addresses may be based on a uniform random 
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distribution of fem to cell subscriptions. The random selection can be limited to a particular location within the 

geographic area ( e.g., where there is a weak wireless signal). 

In one embodiment, the computer can identify potential deployment customers based on wireless usage data. 

For example, potential deployment customers may indude existing customers with high capacity wireless service 

usage in locations where fBS may be deployed. In particular, potential deployment customers may have high 

capacity (e.g., high traffic or long term use) indoor usage of wireless services wHhin the customer's home, office, 

or any other suitable location where the fBS can be deployed. In one embodiment, by deploying ms to a location 

where existing customers have high capacity indoor wireless service usage, a significant portion of the customer's 

wireless usage can be redirected through the fBS. This can reduce the amount of traffic directed through existing 

base stations, thereby increasing the performance of the wireless service. Moreover, because a significant portion 

of the customer's wireless usage can now be redirected through the f.BS (which uses the customer's network 

access for the backhaul connection of the corresponding ms, without using the wireless service provider's 

network access), the wireless The service provider is able to offer discounted prices to customers. 

In one embodiment, any suitable method can he used to identify potential deployment customers based on 

wireless usage data. For example, a computer can access and search for one or more databases that include 

information about wireless usage data for existing customers. In one embodiment, the method of Figure 4 may 

also include the step of computer generating information stored in these databases. 

In another embodiment, the computer can identify potential deployment customers based on wireless 

performance data. For example, a potential deployment customer may include an existing customer who is 

subject to frequent drops of wireless service within a location where the f.BS can be deployed. In particular, 

potential deployment customers may experience frequent drops of wireless service in the customer's home, 

office, or any other suitable location where the ms can be deployed. In one embodiment, deploying ms to these 

locations may improve wireless signal reception as potential deployment customers may experience frequent 

drops of wireless service within a particular location. 

In one embodiment, any suitable method can be used to identify potential deployment customers based on 

wireless performance data. For example, a computer can access and search for one or more databases that 

include information about wireless performance data for existing customers. In such an example, these databases 

may include information about measurements of the customer's wireless service, or may indude a log of the 

number of times the wireless service has declined for each customer. In one embodiment, the method of .Figure 4 

may also include the step of computer generating information stored in these databases. 

In another embodiment, potential deployment customers can he identified by identi(ying potential deployment 
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locatlons within the geographic area. For example, a potential deployment customer may indude an existing 

customer associated with an address that falls within a location of a wireless coverage area where the wireless 

service is unsatisfactory (e.g., the address is the address of their home, ofilce, etc.). In one embodiment, 

deploying ms to these locations may improve wireless signal reception because potential deployment customers 

may be located in areas that may prevent them from receiving sufficient wireless service. 

In one embodiment, any suitable method can be used to identify these potential deployment customers. For 

example, a wireless coverage area within a geographic area can be evaluated to identi~y locations where wireless 

coverage provides unsatisfactory wireless service. In particular, the wireless zone can be evaluated to determine 

locations with weak wireless signals, no wireless signals, and/or have insufficient wireless bandwidth. In one 

embodiment, by ldentifying such locations, the computer can identity potential deployment locations. 

Moreover, once a potential deployment location is identified, in one embodiment, the computer can identify 

potential deployment customers based on a comparison of potential deployment locations with location data 

associated with current customers within the geographic region. For example, the computer can compare 

potential deployment locations (eg, locations with weak wireless signals, no wireless signals, and/or locations with 

lnsuffident wireless bandwidth) to the customer's address. In this example, if the customer's address falls within a 

potential deployment location, the customer can be identified as a potential deployment customer. 

In one embodiment, to identify potential deployment customers based on potential deployment locations, the 

computer can access and search for one or more databases that include information about wireless coverage areas 

wHhln the geographic area. For example, such a database may indude performance parameters determined in the 

method of Figure 3. As another example, these databases may include any other suitable information determined 

in the method of FIG. In yet another embodiment, to identify potential deployment customers based on 

potential deployment locations, the computer can access and search for one or more databases including address 

information. For example, such a database can include a list of existing customers (including addresses). As 

another example, such a database may include a Hst of addresses of people and communities that are not current 

customers (e.g., non-clients) of the wireless service provider, as included from U.S. A database of information 

from the Census Bureau. In this example, the computer can compare these addresses to potential deployment 

locations to identi~y these non-customers as potential deployment customers. 

Once the potential deployment customer is identified, the method moves to step 418. At step 418, the computer 

determines initial configuration parameters for deploying the ms. In one embodiment, the initial configuration 

parameters may include an operational mode of the ms, such as OSG, CSG, HSG, and the like. Other 

parameters may include one or more constraints (e.g., transmit power, available spectrum, and/or channel. etc.) 

for the wireless signals used by the IBS based on the ms deployed for the identified potential deployment 

customers. According to one embodiment, the computer can determine these initial configuration parameters 

based on the likely deployment locations of the fBS. For example, if the ms is to be deployed in the vicinity of 

other wireless service users (such as other wireless users other than the customer who subscribes to the femto cell 
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servlce), the computer can determine that the ms should work in accordance wHh the CSG to prevent other 

wireless service users from passing the fBS to receive their wireless service. As another example, if the ms is to be 

deployed in a commercial location (e.g., a coffee shop where all customers receive free wireless access), the 

computer can determine that the ms is operating as an OSG. In this way, customers of the store can easily access 

the wireless services provided by the fBS. 

In another embodiment, the initial configuration parameters may include whether the ms can be deployed at all. 

For example, if an IBS is to be deployed too dose to another base station (e.g., MBS), the ms may interfere with 

the wireless service provided by the base station and vice versa. In this way, the computer can determine that the 

fBS cannot be deployed in this location. 

In one embodiment, the method may end when it is determined that the ms cannot be deployed. In another 

embodiment, upon determining that the fBS cannot be deployed, the computer can determine an alternate 

location (eg, an alternate location at the same address) for the fBS to be deployed, or the computer can detem1ine 

another sultable solution (eg, identification can It is set to the ms in the vicinity of the OSG or the base station is 

deployed). 

At step 422. the computer generates a promotional hid. ln one embodiment, the promotional offer is more 

specific to potential deployment customers. For example, if the potential deployment customer is a premium 

data user, the promotional bid can include a specific price discount to encourage potential deployment 

customers to sign up for the femtocell service. The amount of price discount can be based in part on the amount 

of data used by potential deployment customers. In one embodiment, the computer can generate promotional 

bids in any suitable manner. For example, the computer can use any suitable algorithm for generating 

promotional bids. As another example, a computer may generate a promotional bid based on input from a user 

of the computer or based on one or more online sources. 

In one embodiment, generating a promotional bid may also include the computer determining a pricing pollcy 

for use in the promotional bid. In a particular embodiment, the computer can determine a pricing policy based 

on the circumstances of each potential deployment customer. For example, if a computer identifies a potential 

deployment customer based on the high data usage of a potential deployment customer, the computer can 

determine a pricing strategy that takes into account high data usage. In this example, unlike existing base stations 

(such as MBS), potential deployment customers can receive discounts on wireless data sent over the ms. As 

another example, the computer can determine the pricing policy based on the mode of operation of the ms. For 

example, the pricing of f.BSs operating on CSG may be more expensive than ms operating on HSG or OSG. 

In one embodiment, generating the promotional bid may also include prioritizing the potential deployment 

28-10-2019 25 TP Link Ex. 1004 
Page 378



customer prior to generating the promotional bid. For example, in one embodiment, potential deployment 

customers may be prioritized based on the extent to which the potential deployment customer's subscription to 

the femto cell service may benefit the wireless service provider. In this example, if the subscription to the 

femtocell service can be redirected by the ms to a large portion of the data, unlike the existing base station, the 

wireless service provider can be pressured from the wireless service provided by the existing base station. The 

reduction is reduced to receive greater benefits. In this example, the potential deployment customer can receive a 

higher priority than another potential deployment customer that benefits the subscription to the femtoceH 

service, which is beneficial to the wireless service provider. In one embodiment, by prioritizing potential 

deployment customers, a higher priority potential deployment customer may first receive a promotional bid for 

the femtocell service. In one embodiment, the differentiation of potential deployment customer prioritization 

may also include the computer determining and comparing the benefits that the wireless service provider may 

receive from the potential deployment customer's subscription to the fomtoceH service. 

In one embodiment, generating the promotional bid may also include contacting the potential deployment 

customer to provide the promotional bid. In one embodiment, the potential deployment customer can be 

contacted by the computer in any suitable manner. For example, a computer can generate an email message to 

send to a potential deployment customer. As another example. a computer can generate a voicemail message for 

delivery to a potential deployment customer. In another embodiment, potential deployment customers can 

contact directly without a computer. For example, a computer can generate a notification about a promotional 

offer and can also provide the notification to a wireless service provider employee. In this example, after receiving 

the notification, the wireless service provider employee can contact the potential deployment customer. As 

another example, a promotional bid may be transmitted to a potential deployment customer via an 

advertisement posted to the address of the potential deployment customer. 

Although the embodiment depicted in Figure 4 includes a particular number of steps depicted in a particular 

order, it should be understood that other embodiments may have more, fewer, or different steps, and the steps 

may be rearranged. 

FIG. 5 illustrates a method for determining installation configuration parameters for an ms, in accordance with a 

particular embodiment. In one embodiment, the method can be reduced to the amount of time that may be 

required to successfully deploy the IBS. For example, deploying ms typically takes up to a full day. ln one 

embodiment, the method may allow for faster installation (and/or prior to deployment of the f.BS) to determine 

installation configuration parameters. As a result, the time required to successfully deploy (via the wireless service 

provider's technicians, or even through the actual customer) ms can be reduced. 

In one embodiment, the method of FIG. 5 can be performed by a computer such as computer 210 of FIG. As 

such, the method of Figure 5 can be performed by a radio system level simulator or a commercial radio planning 
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The method begins at step 510, where the computer receives a request to deploy an ms. The request can be any 

suitable type of request to deploy the fBS. For example, the request may be in the form of a potential deployment 

customer accessing a wireless service provider's store or retail center, a phone can, an emall message, a request via 

mail. an online ordering request, or any other suitable type of request. The request may also be a request for any 

suitable question associated with deploying the fBS. For example, the request may relate to potential deployment 

customers having dHtkulty installing the ms, potential deployment customers wanting to subscribe to the 

femtocell service, potential deployment client requesting information about the femtoceH service, or any other 

suitable associated with deploying the fBS request In one embodiment, the computer can receive the request in 

any suitable manner. For example, the request can he received directly or indirectly by a computer, via an online 

submission of a potential deployment customer. As another example, a wireless service provider employee can 

enter the request into a computer after receiving a request from a potential deployment customer (e.g., during a 

telephone can with the potential deployment customer). 

At step 514, the computer determines if the ms can be deployed. The computer can make this determination 

based on any suitable information. For example, a request to deploy an ffiS may include address information for 

a potential deployment customer. Thus, based on the address information, the computer can determine that the 

fBS is not allowed to be deployed at the address or at a particular location associated with the address. In 

particular, if the ffiS is deployed too dose to another base station (e.g., MBS), thereby causing interference, the 

ms may not be allowed to be deployed. As another example, the request to deploy a femto base station may 

include information about Internet services and/or wireless connections available or ordered by potential 

deployment customers. Similarly, the computer can determine that potential deployment customers are not able 

to receive Internet access (or sufficient Internet access) for ms operations. As another example. the computer can 

make a determination as to whether to allow the fBS based on one or more simulations (as discussed below for 

step 518). 

In one embodiment, the method may end when it is determined that the fBS may not be allowed. In another 

embodiment, upon determining that the fBS may not be allowed, the computer may determine an alternate 

location (eg, an alternate location at the same address) for the ms to deploy, or the computer may determine 

another suitable solution (eg, identification) It can be set to fBS near the OSG). 

On the other hand, when it is determined that the fBS is allowed (or if the computer does not have enough 

information to make an appropriate determination), the method moves to step 518. At step 518, the computer 

determines the installation configuration parameters for the fBS. The installation configuration parameters can 

indude any suitable configuration parameters for successfully deploying the fBS at a particular location. For 

example, the installation configuration parameters may include an operational mode of the ffiS (CSG, OSG, 
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HSG, etc.). Moreover, the lnstallation configuration parameters can include wireless parameters based on 

characteristics of the wireless coverage area, such as any suitable physical layer (PHY) and/or medium access 

control layer (MAC) configuration parameters. Additionally, the installation configuration parameters may 

include parameter"S for backhaul connections to the air interface or ms. 

The computer can use any suitable method to determine the installation configuration. In one embodiment the 

computer may be based on on-site access to a location where the ms can be deployed, such as a residential, 

office, or commercial enterprise potentially deploylng a customer (which may require more than one ms to 

provide satisfactory wireless service). To determine the installation configuration parameters. During a live visit, 

the wireless service provider's technician can create a video recording of the location, such as the indoor 

environment and layout at that location. Moreover, the wireless service provider's technicians can also take 

detailed measurements of the location. The computer can then utilize video recording and/or measurement to 

create a three-dimensional layout of the location using any suitable computer program, such as computer vision. 

In another embodiment, the three-dimensional layout of the location can be created independently of the 

computer and can then be entered into the computer. Once the computer has a three-dimensional layout of the 

locatlon, the computer can nm one or more simulations that deploy the ms. In one embodiment, these 

simulations may include simulations of propagating wireless signals to and from the ms in the three dimensional 

layout. In one embodiment, the computer can then combine the simulation (and the data collected from the 

simulatlon) with detailed measurements taken by the wireless service provider's technician during the live visit. In 

one embodiment based on the combination, the computer can determine the installation configuration 

parameters and placement of the ms. Once these installation configuration parameters have been determined by 

the computer, the wireless service provider's technlclan can return to the location of the potentlal deployment 

customer and utilize the installation configuration parameters to properly deploy the IBS at that location, or the 

potential deployment customer can use the installation configuration parameters. Successfully deployed ms. 

In another embodiment, the computer can determine lnstallation configuration parameters based on empirical 

modeling. Empirical modeling can include modeling performed using a spatial channel model (SCM) or any 

other suitable empirical modeling method. 

In one embodiment, to utilize empirical modeling to determine initial configuration parameters, the computer 

can create varlous templates for use in simulating the deployment of fBS. These templates can he created for 

various types oflocations and various types of environments. For example, the template may be created for large 

buildings, small buildings, high altitude locations, low altitude locations, locations dose to existing base stations, 

and/or any other suitable type of location or environment. In a particular embodiment, these templates may 

represent a general type of location or environment. In one embodiment, these templates may utilize geographic 

lnformation such as three-dlmensional measurements of a particular location, and also utilize detailed details 

such as RayTracing and/or .Finite-Difference Time-Domain (.FDTD). Modeling methods to create. Because 

these detailed modeling methods are time consuming methods, these templates can be pre-created for computers 
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that need them to determine initial configuration parameters. 

After creating these templates, you can use empirical modeling to train these templates. This empirical modeling 

can result in the determination of the modeling parameters for each template (resulting in the determination of 

the modellng parameters for each of the different location types and different environmental types exhibited by 

these templates). In one embodiment, training the template can indude empirical modeling of a template 

multiple times. In such an embodiment, the modeling parameters generated during each empirical modeling 

period can be averaged to determine more reallstic modeling parameters for these templates. 

Once these templates have been created and trained, they can be stored, such as in a database accessible to the 

computer. In one embodiment, storing the templates may include classifying the templates based on geographic 

information (e.g., three-dimensional location information, terrain, land coverage, etc.). This type of classification 

aHows for the classification of these templates based on different location types and different environment types. 

In one embodiment, to utilize empirical madding to determine initial configuration parameters, the computer 

may select one or more of these templates for use in simulating the deployment of the IBS. In one embodiment, 

geographic information (eg, three-dimensional location information, terrain, terrestrial coverage, etc.) and/or 

geometric information (eg, building structure, f1oor plan, etc.) associated with the location of the femto base 

station to be deployed may be utilized. To choose a template. This information can be determined in any suitable 

manner. For example, the computer can determine this information based on the address of the location where 

the IBS is to be deployed. In particular embodiments, this may include extracting three-dimensional information 

from online map resources such as Google Maps or Bing Maps. In one embodiment, the geographic and/or 

geometric information may simply be geographic and/or geometric information associated with the outdoor 

layout of the location rather than the indoor layout. In one embodiment, it may be associated only with an 

indoor layout or with both indoor and outdoor layouts. 

Using the geographic information and/or geometric information associated with the location where the fBS is to 

be deployed, the computer can select a template to use as a model for that location. In particular embodiments. 

such selection may include determining which template's geographic and/or geometric information is most 

similar to the geographlc and/or geometric information of the location where the ms is to be deployed. This 

determination can be made by searching for the dassification in the database in which these templates are stored. 

After selecting the appropriate template, the computer can then simulate the deployment of the IBS based on the 

template and the modeling parameters of the template. In one embodiment, the computer can determine 

installation configuration parameters based on the simulation. For example, a computer may utilize various 

operational modes (CSG, OSG, HSG, etc.) of a femto base station, various wireless parameters (such as any 
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:mltahle Pl--:IY and/or MAC parameters), and/or various air or hackhaul cormectlons. Parameters to simulate the 

deployment of IBS. ln one embodiment, the simulation can include another empirical modeling. 

In one embodiment, determining configuration installation parameters based on empirical modeling and 

templates may result in more accurate installation configuration parameters than installation configuration 

parameters that would typically result from empirical modeling itself. For example, empirical modeling is not as 

detailed as ray tracing and FDTD modeling techniques. However, empirical modeling is faster than those with 

more detailed modeling techniques. Thus, by comhinlng empirical modeling with templates that are created 

using detailed modeling of general location and environment types, an accurate set of installation configuration 

parameters can he determined in a short amount of time. 

As explained above, Figure 5 illustrates steps 514 and 518 that occur after the computer receives a request to 

deploy an IBS. Such an embodiment ofFigure 5 may be referred to as "online operation.'' According to one 

embodiment of the online operation, one or more steps of FIG. 5 may occur when a potential deployment client 

waits for the outcome of the method. For example, potential deployment customers can call a customer service 

representative after encountering difficulties with deploying IBS. The customer service representative can then 

direct the computer to perform one or more of steps 514-518 while the potential deployment customer is still 

talking to the customer servlce representative. Once these steps are completed, the customer service 

representative can use the determinations of steps 514-518 to explain to the potential deployment customer how 

to successfully deploy the ms. 

In another embodiment of the online operation, one or more of the steps in Figure 5 may occur after the 

computer receives a request to deploy the ffiS. For example, a potential deployment customer can submit a 

request for a femtocell service. Based on the request, one or more of steps 514-518 can be performed. The results 

of one or more of the steps in Figure 5 can then be transmitted to potential deployment customers at a later tlme. 

This transmission may take the form of an email message, a return telephone call, or any other suitable form of 

transmission. The results of one or more of the steps in Figure 5 can be used to configure the ms prior to 

shipping the ffiS or otherwise delivering it to a potential deployment customer. 

In another embodiment, steps 514-518 of Figure 5 may be performed by the computer before the computer 

receives a request to deploy the IBS. Such an embodiment of Figure 5 may be referred to as "offiine operation." 

According to one embodiment of the offline operation, one or more of steps 514-518 of Figure 5 may occur 

before the potential deployment client provides a request to deploy the ffiS. For example, a computer can assume 

that a potential deployment customer intends to ultimately subscribe to a femto cell service. Based on this 

assumption, the computer can perform one or more of steps 514-518 of Figure 5 such that the results of these 

steps may have been known before the time when the potential deployment client actually provided the request 

to deploy the ms. 
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In one embodiment of offline operation, the computer can use various databases to determine potential 

deployment customers to perform the steps of Figure 5. Such a database may include an existing customer 

database, a previous customer database, a non-customer database, or any other suitable database that may 

lndude informatlon about potential deployment customers. In one embodiment, the computer can utilize any 

suitable method to identify potential deployment customers. For example, a computer may use a potential 

deployment customer identified or determined in Figures 3 and/or it As another example, a computer can 

identify potentlal deployment customers by randomly selecting potential deployment customers from any 

suitable database. 

In one embodiment, after the computer identifies the potential deployment customer, the computer can use any 

suitable information associated with the potential deployment customer ( eg, the address of the potential 

deployment customer) to determine whether the ms is allowed to be associated with the potential deployment 

customer. At the location, and also determine the installation configuration parameters for the ms (according to 

steps 514-518). Once these determinatlons are made by the computer, these determlnations can be stored (e.g., 

stored at a computer or at a computer accessible database). Thus, as discussed in step 510, when the computer 

receives a request to deploy the ms, the computer can retrieve the stored determinations and provide these 

determinations so that the deployment of the ms can be performed more quickly. 

In another embodiment, the method of FIG. 5 may also include the step of a computer determining a pricing 

policy for the ms. For example, based on the installation configuration parameters, the computer can determine 

a more accurate pricing strategy for potential deployment customers. As such, when a potential deployment 

customer requests to deploy an ms. a more accurate price can be provided to the potential deployment 

customer. 

Although the embodiment depicted in Figure 5 includes a particular number of steps depicted in a particular 

order, H should be understood that other embodiments may have more, fewer, or dlfferent steps, and the steps 

may be rearranged. 

In one embodiment, each of the methods illustrated in Figures 3-5 can be a separate, independent method. In 

another embodiment, each of the methods of Figures 3--5 can be performed in combination with each other. As 

an example, one or more steps of one of the various methods illustrated in Figures 3-5 can be performed with 

one or more of any of the other methods of Figures 3-5. In particular, the steps of the method of Figure 3 can be 

performed prior to the steps of the method ofFigures 4-5. Once the steps ofFigure 3 have been performed, the 

computer can perform the steps of the method shown in Figure 4. Moreover. after the computer has performed 

the steps of the method ofFigure 4, the computer can then perform the steps of the method of Figure 5. In 
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another embodiment, after the computer performs the steps of the method of FIG. 3, the computer can move 

directly to the steps of the method of:FIG. 5, thereby bypassing the method of FIG. In another embodiment, the 

computer may return to any of the other methods of Figures 3--5 after one or more of the methods of Figures 3-5 

have been performed. For example. after the computer performs the steps in the method of FIG. 5. the computer 

can return to one or more of the methods of FIG. 4 to further promote the femtocell service. 

A person skilled in the art can determine many other variations, substitutions, variations, changes and 

modifications of the inventions. 
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fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

CLAIMS CN1027 40306 

L 
A method comprising the steps of: 

Receiving information indicative of a wireless coverage area associated with each of a plurality of base stations 

wHhin the geographic area; 

Determining threshold performance requirements within the geographic area; 

Simulating deployment of at least one femto base station within the geographic area; 

Determining at least a first performance parameter based on a simulated deployment of the at least one femto 

base station within the geographic area; 

A deployment suggestion is generated based at least on the first performance parameter and the threshold 

performance requirement, the deployment suggestion indicating whether the at least one femto base station is 

deployed within the geographic area. 

2. 
The method of claim 1 wherein the step of generating a deployment suggestion comprises the step of comparing 
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the first performance parameter to the threshold performance requlrement, the deployment suggestion 

indicating: 

Deploying the at least one fem to base station if the first performance parameter is greater than the threshold 

performance requlrement; 

The at least one femto base station is not deployed if the first performance parameter is less than the threshold 

performance requirement. 

3. 
The method of claim 1 

The method also includes the following steps: 

Simulating deployment of at least one additional base statlon within the geographlc area, the at least one 

additional base station not being a femto base station; 

Determining at least a second performance parameter based on the simulated deployment of the at least one 

additional base station within the geographic area; 

Comparing at least the first performance parameter and the second performance parameter; 

The generating the deployment suggestion ls further based on comparing the first performance parameter with 

the second performance parameter. 

4. 
The method of claim 3, 

The method also includes the following steps: 
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Simulating at least a first cost parameter for deployment of the at least one femto base station within the 

geographic area; 

Determining at least a second cost parameter based on the simulated deployment of the at least one additional 

base station within the geographic area; 

Comparing at least the first cost parameter and the second cost parameter; 

The generating the deployment proposal is further based on comparing the first cost parameter with the second 

cost parameter. 

5. 
The method of claim 1 wherein the step of determining a threshold performance requirement within the 

geographic area comprises the steps of: 

Receiving demographic information associated with the geographic area; 

The threshold performance requirement is determined based at least on the demographic information associated 

with the geographic area. 

6. 
The method of claim 1 further comprising the step of determining whether to share one or more of said at least 

one fernto base station with one or more base stations deployed within said geographic area Wireless channel. 

7. 
The method of claim 1 further comprising the step of generating at least one pricing policy associated with 

deploying said at least one femto base station within said geographic area. 

8. 
A device comprising: 
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An interface configured to receive information indicative of a wireless coverage area associated with each of a 

plurality of base stations within the geographic area; and 

a processor coupled to the interface and configured to: 

Determining threshold performance requirements within the geographic area; 

Simulating deployment of at least one femto base station within the geographic area; 

Simulating at least the first performance parameter for the deployment of the at least one femto base station 

within the geographic area; 

A deployment suggestion is generated based at least on the first performance parameter and the threshold 

performance requirement, the deployment suggestion indicating whether the at least one femto base station is 

deployed wHhin the geographic area. 

9. 
The apparatus of claim 8, wherein the processor configured to generate a deployment suggestion is further 

configured to compare the first performance parameter to the threshold performance requirement, the 

deployment suggestion indicating: 

Deploying the at least one fem to base station if the first performance parameter is greater than the threshold 

performance requirement; 

The at least one femto base station is not deployed if the first performance parameter is less than the threshold 

performance requirement. 

10. 
The apparatus of claim 8 wherein said processor is further configured to: 

Simulating deployment of at least one additional base station within the geographic area, the at least one 
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additional base statlon being not a femto base station; 

Determining at least a second performance parameter based on the simulated deployment of the at least one 

additional base station within the geographic area; 

Comparing at least the first performance parameter and the second performance parameter; 

The processor configured to generate the deployment suggestion is further configured to generate the 

deployment suggestlon based on a comparison of the first performance parameter and the second performance 

parameter. 

11. 
The apparatus of claim 10 wherein said processor is further configured to 

Determlning at least a first cost parameter based on the simulated deployment of the at least one fem to base 

station within the geographic area; 

Determining at least a second cost parameter based on the simulated deployment of the at least one additional 

base station within the geographic area; 

Comparing at least the first cost parameter and the second cost parameter; 

The processor configured to generate the deployment suggestion is further configured to generate the 

deployment proposal based on a comparison of the first cost parameter and the second cost parameter. 

12. 
The apparatus of claim 8 wherein said processor arranged to determine a threshold performance requirement 

within said geographic area is further configured to: 

Receiving demographic information associated with the geographic area; 
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The threshold performance requirement is determined based at least on the demographic information associated 

with the geographic area. 

IJ. 
The apparatus of daim 8, wherein the processor is further configured to determine whether to share one or 

between the at least one femto base station and one or more base stations deployed within the geographic area 

More wireless channels. 

14. 
The apparatus of daim 8, wherein the processor is further configured to generate at least one pricing policy 

associated with deploying the at least one femto base station within the geographic area. 

15. 
One or more computer readable non-transitory storage media comprising software, the software being arranged 

to be executed by a processor: 

Receiving information indicative of a wireless coverage area associated with each of a plurality of base stations 

wHhln the geographic area; 

Determining threshold performance requirements within the geographic area; 

Simulating deployment of at least one femto base station within the geographic area; 

Determining at least a first performance parameter based on a simulated deployment of the at least one femto 

base station within the geographic area; 

A deployment suggestion is generated based at least on the first performance parameter and the threshold 

performance requirement, the deployment suggestion indicating whether the at least one femto base station is 

deployed within the geographic area. 

16. 
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The medium of dalm 15, wherein the software configured to generate a deployment suggestion upon execution 

is further configured to compare the first performance parameter to the threshold performance requirement 

when executed, the deployment suggestion Instructions: 

Deploylng the at least one fem to base station if the first performance parameter ls greater than the threshold 

performance requirement; 

The at least one femto base station is not deployed if the first performance parameter is less than the threshold 

performance requirement. 

17. 
The medium of daim 15 wherein said software is further configured to, when executed, 

Simulating deployment of at least one additional base station within the geographic area, the at least one 

additional base station being not a femto base station; 

Determining at least a second performance parameter based on the simulated deployment of the at least one 

additional base statlon within the geographic area; 

Comparing at least the first performance parameter and the second performance parameter; 

Wherein the software configured to generate the deployment suggestion upon execution is further configured to 

generate the deployment suggestion based on a comparison of the first performance parameter and the second 

performance parameter when executed. 

18. 
The medium of claim 17 wherein said software is further configured to, when executed, 

Determining at least a first cost parameter based on the simulated deployment of the at least one fem to base 

station within the geographic area; 
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Determinlng at least a second cost parameter based on the simulated deployment of the at least one additional 

base station within the geographic area; 

Comparing at least the first cost parameter and the second cost parameter; 

The software configured to generate the deployment suggestion upon execution is further configured to generate 

the deployment suggestion based on a comparison of the first cost parameter and the second cost parameter 

when executed. 

19. 
The medium of claim 15 wherein said software arranged to determine a threshold performance requirement 

within said geographic area is further arranged to be executed: 

Receiving demographic information associated with the geographic area; 

The threshold performance requirement is detem1ined based at least on the demographic information associated 

wHh the geographic area. 

20. 
The medium of daim 15 wherein the software is further configured to, upon execution, determine whether to 

share between the at least one femto base station and one or more base stations deployed within the geographic 

area One or more wireless channels. 

21. 
The medium of daim 15 wherein the software is further configured to, when executed, generate at least one 

pricing policy associated with deploying the at least one femto base station within the geographic area. 
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lfi -'f-W f i-1:T JcfJt~& :%-~ f!il- ~J Jr1t ;f~l * fJt 

C57) :ir@i 

*~~~Rffi-'fIT~X~~~~m~Jr~$ 
>.f~ tJE C t&: r~ T ----- -¥'11 m r ~-t ftI :IJ& n& 9J- ri~ ft F1{J t-stR, 
~Jr$Bm~~m~~~w~~~~$~~~~ 

~~-~¥Mffl*~~Jc~~~~~~ffi~, 
Jrtt~BM~ ~~~~~~~~ffitt~~*­

il h it~fitl1r-lE,f:Lfi5·:tc17?lU:'u?.tm~tt p;i tlti:Jx,t-2£!J>­
~~~~~~~~~. ~E~~£M~ f ~m~ 
~~~~~~~~35.~-~~~~¥~~~** 

35.&~~ffi-tt~~~. ¼Jr*~£ffl:~~¥ 
fffi-tt~~~~~ffitt~ **4~$~~ 

•111111•1111111•111•111•111111111111111111•1111•••11111111111111111 

(10) $ii1l0*~ CN 1027'10306 A 

(43) $i~i}11H:1 2012. 10. I 7 
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tl.Hbt {EJ5Jr;l&J'J\ lM!x ±fax V'1 xt ~ y- '!" ~~Jli&:ZJ!&: =JiftM1~ 'mi si· 
¥ T t~ :m u<1 tr:. Jifi if:t~ ri r.)<_: :ti 01 xt Jifi if:¥. J> - -1-1i-1tt -1tt ;~t ts u<1 t:m ~ * ¥. :'1-> i1!l ~ $ - -tt 

t11::i5J'\(; !JJ& 
¥. 0,~; ~f Bir if: 11,i- · tHl: ~~1z:-1:r-1 ~;'r£ 1bxHa tt rt~ FffI ;,:Jtlt<= ± Ji¾ mr~-~ti(, EFf ;~ '&Ii ~-ttiSU~~ 

~~tr~~~~~~~~~~~¥,y~,t-~~~¥M" 
2. +E~ -l£11i1-iv ;;f1i ¥,:~ 1 6rr~* u,(i 1-,·,;L Jt if 1, / 1: ife.-·'fG Wl "!t'ji,•:1 i'i<1 !_y-1"·]1]:i"lf,1 rf:01 :Wt•firr >-P·1n~-r~t:~f3 :fJ.:-:¥fr Tl .. -1)t:'.:J1,r..._,....,y.,_ ..... :j'-. !/ )_!-l..1/-1.i-~'1/, , _J_./J,~r-.. UJ..::!_,v.x._,--1....,'., ~h .... __ ... 11-- ,_,/ )(.!.~/'I..J 1--•~f...iL.J.~-n 

~Wj!Uir~m- -tt AE ®:{'\ck F Wri±~ 1¥x111fil:'f'£ ~ttr/f .':t'(, m.u ~fi Jfiif i:~~b- · i"·¥;t~& rtf~ftli ; m:i 
.,_ ., .•• ,-,;,/c/· jll-"-'l'"·'~J ·rr:f-'"'··1-·p 'Vccpccf: -,r~LtJ1cfill=if-·P= [ ' "/,·,,1-i0 t·•f· 111 ~~Wr;Q6% - ·'":£ t1Et>Js'x.', r f:'., r J:El~J m.t± ~e: ffff ,'j'(, VlL .,1, i=11)'i'c1 /:;,P<'.Ii.=:t':::-> · ·/1'· ~,v~fJDi ij=iIIr:i D 

:3. HHrrHxtJ~:sR 1 ffikf:8<1 )Jiz~, 

!11 j& 1f fi2J± t'.1 fJ'{ ~ F z.!7 !fl : 

1ij)rt:t:tfifi'.~m· t4:fft-~~-tJJifi'.~m=-ttfft~it; 
Jt 4i, ±JJ)( ~;lE mi if IlHJlJ2G =Ji T .,lfr;lE~ t't ~1::1~~ i:j ij'f 5* ~ ~ ~- t:t ~/::~~~ t'fJ tt t1 o 

- l IT' 1•·1 in ;f-Ll"iffi " ··r- 'l& A. ' '~ f"f-." ' ' ' .-,• ,. t~· I· ... f. L "'W -h .L 8 --,-- , ,:c·:0· ·r· I A h 1''' '\i;,·, ✓ -,1, •'i\.; 1 Pr··. 0~'•··· ,J·rJ;K,=fY"F·VJ,•'E-'J.;=:-.;v'J i_yt".!l-'? .hf•r1',e'·,~s/r''1':t.·t·:p;1··1·•;=,"./y''~ r 'U~ X.. h---c1 /'- _;;4. ✓..., • ,/ ,. - :J/Ji ~,,; ,_,-/..., IJ.-,..,,.._ __ _ _i. ~-~ "_,,-. ·- --.,>--"K ePrJ1-..!......-1~ -- ·L -1, -------'---~--

~~~~~~~~tr~~~~~~V']~ 

Jflo 
7. tR.filtV..fLJ';};fx: l fi)rJ£Bl7':01~, 113/r;lE:1JY1itTitr5 ~J F }y!ff : lj.: }])( l:j{Eh'f;lE±tl!.Jfilix ±~ V'l 

tr~* Jifr~ ~:d>· -,r;"iv~v~¥ti1im)u[;ic1't1 ~j.> - ·1• 1t1frJ.1:tmt o 

8. • ±Jl '};[;• ,,,, > -j• •'·'• 'LC, t·1 +r rr1'~ l3: , 1~~ :t'l: c!., 1 rci : 
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~ Y ±Jt ~r J:Yr 31~ -m · · ti tm i~t,z f P 13/f ;]£ iw'J11'H1 im i'ffi :jt?f<: ±JJ¼ ti]\ ,i· ~t'~, h'r jf tfl1 iH.!liSCt~ :ij~ 

~ ~ t:-1:: ~:;: tt tfu 1J.r3:t!+~ v, 1 tit~· Wr:r£ ~ j;, · · 1<,it//H'it ~ t2i G 

9 #J le((' t.v iii il±l. ·,+i Q fjf-r-i11'· 6{:>f_;~ !it-,' 1t r:b ttr ,J,-} '.,:f )·1-\-i tj:: F,\-; 5'1.f? ~- ~tr ,>:J 6¢, i-'11-r-i,R Jr~ =fEE! 1W. :1~;l;rf; ;1,y!!'.c\' 
~ 1h.J/q·1/,.,_ '-..J--:!;z:..--:j'-.._ u ;7 ...-.l:!-1..J-!> .... _a., ,,,.,,, ,--r·, 1/ .. ;,... ~:.r ... _El • .,-'-:---'-~!"'.Ai: f-ll-J-=:1 ;...t.t/•.,_~~'J,/ ,.-'< •• L~--L-f:ti:r ... (l; ,1A J:.A.,._f:'L 

++· T +·"· "f 'I -1, .c:r·' ,, Jtt DO•···· I:" 0 . ' ,..,fi. "' ·r· ' A [lj'j f {S ' ' =·'c'··· .• ·_e1..i,,·•. [>,i:t,.:,·; "1·-i·;K,··, J f,~ i,X- · .. "Vl 1"", r" ,,·,·;K,· ~ /!). ····T' ' .. · 1· 1 ·;c,::,,-,. ~ . A_ .., ~/\ !-I J ,_ _ _.__, I ..I .KL: · ,,. -~=~ _:_ ___ , 'l"¼ ,, ~ ,, , .KL: __ -_r_-_:, _.,,, ' /,,, ~~ 7+..;;; .,.L-_D 
vp' '"''*z:· ,,,. -,~ e'er 'd.,; ···- ,J·i '·•l'.. ·1=·1) ~- -~ · ,, 11 , .,,. 't'· ..... · · fl•· ~-• __ -_r_-_:, _.,,, . r.i_ -✓ !.,, _ -• _.., u 

{§. !l> lit T l=.j ffl J<.Uili f1UR. :iJiJti§ XJi:t lfj fff J1.A. Q ~fHt 1tf J~' 71<: ii 1-E Nr:Y.t: !1.~H!'f tt ~~ Tfr1 >R 0 

1:1. 1WHJ~ tvt-U~ :J: s 1fi:IB f[q:1Jti:, Jt r=r, wr;;;1311::r1t(:g;J±:t1Jz tst!1'l:fJt, ~11'! ½Ui:1:.1tf 1:Eff1::illi'i~1> 
/,' ··.'.,·,,L1,,,L/,·'·'·'' '··•·'·'J np •/···1,l::;'..;.J'..!,I Yt"~kJ.' ' M /,• ,1~;cf, {7/,• .,.,.'' ' ., .. ] ,, ··'-· A ,1o·= f;, A ~ -· I~ ;ci:..;'!10l.'!f0l.c,1±'~Ji5 '=J tii-l~i'.l tt;,11 kl:: J.i!!,.tili.i)iii;!(, V,J !fl· · I~ fi~ ~.!_ 3:, i~c,1±'~Ji5 Z i II )'( '.i"· · · /I'- D.X: ~~/I'- )G 

') 
,J 
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t,j'.r, ,l"r+f:;,.-_J--_._ is,.;J-1J., Itll FY -l-ccc_ ;,' r-~1 frf,T x j[-.._ -tt-,'i l· 
,:.,-,. '1)(.'J cs/ \---'-' -:.!!.J:£L0.-'!!-'< V _, ll '.J :.Y ~--f-1 

~~m~~~~~~~~ffitt~~*; 

* 

-'•f' zYI= --1-• ·zc• ' -rh ,-'-c A·k ['i -" i ·- - -•-~-'· -f~ /:) tf"1 --:=- '"'' _,. : rJ . '--- _. / .nJ 1-t::. 717 __ • 

16. Ht1fr1}tiz;¥1J-0J5R 1s J~FfJ<t rl'.! fr- mt, ;it ,f-1, 11§_i:'¾:.a,1J\Z1:r:: .J:tvrr-1Jt ~1::.1'JX,~1t~1tix 8½J5fr;ttJ~ 
~~~~~~~fi~,~~~~m-tt~~~~~~ mtt~~*·~~~wm~m~= 

1Z[l *Pfr~ 1JJ · tJ:Jf ~ # 11 ::\: f J=ilr~ i15ij ffi ·t1J?ttif1 >R, ITT rJ -$3!~- ~'T ~ ¥ :l>-· 1-- :i fr& 1i1'.tiii fi:S ; 1W1 
-1-_,1r1 r;_:,• _/:i_}r··~.0_;._·_ttr. '[1-l--ft& $,2i'ir) h ::r:. J=irr· -vl( 11.itl J-f'j· ·t'i: fi1t;,* ,ft [ff!j ;,;.;; >'£.IT-':½ fiF1:;-,t~ :r~· 11) --1,'-- ,_':;},1'",:;011& •_;_'__;~_-_· ft_,,};, D ,"" ,,-.... _ -1"" :1:11u.:::;::,'"_~X..-' .J ,l •~-- -."i.J_-1_, __ L.Jl_d1:J-1 9/, , !lP---r=I// )(!- __ J_-_:_/" ~w y...'jfl,,,,..._, 

~tJii ;~JB:. 
~&~~~~ffl-tt~~~~~~ffi=tt~~~= 

¥TC~~~m~~~~~~~m~~& ~~~~¥~~~~*~&~~m ~ 
;r;:~:tt; 

~~¥T½M~~~~~ffl*~~M~A • ~tt~~*~~~~~ffitt~~*" 
20. tltWltX;fiJ~~)J\c 15 J1Jdts{J1i'J32, rt1 , J1Jf-:tttKf1tfE,/<Sz-l!x'ah>G1:f:JAfftJ,J, ~ill)Efi:~:t:r:Ni 

4 
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ii* 1?9i ±§1 

rooon *1~:ff-~,'f¥ U&-Rr.Hl 

scat ion, fBS) ( {7~ f,z~r, WiMAX c~, f1\l ttHWtii-&+ [R (femtoce 11) , ~ 3GPP ,=f=i (:tJ:lf:/f! node··B) , i~ 

•h -'-'U(.' 77":T . .(,.tfl[1/:;f.-tS '-1±--'-•(1'•fw1/k• /1\'''ll'N\ r'1'-1r··-1:rn_•->---f_,',c/;;,:,rhr-np· r'•/J'-'-•;','lwJ/,'x_+:fE" .• ,, t-1-.rl ])'']) 
l_:V:._o l__L)1.._) :EUJG~~~JJix:-J:f1XEiJJ~JJ ~''J 1,h)\J~t"f (\. 1.._)- l :; :'' p ,tEJ~l::1:Y.~T-.r_i_-jJ-rJ j• ;~\.l~ V'~1::1-rf:!:(/\. ( if!J!).~ , U _./ 

:,+2:;i:1;!_.lH: f'DS i•l_b_:_;;'.f,c±oRl:-l::c'>1;tJ1lH:·i1·i':1·<1i-t',>![::frl; (1,f,1jftr1 'l=-1 :;J;t1\f; ;,,r,3c•) kl] /&trhrjt1\f; (r(C)) +R /1\.- .. :N.:..l/-.,o .LLh .. ~A :J/L.J-f~'<IJ:Ji.X./.J .... '.[ALl:,1,/_,1 I--,/"'\ LJ_=E::'.---r-s \ / .. jl,.H,,,,~t.:..:.,:_::x::_~:,;.-~_, \J~ _ _l..._;/ ! ·1 ~-.::;-'-:_ T .. -_,_ . .!2-~-• ,1_-...J,1 /l'!=J 

~~~~~rt*l~(~~.~fflffl ~wm~ffi)nIBS LlftW~~~~m~~~~M 

m TJEl:ix)A MBS F-~J fBS [f'}t;}}ft~ ( 1:71Jt~r' i:j )k ·i" MBS [f1J )} . MBS [f'.] vHJi:~ftt) 0 

[ooo3J .,4~JF1Ll., Jmi i!{{ tJJ~g ms 1½~ 1;; ~--~~t-i" f±1 , *Llffl ~§ f,U B<Jxf::~flfi%!'r'.J{L jrcJ}/Af ll-nT 
Q.L tf~1iJ$3rn 3± fBS ~st:llJt\, ~\Tiff. fBS (iJ1tfl11~ wrl':f~ ~ 1~H".tifil'ff](:r(_f fBS ·0nu ~fi~A, El-1 Dt. 
11+] {f ::c.l!f·W [; I :1~ t·B,: )),~ "jY. j.,\jlll f[' .;'r:-,f,- f=1 -;t·;J:m:{:f ::els- prr· Jb,'i1= 0·~11·1=1 .A. ,-H 'iJ fr:! (C<I ') D"J i=:v. fA r1¢JJ* A n 1lTI J., !--f HJ _'A \,J 0 \-,X.~_fl.1-J,, ... ,IA.,, .i.lll-~!-I ~:::<..rn !1 l=-,1l 'Ji,/--- -'JJ r1tTI/ -tt uV ;.;_~_,-·,U J:,,,.,,./¼. .. 

[0004] 

% r~xJ t?t CrJ /f i12 -PT t::J, /4~ ri1i" Q.L r 1t ?ti : :ft L& :f i'i' jj~ ti Jm :1:_i !R tte ~ rtJ ~ .,.r-Jrz,: ff¢' ,=p rr<J 1r1: - -i" Jrt lrtr m x 
~~£~a~~~~~g"~~~~~~~MLlT~~=~k~~~!R~~~~ffitt~m 

*"~~$m~~~~~MLlTW•=~ffi~~~~~~~M~~--i"~~~~M~$~" 

M~~~~~Ll~M~ ~~:~T~ffi~#~~~~~~~~&--i"~~~~M~m~ 

*~&~~ffi-tt~~~" ~~E$~TIT~~M~T#~:~&~Tffi-tt~~~~~ffi 
tt~m**~~$~~~ 0 ~m~~~ ~ffi~¾~~~~~[R~~m~~&-~~~~ 

[0005] 

[0006] 
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ll1 1 ·W~ ~ T H! t~ - *3' '.iE ~ hiH }f :rt (ti , fl +ti;& t~ .UlH~r M M"r (fJ ±ill {\if * tJE ; 
002~~Yfflffl-~~~~~~~,Hm~•m~~w~w~~M~; 

2/22 ];~ 

[0007] 

[0008] 

[0009] oo 3 1>1u5i~ Ttft1i-1l1E',J~it'tliii A80, m +'ilft-Jili:Etl><'_±El p;J i'r~:f[::rtm[*r;(J9t;tt'.J /-f 

[0010] 

[001 ·1] 

1,+~:J:t:·r;r (D•)Oj ~ ,f;l;: ')(',(I f;+r, ,'1'/ ;Tt. ~ ('\Tn Tf)') ~-R mi l'F' 1':!i! lrti wjf-: p: I i:E· :Jf,m 'J:1:t [fa~ f3Z,Ht {it. t'1(1_1·+-ApTir',';' l /-..,--~-• ,1 ...,[I .... L-J-r'.J l''i:J i;JJ ~1·• ~--l ',, ...... _._r J J- 1-.. - /L../1/ .. r ·'1, -~-~=~ ~@jJ,1 -L! V'-"'J~-r=-r'JJ..::;: i,,.,~~.J -1..... l -;;,--,• LJ 

?,~_@ 8(J :rt; 6t O ~.xi fcft j_ lO TIT !J). :fij mm T 7,'f txI~ Jctt£tflr 8<1 ,i ft1 jy],t)l ,f-1 ~f'.J 1E ·-N17!dXtdjt 't ·ff HH 
f\1i$b}lrI%-c 1JU.~il, [AJ9ti iiOa ·nn:I.Ht~ftt~1<'./0 WiMAX 802. 16 ]l~~[:i;;Jf1£ ( 1:lfHm,802. 16j), 
,.,,. 8()2 . 6 ---,:4.b. !,vll•.kz w· ~ L 1;-,.--t+•-'-71,:[• 1·,.,1.1 ,-,•-··rr·,J ~-J 0--r,->-,-l=l"--'--L ("]:>,\ ( -h ·-8---'-f-- l '1()' .fH---"-.--,,L!r''Lb 
J::Cx .•• l_ 7G~zi•~?,ni>;f~ J t':!..1r5J1/L:.ii15)J/i',k'!..::.f1 ;,j.E:J,tr';'';;z_;:tj-J;;)lp 1vL0; ;,Jl·:fi:t}Lp ;;., ) /j'!L1311~1hx 

:!J:H0:i (fBS) ( -tm fBS 190) o 

[0013] 

l:i)(l f{><;..f,¾ >, i':1·<1 ±t~ r'i' ~t(;'~1:i'1", ~- A~ r)EI ::r---f:TT J=R (·1 {1<1 ,{:f'7c-}7 lt1.fii[ b.11·pT [.;/ ~J, t+·· R=i r'1 1'1<1 ,f-;,/,\ -~ "~ ff,£ i\;i.r :J,,.wJ.:""'/""~ .. _.J.J•\,,a ,.,-:i )(..; ___ ,_. _ _El. r 1-~'<. -J LA,,~, I-1:J L-- u.,./-...J7.J,.~!-I .J ~..,,., ,,_ __ .. :Jq;--tj; ~~. /..J ~--•-•o _;a\,J-..-• :I 

t1Hl A" ·nr lv. :J~UH T )AJtj f1 (fl~~~./~£ f:f[j[ tt A 'i'- it1ZE£ ~ 'I" ri1'f Yn iEJ t1f, M ff1 :7[-tff{ M ti (:Y-,f J; ;fij;J)' 

ftiffl ! ItxA±# 8(J1f:E ·ft1 
C fy1)!,(ll, %!Jtr11.J tt-itA Pj ~), ~f~ ; l~tli)i'ij trJ~?ftJ/J'if~, DSL -Lf~1Mili'i i}I~ 

rw ·D"J ]l"f l±:111 (/,JJ_'rF: _cw_~ ":~ 140 r•;jf !,.kz W,:;T 1,; +t:::..') L!c-,:C! -f--- f--H c'cl fth ·~ tt,, p-- !c-,:C! r--'-, r':h J"'. -i-£ jif" (' 11',T\ I 'N' -ri~ ~ A ,.) -• h~ :p:J JUZ:p lfrti=ri=r--,-.,1- o /~};~ A;~ ;::i:f :--~..! ~). :J ~-i t>Z.._~t 1±:,1-tJ / ~:J .,,~}~'UL_~L )~ !-l'J l=IJ J-Jl~ -•~ .,!_.l\l ~) o _ _.f\.l' 

i'i)' l;J ~ft7,1f rJAnTct~~+t FYJ =tf" ,;f:+B·" llU:RM ,, -~ ,Ef)(~~ f ltJtf';j M, rnr iE EJJt,ff1rIJijt@.~f'.J M 
?t, '2~.:rt0Atn ¥,1r ~ ti D "r~tt-111d ~~JH~fJ1iiJ,, osP) ~Jm :l.J .!=1:1 y, t1=1t~1t~tr-1~&1 l{~MHt 
i~J*~."~~~~"~J~ 1 ~~1[~~~~~~H~1~~,t1~1 P'ft0+~~[X~J:.+~6~ /-...,--1 Al"~4:i.c /LJ...-_~!Jt.A../...t _:,J,.Jf31-W_,, ~-~,..,,IXo/jJ.~-.J.....,/'\ . ...t1,, A.flJ1- ... • _A-LL-, . .A.._./-..,_J-1.;j_ ± ___ ~ :;I\, /'J l1J,1,\,1J;1.,... 

ft: T-fctcx'• lf;' )\ (f.J :gJrii /'i'·1·d~J:rj / ic[t~-1,;, it rcb (1<J <~E J.itj:i 
O 

"::r:t-E' fi['J.:J ~- \ 1\H/fr;·'J-• '' (W<-::J:>) Pi ~'i ;t~J-J/Hfr: T-fctcx'• 
1--,,,,..LJ-;,-117.,,/ "'-H _.,,. , 1 ,,_" ?----. ,1--, ~--.X..Tx... r T i.::i. i-- , , jLJ __ ;.A..,Jr ,,.,__, 1,_._," .. __, -· ,..,.,,__,F:i:JIE1.-,___,u-; .i 

m~~~½"~~W~~~W~fflJ~#~~,@~~*~M~TIT~~~~~~~/~M 

ix:~ -ttA C 1JrJlrn, ISP Pj ~), friJ §t::cf['.jpJjJ1{rt~EUJ~M ti A, itftJntJu:fti"TIT ~). pLij fBS f-tJ ;-='=11ttdJtr.f ]f{ 
1xxJtlA) o 

[0014] 
, ,=;f; ~-,1 H-l ' "•}- ; .IT.[ I -j-_-f-· -"· ,.. ,--, ,.,., :,j-jc ''f:' s " (' (' --.:-·1· I' I +a {J·' ' ch -~cu J J { I- ,-J-,; _,_,, l---- '_,, ·-;-- ' r ~ ,-J-H _, __ ,, [----
\ :i'Vf1_1.m ) ~i'.l l)\ ~','!_~:!L(cJ O - __ti_ J.:r~~' T :i.. l j J ;1 1/_A 1ft A :r~:)'f .. :: / \ d-J w. jji, ><. J:g)(,' 1,):,/J \ 1:-l'J W.1Ill ><. 

]!J.PJl:Mi:t'.ffl f .t~ 5_1i\ffl t 1 R'S ~~{~:Ji. V,J ff11#-9-:1i1 fl'lio {:E-±t!::'*~h ,r.( 't1' ms 190 liJl_;J 1rrffl 
tll Jc1ij[iJ£:ft0:i 120 t§ jµJl'Y'.f]ct~Hft%· 0 Wuizrl' 1:Et't5E * l!-ttUJ;;:t 'fBS 190 pJ ~ (~HHll WSP iYJJi; 
.,-'7 ~::1 c-',J7+-+,-\ ,_ 1 ')(l / 'E1! /ir1 '"B'' cr''./,:rtl,i,-:i;i::-.'iJ; ' f:H'\ ( ± H-1;!,1', dJ 'i +1·r # l,X' / .±I#;_,!.,", tJJ \J '1 +n 1·1:_;,J {1(-1, w.1•:iJ r=n.J~~1-f-1 - k.., J \ 1;_J _;1-H, _Y1_ ;).t 11x.v:;:(?:t~~-~H \p~;)/ \ /\'-..JEE~,-~· LL1 1, ,,r-1 !-'-.A\ _.\_1-J \ _,4·,._1~?:-t_, d_1,,, /l':=t r~..1 

i!fPTl~-Vdf c 1JJY.il, i&.J-+jr rr0 wsP ~;fnHfJ 1i 1Ht),, t~t1H~15i1., Hi ;==i·nnj SAfful:'j(r1Jtif1Jt~Jifu 

TP Link Ex. 1004 
Page 399



CN 102740306 A 3/22 ];~ 

fr{, t"B<;:; 6¢, ~ .A" { ,{TJrf.hn ;;1;: i'P<:' .'~·1'\±t f]3<;:;\ ltlfr1J I iJ ,11r.1t ~1.:l '1t;rr + ,--, 4'n ; f'.-;,; lc.iff l;\j R3 J'cJ { .(:f;rl.l1n ;~ f=l'J •-' ~J 'J 1:?<- JTIL , J,- .J :;><,I I , ~:...; - Dd /'-l-...- ~ ,,,,,, • - ..._, / , 'I L_.J • 1:--..,..,. lj >_J /", I'~ Tl~ .J L....I ,•',I! ; ....-_LJ,,,...,JLA...t1~ , , l-' ~ >1-11 , i-;;'." 

fBS ~;fL\ fi fBS) , 5lX~ U t. tY'J~f'Fif:if1 o E5dl / f}jf:jXJTjy'=1 rir 0.ltf;J~ ;,:r CSG" [l;] ;,:r #J'.- ·1'­

fBS ffl 1r[FiHJ1;~fHtt1rJ 8 Q~:~u;".UJ~ fBS, fifi1fftb.f1T~1HV, :sf~@[ rt] F ~J CSG ~ftHr~ i9t!.~1J1!.ff:l it~ 

-[ [) ,li~ ... ,~ ('V•·i IP') i'i "t·, f3[J rr,t, ,)/,'i f'Sj ,.v_. 'r¥ l'J.(1 J, :cf 'd- ~~ rji}' ;•?",• f',1 \ t'4{1, 1·I·J,j:rr ~.:~i i_./c;/ ri.1-; :17, -0-, :.~ f:'!l t'1'{J ;f'f-1 .£>- ,!;EI 
- [ "'r:f s \vC .L, V,.,,...,..\(,.:i. -~~...J t,J.1L:~,1x- ✓_;.~~J ,H .,; .. j';yZ'J/~1..-_;;-"-llr...J.-l~'t) ~---!--., ' V'/~~tr.---_,,.)(.37 ' i"~.-t:f~ ..-Ji r--1 0 1~'<-

f!r~ i~ f>::<1 f& 8½ ft; rm , R ~ tn / !IX:~ .'a , llxJ f-t 11 0a -110 f Lfl [f~ {f: -'['- v~ f~ t~nr !JJ f;';z. ~ :ff 7-J LAN , 

\!1fAN - 1\1[;\ 1\T P<:'TN, T ·1,r1· VAX [:,.')<[ f:r,t ;¥11n IJ-l 1krl' ll)(l µ(-! A1_ f5f.l1-"-* C{~lf17,. IK) ~'{: [;()(I hkFl'f: C{~l ai}-1+1pf1tJ1:'7 J]; ;,f 6t 
•<lL .l.c1"" I.) l ,

1l _JH.J '~--1=i,vE7· ~1'- :l,-i'J __ ~,.J\.,,J/il.Ji j~-f=f""r~Jf/\. ~">/! >'t/'.-! j,....-_;;--'-, _ _L.:HJ,-,,, __ ,l.; /✓-'-ti-1..J 

Tct~tx:nti1rttc~" 
[0016] 

Et\v ·11iA.v-+'L'""E"rc'c-,Tr,J0/-ou~,- c,-a/fl ''('' !cc! ")SCI"'~,-~/,§' 110 lccl LAN ,-.--j/Jc, _,0cJ ecJ'ciz:'·r·1--•Il:¥c,-g 1 r, PV i -"L fl!,1, -., : :v:": ~ • iXX: :i° _, I I J n ->le: i :\: • \:,\ ~ - C ;·-,ce : : • :)Cl\ t:,.x,. i i ·,-,ce 'A"J 77: .::') 1 C," I'~ . • • \.. --,.,.'\! - ~/'--..., /u -J _ . ......!. L ~ , ~, • --1 --'-- _._ '- /'-<- - 1 .L ~ , , !- -t._. ,._ l...c , ' . ~·1-, - - ,,'I..., ~-1- ;:>',, ---.L~ :J, , 

i';<j W1'•N,T .rxxH"' 1 ]L"1c ~-fiJ 1,'.J rh•.1TI··--rlfrtril(>:lf,:>1.. l l(J'c. J.f;:L{H:+:0J',>jl1.4"., ,\· ,/)7![h,1 1•r1·iv1}v) 1',<1 ws··1J :sf,.-f,p .. {llc: 
1---,_, .,_"")_, 9!'~.-tl _A__,,-""---' 1,,_....,rn_..-.. _,,{l 1-1J ~,,.er .. c...,.,...,;~,/,./LJ.•,...:~J.:..1x.,,,J J.,.i;,,.:-1, 1' _.LhLi..i\. i~. ,I'.,._ 7[\..-1,.,-r'--'l 

t¥J WSPN : Wfj ~i'1'r 1 lOf )fi:j=ff ~), j)\ 'rJ:[- [r0 A }fj /=' t~{Jt~~)~ ~ f1'rHL1\ (-fQ,=HJi Ef JJJ(: ~tflj\) ~fJ ISP 

-""'. ' Nw,f'e: 1':<1 ff F:'fc lj(i\l RF{ c'.'.'f;.~f,1,fH: ;,· rxxl :f"y ( l ~I)N'; n R_.f?f 17,,tJ 1 1-I_J +. l:~i;(/,'c ~J-"1 18 T ',PN fx;H;\z 1 l0f" pf r,r )=() _,,'l'"--1/j"-. tj 1-l. ___ L-4/, V :i fJ.,\. ,' ✓ ·•''-1- )''>,,,-.I ~J _,..,f_j \ ,J ., f-....., !=1 t~J --'-- 1 /l'-...1t~-1...-·,__\ ._l_ ' •---• ...L ,_,_._ .L' ~ .-.-1 _._ -• I,,_..,.,'\ L2J 

tli : fjrt%-~, iJ~ ;f]r/fNip-tJm~, fx:1 ~ & tti~t?fir~tftk1Rf1J!,ffJX{~F11 Af.J fj~tJ;-st fI:fiiJJtt:~rHto 
[0011J .. ¥}!~ ixxJ Mr 110 Et2 fJJi.t#!t:f: 7J /c.;f95} ~-ffJ ixxJMr, {IittH@ti1f 1x, ~iti;: ~ i'tt4" (r011Mtt!1 
~~.$;ffiiJ l:J,~ fj3-1-M~t O M tn' WSP ..fl] ISP .. f,J ~J~ [It] . rffi \[],:~; ffi;, JrfiJ 0.1:f: [1U . [lxj M&- J:{~~ 
J'.Y=t!-;H]1Jjtrt1}JPI%-8<.J ,,~, 'tf tf=l {t' EBJlt:!t ISPN [A~ tt 11 Of fw WSP\ ll;,<Jf& 110c tr TT.I& E:~ /HX~ f1L frff 
tcL y /.I' f}j(I :ti.:. 110 -';,- i'fli /_1(·r ·c -11r.~pT [)l ,:;f;:; J- l~j 1 frfr+,l/;f'>: r~<, ff 1¥: {,iii tir1 +.ri l:tl,rq Fl 1m HI #;'f1 <J,: ftl __ h, _?f:7 I' jvf-1 /'-' ~iJi-=!J_'.:::L.,_HJ -A! - i::~c,_ // 1'1~.--2-.j-l.,,,_:__L~J-i>\.O 1/~;J.. 'I' _)1.,17}': t.-/ !Y..../tj-7'-,A .J /!j 

r'1l,•j)r,li;l_ <r·;·cr \ .R=l .:1::J1.f,J L,'lj ,c- 8±.''·fii(I Jv: ), l1lrfl1ti L,'✓.,, i,~'{li'il J,.e>: A ~- ';'i':' loo .. '=']-i'l ~.ftc Iv: z:;, PScr•J\· 1, 1, ')1,-, ::--;;.}(.l.L1-f \. 1-)_11 m .J j __ l•--l ___ LJ::fJ1.,.V'':J13C- ,.,.,/",_J1 __ !•--l...J•rj,,.-tf_,,3</\,.~_§. _O /-I ~.A.--... Ll3(_-_t __ _._l_ ' .. _ .. ~.Jo 

!()01P] r-m-:sJ;t.,a GfJ(l4x J ·10 '1/-"&'!" ,5 14r) ,i;n 11tcy;- i5 170 ';71'!3],V.JA'JJ :'!':-,,:. rl1di-r1t{~ t''! (4<J:1t'-i:7 .. 0 ftX •. /1'.,_v,)t.;." VY'J;_-:r=r - - /'>j.J-,mJ,,\, '- '!µ .--.,.,.'\! ,J ,,,, --' ,<__ ~~ t:3-.--y----,,,w""'t--....-;;-"'-.lJ~-,,L~1"•--1 >'-.. LJ 

tiHt ( tEllt,ftNf1J'.J0'21) 8<JftNf~lmW:.'ao t±:t#JE~Jj'fil}fj{LjJ, V-x!Mi llOa ~JBc ll0c-ll0f Pj ~J 
'; ~p 1·-11 it,z ~~ 1·-,1 f.t., ',,. ' ' -f -1·-J '' ,,, • "" .1.,-, 'i 'JL "-=.~A' ,,.1·-'-rJN /;;<. j"] 'I+ ¢ .41-i ,-] 61-r ',r " 1,+ :k 1 X.>i.J!1r" JP Y..>i.J:'\'r;tfilfl1[: :_, JJx~:~:lii'if--/r.1 l1;ioe .. 3, ! ;@rH.,.tr1.::c ti :lL~/tt:l'J t rJ'.J:ttfi.J.:iLh1 

:tth~JtJtf ·1'-fr1.*~Jl{~J@" ixxJ f:t\- 11 ob iJLl?ZiFiJTJ ~ PSTN, rt rir ~J flJi5.cc~:J~t-r1=r, 4" *IBJ ,%-trti 
IQ, i;;i;-~ttJ:~H;J, =#- i1'f"t:t~ J!,j ,jfU~f/fftrM DJlkimTJJU1:;5f&JtlJ.tx~JtT?.:i-§ :}i;: t:gf~fx·~ 0 !){)<]ft l lOd -~1J 
I' j -~ ',t- f;:j(l -v-i;p L,,, ~,; IX)(i f" 11 ()h - +E~ w '.t·~ h'Ui '· + IX)(i :'i;:.-' :•ti]' r,r .J~. [{/41 f,j,: ·1 1 01, cfn / r'if; 1 1 () .J i':v'.J~ 5Lf1 ,1·1,. v,.1,J_fil;Cl,1~:l\:.f"ltkcL ,-f'r .. , .. n ... 1/r':l"J,, .. e.../J:i:\, a/~ l:::AJE,1-·f::f .. 1/j'H; -:X.LL,U1.1 r-WTJ 

( 1§:Ji,Ilf, -i5,if,i: l 7Ck, ;,ffJ / E[X: 170c r.1J ~J.'211ffiF{~J.;:) o f~:<1:'.,triT~Jfti!f PSTN 110b i'm1iJ'Jtijifii,Ilrf~x1i't 
l lOa rIJt 11 Oc-1 lOf '}1 ~}j H ·:f-rfj L1¢I ~~ PSTN i1>'d Mf 3l±:1i3ffi {tf o 

[0019] ~f4'r 110a it~ 1 l0c--llOf r:p(fJfI f~-i:iT[2.,lff.E)it~A't.: IP ~!''f'f, i~Jt't:: IP ~t;i~:i'r1} 
{l=l)F[s~! TfElt#V-xJ o fz;1:Yv IP V~f-tJt$:;,z:r)l~dJ1l S".J~'.}J~ /-Tit, Wr ~J Pl U1:E{>'i. T ;Fr;;J J1IU!fi'tJ lP 

1
--,1 u, 1 __ ,v-. '';;!;· ,c,, , 

1
,.-] ,1-,. ,v .. ,_,_ ,_-1 '/A ·--c- ·-'·lil -1..,, zc· th-'-, IP r--, /,lc;t 1·-11 41,- ·1 10 ---F- 11 -, , l"'" ,,,,_, r-,: 

X.>i_i~\"rLn'.J'~}LZ S l'Z)-6111 ~ o ir.;_f; J ,f1.c.rf::l..i;~1~+¼ t:,. 1X;~°"tf, ~>iJ,cfr .. a .B)(, .. lJc--1 l!T t:l'J'!:T 

:frJi:i:EriT!)JJHLU1\l..fHH~r:JJ:tt!fi~lf~~f1~tJi{'j::jl1Jl~1ff2:,,.~r IP ~ft" 4~1l;J,}J!., PSTNllOb YlTi2J.~~ 
~7t if++ :z.,,; Jt r(7 qj(I ~v /pJ t+; 0~ ~h ~ D rt f>:j(I c,'f-c .jlf; -[;.{,: :z.,,; Ip qj(I ~v n "'-v. ___ JA .--1-_·.,.,,,....., u 1 ':I . 1-f , .... __ ., ✓ µ ~<-'-- t±i ,_y., t:9(l I' ~ ,.., \.. • ._.__ J:R .--1-_·. - 1 ':I . 1-f -

[0020J 1xMt 110 liJ U1!l::JJtl!tt, }f fi~ ru $1";~:rt=lti'Htf5- 160, ;i[:HJit~ 1 so ~:f,ll::1°1 ,s.Z 1 70 1ij 

Jt1::: !:<7J ~tJl~t" l~1X:ff t~ti!li11r 160, :Jc:ti!;:VfHt 1so t::~lk-i1i ,~: 170 :itf t:~lrf'F rxxJ f4}, 1m t:l1:::1fJiE 
_tc; )=1',',; d.'i ] l 1l.1. ;1rf,1tr, 11 ,A: :l°[I:+11 R=: fifi:t1J!, 1$ ~'-· (.;{11'r{fff J:t·,~"ffl •ftf_ ff; ~:<1 £A_.c 11 (i rl-1 {T': .if.if fix1 ±7 (.;{1--g-f(,',J\ 5 :lfi--r; 

·J ,'.JI••~ __ t !V'-. l ... ___ Ll> ... L·'T, -'T'Jtt::)., 1'.!j:1..,.., __ ._~,-•--, T., ,.,_,..,....,. LJ,-J_1. l~A. _,.-l=f - - J T ,Il "J,-tf, ... ,. 1---~I..)./ .,J ,,..! 
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"-r ". h'. frifrh 1•·1 'fl).lj +').ff·=,, i:A"'} -W':f',t', ... ',{ ,. l=l rcr.1,'l, -"" .t· a AQ frb R=f 1'·;···1· !'f L,vi,1'Z -✓--•·ct1JJ.L·,cz_c:; Ji_Jfn~ r~•r B ¥1 r,:EX=i:'<'.~:1'fJ'-t11':/:'~'>C:J:tt,1•i)'.l';~;fiLlif1~0 l-""JYL,f1N/.!, l'±\ 11'J/-1J- 11 ;,,~Ji': 1h 1 1'l::1·1-'i!·J::l;:~r:. 

·1'-.sJGtE:J;,1'-M tt. 110 rt-1''6 MM~if:lJt ,2. flfJJ:'P '1 i 4" !SZ3l:fw}t4'.\i:fttfi fPf:1H.1U·fEr r0." 
[0021] 1:f:?'fdtMf?fl~t~J}~D'Ut ,X~ilt~ ]:jf)f ~D lf.i0g fiJ~J--:f)Y~WJtmlLlffl Wi\1AX ~lJlrtiA\ 
140 k0~tt 120 9X ms 190 .-r:::.i'~fJ li'.J Jr:r&JiU;: 0 -t:E)t't:·~h'fil:}17-t,fi' :IJ=]J!t!J: 150 i=iT [;J 1fff.!lt 
'17)·--,,_-:_.fj.-H:_--,l,-..:H] ,.•1 :".'i~l,f_J11,'V1__,f;,,-,, T,_ 'l'E:., L'l'E' A --h-•·cfJH-.:f4'''[]--i:::- T'HA.'1 • 'f'E ___ ,, · 'f'E A1 1DC' ,_, __ l"'J G _<>,,JX·i',rr ,-,,,._;, y-_.,,. - ---0 {:f·.;,f;;_,,:c:"WJi)G 1·,\illVuA,L ,E1l(L -1vD,:,,J:£.i::i-----

1~-i:.{,;:ff Jt'(7¼>il,tt-. k1'.-ftf_-. r,iJ· U.1':<r/1\ ~ci \~*Ii-,'. ' 1F1f hij. CTfJ r5· 1 ""1 Ol: -,,ff, l;J {,iJ, _lc;f; 11.x] '-k--.)_\L,. ,{,It:::~ [x;,(f ::'i;:' 2=i 17(-)n ----'-• ,!-'_J,,,. ... L_ .... 1-Ut:., , .-r-1\.. l ~,.I\/, u: ............ ~:r. c 1/~ '.;I-,~ ., J,,~ ~ - - _ v..,., l __ J._~ -.J /'-" • : /:J ::i _,,,._ ,,\, _ , ,_.., 

r.Ji r,i 0,-~[-(l;(i(lf-tx 11 ru·h f)')'T:N: fx)(lt2(fJ!0·fr%'.'f';;N, ;i:1·1tf.",1lkr.:s:l;,: n,#1tnr1j[i(lfN. llOo1 Tfl fxi(lf,~/1(rit¢:ll,_ f)')'Ti\ 
-~ 1::/-.,)l;V) !~,-i--r -'--'-- ._, , -'--'- l'~,--f-lt .. d::J 1:l.Jy,:,.X:_,,._s_/r-1::.;,1.,"l-"-/'l'+l=lvf==f;,t-, !~,-i--r _, _,_ ,'-j~1-.i-=IJ,..-,-.. u H 1 _._i, 

fj;,(f t"' !'r<I if1i 1·---,·'"1· fr--@.fii"-1· {',;1 ·r~· l/i-" ·/''~1 r.x:,1 :"f\.-~ '111 r'1' l 70c 'i:i]. I) I *t·, rf: fj;,(f tr 1 1 1)b +-I] 7 7 Od r;1r.:r--1'i'if R=! !'r< I _,-t; I' ~' ft.-•" --- - 0 1=1=: -----• ! r ./ LI ' I I ... , !' -.,, -- ' • ,,, - _/\ -u: dj I' :! . tl _L J_ '- I._ /f ,._ .. _ ! x_ttj .-•" -er 

1~t0,i.SlZfEfJttY~;iffii~ 0 

[0023] 

/ili l{'.)"'~T jx)(j *" BiPAV:1 *-PJ ~j,;zt{ij:;t'J.\5:t/ili' ffre;•ffJ t:JtM:EiJ-tt-Jt ~Dxf)'-~ 0 ~1': ~{~ * 130a 
P_i ['i'i+C!,f-f;7-r,i:+:rq'R-¥:,rx5(li,¥,'}\ '1\fC.'f)N 110n (1(fj};/t;i:':i'J;fj / p_f;-~: l,j·-lf,/" V1SllN llOe> tt.J f'B'~ :·rrJfw] wc:1)N • _,.,."\vi/\",_, __ .r.tJ ___ _._~J-l;~i1

,,,1__,,..,, ..._ 0 _.__ ,_ i-l" l"J'"' ,I-, --,X.vi /\.,l: .. ;,C,, 1 \. 1
~1-.... - !----l ,._, ! i - ,,u -

11 Cle t,fl_iA, l+.'t~~~•lff- *-tbtt' S'2 ','1-~J~:«j _;J.- :;i'· i_l_J 1_>(jrt,1'il .L:s.,f,4:-i:i]. iv'i ,-h, 'ff!;i,-7-,,-/[\..Wif~sl:ki.!r,/T)- m i':1·-<1 'tl L:-._-1xx1 c't: . .:-,p. l:fl 
~ ~ :J,. . ..__.,/'\_7-~ _J_~ to 1I~! ~"-l--.r-~ iO_.,, .. i-\i 1 ,,., __ ~!, _;.,<,.,--_-_t.,_J_. _/\j:jj, ,, ..AZ-1-'--iJ-~~./.J !'-'J~. _,.,.-._·_-_-t. :.J/'...__,,,T,1J.E 

f-f-1 ;-'1 ii'ri - :~r i,;-+'. ·..J;ir r1, rx5<l :.'f--: l ') () l~ ·::1T I~ l +_f1. /EJ: _H-l -J•· 7,"t•f- :~ 1:\'l :J,:1/ rti IJf-:<1 c't·- l ')' f) .-. Er m~ .NJ, rx)(i :.i{·. l ') 1) l"i -~, i's'] m j....t:1..-iu _;;.:,-.,~~1-J,,\1!'~./\.. ---'•/·~~All~LI:,,-.,~ -~·::<,r,f,~j""",•" '~/',.__ -'-'~-- ..;JJl7-, . ..,1'-.J,/-... _.._)\_,~....,__, 

fltfB !'1 m1J&t@i'('.) +1t)lJ)Jff~o (:E~Jl~'iJ~blii)f A '~1K£rnr ,f2'. ~{~* 130c l]l ~i::!'ft' NAS Y1 ,S\m;tf. 
rl] Mt (N\SF) o Eli fl{ f~fi': :Wi:1£ T 3f{E WSPN l lOe rt-~ n±'it} T 1if 5Ekli 1't, ff]. WSPN r.JJ ~J T1:ti7:~ 
f:1'<J r:fi; i) L'v:J ~ !)1'1 /Jn 6fJ :1r1 {,11. r. ~ _x...._,,,,.. 1-1 ~~;x..., ,J 1 .. :---, n . ...-::tt, to 
" ] R;,J'h ., 'A ·11 ,,, ---Jl I' ·•+t;if{f' t,' - ',. 1.,,-.,r•----r•-'·/ - r+,n frbf'f ·r . t;-", Z::I 
L0025 l'"Jtt'r1:!(/,:if1t 180 P ;;_,UfilJ.::l.llx!!f, ~}:At:Ei.Y,1!'1,t~PJ ~1i;Jr-JlnTdS!~A'1"•;;iO / E[X:Jf/\.;J.'!.J 

l.ili ,(ff· ,h 6¢J rte f :l it:¢ Ir.:\" H-f1'f- ll¢J:f'eFg~'tilJj- ( 1911 tir1 F;._'l] ,(ff \ /i<r -f=E1lff 1/8 A1-•1 + 1tJ fB' s 1'90 fJHH-~ fi,'f 1-!5C ! r 1-=-l- ..-¼!::>"I_.,. .. W/--v ,.J-..,_-!J nl-=-l- ,7'rtlj µ _.,...,__,,_ .. r--r- \ ,, ~_:;,..~ 'l' 1--- ! / i-l---J !-- ..! _,,.-,JJ.. -- ,•T'\.- - L 1,,,i_. ,/Y?J'-,~ 

l!.><h{it!J: AO 1:E ~'.]~ rrili.1T j~t 4i' jv.)(jMFtf)\.~!t'J: 180 l=iJ ~ [±I ffl p !'rt! ISP ~Jll'd~ 0 f,:1tgo, ~CT:.f:,M'J 

F (fJ I SP ff:: $JJr-;,~'n]' IJ!U I SP i'iJ ~ltt{tt ~t~i]lij {tLJAJlfc-LhlJ'i~' ·ft: :'/1 ~MHtA~IT 180 0 1-tc 77 9}· 
·1fd§rJ, iii] *m t 1 fJj ISP~ rg iili.'-tlJ, YllJ ISP -fiJ ~Jtff:1;Jt xDSL $i)fMktf/~{;i'i, ff: J-:r IX1 t}Hl)\~A 
180 o ~rr PJlJ,WJftii~ !t, r;:~ MH~A~1E ft mo ·r1J ~l r~J r~\ ms 190 r;J51!, Rf.Jtf=l 11f~-t1HJt~£in~~MH~ 
.·Ao [1/1Jtil, HdPTIJ ~.Ji~Hm~~J-1" _A i;f·~iJ1i1ft:~.2:-~ rx7J t-%fll )\}~F~' 180 ~i~AEIIli I!.~ o 
[0026] 1t/Af /!,\ 140 t~I / ~\Jr' Ai. 170 -PJ ~)J_Pcli:Ln.\e1'f·, $',A :t:Eti·~,tfl.l'lJ1lfi~ Jai rt1 Ef'1%d'f·tll / rtiz 
;It AJUtJ1l~ tYJE[X:l:l1t'8tiitZ#1~rtJtrtTi~;:f.J~ ( Wu Y.~I' l:~j ) rt:111111r kfh"}-:5,,fc ii'DmF t~iitJ& 
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~~J 002m~Tmffl-~~~~h~~-~M~ffm~~W~~OO~~~oM~~~ 
fAAJ fi 200 Mi~J,tfli ~f-jL~L 210, jxxj f1~ 220 ~_;,2~.Zf-1til f5{ t~ 230a---230c i'rtrm f[J;'ii;L ~[-jL!SIL 21 o 
l;.,l flJt- ·'1' 1:ti~ 0i-t-b1-n:tJL~~ft tfJ-·'i- f::lx ~ 0i -i'--ffi3 n'" :ft '.fij' xt ~ h{g .ff J·t , ~Ji~ v1<[1~fJL~ 
t}t r}1 Erb - · 1'-~ .f: $ i'----fiJ !;J, 1A 1r 1:EJH~ :!-1Hl~ ~ 1flj 7)\ Ef,J--111 E]XJE $ ;r11 tT'/ti [tJ - --· i'--- .s,lt'sr!. $1'- w, 1Jl D 

~~~*~h~~.-1'-~~~1'-tt•m~~m ~m1:E~~~~m~~~~o1:E-~* 
j}1fX/TJ\'.:rt1 ':ib1r1:E- -·'i' PX~*' t-- bj-1,~[tfl l~fcJLt i'Y~J~iW}~~ fq: r,j ~J 1A1r1:r:JJ:l:::/m~it1Gi§lj~ 8<J· ff' 
-c£-1Ji :;%; +i1 ;7·) 1 r'J<r----•-''t,--n;, 1# ~7 /r'-Jy~'-llfl #l'f--nJTJ J,

1
1:,>A, H·.fr,-. rtl,ff/:-;}.;;#A,,11!, ;--,~- (i,{1:rr1 i'I~ ,!.:--,X.;_.x.._ __ _y 'l'l ,,,. ... , ,Z::.i:; , --Ai_.-. __ > , ~- ...,,,.,"-,~At ~---1 •__.1.,.,.__,;"\·tt::..-L,j!±Jr-.1 __ .',J){.,,._,/J'•--.J J.,rJL,o 

[ 00 29] i:tJftJl 210 ~fj i§. -pr ~ TI 1;51 f1riJ 1t 1l'.t fj~ 1m J_lli )T~ .:ct ' J,:; ~ ' ~ti: ' ~ ~~H iP / ilX ffi ;'f,3 0 11:: 
J1- ·;,f;jy:J, ITTf i~J l~l~ftu }f ):\,, itJUfl 210 TIJ Ll ~:rtS t~t i\;r-\: it~tf1~¥ft, ;t;. J,· l-.~t;t (SOC) , 
·'1"1 -}.i;; ' L 1"1-f l:fl z:: 1,t_-1- ( ('BC' f ;fL ,17,11 -,_fr "4 i, n J:,'!f H1 I- ' t ~ +J-L /c-·o· '\ __ ,, _ _J_m J:+1 i.. « {-:±,· f n ,-), ff\ \ L, --{'· ' 1 
lq::_• 1llX... v-1- =~--1)l/J~--1t .,i.J ) \ -=f~ j)~/'j\-~1,7[., :J~ 11:::k:+,,.~..:_L ~ ·_;-~-t \ _, ,l\!t, B>:.,t::r.:,_:,,-.:_L,'.!:J~:;rt ,~l _VJ)). p _:c\i ~~1-• 

ftictJ rtr,i6 ,;fsI;z:;fJ rt!t;§, 1'-A~¥11bT!r. (PDA) ,!:lls/.X-~t, px,it1t~rl1 Erb [#j1-~~.$·i'-- t'tJf:fJ.-0- o TI:8" 
~ ~J -I~ 1R, , li ~ir tJL 21 o ·nJ ~J E!1 fr§~ 1" !'.~ _i;,E J; '1'-i;f-11-,tJL~ trt ; $ :r( !ix 1t ~ ./( Ii'.! : ~r18k, J; -1~1:v: 
~:~~~~mx;~~~ffifE~Lltr: 1'-~~~1'-~~ ~m ~~~$1'-2ffl#~2 
if1 0 

[0030] 

1-'· , i ,,,,· HL ---J· 3\,, vf 1/'jl.:1:i 210 11 

[0032] 

-f1+~. t0t,(~J-. ic). p, / ~!,,tq~gJ'~Mi1:1·<r{fl./'--- Jt-fiJt~ff.: I+~ ·J·· E¥ifrf,trb fl.G'-J;"'·f't:"--Jt·:>f'.Ej ,ftf·. ( {li:111I•r -:t-;,:.{;:fr '!-'' l 't; ~r/,'l l ,... · ,_x , ~.,,,:t.._,..-jH-ij f--1 ✓ .. _.~r , r -, ~--'- l=f '/., -•*,, fn '-!-' /J..:t.,,,... __ ...... :7',t .J ~ t::i Cf/., '-" ~_L. r , 1/ ~ ,';,!, ''T,, f1-, 11i=t 

213) *it{tf;J=§ +WHW, &bl-~-& i'F'foN ~-} t(triS ms i¥17i::tl 1xxj±;g.s1f'.f~jJ o JJ5:1i}1J)Jf!~liJ ~ i~Hr1i 
+El '-++ -+,· ·'-[''--~'.A r1c·r ;\/' cf' "'-+~/;r: Jril -hr] ' , TITT RJJ. •) 1, --::: 1 U 'r:i _rc11;l -iFFi 1-'--r tt szrt .W. "-'BC: t'.rh /.--._ i'-"'' ::':?' ~ ':Ii i)..J::iA1:t . .ll _,l'J tt:. i:i'Jfr 1rffl'1-ttlL." J:1~ Y-r , :57J.:i]'.1iir '-' 1 r,, i:-, 7:-,,JJ~ J;,; r,, >-s- 1=1p--i:0 1 1 u 1-1'J • [ ET.Xi_ff' __ ;:b--[ fo' 

1:E~iHf~: t, a f illf ~4x-t ~ftJJnWrJ~r11S:j)~1H-H~HfJ !llJ~:~llc 211 tf!:DHJf.nt1P1~i:ittS-·L,ftt: o 

[ 003~n :ff 1lf ;f.E :;)~ Jjfu tJ :rt 4i' t11'.t I.ill{,~ 211 ·n:r l].J, ~ j}j-Ni T 1:kVfrt~· /~ ( -tm ~tJ ,r& H ff.tJL~~J¥ fftJ:H? 
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lt~t;-:!~· -1~~.~.%1-tt *'tf A_?f v-1 *~·*tr~, v~1 ~-~iW1}f~1rtifr1ifi~, {:fiifi~ 213 ,~j,:fi· t.i"-frfr 
tii~ 21s" 

[0034] 

~$~~~~#Mffotr~~~M~T,*0H~~~Mff~fr~~-~ffM~~~~$ 
i'r'iJ JJJ,tl 19'1 ;Ff ivJ it ff,J !71: l_lli't,ilc 2 l l " 11[: f.J · ·· ij: W~ • rm~ F fi: 7J ~~ , ;~t J_fg ii 211 PJ ~.L ~ !rs : ·· 'i'- ltk: 

~~~ffi4~~~~#M~--~~~~~~ffi~~~~#M~,~&-~~~~~tt~ 

Hi ~~Jf-t1ff (TLB)" 1~/i&1JJ..~gJJJ,ti1::r1itff rep sbt~i•liJ 12,,l;~Z:f·!V:E:ff 213 EX1T1it{fl3 215 rep A1f~· 
./_~[1'{J :!-elf ITT [lc,/1, ~1- '"' f,;;;'i \d, zjc;; ,(~1'.';W "rjT !: I 11'E: ,·,t· !Jl1·m .s~ 2· l l hLJ r'8 7,t +ff( 1ll;:J.~A, 1'1<J k"; sz' f{rJI~ I':•: ,1$' ff ,~ s:r)-,,;,.o JR-":fn=i-~.-/x .. lli )l-{=1'n~:r- J;.,:::A,,..,..t'..,,,...:_X.[-::±.f~r--1 -'-- /.J ,"2'.b/l.17J!J-=--=--=----..Jr:::::i-<- '-~--_;..J~D ½)i.....v• :nJ,.."<.C,.~:/X:. 

;,,'tt::t~tt 1tt11'}·fi~.fJ'1=1T [,;J.iab~Jjd::Ef 1~ 211 tu:t::t~ if!f;Z~'~ At*=fr" 0 TLB 4bt 3d::Ef 1~ 21 l ·1=1r [,;J /JLl:ill~ 

wt~U:thJlL:!}=tt~" :frt~ ;~:,t~JJ1.fli'.r :r( rep, !71:l_lli~ 211 PJ l].J, ~j'§-J-+j ~r-~ffi, :llt/0· 1~1Z:l:ih±1Lr11· ·· '?" 1=i;](9!., 

J;,t- 01 ~!:!'ft#l~o ~~lHNl "k;J1Ji):f t(, :tr,j·'JJ'~i'r'.Jttlm. T, !I.t:EEfl~~ 211 TIT ~.:.L Etr~ 1f:E1rif(t:W.1J&Jl:81.J1E 
1rrI it MRt [,~ f:fri ,~J #~o t'E'3· Jff sbtr'i0"i:. F' yJ::;flf ~ 211 Pj ~). E!Hl~·~-t,9x,_~:1:>r\1r:;1t]z1:i'l:ffl.)G 
(ALU) ; i'i]' l:i 7J :J; H~ !72:fJ,Mr ; 'fjJ U, fittr· ·1" fiJ<~~i1" 1ztrill~{;: 211 : fiJ<~J>J flfr1 Jt't::: f?-:~ ff,J !zt 
Jff!.~L 
[0035] ~ f'¼' '"' "1 ·3 ·---,• l' 1 8 1± 'qf jf;:'r ;rt· '·' 8 ,-i.. f'j· -.. p. 1; ~, ,+. 1''±-• -+cc ''t 'l'-l /--J f-:,- --,-• /f ... f'~ f-· -1-+· v-:"+t; ..- pl ., ·fr,•li .. •1P ,..;-,·. Lhj hn.:· Lt,c•' ,_. rt ✓ = I:: . "j-,·•':• . • .,(7' 1r-:= ··E·' . -~_; ITT] ') v 

•.J ~Pt:li--1 ..... ~ ~ /"r-t....-1--- V .,~ ,j_j /,JJ / ..... -~-7>.!' i _.-',) ,.-\,,, 1--- ,T iY i::1;::. ~ _ _i. ~-~ ,... ' 

,.L, A'·+'-' 1 ;zr .. 1. "~ .... l1=1 +-f'-",lli!" 'Jllr+-~.~, A·~"Jtt ~ ,-·· 1.!CJf·· "fr"" /,'·j f'f. f ... '•Jt "" ' ' ' .... ,•[·I.,-.. /•fr' .• i 1.rr,-1/ ·1-1· ~nLl·,l_.1,.J:t1J!_1V~,r. i:A:,'.1:p·c;,'/- l·1·!_1.\f,?7 [ ... ",,.··Jrt;·11t,·=c: ~j .. 1r,·[:1.';';:7)., .. 
0 

-+1ca,:7.'sc-21,3 µ: ... .,/+·T,·[r ... ~ .. w .A!---~~J • _.J, _:,,'\j_K~!- __ L I.J I',--! q .,-,_ ! ' _:,,'\j___v --~,,.--,,,, .. ( ... , __ _ L ,Y_ HH ,,_L. ·• l-'1--, Pl-l - ..J ~..,,., •..J .~- V ./ I 

t-JL 21 o }if1· ;;f;LJ /tj t¥J 1 f1r1J-{'dl'.I f1iJ ~ ffl trf.{fi Ji!, , fil tr1'i ~l .l--. it it Jl ;jJL 'iiJ W; ft Xifl rep t¥J :'fk fl, :.¥P / itffr A 
f~fq:rf 1r1x;:tftLltB}itttJ1t#8"Jtlffl~1liJztfi ( fffi)!,(ll, WH4) 0 1'r:t#Ai.:~hfil):fttLf-1,{tfi:#~ 213 TIT 
~ i~Mi!i;~ f fff~vJ::JEf?:ii 211 :!}itYB1f!'°t'~iixm·;~rm:?ii 211 ti ft: s{)~f!i?i st :tfff~.;?;c;: 0 flJJ ·11~ 
19J, WI ~~fr: 7'1 ~~ H]rJ, itn:tJL 21 o -~1T lJi:tr:?f~ ~ {¥ftt-ffi3 215 !'.Lxf} ··iu ( :$f§1J *i~, !1ll 11~·· tr<~~;tL 

211 PJ u JA v-1 m1 tJf 1J ;i Efx 01 t'm l~i·l!~ 1"t1 Zi 11~ 1'iitfr~:it~~fft~, * xJB ,ff J it±tr t1rM~ 0 tEtAtr~ 
~tm·~JtJjfaJ~z_Jff ,.91:lEH.~ 211 'pJU,i~·-~~51:!¥~rt* ( ~-PJU~ fsJ~~ttrt*) '1¥ 
A~ V'J ti'J;'~f ;Ff :<,it~¼~ tff P~1:ifilk.J19Z+1t~ ?:;;ca 3d:JillJr~ 211 ttlfPT ~;i%::§~.Li:H;1i }~ rep rfJ -t ttlz3/!% 
,!' 'If J\~(1 fr~lt 213 o i"Et# AE :<k NE l'r ::ct rt1 , StH1t 1~ 211 riJ ~J 1YJA1r · -~ 1:;t ~ ¥-'1' .. 1fJ 1\TS tf-{t -hi 

21 :j i-§ {1 ~ tr: 11U 3d: ) rl1 !'rj ix: ti.JJ i1r ti_- t~ 11r0 o 

!'0036] i_L·;i_ ft~ ? 7 ? l'il' r,-l 41J +;fFffi1'1J~ ltf /'\ iJ:: ;j· 11:'lr fc/L l'ij.1Tf'.JJ·1 ... ,r;-l'r d:, fr,;, ~"'1.' J;J•. ':En / r,t· --;-)L /' J;tfi1·1~,.i., tKJ ,Iv - ,_,,_..-,JG--·-- ~ !::;... t __ J:J1--i•:,ll..,_ ·t-., !-L\. 1-~~- ·;,,--,r vA ,,,..._,~-r-•r=i'J1/ '!l/l~!-1., ~h., I 1 \..v,.__ I I i-1..J.-.:;A.; 

[': +f re'-,, --i-• .. J'· -;,,· 4,~. r•(-1 '8 'f/l 'WJ .,_,,, ' 1H ' 'l i+J f* ·) ,-(-1 4·E 1--.- b!=l •"- l' 1 ,f>7 'f ;-& -HT •) 10 N-, t.,q1,+, 1,c1, ,1 f · :iW -1::-,, ;./.,)';· t'.J /J ;:r.1_i·1f1F/'fp'.Jq(Hje·.,;:~tEl= ( /u3Zr, 1J I P'.J c1nJ f_t:1:'r_-,j, ;..1,11tv. ij'j'•IPL, L, P'Jfl:1 T'llx.JJ::,.tF'l1~9.;o 

11r.:1,;··;jzfyrJ, ITT!~~11r.:1,;!5[1lf:M, }~,tj; 212 i:.kE'.Lf5 ;)jrJ~ Jt;!Li/rl (] (AGP) ~Jt.'J'.::~jf;,Ll,r;~J:~5Jii 
{1-(-rT·\11,fccJ·~,aia::IJL1i/1 (qT~h) Cl 0l~ Rffi/U... Cl iA'c (f:C:J:l\ tcJJJ+f./',. (lJVTJL"RTJ:lA\'C'DQD'J'\ flJ1'') -i:c;)'r, -·1··,11,fc~,~ f:JJ,_LJ.t.·1/\1[:t';,!-;:':t, ,L_1_u,l, ,[',,.;J(,, tJ~·-ITTJ-L:,>tcX, \ u.l; ,.~11·1-z-t~U ,1 Jr l_~l.l \ •. Ul l\1/ ,1 . -':i. .c::c, ____ IX.Vi\ 
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tllfT/3/f;)£ 0 iFt~;;~:,J{J}fil:i'.r ;r\ c:p' ... '!'' l=(x ~~!.,*,t- {i1i§*~ff £-'!l'/1 ;ii:; (!v!MlJ) pr ~JlJ11¥? 1+ l,,11::Jfilli 21 l 

l=.j;(f1t#~i'i' 213 ,2J8]' * It i\ET+tA 1~:Jffi:/?t 211 Wr>J~:i'rJ rt1rt:/?t 21:30 :t±:t~,i::_,:;_Jifil ti.it 

ROVI-~iJDJ~Jtt~~llr: Rrn11-·i1H,\$\~;JJ ROM(PROM) ,-fiJiifl.1,;]'; PROM(EPROM), 1j_~JiJf~f½i ROM(EEPROM), 

rtf,PJfx:~ ROM(EAROM), !lJ/;1H10.iJt{f¥1iirflo!l)Z:li';J~3 lfJ];f!-J'i'-D,,1<:E;t1-8i.Jtf=l{j'o ::fcffi§'f;r; 215 N 
~*~ffM*~~W~~~,*~~~~MffM◊~~~~~~~#~00°tr◊~~M~ 

, lr: ,fit i~ 21 s PJ ~J ~], 16 .~ f 1:F. .hl: :EJ. t't 211 0 Zf frt tm 21 ::i ,2_ rsJ it fff ti<J · · 1~ :1x. 1#. ¥ ,,t-1'J ,fi},'/ :t'?. 

[0038] 

1-t~ IJ o ~~ I/0 ~li c:p R1 ·l fix51:!•~ 1-l=iJ ~ ~tfflJ;'.,i;IJN:J\.!:=5it 1~:HL 210 zfsJ R1;filff~ o f'F;v 
-·?f,{if~, rm ~~f(: J,j ~~mu, I/0 ~IT-fjT ~),t:Lft :t~m·, ;J\r!Uit, -~12.:Jx~, ill fJ~~, N1Ktff-, flltJL, -tl 
Wi 1J, :Jh J1:Y {ii, W1?f mtts :!JL, m-4:~, 'E~ ¥ 1tiz, m-4:t~;jf, tfLj{IJ:1<, tltJ;P~·HlZ1ttfL, ye~ 111,-~~ tr1 r/o ~ 

t~ I/O .1iUf c:p r1<J ·1-i&!E:J; t' tYJ -1'· it~51:! * -t--'M.f:Etit_\/JJH'b1rk fHil3:i9J{rg., 
tiw 117 r1J ~J~16··1'~ii:~*·'1'·1~w 117a 

[0039] 1:EJtt, A>Jvi·~;j;)L.PJ i~1f1rt fr- fe§: 8111 }:ti ii ffii. 

,-'7 A "". -~· ·w·--~- ~-" ., .. , •-+• ·fc·· l•i ~· ., .. , ,.;. ·7--- )•n "" ··11··-c.1·- ~" mt 'i-• ,. - (··. u-,.,., A''+· ~-i- 'r /.d,.'.rl···J· 'c{- ·I.··· f'"' A ·tr .-<r'1:~1 ....,._._hi<;'., J :;,."·. !Ai"''( ,1~j_.,,,,-,·1 ~ • :),: "~ ,1:7.•:r ;::;;.s:l,X ,_,1·1:-.:s-., r]_ 1. -• 1±·1'1] ..H.. I·',·,--; 1n j'Jr · J§Ff.J..; P T&A=:''11;-i "I _;,,-., _ _.___,_,,.,>.,_ ..i ...,1!'.'l - '-l ,, _,.A(L1 , - ~, ..iX!::. -rJ"--1<-J'-I ..1-~ y.J H •- -, , __ ., ./---. __. i--------'•"--- - .. _, !/ v_.-,.., •..i ,--1/ 
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35U. S. C. § 101 
T'""h. ;;,:. ----•; '-••'Q-f'/,.(_'4'' •~-,f "4 ''LIZ"-~·, •-1•1"''/·&-IJc-f-•V, j' (+. l' 
.,,.1,h ii 35U. S. C. ~ 101 F fJ,J~;fU1?K:if1 ;JdHf•J/imJ)i~iS'[, f-11~1);J; J 1t'icJ1Tz~ti•hlfH'J t1;:::i:-~ , 1;1_lh'~ 

}i r[=_t~,x, ~l! 11~1~· 1§- * §j ) o 

[ 0040 J wri, JE'. ',i; H'tli. ii rt; ·Pr ~l 't!L Jt ',i; ryl~ ff: 1PI 15-~ l't'0 r¥ fo~ m.j l't'0 ~ t11 Etx: ~ :oJ; *~ 1 f". t1t ~"1 it ir tL-PJ 
-,--L •.:C-0'· 1·•··~r •t;.~-, .,,~,,,,-,---,,i/'i. AJ'+=·__,_,:E"'hl-,mpu )·1 1± .. ,'-- ,;t; -\J' ,•;./,,, 1· • ,c- <,•I Pl i,»•,r-~1,- .,i, Ir' ,'I 1/,1 I' •·11·'/-c' I 

, - -~ ~-:f ).!;:;;:!. • r=:: L,,u ., v 7-- 1:Ju ••.i v_::;k.· 1-;~ )!.-:: /! ,,,..t.~ ::/u'.,X.L.J-:::±::H!=r ~_!_ 

f{J-·1-D.X sf~ :oJ.;-1'-t.t,j,} ( z¥~1Y1l *i>i~, ~w-·1-D.X iji~~ f*~ J'if; tr tf ~ D.Xi~1i'f~ftl?rt1 +f ·fi:i'rWJ ) , 1'J·fiJ,'iti 
21:i ~r1-·'i'-1:JZE£~'~tft171\,, ;;:'¥-f~mi 21 s t1{1--1·-i~iz~~ /t-mi)T. 1~x:-M·Jt.Lr~r11tg_-i';- 0 1+w;,;1::-~tht 

' i, f ·· ;g,·•~Hf·±-;1,--•,Jt. '-,_1,·,.+,r..r D"l 1' R'l[ .;-ct.±.,-L-.,.+,•fr: '·--l'· j '...J-k-fr-l:rr~•4,.;.,·1•cJ;c/.· ,_,·.cA-,-
)Jj:(tl,lT#fhr1J19~1J1rtfl 1!)t'Jc;:J:Y!'i11..AlV .!'.ix G\io d:'1-tJE'1.:)J[Jj/J::r-\i 11 ,l1 J'i'..1:11.,PJVk",TJiti/i')Vl'k 

~~*tl~M~tt~~ff 0 ~~~~~~rt: .-~~~~~~-m~~~~*~~~~ 
~ fc\Jt fiX1 tKf q:: " 
[0041] ·7"[:,.11:[, * ,!',,_ 1% l,<1 -r.ic- t;1 .L l,, n: P ..... ,,. ,Fl vi, 

11-rffii¥, ---- 'I" t1!:~~-t·l~·4- ,~$~, i:F1A¾~1i11, ·· --·l·EfxJl!~1-JJ!114,c, ~;i,;tf-t::nrb, 1'zZ)}ft,~" tEcK~;:i:: 
~~/i1·~~fJ,~f-@t1t•f~~~~1~~~1;1¼*~~+'-m,m~~~1·;~1~1~~fJ~ 1-~~~~A1W~~1~ _.,.,.,,-Jl!..< _ _,_" ,,./(tl-jw"j', .,,_ t , __ ..Jrw ,., O'L_,,---~.,.," ~ ~-1~I:v, _,, ,, . .., •7' ,., l"i] .-, 1-1:J , ;~~.,,,,...,__, _ _;,- /---~,t-t:j .. Jlt,,_L 

Rf.J 111PJ iX~ f1J Etit ~ '1" 1xxj f1\ FIJ tn 2 " i;r~ :vi m: fl , X{-,J t11 / YY: ~Sc'.~~= , iX:<J t~ 2 2 o c yJtJt JJ.lt Jt fA1J ti Rf.J 
11--19 ) -fjT l;J,1)~~:fJL1J U,N, WAN ,MAN, PSTN, ifim ~~fy ~ l'r0:'£:J~t5';'-:ffj f.<xJM~, V'] ~JIMl ,:9Hftf.<xJ!'.CX 
1-f.1i1r ;et ·t * .:r:\'..: (lJ ;{:t.JL~j, tf ~:il I{~ 0 . 11It3f'[:i/t' fXA] ~* 220 1:f: l;;t1}1Nlfl.z, j's] t11;:Vel,' $.:ii:;' ~rtf ~ 
/~ ~ ,'/ +-t•·'·· '·r·./\,. ( -k 't'i£ic',;,~ 1,-J \ -'/ •31•_,. --,-•"' '+j.ih 'h 1··111.c, '")O .... J•r,r •,{;r' r ,1.c, •• _,,r .- ] 0 ci,!!l ,.,~ !ri,'l'.:,t:iJ;..., 1::,r.ij/J , 1:1:lJ )@1'1}/'JE:_, I f:[j;lfl ~o ).:'..:Ri'f' :di)c, X~:"','r L P '::'.A;bHl'Jf;\;1., ~ ~·1;1,J-f:);; 

-~ .;r~ EfxJl!$1-{¥1itf f~<.J::Jt 230, l2~ fff~ 1;f·~.t1210 PI ~{!-.ffcXfllffi1'E# fl#f2<. J:rJ~ 230 ~11:E!rif ft 

[0043] 
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lf.J i"fPJ fJtA">f~ J~L sr 1:E:ttl!J~ l><. fol ~1; t.t ,~ rns ;H; J~ lt¾: Lf.J tf11Jm fix,::4"(1~ ,W/, ( Wu ~w, t: * f5x,)T(, :vt lc1: 
f.[Uti mt:;$.:, Jt¼i~i'fPT M:z!s::~1 ) , ½{EJfuJfilB::tit pg ti'Jr-~ fBS tfi)~JfAlfJ~~i''f:wLiHfiJJ,frEfEft, 
)'c T 1'E:t-ttrm [><)i ~J tiiHI fBS ,1;2: ,& JJ3Z [f~ fu11JJ Wl m 8<111§ 1\il- ( 171] tlJ' _jf 'Xt ~: J-7 ,& !tit' Dt W1 :r:t ~:ft,& 
WI' /j~ ') • ~' j );1. / qt; -f±: j;,;1 ti! ,J.-} ;j- 1)1 N.r :iii:,f-±-;·pJ" L:J. {:J,;f-f~ ms 60)·-•;: ~Jo 1x:~1 ljt,t_ J{8 l'el t,r-r lei,~ cit~ {:i'.I! 4_'.fI i'i'.-ifT:1rrf 
__..--.. ..... , "'_,A __ x_ 1 ...-~1=~,_,,,L.,.,,".,."' ~ .... ,, ... ~ _'l-,./_..x.....-1 ,r---. ___ . L_- ... r:~ ~J'J .._.,.~--'<- ~~1=r/,1~1 ..J,7 -LJ...ttJ---.->'¼- ... )l:L,--i'J ,-1~ .... 

TJ~ !:l){J M~-" ~1*).{w,, XJ+~:1Jl!l1fiJvJ \ [8~fjrt%~tn ms ::'Ki5t, itf!f r1¥•ijt4' 11 fg'Jz ft l:1tiLl, &: ii· l)J}~. 
'·r; f+ r, I l'c fM U;t r----,,,--- '-,; '-f, L rh ::r:: ~ flc! b/__ li:1 'J_[_ '. -,f,- l•"'• +-r-•-•·.LJ: 'i -'-n "'" '/, if J+- -•-•·.LJ: (" -1, U[)" iL n :,:,cix: it~J ft,,..I" f-1J fJ" vu y_(j, --:; de, JC:c:X:/Jtx c/:J 1TE;~)~ /J:?J"(J'r. ft3'J:Ip_oY-:.: lH tJ1, ~ tr'h'i ~Yi::lp_oY-:.: . yJj iVlL)J, 

pBS, RS~) )f~ ';:{:~mt%-ti1;:~jJ:fl~~J>~Jf~ts3.mU fBS tr0tfr~ 0 )t{i-,:'~i.Jt [fDv fBS 1Bz ~-Mi 
l'frt; fl ±ftl~0JU1:lffl, Wr t1171::i:'JUJ~ %--d;!f/fUJ ~1~~Jd.ITPJlll~~*£iI1:vJf ~~f-r'fftN ms" mJft, 7L:i&f1ft~-
-tHU-f± tJ· 7,+ T· t"]3C: pf #i~l;'r T- '::c"'7 p 6;J ;ix /t,f 111· }~> r*1 r~<, .{t //, iib l;pf f;r., J=L:i0f j,ff /[) (1(1 ·EPI'c. ;l'[j" [;~] '':f·: F;i;;] '*1 v'-1-1/~--- /\'.j _ uHJnu'LL~ t.::r; l-=-l->'..J ... ,'.)(._,'L_,--1::3...r_:.,j-l--,,1 L-',-~....__,/.J .• f,LJ./"\1=::,1..>t:.,__,/i-lv1-~tf1J-- ___ JJ_.,!--'---/'J 

J:ti;. ;$- ::r- ) r:fcJ ,It, ;:!)) +: 11 ,_J.-hl-- iv' I 73' i"'-i";I;-.j'i] ;l:.f1· t"BS 6~ r~xl ft_l;t 1_'t- y)±;: f~ 7:; i=i]" ;f]-c 1/..J\ fJ ~ / o j:jj JJ- ·, l>u,,.,XJ~, •:..,,;.,. ~ I _A,,,........._. VI •--I .._ __ .l'.J •- -'~- ~J 'J I" :! ~-1::f , Z ~- L,______._______. , I o 

i0()4"'] /.r:----- /,r,-~,r-• w.i;'-1· c;c\' I I, +.r1r-1-0 11 7':{} -;1- iv'i Tl, ;,E1·-;1:; Tfct: rxxi :f';.\i;."fjJ 1,1 laJ Lg::rl ~ Jf'-!1/r'r-r,r~ r!.r /Jj, +If, . _ v LL A)J1b --1.J-'-li,:Su.X..~, :,;-...vi .;A/...X...vl 1--1Ju~-;,,'Jvv:,1_..,_1 !::AL.::.i1------~, ,;1f:x.._~~"'-,..__.1--=i::..~ 

(1) "frttJ!l!lU "pf)' i!,f: ( ~ 3) , JC~1HJT:E T*#Jfiitb,J1l l><.:t~ ~J NJ i;/-J •%1ijH"-ii 1J, lS<J~J;-.z_ 1~1J ~m Ht fi&%­
±i Dt J:dl tll m Ster1R: 1l ; < 2 > " *' t· " ~fd'9: ( oo 4 > , Jf!iJl?J 4rtH!)J Htl %--1~ 1Jt h rriJ it;r :~ ~3= f'l tr¥ it r· 
--"-•/L" /L" j r··- f"[]. ~ • ' '±· ' ,,_, ·- ... ,, '' -1. --'--,,:,, ,,,,, j [---- WJ I\( 'f ,_. 7{ ~L-,t __ , __ . ,, T -~11 •• {B p.1- . r,. Tl, ~~111>'..1!!>'.. 1 ' 2Ui>ZJ; 'l.?'<1'~JE~?m:rr0>,•f'ItJri.'Zh'U \ :><:.ntx-::':!'S'11-J W,tJ Pj mc:n i;;i ·J:i9_Jh~ 1Y;/f; id'J;__y_ 

(:3) '' J~fr_, "rsJr·JBl ( 00 5) , Jt!iJ ~J, ~m fl)J fl& %-:!N.:f!t tfliifl '.fE J=§ f l!.'rn:J8:t1TMJX:J}J t~~ ms flJ ~t*!Ni:: 
lr~~o {E .1tt;,·~tJfllifTs=\'.:9=1, t~fflt~·crt',, Jwn-HtUrfrffi=iT ~J, t±\:f_W,{Etfll~tJ~~1J¥f1;1d~Hl1%tl.Af'ijJ, 
:f:E et.0}~tfrfi~ft7cfj}1gt Z!& ( W~ t1r, -§1~ MBS, pBS, RS~ 7e{~ fxxJt&) f§.;1~3'G1':i13:%t1/:! 
~~~rxxJ~~M&T.~ffB~~ ~~B:~~$WJ~~~~fxxJ~z§"~~~~~~ 
:r( 9=1, Ht,-,--Pir-HU1T k:l H:JJJU-F Br-2. mI%-M't{tt7".rfi:3i;JJ 7 )Gft~~[i %-zl& D tE f~- ---~J)filjJ :r( 9=1, i#k 
--(''; !Yf,- E:{}-~f]" i)I /Ll' ffi'11 :f,-"-l L ;=i_ m;; ./it,.. l-f,lc_ i,- f~; ly"h ·I- i::~~tc tl~ :'.l.-z" fr;, :rcn / flt" *--iJ,l;f·;lj rtf11},i§*-11'"£11:~- ~,.'. ['·; t ,,, , f:",....._,_ _A LJ_ /-l _LL __ ... }J!J'_]-J Jj:];_ ,, . ..,1 />---, ., _/l-1-""lJJyk/,1 ---~/---,/I' 1 ,-:r-..1I~ .. ,, -, -~-• .~_, 11: , 1=i >-~ / 

61,-,fs+'.Apflj";-f-l'iiJ ( 1·511f1f1 ;:-c.1f;<, /.1,\'}#.;·ff::.¾z~-l\t" p'-1:f:t1IJr?,,i[\/;f FBS 6tr~;li'.j) ', ~J'J _L i;-,J ~~'J ·" /~ ,,..r--1, LJ.,..._L/J 11=:; ·1--~ r-1:-->-,::_:_J ~E--r1 .,,;,,,.. t,x.._..i-'...Jn'.J ! _h__, ~~.J Yr-~ .,....J, 1 o 

[004 7] Trfili,tf~&'-J ltj 3-5 B~j1-l]: Jr~ l~PT lJ$~Lt; lk ms EJ{j ffi1~1" 1:E 1'" *liliI)J 51: , rns S';j 
t.t 0~-i=iJ l)J {ry_jr5J=§ f ~ S~'. t 1 t't1Yi·~v&f'i'.Z 1J\ l><Jl&1;B<-J 1-f1rif /i715.Efbz9J--fl O Wu ~Q, fBS (lJ tfi~-PJ ~:;, Et 
rir,a::~f1;JfHJt fBS W:~, l(:J fBS ti1Jt~1~tif{k!J-B:,~~-*' mc:B'. ms ~.J,t*fi=, ij;Q:~- ½tflt~ ms tfi 
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ifit Ji , ~) li ~ " [El LtL, Jc rt Hfi ~- tit 1Jt }j f?t ~i f~l ;,i:: ft ~; t'E ----- ±ih :Iffi l5s. J::,(( fT0 rm ~ ;~ t/i'z 'ifl't 1 j, [5s. fjf~ 
/Z 'i' t•cj ··r L,L),. {- -,Jz. '-•' '· J. [., ·11, t···· '.I} ' ( I ~,.., ,,N, ; t···· Pl] h ( I f' '.,(-n, Ji· 1.:kl:: flt:, ~WtJ ;E 1-~.cb:E:i ><.J'lJG rJ ~J,J "~-fJi;{111Ui' ><..r1~-J-':r ~J,J !l'Ht o 

[0050J {E- ---1'-~1lfiJYst9=l, ltl 3 1:fJ ln't:-PJ LU. Efl l~·ftn ltl 2 t¥J ~lJ't:trL 210 z~trJ ~l·lttL~RtJt 
fio R#~.003~h~mLl~~~~~~~mru•~~ffl~~~~~I~*~fi" 
[0051 J i~iJi:t:tE:i.t1Jl 31 o :ff Yfa, A , ~t· ~'.HLt:~ L!">Ctiit;J~ iti ~:ith:EJI f2<.ti p~ B1=-M:fz~-i ,fH *,EfKff1 

'I f=f'l , ,-.-• .. , = ~ [---• 'J.,{-'· ,_, 8 -tt- --• -{~., ·; --'- ~--•-"1 ''" ,, lj'1 ., '±'\r' i-H, _l;,J •. ~. ,,r: --1:-:zc,te,1-~ -l-ll_L, X Jt,. ,~1,·1 -~ --~0-:tit:t'' _:_i::.7-, fr-t'., ,:,,::; U,i ·n: :,i;;~{/1>' i-f,j ~ Li ,lty'r~· /I' 1---, ... . n,. ;..,,O ·u ___ .1._t_>-:.·1,:>x: __ ---~ i .,_.,\)~----•-.I/ -----H~~--.1A )~'h, ~I-•-.--, _____ ,,-.:)/# 

~~~~~~illfi~~Ji.~~w~~~~~mw.~~~~~~*#ffl◊o~ ~~~n 

J'.\ , tj :~:!f l1 f§ * ~ f/0 xf~ fi Jili -PJ ~j iHb tj 1±fiif6"t,1t ~ Jf;U f/0 ¥ ftl1 ,t § ='-~ l}R (fl xfi ~ ;~;, 0 w~ ~w , 

~,~~½~~~~~~*~ffM~~*~~A • mttm~"~#A • m~~~ffi~Ll~ 
f~* El L. s. A • iJ/~ ti f~} i'tJ1Efffm th r'ciJ 8"'111L@,, 
r._00,:;3] · ff ft11fr3:Sr! J, rJft,~-j·,fc'•• r"J ;+ 1~·;:n i;i-frnT 

,J ·----• ~-><: tA..J- '-J / ...... ,__ .-::,1L \I l t-1 ,l:1•, VI ::rt~ 'V ... 1-J~ u. H--1 

,',cf(_~ lt','7 :.:i;::f,J', fll; (x, +r-1'H:/-,J,- L'v!J -,'-,:f(£!/? F"J' 1=b j · Yjl. FR+ :f'-J' fjll ti< L'v:JJt·t'7S1)i'i #)"- r,1 r. r.;,<1 ·t:J•j1l1ft1 Arm··,-• r:iP-1c,1 , / ... u .ll~..,-x, ,JI>. :Jcj :i;~ /' 1-1 r:iP-1c,, , u. )'-... -- --/1-...tt:J /1_,<x,, ,. "' :t;r 1-1 / ... ._, ,j/J,, ---'.X, s l:A __ Ls,.* , r ., ,. w , 

~m~m~~ffl"~~@~~~~ ,IT~~-*~Ll~T~~~~~~A □ ~~~~A 
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f-,'1\.~rJ'i I -,ti'½ {Eli [X fu_y rh lf>I _ f 1 ,:;;,:,I_ --_¥.11',ft =f;_1,:i'', Flf:1 c,t,. l,1'_1/if ;1· i'i,(1";?,,_,· Fi (1<1 )'\ll' l {J{J -f'_c_~· ,,T.-~J½fr •), •, 1',r/ffi 1'+ if"t' 10i,-1-,: ]]TJ,, \Y./'\J:lb,.._~_. ___ J•,\J ::JW....,,, ___ • ___ .. "-1.-J,.-L>_:,~~JJx.~-?jJ,.._,/"I/ !-l-J, __ 1 ;.-,....,, 1..,1-l ,, J.~A- 1--..... ~l_'st._ ,-+t---,w---~ 

~?~~m 0 tr:~~~~~.m~fil~~~~ •m*~~.~~~~t:Bm?~A~~-m 
0 iEJrt*ll.:~jJtHJi:rt 4J, -tm*+u }" • ttitf8,@,*H~irli'E~1c':1 tfJ.ix fl. mrJ frq.fJLl'ir l;,uA i~ 

ttf!J~JK~~ r1 s<-J i::tf11±t~±tL =i r}1 pl.fJ}d1Jli!,J2t-Jt:htU1L o tr:~,j--~tJJBfiJ ~r't rf1 , _tzn *5fiJ!=81c fltrt'r0\~ t 1 YU 
**ttffmrr~?~~§,~#•mm~M~~~~~~~~4J~m~~~~~. 
'00~6] -f-- ,,- -1~'-' ') 1 Q ' r ;-,$" ±n -r;'{ -~ -r I l~ ,ui -¥, [,--- +--1' /,/-r --"- >'1-- "-'~ --h-- /,',,, ~ ,,,.. ' - " f ' ' ,:=- _].,-; -Ft· 
L :) I 1J::;.F'.J;iR J o, ~y c'J'i'·fl:'l,try1J;t_,1L~x::r~1m. <..l!J!(,i,:i:, irntuJt'.o {f: ---- i ¾fJtrO) 5'1-."r', n·1,i1.,1:n~ 

:C.-h-:j-l'I1W: 310 if I :11 ;+-_m:M1 J£:YrJz;1J l{-1 [t'.'.. ,,~+t+',J.':,-':j ~ rx ±niit'J/,1 {tf El ::-,ff._frftj ~ tl'-_,[l '~_,_1··_,'/1l:._'._, 0 ----•,,;;1-~'_>''(:11',~.'--~ J 11: __ ,Y :PR - tb v, _j-f ,, .i.J:-3"'-. LX.- i-• ~: 1 S /-.1 /u~Jci1~--LLLL, ___ • ,;.A 1-1 ~ , ,__, /t~t,~ r., •.J N__ tj _ Lt 1-J /--. _, .. 

;,9,; 11,m J..±.· ,!f,i: J'r_.~;.!f; 5f'°'-P]- r,1 :l;t ::i:: r,:RtJCJ ivJ)/Z_ ::-,p, ,!ff· , v_...-,.,:XaJ:1li _ _._.,1r_1.111J-J'~ i:"A--:=t::'.':' -4 ,,,iJ..:=1:::'..l-1 ,\_J/;,i_T. 

~~*.~&~~p~~~Mm*.~~M~*m~~TM~~?~~§~/~~ffiM~ 

8<; 1T9\J:J rl! ft!Vlr: o i~ l!ixJ{J!JTIJ ~£ T1tJ---f:J }t~, 1i Jl:, r.& , tl FFi ~t~ mz 1Htt:1Jt Jifff UUjiJ 8<;,f:E1riJ it 

*~~hillAffi~~~~.&-~ffltr:$~~~mm~~~~m*~~~u~tt~ffl* 
~"T:E~#~~ .~#~~~~~T~OOM~~U ~ffl$*illfiatr:½ ~~n~~. 
' '<f f V ~" ---J' '' I _c_/, -~-• -h-- 1 _})'- 'J-· '"Jl', +>,-· .,--] -1-C• /, f1 r • /_ - , __ - -u- _,_ r-'-- Fl -,j-• ; r • / -" ' A-. _, __ ",,\-• ' - I' t +,: ' i 
;~,rfll :,serve p !;:.,, ~--;j' tL :xt~ ~v#?--t}1:i9 !13 37'( iv ffYff:1,1] ~\:;-,fr ,l_j;,71;::rzf 1J O Z[-- i ~k, ]Jti!JJ ~C\, r 1 ' d: v1· 

~ru0ffi#$~~?½~tt~*~~~rrm*~ffi*~z~.u•mm~¥Tffl~$~$ 
r=1 ;t111m,ff 1 s¢1~t§ 1'211:¥~rr>J !J!i1 ~ttu:¥:111~ it 11'll m,r1 ~t ·11iy ,,J<: 0 1:r !i~ - -i }Jfil H J:t , 1~ 1~L1 ~t ~ ~;_ tt 
~~~*MM~~~~~~~m*~~~ff~~~*~~~~*~fi 0 
r,.()0',9] -fr"_Lro;J,8 '='2C '-l-3/-J;J-1 i/'f-':1•/ )£':i:,-,k,l,:ff1F,,-i-c,fc1J: fr/1 f-'PC: 1r[l§\'1. -1--•------/2'-.';,-•_f.k--/c; .i'r-h '-}_,-H'J'-'·1·•1 
. " U::/J/•:l,1<~' u,vr J,,i'- 11;u!Xit,,,.·LLl:<;;'l!:!.,±L"'.,.l!'>:,n,~'J LJ0 PP--i'21o fr [ ¾ 1Jt!!./,,1.l-\T,b"'.fXit1, 

j-ff [; 1 -{,J f+; '-'.+ *f. -i~~ +n'J, TEg !X :biJ , 11 11-r ~- 1 AEI! b:J 't'7 ~ 1=11 l;fq 1t, ') f:1•<J fB c: f+l_]_ ;,',: , 1-• L'l{1 ::i:=: f;t -:?-:f'f ± r_ifJ -1'.+ M :i:rf ~ ~A l __ J~ p /\~ 1~L y~.,..,._ ...... o_:_.,.,,. __ ,_. !-'.--~ ~7'. r. RP 1=l \ J/ -· __:J,.,. ' _:,,c.., _ ...... ~/r JA-~ ' ' r . - u , I / _l.1-i 'J ./--~-~'1::.7..,__llll. ~~. ' 7f----· !/ ..... 

tltfl o f3JftJfil, i~f-ltfJ. 1=1J r:J 1~A~ tB i~J:tlJ,:fiJU:{~ I-½ ff'.JWF~f~fi/1 J+ §j£ tB il~Jjp fl<J ms WJ ']§· Jfri@ 

1t i¥J}ct-1~A.li&'." {E '!" * J)~!'T ::r\ rt1 , :f~Jff lt~ft!:; (lvlBS, pBS, RS ) ;¥~I fBS iYJ:lA:jfrprJi~}~ []J ir!t 
:f"' -'-'- " B ;_,,_, x--.· 1_,0:" 
ljYJ\ j:;J ~j-f- :fi.J i,4'- )Jt o 

[0060] 
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tJJtJ, i=iT !)J-tij_Jr§tiz CSG' OSG }=ljt HSG tiff-: fJJ $ 1~ ms rep Erb~ 1-' EX_~$/1'- 0 

[0061 J :ff- -1-~ JJ{fx /(:rt 4", ~"~tJHffr1J U 121 tf:tff~iH11r1J1tl~W~ EHfJ ms o 1>'U -tm, 7.+.tt;HfHiJHiO, 

lF1il +1'.-1 _f''B• .~ &j ?ifir Fl -P--J- f•j _)=L ,itR -lj:: s'r11 Wl 'xc,• ~'-1 &j ?ifir Fl u/, 
!7~1;,:, ,0,1'><Al--i •~,1E1H'L-1-ll>-n°,:"r'J ,1'-><Al--ii-l':J 

/T" - " - ;J~ i-1-~ :trrt ~ '}z' P 6{r *1)(_T B r~( r -;"-:1 7t1,,__ ·:'-' _-__ I - ii_1i} -1H=E J,cif Jt ':'7 A ;\I;- (1<r -,,:-r -',')-- ~:[,,. ,,, J ..-(_,_ , 1 8 !--'-~ :-11-,, ---J-_-=J - r::::r I l=-i -J ~"9:. l=l :--. .J f--~ .. -....~ - 9 ... :/',.!_ -- 1~~ 1 __ -l .1 /-.. !...J r--1 ~ i-=l :; ~----1 /" .. L .. a 

[0062] tE ·iv,thti J-..fi(; 1J1 , i~tf}~U1J ~2J. 2trg:;; ms f'i~:~i_U:tt!.:Ef ll}& p-;J flJ1rif'.iE{1't:i'. o Wu ~w, 
'pJ l;J.~-tr- rns tff{Jfli· ~ Jtg,3:!Jl.B:ti~ pg rfJ~?f';g}it\±JL O 7J 31-1f~f51j' 'pT !)J>l-tr· fBS tft(Jfli·3Iif-i'E"ffiI-~:~ 
f18<Jfff,iy ±fuJ1l:: o -T'E- -1'~ hill )Jr-t ,+1

, X1ttl!Jit8½:~±;:}-friT lJJ, ~P,JI,1;11.8½ o !JrJtlJ, Xti~J1l~ 0J35-tfi r1J ~j 

~+~OOM~BtIT~Bt-$"~f,j~-~~.~~hl~~~~Ll~+~~~m~~":ff~ 
-~~hA .~~hl~~~mU¥+H~~~~-~.~x-~~hA4",$W~~~~ 
MBt~hl~~§~Ll¥+ffltr~W~?Bt~hl~~ ~o 

[0063] 1:Uf~ 330, tl·JiLtJL£+M ms lf'.lf-ltifJ~fl~'-KtO¥,/E%~t§.l~:~D tE!it:~~'~kMfih:r( 

~l{: flj t;(~j'!53f£· · Jjy_ji~t.>J:Jlo .~-- · f:.X,)l\~$'15.:ff:JJ Ll '[:,},1tSY6£ )l\;[ {ij ( ~~!fi-3 T fBS, -1J..'f: ~~ 1:, ;1-i 

1P~1NuJ,[2<~ r~!'.l':k~Bt ti4f;•nx;¥) :¥~1 r§ fHs'!f· ms i{l':k¼Y:R~ttftrix;•~'( ( MMHf1 , :rfutt)di\', :&-fljz 
M=,.Yti:ft'i~-jjj!'l{;t fBS ±if(:,-J-JHftVJtJu;m; j~t¥fjSf:&2t\) 0 [P]t+:rt!!i. WJ-·Jj.x,_2fs-#~)1J ~,Z~f'l§½ 
~~ ~- fB s t§ '!I: tr,c ft],({!, J& * 0 

[oo64J tut·:!}~ 3:14, 1f·JftJLt1HGJ.{E tbtfuil;I.fZ)ixPS XD·l;HtlJ~i:'f: 8~ fJfLI·" tE~~?khfil_h A ,fi, 
i~p/Lfm~iri5' r-1J ~J.. l~i:'.IJ§ ms" {f~ tm, i~!lH }Jl1£ft~ PJ l2i {.:Z.EL:ttit±:L~±ltiXU~.t~ V'J f~~fi':{l{Efr'.J~~ 

[oo65J -r'E ·1"'.v-J)'Af:17 .i't rep, if 1f 334 A1t~1RnJ 12J H!;:§x1 i'E1ii±ill.:E1¥ff;);_ri p~ /tfL~- ( ff~ Pn, "'EZ~ 
~~~>ffi~¥~ffi~~~x~•~~~•m*m· [P]tf~-~mmm~~M~~~~B: 
~~~:f~~¥~ftt~~~9.~.~hl--1~~~~%~~~~-J•r~~--1=~n'-?1_] __ 8_ Ai~tt~)~J-J+ •far 'Jr~..,/ 7t1-"F~ ---'--~•-,--,,./ I - _ .. A-..!--J_J__--l 1~\/.,I ,._,, -=~· ,---1 J'·:) 1==1 n' v:L !,,, .,._,, _.J-[=:Y..i1x _ _.__._ .v ,! _L-1... _,,h, ,--,,_J -\. 

J f- Jl]:/ii ., ., ,; -l-- ' j Mr HL+i /, -• u'J ¼* ,.,,' -=;,- '' I -;;r-- ,{c·i 1::f -,f,,,- r'-j J f- Jlll); ., ,~,;:: 'fl] ·~ 4i::: U'J 1·r: .inf "'fJ n r=1 ti', j·•l '-!-•t·-"' ',, r 
/-JY!p"j< dd't EB r ·-ti-1.,p JA 1T 11' 11°5',Jl), Pj V./>'I' t:_,1rx;1,;: f::c /-J,;' !.Jjf< db; /j' ,) lJ 11' 1T 1PJ J )'.) 0 PH1- -B' 1?< ,JJ:!:fv. 

w1 1 :1ro~~1~}-~~~[~~~~%~ji~~~~~1~]$~~J~# ~±-_:. A[~Ju~_-;·J-;r~~,J~Ai~l • -.J 1(,,,. .. ,_,,,...,,__ L:J·J,__ . !t~/'\.,.,..\.'J .... ::_:c~.:.--~ -.:r .. V'.J ,.. __ .., ___ L,,]-: I-L~t-l..J:..=r:-~-H 11':=:J /'...,~I-=-!- :.._=i::..;.;.,-H () -t: ~ lE "'-I l ,C~ ..., t/'. 
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~~M)~ffWfr~~~ffl.~~ffW~~fr~~~~H~~ffl. ~~.~~~fil~~ffl 
~~~M:ttM~~~~~ffM~OO~~~~ffl(~~~~~~~~ffM~~-~tt~~ 

~tif lfJ{1t'i: ) , 4:l Xti~fitll &hfil~J<J {-ffiJ J:rwHfJ ·ri ~t'!f{jj/1}, tt· X·J ~fitll &hill li<J ff1riJ hWHfJ 1it7J'.;: ( 111) 
Pn, :fiUfY.., ·fit, Htrfj, ::: '(fa.. ~if ) ~ffl, £~1<;;~·{Ef Pf A't ~t )ltt¥11it.Tiill btJ}filltt\JL i~l(;{1llJW:JJm~ffl 
~['I , 1c-- + ·-,-· / h R[~ ,'.-, le' 'J' '. ·--f; # + TI''+,-,, . .,, '--'-- -,c. ··, 6-.. ' \ ;l • t ciz If fr] h± I I ( • f ' A ,..,.. I/ {j· .• 

Pj ;;, E-rii Etl 7C?~J: nix ~f:n.,{iJ~}] !.ex. -if Etl ,rJc:Ti)JJ!:i 1;§ "'.:~ f;~ -;;,: \FCC,, 1T iin /J.p ''1:t:0-f 11'11 l~ f5J 11 ;g IJ•J£{,f11 

ctOOil'\ct~ o 

~roJ ~~~~m~~M~~tt~~<~~.~~~~%~~h~ffl~fflffl~~I~ 
~:J'.n l+I I, . .,.. L ,, ,r-,· >a{, . ft'---, f+l ',;.j.. .. f·• 'I- I, Jf'.c '-"• r-'-• p • '· 1r£ '·\Ji p_. p ---]· ·,1 ~ T' ---J· !+I .tl:c' -c>c- +r;, ,.,.. L., 'h' ~JU \£1.m ff'} X,::fl3'1JUg ) 1.i'J r1J m 'l':ti'l ;::,dJ'} ty;J~ll"i r1 ,~, o iY.fJJHRif:i )6.:, r1 ~.A1Y !.'>Zn 1--u 5'3~2¥<., m YcC, .'::.:cJ1:t· 

liJPJ ffl imi.rf ~ * 8<.J .~Jt~, fij ·r1r ffl ,t~-wrir * 8":1 +HPJ-!t -r':: t{r-hl:!'.~tf=l 111~, Dx~ 1J 1:. H":1 ~f6 t§. ,e." 
[001n i~f~ ,e,~m l2H~Hj5'$ li1Jc1!~" L~'$ Jitttfg m ~ tij tri~iYrnfJmin~ s<J £f7i11 .rJZ ms 
!YJ *lJ=!;f'Y:~il.::, ~i;'L i"~r,~JJJ~ fBS ~J0 ff,'J1{?ti-~ltt§ ::k:I'r*o ~!;~, i~'.r'i".~l:i'iJ ~J tJ:f:ttW.I:, ~·tt:rt 
i:' !>1! f;.!g ~ i:' 7,~ I~~ i:' t£t I.ill'$ i:' E'¼ m 1Jt X '(~ m t1[ 13/T w; rt011 fi:rJ A ·t rit{tt~ E'¼ A!l % ff':J '$ :cl: tfi 
=-~X: Il]~ 0 

m:rm~ M,$. ( 11u ~11, 11vj ;,;; Efr:Pt1t-, ~tJ.:'M-c~iifl. fft:'.il~YI1't, 1,*Irizft~y ,8 ~ i'ifJ. t1:1m i~w;-~ ) ~~oti 1t 
J&:4.c ( 1§1j 7Z[J' /2, i't~J tfi~ff:U+~ 'l,j;Ji~i'/'1-i!rm iil;iJ' i~J:l~J:ff 1il1. 'Mt.:J:P'f~c: ) 0 

[0013J 1f:;fd1~ ;342, it-~,~U~f:'zj~ ·tf=l tJ~=tH~~L i~ b~.¥.1{1=1T ~J-tHi~- -;¥11~ =-tEPIE't$: 

~ fBS llX:til~M )Jll£}1i:::.:f8Jillff tft~ o tE· ·1t~:,;l~ hiff)J :i:t ,f.1, ~ - ·;flJ / rJX:1f£ :::t1~tlt3& Pj l2~ 
Jij fiYJfjijjilJi rt~~ ' L). ti,i 7E ff t~t&J, ~31~~ ~' iitl{ ii)$ i1Jz:i:±Hlt ~i:'i& ( 13'( J.m ' iwI )Eg}Zti ili tE i:15 ~rl 3 2 2 

ro115E rt-J 11~111t'.t ~t(:t1~Yi~) " 1+--.rtl;;~J1Tuh:i:t i=r, tr-m:t:iL i;JJ1f1ntJr::B'lIJJ.± qc3: !lf1 JJot~HiJ. o tEJi!~ 
~ffi~T-~~~m~~T*~~-m~~*ff~~A*illfi.ffllli~~*~~~.~;E~ 
;if::fj llH }JP t~JtJ, i:ir t;J 1'1!f~ it fHJL r?f 1~il'ltf.l PT lJMw.UEJ,lzj {ttt f1E'i¥ir ):f( st ,~1 )JQ ;G'i1-2:" 
[0074] tE~t~J :346, I,p,\ti'ffS~J#:1)(0 1£ /l'*JJW:)j5{;r1 1 ' i~1l'f1~ltix.m~J-t'i'~1ts·@-'1'11:E 

i:t<ltrtHlUl:r4~ 1J~ tfl~ rnso ·WLl :tio, ;~f 1f:j)_;:1JJ~ ;325 :f~r 334 Ef's--'i" ~51:~~ 1~HHfH~l1f::iv·~fl ~122 11ftl 

~~~ffitt~tt~~*,Uffmm~~m~~~~~~~~~fBSM*~~*~~M~* 
] 'I 
.I 
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---1 M ,,f. 'I' t,4-L [- ~ ., 't ~-J,1-1 ----• 1' j r 11 •'- --·. '-'•+_r_h---1-• r7' I' -J- J'l:11 "n IU-> l -1=1-·' f- 13 A-,- ,rr;- ,P 'I 'T El r ',. 
,~~ -,HL'i~ f!r:· ~ fft: fffT ;J{, v --1-~-,r u Pj 0-. 1JJ11 IE {£1,~;;~tJ!.L:i:l:!~ P~ W1J!-i=J-p1~ /JUi1~;lLp xt: r_=-1 _jf· ~~- 5:J~lj'JJ:£ it /1 ~~ti 

~~*~otr-~~~~~ .~ffmmLl~~OO~rns~~M~fflft~~~~*~"tr 
~@~~H~~.tt•m~Ll~~$~rns~~M~T,~~"~~~m~~~~m~m& 
::f,'t '~1;c;V:-;-t•P1 )tfJ, +to-nl/e :~2- 2- f,r::-1(EE,I~ ll~J li,f (,8 (1{r+,1t:ft~•~;*irrJ--;+ ltL(, rm[; 0 tF V -----& /Jki)'Jc· c;cf' ,J_J ~~irn 1¥t,1.'cfr1','/ ,Jf 

,::J __ -_t_-:rJ_,,~, L.. _._, _ _),' ... ,,,.,,. ".J 1/i 'l'/J,A.!_!-=-l- :x.J ,Jli-=lJ ,---'-~,.Ju :...~35)(..:-l'J J_.J.7 ,_ _ _.__,~~ A,- I!:. .J.-\i T ~ !c;«l-fP--f-=-=t :~:At~ 

[0075] ~ ~ ,-'-,'-,\-•--'-·-+'•9=1- 'r/,'/1•t·-l---J~' 1 ~ '1-t•-r·N/c 'i"--1'"-,~- -*-•Ji:6\ttfl'--,,m-rt•':J.' -----,-r··, 3-L '1'1-J 1-, -;r , - · ,_s -,, q ~,', /!'•-- - · -- -• EE----·':'-'. "'--;':/,:,c:_, --' · _- -~ 1 ;_ • --- c,:,_c-1 
J--..)Ji.bj...,1 '-1. , V -3--} · :'Y-.......1..-_.,,/_.::.:l~ /i-.J i 1::.it'.t.3·_. · I· H)~~V c 

[00 76] 

5J,1, ;_<y. ,,_-p-, \ 1.11 -1,11 -£-'----1-" '·t7 = -,-h ''I 1-"j ' -t+- -,--
r=T!>·i'==1/~l-:.X..-a /_jl..l!,_~~.J 

f!H~ ms) F 1tttfrrJt,i~*tfE ( -!t:;r:t(ti"S fBS) 1ff~ikf!'r(J"r:teso !~J:rf:;t:'J.\, ir·f'f:;f:Jl-i1J~J, 1tntHr:ij~p;1, 
':1§ :tr ~~ tfu tlf c<: :~if. v,1 ms~ rn s i¥J 1cm ~ Ji ix " 
[0077] 

/.dr_•q---J•1,rfr1t,-'-"Bt' -r./,;t· /-}_tJ--•J--<' rns) __ L/-!-t' r=J'r--:.;:=-L,-l- 1+-1--.--/hj•·· "BS) ,-r--1,-,·, \;1-A~;f;·'• '--+' _t,"-,.r.;': J:1 .-, llj •:J=-++- t:1 'f'J~zrl 1 -''· 1=1!. ·,101 - th r - · -y P :.f.t,) rr<"'"'l-, •, __ l,l.--':'- , 1J - 'r"_1. t ,. ",I •;;t•Li,j'i +- f:-l;-,- i--1 I nv 
_ I I iJ. _ _,.-; J • / .,____ ,,' I j, '.-:,? .J. \ _.,I'"• • __ ... ,--- - , I -- ~ ._. • .,. , -•">.,.:,I ~ ./--.,, , ,. __ j - _.)I__,. .J .., 1-1 ,-----'-• .., ,_, t .-_:.;I\,; 

Ji: fBS frLJt1:::litM (MBS, pBS, RS/¥!-) ~ 7g[\i7)~:~?>7c~{1f:llL fJX>1Hfll)i=.3'f;~~z:rktt11tt~~ 
):1=j T fBSo 11-:;~~ 1if3'~, i11 ~:\UJLNl)Ji,if:!5EJ=jfJ fBS i'rb Tff,f~:J;-t·-i1J{!:!~ff:.t~Jt (CSG,OSG, 

HSG 1~¥) 0 fli.1.£- -;j~fYU, J;[<~~tJL-r1Jt::Hif~5E fBS 1s~t(J,m&r;o {'E-·1'-~}lffi}f;ct~,~*ll.::r(~J;E 

mff~*~~~~*~~5E~ffi~"~~.5E~ffi~NLl~f~~~*-m~mm~*(~ 
tt fBS ti~rxfU'S·fn R c..rt-J~'PlHifil'l~)' l::k&]tt,i5f8'~'/fft\'::bx O ff:J;J:'1~- ·-;if,f:3/~. i.~5EHrJ.lz 
W1':rrT~J~; f fBS fl(Jt~f'f{~5:t (CSGJ)SG,HSG ~)" f±: ,t~'.tJJtlZ:i.TJX; , ~tff1Jl ~:J/£JjyJif11r 
t~ Si~ 1cl'f 1-¥1 ;;-: :fcl~ r~tl !Kt~ 1+f * j:f]' [; I htfl ',2 j:fj f,!9 nl~ i~ ! 1)*'1' -f±: 1£.g ~- ~,r y'; 1J OlJ.1 ~; Wi 1\'ifi ,j \ [x f~[!, !-"'~ 't1"{-J Hr f:' 
,,,.t{.. tr, >l.. , '..j /L.> .-;)< .. !~IX . . ti .... 1r..c ,/ .. / J "" 0 ·prrJ ,,'1...,. " rJ u , A ...1 , . L 1-= ~ rt. --1=1 --=--r, v 1, "J ._:i. i ,A i ,A ---~ ..... 1x .ti 1- ... ,,1 i , tl o 

Jt ·t Hl'-ti5- ( WrJ !m, ¾ tr 1E '.ft'~ tH fsJ 
:t& ) 0 

I I- FJ- \ ' JI- -"C' 'H• '/ ,--, -••13 1r-· 1.,,,. '-· ' 'I ,. ,c-.J ti ''/. Jrl 6 --r'- - I -7 r-,; -'eci:1'1'"" f-FI rm-g '11E' +i='-fiT +n r:1··-J 'T i:tt ' . 11\' _.,,..µ 1 ; . , _,.< __ ---l /:J,1 V"J ,-•--,, ,, I-~..,,,' vt-j"•', -• 1-1 ~ - --•-• ,--- __ • ,/, 
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c 0081 J 1:E ~ ~-~mi ts :rt , 1t Ft ifl3 -~- g i3z ~"I zv ~1¥1 ;B.:; i=iT r;J t'.1 :ri, ii·~ tiL rim '.it'. ff:! + ~11 :!"ff ms 
lj½fLl fi1J$" 137u?m, JcfjJR_ 'fr:tf½ftt _hriT ~J ttlJ-tLl fri ms 1'1½ TctiHl:l% HW rtiJ ~P W:t.%lr 1'r(J H1J,;,YIT l?J 

~ttMk~~*m~~ffi+~~rns~~*c~~*~·~m~~*~*~m*~~*> 
ffl~~.~~~~~~$" @~.u•mm~~~~~~~~~ffl~~1~Tc~~~~tt 
fj'ff, r~_r Jg:fli1r:fl,i'1\l£'cl~:f:,{J',:}+·.il,o )fl hi, ;-t-~.J;fT-;:,T[,;)' ,;{l'l'-';7 fir1J;~r-;r,,1·:_ff~J··r-;-,JJ,\.I ~!W\.:.'H] I cii~'A:li•;i~:T-:3:,; ['f m,l;;m 
r w I::.~ ·15e ·1J:/r LJ J:" /', ·1-1_; _J J l ~ v I -:;1-~- 1P L HJ t -.1-l/1 }.C _:;,,.,I :HJ Y, ~ ,"-t:.-1) Jtt, llit-1 /n / .'.=¼/: _.;-1:-LJ f ~ >'- ·1x J,f_=J 

-f t· -• L,h f'fi' h •--g U U s,' L t, rrll .(-\i -1 • '""1'' iXX /!,. L1"·J 'i + i:f, .. J',J .,1_,-/\,,J,...! /s, ..-1:11- •--'-•'-••-•o 

[0082] 

~g~;~~~~~a~"~~~~~m+~H~~~~#$Wo 

~~J 004~~1mffl-~~~~h~~.ffl+mr*~~m*~h~"~-~~~h 
~ .~4~~~~~~$~IBS~~~x~m*~~h~~~**~*~~~m~T~ 
-.,- , .,. Cf[' k Licl 'j+ , . '+' r1- • --• l1 • t'"' "i9 _,, --= .+;, * , t7 = . , , , , , l:. + . q ---• r -,r w1 , / ., , 1 ----J• 
xr:lU11<.1?1>-Ei,, J:t '.txt ri, lX:J1IJ' \t-:~:r,[l J]X,~l"i'1t: ~7.)"~-~: } 1 llHft: /JO ti: ::-tJ '7J\' 'i~ ' 8l 4 li'JJ/1:i 11 

~J li'iJ Xt~~a%-tifitJ'rm1Jt ~Ji~'3El,~,1:t7i::tt~rrtttf:f~, 1,~1mt!·.:W:&f1 s~J¥1!RHl:l-%- ~J.& / 1=i;JtpJ 

1'ir:+~ +pj ::r::.{rl', r,q c"x,. l,fI{H-. ;.,· l',(1 ,i~r L(,; r'li~>C J,;rr, ;,-:.;±· 1tJ,l0 1
1c f;'f ~ ~; p', ;Kt r'~-~~~f,~:111, ti\ [x· ~~~ taZ

1 
1'>(1 l'i'i:,-h i1i1l 

nw.,.-i--" ;..,~ ./Ll-'-::<i,.11\. ]j 1--i... ,/, /..I !-I J A___ll.LL.-,...,, .,1-.;_ ! , .J.., •• ..-\, 1w _L 1--1,,),,.,S 1:-, . • !-Li -t:::1 !)!A- J;-f)(. ...,, ___ .[Jl\. Y-F!-1 J r::iu.-' .Jo ]/ .1 

%-~ t;.H~ *:!1& 1~ -tU kl 1'r(J 11 :m. ;it ~:tr- m ;t;u f B s i~ tJu ~ ~ f:!'r , nr r;J :Jtr ;tfil 1tf 1it JAJJJrtr:~ ti1=r 1fi: ~f 5£ r!,J 

rn so :i;K-fiJ !2J. ~4 (CC ki~ r~;g ~* rt1 Er'J f:ffi ff J!f M· ~r0 ifft 1~ :I: jo/J, ii1f, 1ft, Jt il rtJ \~ t 1 ~fJt _f: ,~1 EfJ 
r~tl t<'~J~~-, ·11'r,·1· l=f ' 1ffi,, ~_._,l--;!1,v;. ,iE J,f_, ~- ,~.A EW.~~ ~.-'. ,;rl ;J;:t.r1· ~~--)' [~1 ;z;:;ffH,' ~:/r[-::0~ m4 t,?_ L;~'{,H: ;,·t;,tt.,1•t,)',;;t 11;,'ffr,' tr'1 /~IX.. YJ /--....::'-::t--:-. ,) . _ _1::-1_,___ .-~. l , ✓ A!ll.. ~, .=.1. ,,,,...,._( : -.J --•-• .,.,..H ~±.1~1 /........ I_J __ J_~ J./ ,, ~.-,,,,,.;!JI\ .. Yi :J;.....,. ,/'\,,...., , ... __ '.l:"'7 t~!'\j_.,,. ..,.,!=f:-.J/ 

ticJ r•+_t_~·_t_ --,-- 1•• c±·J:J-'' 't (,'] I/ f·'-"J=f:!-, ·. ,cc:': 1, .. rJ-r-!"n ,'i'''- ;I f/v 111TJ1j l, 1:i lf..f · fP' , 0 "'-..- ,/'\ -•· , -• 1-1 ' -.,r,, .--A /..J/-, , --• ,, ~~ ✓ J._, -, -

roo84J k .,,t,'k 1'i{F--t-1· c;t ,+,, iA;:.J 4 t'1{1·J-'-1·1'd·. PT [;J [fJ ,;!i: hrr v;:.J 2 r-1<J ;J-• i'J 1;11 ? 1 <'1 -;:, zt£ "1'\J ;+-1Jf +n ,tr-tt .. iI I _7,J.J!..!.::,,I.~ .J--"T t::= ~~J .., /--'. " ..,A _J_ Vt=J 7., r:"'- ' t--! ~- ~;;, ,-•'Tl _.. ' .. ,__.,,,'-1= V, 7-F· 1[ U/1,-,1,,' 

fio ~ff~,004~h~mLl~~~~~~~mmff~~ffl~~~~~I~*~fi" 
[0085] i!:f:t:Tii21EJ:r;; !ff 410 JF ftfl, Jt , ii· 1~1iLt/l tlLJ1ct~ii 1-ij JtflJ1J!. l>i; ti PS 1¥J ¥ti1~lJ *1f¥.: 1¥J 
Tct~il fm:!3)!,Q 1Hf~L'~\" ;(:E-· t~1);;hi h J·t ~, i~1s l1, l'iT ~J ffd~ ;J~ JGft~:fl1nirx tn~fiJff1icJ,f;-~ ~fJ 

[0086] 

:1; )Jlli jJ ,):\ 

7G tt J~~ *;J'J½1A 1T ' L~J.1~ g* ~p ~J~& t,'& / j' l>i; }jfi %- ElX ~-':-lz lrf; t,'~{';{u H2<~ )~~ x- 0 ff: :fJ ~ )j~ f11u , it·~ 
mmLl~rlMffi~~f11¥J~~~m~~~hl*m~ffi~$~~P"ffl#~P~~~l¥J~hl 
j:1J ~J11iff1iif-d"i~t'rJiJ:r:Z:3t~t'~~flj' tmiB1:i.t:* § U. S. A[] tJl/j filtJ!r.l EfJ{~,~.' ~;J'f·jffU:t1J1J.lz1lrT )A 
-f I" + k = ,,_, .. ,-- ,,,,-. -,·11 .4J-, '" ,( _J, , W1 -+ /, ' M: ' .. , rh -- j ' , ' . '/-, l'..tr+J-L 4 lY ----c I' . ~ - - 1-- -,--•' l '' 1.ErJ<'.;.fil t1-l 'if): ;j)JHB- j'.'G tl'J lt ml /ti:.\ i::.-'S-[ 0 1£- ['-'.,~ )Jrif7'.f :r'( Lr' )h:t'll!.:tll:!-l'J \~i:!_1; k~·J"*: PJ v).~f L [!l] 1-''i];'~ 

fr] iJ ~jJ iYJ ~'[f$ 0 tE )1 ¾ tt }j ;;:t ' ;{t±!EJrt s<J PiB tfL:vJAf ~ ~j Jtt y.;-:i?ft!J&+ f5,;_ iT ~}J fr] J!,;] '>] Pill 
+r[.~J\ :ft!,•,, G ;i~:f(;llf :"Jl 1$t [;~'pT [.;/ F;.Y, 1n :i::;i;;Hr 3:fE rx· :r,t J..; t:1'<j!btt' TF' 1i, ~- ( ,(<}11 tin ,ir*t'- 5,l,;\ ":1'<J+1:-J'-1'~ ,,:~- l'lJ !ij 11 .. .,, i.~_"'i,;J-!_,T i. ___ :J, ..J ~..,,.,_......_ ~'-..J 1/ _ _/'\J~~- _J_. ___ ~ _,Kt,--~-! 1-...-lL_a~, -~;AH, 1J _l~..,'.Jr./L.,-.,x:i ,~ -'_, .>o,.;_,, 

~fT ) o 
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,;,'i:-~ 1r1,½, r'1 1'1<J ~il', Acii R=i ::.z:: t'1!. 1 JP :>.L<1 --,J-• :'v.1 ?,er? JT\.. -:~ ·i'lr [; 1 "~ 1 f, ,rf:i ~,t pn :f.,r ::f¼ :;J- ,~ ~ i':1·<1 "~1'-'E £~,. ,-h ,Lt 
/I'll !.t:. I l-lj ·ct· J fj. JL~>J<, I,:_ .J-jj --t-• l-l .1 I 1::1 ____ \. la :J r:JP , ; o i, .. ' J • .A 1/P,X, .Y "'-'··"-'·· .Yl: "1 ,•Jc.· ~-1-1 N •• I '"J a .• A[L P "E'., tb JJ- : 

±~ttm;d:ii;H!t%-t¥JtiJJtl., WfSiL ~j;J~p (:f'.fTL:ttftrJH T t¥Jt§a)c(1<Jtffi5tfJ;[tFPJl;UtlE1 ms ( A 
-l~m -~ p 8½4''1' x1*§Jl'v. fBS ({J r~1Jt'ti"f +i 8{J ft-:J MHiA, ITT] J[~,(~ftj =.ttl!;mi %-YH!t )Jtf>J ~~MHt A) 
-±" "c· ,-'-• IL, c·r· ' 'J --,-- 11 ,, qrJ '>.<'. F,1 ,_,_[.-+-- .c,i, f,1-':7 '-, .-'ce ,,., F,1 ,_,_[ .. :.c· +n (/_\. ·Ml 
'}:t.,Ji}f;J::. r-lj, f~T ~;,..)l_;,JtJJ!5ZfJ-1>'E1r. /J r~Gi1;;7 ri=u "fr T 0 1>'E1r.1JT1~'1Ji 11'1::r, 

f 0088] /r: · ~-~,)-- ~tb ;'-1·:;.+' • 11··-fr-ff--:',- ,t (1(1 ;,·yl. #1rn'i]. [,; r r+:f -~F-:1,-t :x:. T-fcl'c,ftfi i•~ :ct( T,'lr·fj:i'-,l,.~ r:I r.:r11~-~.:,,-'j:: - LL '~/-,~ -.J ,,.,.::.\_, 'I .... ,---! r-_,::;J,-..J ,Z.,1-1- j\)-L.! J __ L J .JL.-~ )l.._~t ... .'.'.....f---.'_~.,tr:J.7f'\,:V/'\71~1b ,_______,_____. 

$~~? 0 ~~.~ffmTIJ~ ~*~~~~~f~~~P~X~~m*~ffl~~g~-
.1:1"- r1:\TTrf 1,7, Ar :lWr-lf;' ft,; f:r-Arv~i: ~::lei Ji 7- Li j ryi 4 L[-\i 'J' ·y).,)f~ ";:jT ~-r <u ,r:f;;j-lc"Ll:fl ;_+~ ,Prtf"° :lr:,.:c .Lfcr.,;j(;_{"r ..-.,,. .... x:._,:.,, 3(ll:l/t::J, r o L...I...~ 'j:;~ Jilli. J .. '.I r , r.~-=1 1-1 -..1 / 1 ~,.., ,....__ _ :,1., t_:i _ r_, v _r, 11 '-'-J~~N~- 1--=r .~B ·LJ_-~-----• >',A 

*-m., i~tJ:¾i1~ t; P tr'.#;r ~J{t'.TI, h--;,~,'~f, tLx:fi· nJ !;J ~ffS~ ms 8<1-f:Efriflt~(tJff.t~J{1f.:a 0JTIJ 
.c,i, 'f!Ji -. .,z d· '. <e.«( ·r· f(/../: -',h -r t t, f:P-J ,'.R._ -I--• A•:'-, -,'-k--i';- __ ,, rh ,h _:i:: ·~ -1--• ,'r__f/ eV1 ,-'"' ,'-, -f-• !let' ,-'--, '-'- •",-' a<-•----. ✓-,~ ')llj 
t1GJ-El'.Y.:)liUU,"s i' 1-''1' P:'J A:~l/;!JIX.71 0 1:1::.- r -v, ,Jfil /.J .rvr, tt:I J 1"!'11:l::. f-11' "r''i' .'.fr }J 1-:[: 0fJ' J-t:.1 1L Jf V'J PJ tjr:)n 

~;irJJI~ F~l~Y:J xt~~li %-, _13/T ~J~t ms ~1:'-lf 0 ~lll;:{;'zJt·r1J ~.:J ~·till.Tctt1tf ~H~qt, 
[0090] 

m~~r.,~~,ttffmey~w~nM~~m~+~~~P~~~tt~~ffl~*~~-T 
~~$T~fflW 0 tr~#~~ -~~~fflW~~~M*TM~P~~ttffl*~~~~ffi 
,g, ~:J';-"iiJ ~J~J;f6:ft::fill~1Htxti'flf·-,1"~t t 1 Ef2 ~$(t>J i'X~~f0 H ,{; o ·-i'·'~~hlliH:rt 
4~ntt~riT~~MttWm~~~M~~®~fflW ~ffi~~W~., 
coo91J :tr5J- ·:<1:Bfil h::ct , nJ ~LUflHtRiLlitJ!EJ!J2{t1~rf~ r!>Jii:trirs~111.:a*1x:J1iJ1tt:-1::1l'H~ 
~-~,Pofflhn~#tr1~~~hl~~t~~~/\X~~£~➔ ·~~~~~~~~~~~w~ ;'.:::fr , . ..,_:;,,,.II, 11::1 •-~~ ,1 ~ , _ _, / " -- 1,. __ j r---1 -.I ,-fr ,./Li~-A.i JiA.j,1 /! --.; /\,.--ivrJJt_,, r=l~,/LJ.~:;,--.,: ,_x; __ rrn.L-~ !j¾!l'J L-~_f:'L I' :,J 

le::,· t-J:t rl-1 ic;r;. i' I •i>r f''3 c: 0 . ..-;~ T , f'.l: ~.A,,:ft _l u 

[0092] 1:E T*Jfili}TS'\'.;rt1 '1Ef1r{-1J~BS):r1it~ i'ij l::UtJ TtR'.i}Ui:z;~~~iftEfflilff;p C [J:jf,ll], TIT 
~J W16· -ttb51 l/.:l:u~ ~J fl):fcJ{{i J'.'~ l>U,x, U{t lR½iJ xt{t]L'.·~VHJt:;F/~ Ai~~ fJf.Jxt{flf[o/j- Ef'.i11t: 
~ o JH$: 7!E k~, PT ~J vF'{?i tt:ii; 1~)13:, ~J Tim 'fE J{ W ~:c; rt0 xt~ 1W r,; , fft W td:ii; 1~ r,; , i' P / El.\t fl W ~ 
l;-l "r~l ::i;:::.f,-l',;;:!_; 'Ii.I' L'-K1{1'i 'i¾'· 0 ·it:- -1- ,i. /;~ /1· -i::1'· d1 ~f:fi ~,J V:J ¥,ij-\2J·%f1,f i1 '{!} +~:fa.rr pf !,; 1 ii:1 r,;!] i*~ it:ifi3fo 1>'l A.t::P.;./Ll=-~ IH Y~l-l:J ___ .___B__.. 1---• . _..--...}Jo.:,;.,, - \i. l ,A!_/-._ 1/'\,J~k~·T"l ---L~__f:3___.' V. - . t/L.Hj ~ .l"'h- ,q-i_ __ .l=, p,'i ___ . 

'Er: D mJ Ji, J{ tR!5U I ?i1:Effll~,(1)J~=' r:E i'3J~lJfilJJj:t ~, it.1~,11L~fl'ij" ~~ f-i#1:Eff!t~{("r.g 

~~~~~~~~~~~~?ffl*~~~~~E ~~*m~~~®~~Po~~.~­
~1lJ1T ~J :I~ ii tr tfµ ~ {11. '@: ( i§1J tr1r , Jfff 5N Et'i Jdtl:: ff:Y \j- , ~Jt 1'f ;t~ tl!; fti ~- , !2J }z / ~ ~ 1f Jf ~ /kt: ~f'.J 3r_: 
f1};lr'JJJ~'t.'F tK:i\'; W- ) i-,; :~~ r'1 6i,-,+1b id· ;:J-1:;iT- 1-v Ip) 

0 1-
1-1::,-2( 'fij_1j1~1E1l r:+:i fln W· ?,',_; r'J rr-(-rfti; t•f t~ \ ,)fek1·/c1:ff~ eW-11'!· ."'-J :,,u!-1..J __ L_B., ..J, __ j; ~J'JJ-1..:.J_~~~.i'-__ 1. 1..--li,A ---~1', -..J 17..J'_l_,,_7H/J", .. t_~/ r=l'J~..:...1:L:_.1(l/-.1L [Ll=,,DL~ 

20 
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[0096] tE 1'· * )NUT .r:t:r+1 • t:u1§ ~;r;; f?tt'ffl~ ms Di' i~/nJ,;r-iJ ~)Jjj}~{ 0 tE 31 * )~/T .r:t: 
if1 , ff~'.i:E+6g.~~.~ ms wJ, i:f-JUJ1J1J ~JJ:;Jjf ~r,~ f{J fBS iift!JE.'.DJ~tA,'JJi: ( ~w WO ·J:t~JtH±ffJ '.D 
l& 1fr .'ri ) , L~X: ~- Hf{. trL-iiJ ~j, Ton 5E 31 · B· ~ fjiJ fg~i if 7] ~t ( 1m ~.,R !5U 
fBS r;i<>mi• ffil * £ }1i ) o 

[0097] 

si.Jf*1i::fl.r-~;{ttt'~'f.E'f.E·lfrw2B1L WLl~ri, ;HJ0: csG fi1t8iJ ms Af.J;t1ffPHfHU0: HSG !!J/; osG f*1t 
ff'] fB::, ~tf\~-0 
[0099] 

_;'tj/ _':£;!. '77 p i .., ,l,7J's. A·h'.L±c·· 'l!v J='i,. fr.;1J .ill] ;,-
i:-:t:J-~ ~f:=:f"": ~,; 1/L,J ti./\_' .J o :J ;1 ... , tr: 

21 
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~~rr~fil~~;;~T~~~m1~~~~w~~~#~•~0r~0ff4{*~ #~~~1~ /...J ,--1 :J &-..,, /' .J ..... f✓ L.J. M J]]J. _J -✓ --~;:~,JiA._Jj .... 1'-c /', /-..,. r=l'J 1[-=c::.,_X, ;11J ':.j • q L....L~ .11 ~ q--- / ---~ / J ,1 .... / l.- /\.1 .,I ,) L....L~ --
11' T - ..) I ..... 

LfJ, t11 _rn ½:EJ~ff ;i;fri5~ [R], yij ttfflt'-~~f=t x,tt~v'iH/fiiJ~ IZ~~ %-(j~ iJ v1zfrjJ ~),:UlHi fBS fil~';E friJ 
:'!ft m [f'] jc tfi 7} , W Ll XJ!Jri %-tr:1;~ 7':f"iiJ Cl h\ fJJHflf ft~i lfr !lrd;t f('] )t_: ~ J:Wi 'J} Jj 00 )Ln (1<-1 ~ th TnHl 
1JtrTTf +- u,(1 ;; ht•" /1:-,;: ,Ar -~J-~{f,1l t0,j ,1,+;~:r-"lrr-"lr th [x" PFl ,Z..i';,((iJliltJ A,;; ljf~ '.I_ ;./'c.· ;.; _:c li[-:;;:t, W4 /.,q!l,1'±J:: ;,· 

1_,A.. ,:l_ ..1\.1-1 :J BJJ. ;t..!..." ~-L~~ / '-L,, ~ :1 ..., 11'.J --c'.:.'JJ~']J~ .... ---~ JiX.. .,.~ !-< _ JI /, _.,. l /- ,· -'~ Fl _!!ll. J ,, J--JG ,-,lit.. ti ...,/--t:_ /'- /_ 

F!,{J Jr--,•J, - -,l§s_·- -
1
11--: :rrr1ll;L_., "x".,' p' +,g f-l' 1-i,; '°~_,ii :trr( ~ ,;_,,, p -;:;Tr1 r, 1 l;:-,;r. ilkr r1'i ,·,- tf.J ,{-h'- 1-'- 4:1]; ----/.1,. •,•i _ 1-J,,'r,; ·;-''•:r---1-_' ;'i;-,~, 

,-, . 18 -~ ~11, ~t=:=J -1:?r-, 11·~ V _., •. ;;.t,.r8 f-11-,,_,,~'.__=J -1:::r; /-IJ ~1J.~'iAY::. fnJ w :)Lo/C;:Jx, 0 7'r ~ ✓ ~\ ~ 8 

[0100] 

t811i 0 

[0101] 

~i , 1t 't ~ !Jm h :i:{, -r1J ~), Jt ff~ q; , ~1!_ j> DX~ ((0 :;_t' 1J3R, Jr: 11 -rlJ ~), m: ;lfr t1~ YU~ .cu;.~:!;, ~M " 
[0102J ~ :j 1:i,fif,THtK~ *Hfi:,t;J1t~JJ:i'U1J,HJ T·i'i~JJi ms Ef>JJZ~t~c:'i:~Jxf1j/T$;t;o tr 
-t-'~~hiliHrt , ~~h;1d~ lJl~tlirr,Q;';JJJ¾J}J!'\'fS~- ms rnJ!iJBg,rffi-'tf:ii~S11'13Jlto 11U~(l, ~f;~ ms Jill'~· 
,-r", ,n, -v ' • -J;fr :::i;: t'i.T n+ 1·;i -;-- ~ 2c-, * --;-- --1'· r-h ·-t;- __ , __ '_,_ ~ 1,' /, ''f '"''- kt1 ',# • •i-r ( =rr· • ---:' -f-- 7"" w, f'B "' i't-f'f:t<:PJE :'Bi./~1-1'.l~'J r1Jo d: ··[ ~JJ~/J::r\r',l~JJi1:t:P! 1:::-1-7C1'·x'.,'17s;::t:r,:J'~ ;p_i / E!-Xi1J:1'f1,* - 2i 

' _.,_,__' i;q,,-'-u-'-,~ilr-• '¥' #.'-~· + " ----, ~-· /;R' " _,, __ ., tb-'·J7 '¥ 1 -~ • j ~o/ I• ('1:1 ,-, 1;8 lf' -. '/ -H --!-' • n ,.t_ ~11 J ,Jfjj 7E k ~1Ec,1"": &"J,i-Z o m »t, PJ :J. '==1!'l'}gK,fJJG:I:7J L n1)1c{ 1. ;i:_i..;~-~/L,.-1:iJ& :f,.if.:L~ Ui L1'1 /x;,~ "" _r:r:r, 

~*~~~M~~~?)msm~~~~. 

[0103J :tr-·1':<1:J~/ij:t 1JJ, f:fJ 5 ff'Jh?ir1J ~itJ1i.fl·t~1f:fJ 2 8<Jit~ML 210 L~8<Jit~tTL7tttA 
fio ~ff~,~5~~$~~~M~~~~m~ffiffl~~~m~~~~~I~*~fi" 
[0104] 

,--c'-? )\. ,_,:-__ ,IL .n:,1 s'· 'o±-: -sr-• N- JI"° ___ ,, c+- '·ct--}'' ';r,-::-T [;' l=J 7:.'' T· , ___ +-17 ~II f'"S t,§ Alf'/- N- 1-E1----- /',,. 'CC s'· ··=u •,.-- N- ',t ,. - __ •-r,-';Z'o;,_o - ✓,11c-_,, ,_,,-f•z:r' •'l,1.--1 ,,-1, i'11 ;1 -,•c:--,-• •cc·,_,__= K •-,-- - -,-,,.-1.-1-_-- Pl',.- ,;,, -',1 ll• -.,,,1,,,h,_-, 
L..~-~.i...~_,.k::;..::=±:::.'J'H< -...-:--,J//-\10 Y~n-n,,,.,,.,_,,-___ . ..J_/~/-L ..__ -j,-[-J.-f=---1 l.Ji . '\:..:</~:--.Ji-- .1 1--1~ .1!·"'1/J:.h:--,JJtn 

~11u, TcttH[[tt-i:-~{JtJ1 f;~ T-fjJ ~, tEJtrr51.rU* R i~l+tf!i~45-? rf1iW:-1<.:z.Ji < tmt+-EJ i~10i'E-ms 
~-f;/j Ef>J ~gi;;i;·-111!.f~JWfsj) ~:'ifi2<lJ:ft.>tuAflJit~-tfLrl1 

G 

[0105J tut·:!}~ 514, it lHJL%~JE-~1}: r=iJ ~J l'(f;~ fBSo i;+·1r.;tJLr=iT ~J~ I" 111PJ' tt:l£FJjf;'f ,~,%:1~ 
·J1'i,--,t_•c':::t f';''- ~-,cw "B''r1 1-·••--•,.,::-,r•,1_,¢c;i-t-ru--,+•~-1---e.-r1ll2"-'"'p' ,1'•-l.rl 'Lf~!=l ·-'•-P'· -1ct-J'i,--l.u, tr1 l~tJffJJJ.::. o 'YU Ji!, /~7.)~ r ::, i:i'Jtf'l· )J'<. PJ le:--" t:'.;.1PT I X'J l'l'J d:fol;f'j -=e-. -- ii'Jsl!I.J;It; R Jes," JI, ff,~ · 1-;?:.Ji!!i 
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$'1'-f\H~ ( t1-1fmHJ-J,j)JJilt 518 HlinY'ltim) )!{·fiilitr*~:ri~fttt fBS HI.J11ftl'.££0 
[ o 1 06 J i:'E -- --- ;r" ~ JJtli Ji .:r:t r1 1 , i:'E Ml ;,i:: T~ i'JJ tL ft i"F ms lJ1. i~ /Sh~ TIT ~l tJi ifl o i:'E )1- ----~ JJtli Ji .:r:t 
if1 , ff~JE;;FfG l;J ft:\!'f fBS Ht, itn.tfl,l'lJ ~J;J 'B:-~43"~ fJS fBS too~-'.f:lj~¾t)::'i ( tu WO- --tt~,J1Hlt:fJS 
31 Jztf}'.r:j[) • l~'Q~- i:Vfli1F1r ~l {im '.it'. Js- 11· ~ rt0J\1!;1/;R; }j ~r ( f,zr1iJrn1JPJ t:Lt:ft&!in\t OSG (:r(_f ll11:r!iffJ 
fBS) o 

[0107] 

_;;__'.:1,7 _w_,l,. -:,Jr r'-1 i'I/, IP,--' w *t' -- •,i=f -+11 I ,F8, ;, i; 4! r',i',, ITT!._• r, J ~ i~ -'1'f,- ./1:: ; ,,,,. ,{-c'--,, I =.,. ,IA ':S -ki_-f r,,, ,,_-er\ _w_,J. _t=·g ,~ --f• ,J;c. ',t,k -Ii-• -',:[/ "¥1 ·,ir r'1 -,-J· n,) -f:cl ·fc_,; 11 J LL.EL .tr _t:L 1 1'~ .01:J v;:1/, _7~ -v<.. rn_. _EL--✓ 5'.J\. LL .,_:%, L'L .El. I U ----1 AG r11, -f:cl l 0, D)G 1=l i;'.J f: :'.: ti10:-tf ·rcr; -- J:f 

2:3 
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tl'za 
[0111 J :ff'fr:u1:'Je:J2;li 9.j:ltlL~Ji§, nr !,;J,;fLl Hj t2.1~it11-l~Jf6JII f*i:2;.IJ~*~{trz" i-~t2.1~t1i-1'l-r1J ~), -9'3:S~ 
M~-~m~~mm~n~~~c~ttM~~-~~~~~M~~~~$~M~m~~ 
1l 1tf~,1~i't''.ltrtl$~tr:JW§JE) 0 :tf:~1'-',~hfil ):(i( 1j 1 ' ;{0";j;_f,1tUr(J~Jl!fJf.PJ Ll1~JJt'tl:1zxJ~tttf3! 
1'ri--5]J,\} -,1.·~_J,,'t 1FJ'):Jrl:i~ iJttI-J'J-c;c\' 1+1. rTT r,,r, 1 ~;;j-' cj::; -'z -"'-r t,,7.:, JJ~~ 1,~J::l:i::iJ:H ffil ~_.,, J-1--:: ,'t-(J {;:;t-l:i':J:~_0; *')(_Tit~: FJ· srLJ;~;_r. r,_r 

!--.J ...-__ ,_.:; __ L.,......_.'lxo •--'-• ... _ ,T _,.....,,. l!:i ,...1-..,_ T , "~ ,· J_L\ i---r ----'-•.!.'-L•l'---l::t~/'J.J, 1· 1.JJ _-:__t.i:-:1'. ,,& 1[k:~./ ~~ •"-!.-! ( 'J, 1::.,. ..... 

~~~ttMii~m~~~~~~~m*~" 
[0112] 'fr:umrt::VlltJf. T 13:Jk-~t~-fR, %1Pr ~_,l;j:/jl3:@f~{.f,&;\ittf 1-fivJ' Yr11#1i§{E: ~J-fHJl i:irth 
~~~ffl~~o:ff-~~~H~~.ijMii@-~mLl~M~T~~~~(~~~~~m 
£.~m.~~5~~)~~~@-~o~~~~~#~~LlftW~T~~~~~~$~ 

[0113] _-:-fr[ __ -,._ - __ ,_/;,-~'l:'i.: M-7 }i' j1'' r+1 '/;, ·c Cf'lj H-l ~{, !1{':-?,~tJ:f'i dr Tri:~' ;t,P /if' 0Q.l' -~ $2t-fr ;+ ,,gr i;fl-~f]' D1;';t;Xf-,x 
-- L. /,/JI! ... ,'_.., .. '-: l _9 / '..! -J /I'- /~ ..,_.~ 3}~1_.. J_,_. lX:/1' -- I-!/,..., /'I-- ,/.J )I,~!=-. -'-E-~~ _,,. ypt.,_" v 3=f-1, , _'/-,. "-~ Ji-> ,.l<'.__ 

~Hi-f&. 111 t(:1~,1~1.ti~~-t-' l;J:tf:itm ms If'.! tfjt~a1{tl8 0 :tf:~1'-',khfil );"i( 111 ' l]~f-Llm t-5 'Bi 
~~~~~~~M~~ffffi*~~~~mgc~~*~ffffi~,~%-~~~~~J~;~ 

!, __ '? i;r, fili',1-,---,.0-,:- -_+
1 

n, I,cD, ']'D !.'u"_--*'°-H, __ ~r"1+±_12--1_',
1
' =_'_':-[ 

0 
k,1'. --,-- li7- ·11,A-,-1· ++> 1.r +P '"'' m1 '-1/: uc< ''· y.-'~-J,+>·+± --l' =1 fili I+! 'f, ',¥; '-+ 

'.'-:!_,_lrj'( >:, "'1--1 • ' .,..£'le--: 1X /I' v~- :c:r 71,\ rru ' :1:Jj\L k€-rJ,:! i:G;o!)-1<,,;.. .k. lt' :':ttl ~fj ll::: 11:'~JX/J\. '51:.-[i\." i!'-1 ,lJ:t::' JfilJ_j_ 

tll".~ f·f)}:,_~ yJJ~;J=j t~Jfz ( Jt ;f lj fi-3 -- -%.\U\f. ~ tn ~ t~ Jt1IUr'JW tar 11.!J~ ¾ 'BiJ t* ) ' TIT ~)Jt~ $'1 ~ft:01 rsJ 
:I: :'-1H:m 5:rUi vm RJ,_J ~tt-fi; st~Jf C~: lf·'fl " 
[0111] !ULt.Bi'ri-SUlfhfJ, liJ 5 W~~Tttit'ittJLtt45(:f1Jti'j3:'-i' ms tfJ ,J'.}::Ji'.&1:.t'fJ:;y1J;JR 514 

tn fi 18 o f:i Eli i~f1i1 ~t JJtlZ :iT J-trJ ~J t~ lfr: J,; " tr:~ 1i ffc "o ,HU;,f(E ~tiff: iJb ~ 3t; MD1 j:t , ~ ::i 
~-+~~$~W~mLl:ffffl:ff~ff~~~~~~~~~*~~~"~~.:t:E:®~rns~ 
fU [ltjxWzJ§, i1'&1-E!rf7.~'.#;r Pj []~Wf nW$f1 fj~%-f~:;to ~r }1Bf.%-1-1C&r-1J ~)J~t~'SI \Jvr<~~ttt)t 
1i;f:1J~~ 614-618 rt1 Ef,J--~~51:~g;~~b~fl, ViJ~Hi~tr:t~~~f1 ,fJ}:t:Etfii:t, Jjfi9'fft:zzifB.t~" -· 

, . , ht'' ' ,, '. ,,~,, re,- µ W1 /x. , l-'- ct· _c,l' ---J l'' '-1- r; j . ,__. ·Jtr< ~ 4 ~ -1 8 I'·'· r:'z ,-'7 _L '- 'AA -}-- -~•1 ,w ·* ,-",-ii,,, ,P-,\Z. -:TGt11GJK .Lie;, :i¥, i'S"--1 ii~ ½-1" :c<>Ji,[ f-1 j, i'J:'. 1T ,J;!,.tR :J l --rJ _ 1:t·.H11li JE, 7:<: [1ij ¥1"i d: tiiJ--i;'f ~&-r ;w'1° ~'f' 
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[0118] :tf:tft~J;\\:fr: 1'r(J 51- ·*J;mh·s:t 4"' lll 5 4" l'r(J-·~"BX: 't:i t-tt'lJ~l'if l;J,1'f'. i+~tJL}t0.£f:Ll 
~-~~- fBS Ef'.fiJ::Jcz_Jfj bt1£o 1f1J:!m' ;Jtti"ff-W ~ JY~1r l))J/J7;<Xt·%tliH".-;i1J, [><J~]iHl~i~ JL ~~f 
1~t~*' ·rinJ ttv'f-:r ~:r-~, 514--518 +1 8''.l~~"t1xt;E::t t-" oo 5 ,f 1 8''1~~" t1xt;E::t t-;;P JJJtt<Jt~ arriJ 

l~Ul, i& ~- ~J Jt '8 }f :r\ Jffi :i:t ~ if 1+ tfl! -'ff~ r z ~fJ~i2 i: 1$: ms a 

r o 1 m J :tf: 5} - - ,1: )~ Ii jt 1JJ , f:fJ s L+1 lf''.I !V 1JJR 5 H-51 s p J ~JAr ~t ~ *JL +~1 l!icf u tr1Ht ms 8½ irr ,,_t<: 

--'? i'.-'1,f cb ;±,,; ;+11r J;iT ;!;_•11 1-J·c l~j c:-; A,:-, ,cr'f4-1 ·;-'i:"'t'i'* ;0\'-n] I :J ii;l-rlfi,' '*1" '<t-£ ri'M"'·1·--t;" Jq-l:13!·c"'{ {:'.c\; l-th.-j;t: frf,-r~/[·'--
.. z..__ 111_,1 J.____W 1,-;/·,V, 7+· 1 :lW..JJ>\(! 0 ~2'>- u f=l'J..-6i!'! _7--....}Jl./J...-·'-1.H ~ ..... -,t..:<.... 1V,.o /'.) f--,,.,~/'-IJ7r ..... r~ I) ,~'<.'Jl):..:lfZ:,~~~J/r ..... r~r:i'J 
,.,., ·--rli ' --- "- r:,•,1 - , / 'l=:1"W: - ·1 ,. - 18 4" ',;· A ---x:• -... /,,> A 're ·l"" -----• ~'~ ft-• •++. ft-• B'J'· -, ""'' 77 s'a ±13 (1-'. B'J"· 1 n,p "]~ s ,'I h;H h -,"\' :~ t) 1-1•,_j-'.,-: l~-- ,, d-·-') l"J----•--'['-f1 c•cl_.-L--'r'--_c! __ ,,'!8 ,Ji - '/.'7, :. -0 '2'-- -"ii'. 1--. --c·, I:.' ,-"·-"· t J 
~/.J~,J.J ,.,.-._.., !--:."!l--! <... - "Y ~;?Ii;, v - -'-- ~ - . ~~ .--; 7::...~7 ! /_.V·-1;--r,,' J _,,. il::::i. H-)1:--=--=i ·t::r/ /-L 1/, ~-.,,--'[=j __)L 

'if,-~•"., ..V..lL',_± 1-,:JJ "1.,:6--ij,---,1,•f~J ,_ '•+tt:·'•fl,nil'-, '1--~<=](.-h'-•nL.~/~-t/~-t; l----fj'J* -+j• 
l,,J 1;';-;!;'. 7 FiJJ '" __ , n <rl ·un •+ le, A' I. f-11 ~-, - ·p ~,."'1'* '· /.;1):"_,J<i·o%[ 1 -•r : Jhl::,;,,l] !lrt,/-~~---ij; 'ij; li\ X f,.'.'.., ,f;,c 1--i !-'r~ ~ ..-( __ f,- /'.'..;><,,,,, __ -~- / _ __,,....,.,., Y! -j,'-t-- I;•~ ... _',,,A, ./,,/'J-- i::=i _l# ~-1, •-· ~-•, , ·J::/4,., --. J, -1 -~ ,_ ._. -, ---•. ,x.. -.J o .----::c~ 

*ft:ffltt:$W~P* ~m~$Wrns~~*~~~z~~~~Q~-~~" 
ro120] fr:~ ~d'- 18'1> - 1'1<1 ._/2,.r r/CJ~~-; 1-, ;cf' if I .;-1- J."t J:rT -P]. [: 1 ,fk' R=i ;Y.,._;;!;Li1f{1:jj( ~ ,J,.[rfE =,':. £,~fr: .M7 ~- '.1/.t'. - 1J=: l'-'-J •. x.i J~ ~~ - _J'-. '..ll~• /,.f _,.....\. ' VI _1 f VI.I _:A ,j(_;t:j LI ' ' _,.¼ .... f_, / ~ :71'.._ ,--!f,~• "---' ,j 1J=: HJ.) ,_3 fl 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CN102907141 

The present disclosure relates to methods, apparatus. and systems for connecting a mobile client to a wireless 

network. A method for connecting a mobile client to a wireless network includes periodically triggering an access 

point scanning process to monltor the access point density of the wireless network. The frequency of the trigger is 

adjusted in response to changes in the density of the access points. 

Method, device and system for connecting mobile client to wireless network 

Technical field 

The present invention relates generally to wireless networking and, more particularly, to methods, apparatus, and 

systems for providing wireless connectivity to mobile clients to optimize power savings, wireless access 

opportunities, and end-to-end performance. 

Background technique 

With the growing popularity of Internet-enabled mobile devices and the excess of mobile web applications in 

use, data consumption on smartphones has skyrocketed in the past few years. Many carriers have reported an 

alarming increase in mobile data tratnc. Although in countries including the US, the f1at rate plan hdps with the 

largest data limits, users around the world continue to join the usage-based program. 

Wi-Fi-based wireless mesh networks offer high bandwidth and are often cheaper, and are another option for 
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mobile Internet users, and are a good choice for service providers to offload mobile data traftlc. For a satis(ying 

user experience, mobile Internet applications like latency-sensitive IP telephony need to guarantee seamless 

connectivity within areas wHh wireless coverage. However, due to the reconnection required for user mobility 

and the short transmission range of the Wi-.Fi network, this is a burden on the battery of the mobile phone. 

Specifically, in order to maximize the use of Wi--Fi opportunities, the mobile host must (i) frequently scan the 

ISM spectrum hand for a list of avallable Wi-Fi networks, and (ii) proactively probe the wireless link to identify 

the most Good access networks or access points (APs), and (Hi) proactively migrate their current associations to 

other APs that provide high throughput. All of these tasks are critical to the battery life and connectivity of 

mobile hosts. 

There are several inherent challenges to maximizing Wi-Fi usage for hattery-Hmlted mobile client utHlzation. 

Periodic scanning of Wi-Fi networks can help identify available networks. Determining the optimal scan 

frequency for optimizing baHery life and Wi-Fi connection opportunities is challenging. Cell-assisted range­

based scanning provided by existing cellular service providers suffers from the unpredictability of cellular signals 

or the density of changes in cell towers. Some existing devices use Received Signal Strength (RSS) based 

scanning, which relies on fixed thresholds when triggering AP scans and is not flexible enough to take advantage 

of the variable Wi-Fi provided by wireless mesh networks. Access opportunities. There are also some existing 

devices that utilize history--based scanning and correlation control, which requires energy--intensive computing 

and position tracking. 

In a wireless mesh network (WMN), a mobile dient can receive signals from a plurality of mobile APs belonging 

to the network and can select one of the APs to access the WMN. Therefore, it is desirable to choose an AP that 

provides the best user experience or performance for the mobile client. Existing systems primarily utilize a signal 

strength based mechanism to classify APs, where the mobile client is associated with an AP that provides 

maximum received signal strength (RSS) at the client 

However, simply selecting an AP based on signal strength can result in an increase in congestion on the selected 

AP, thereby causing poor performance for the end user. Moreover, signal strength is not an accurate indication 

of channel conditions in a wireless network. Therefore, even if the signal strength received from one AP is high, 

this may not correctly indicate the current performance level of the AP. 

Summary of the invention 

It is an object of the present invention to overcome the above mentioned deficiencies. 
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The present invention provides a method for providing a wireless connection to a mobile dient. The method 

includes periodically triggering an access point scanning process to monitor an access point density of the 

wireless network and adjusting the frequency of the trigger in response to changes in the density of the access 

point 

The method can also include the steps of decreasing the trigger frequency in response to a decrease in access 

point density and/or increasing the trigger frequency in response to an increase in access point density. 

Advantageously, the method can include the step of monitoring at least one motion of the mobile client and 

adjusting the trigger frequency ln response to at least one motion of the mobile client. 

Preferably, the method includes the step of determining a speed of the at least one motion of the mobile dient; 

and increasing the trigger frequency in response to the increasing speed. 

In a preferred embodiment, the method indudes the step of reducing the trigger frequency in response to a 

decrease in speed. 

Preferably, the method includes the step of detecting the motion of the mobile dient by an accelerometer placed 

in the mobile client. 

Advantageously, the method further comprises the steps of: 

Detecting one or more access points in the area in which the mobile dient is located; 

Monitoring at least link quality and load characteristics of the wireless network; 

In response to at least the link quality and load characteristics of the wireless network, one of the detected one or 

more access points is selected to connect the mobile client to the wireless network. 

In a preferred embodiment, the wireless network is a wireless mesh network comprising a plurality of access 

points, wherein another network entity is connected to one of the plurality of access points, and wherein one or 
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more of the detected Each of the access polnts is assoclated with a path connecting the corresponding access 

point and another network entity over the wireless mesh network, each path having one or more nodes selected 

from the plurality of access points; 

The method also includes: 

Determlning connection quality and load characteristics of each path associated wlth each of the detected one or 

more access points over the wireless mesh network; 

The access point is selected according to the connection quality and load characteristics of the path. 

Preferably, the method comprises the steps of: 

Ranking the detected one or more access points based on their connection quality and load characteristics of the 

associated path through the wlreless mesh network; and 

The access point is selected according to the rating. 

The above mentioned technical problem is also solved by a computer readable medium having computer 

readable code stored thereon, which when the code is executed by one or more digital processors, indicates that 

the one or more dlgltal processors are mobile The client provides a wireless connection, the computer readable 

code comprising: 

An instruction that periodically triggers an access point scanning process to monitor the access point density of 

the wireless network; and 

An instruction to adjust the trigger frequency in response to a change in the density of the access point 

Preferably, the computer code further compdses: 
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An instruction to monitor at least one motion of the mobile dlent; and 

An instruction to adjust the trigger frequency in response to a change in at least one motion of the mobile client. 

Advantageously, the computer code may further comprise: 

An instruction to receive a motion signal from an accelerometer placed in the mobile client; and 

An instruction to move at least one motion of the mobile client is determined from the motion signal. 

In a preferred embodiment, the computer code further includes: 

An instruction to detect one or more access points in an area in which the mobile client is located; 

An instruction to measure at least link quality and load characteristics of a wireless network; and 

The one of the detected one or more access points is selected to connect the mobile client to the wireless network 

based on at least the link quality and load characteristics of the wireless network to maximize end-to-end 

performance of the wireless connection. 

The above mentioned technical problem is further solved by a mobile client connected to the wireless network 

through one or more access points. The mobile client indudes: 

a scanning module configured to periodically trigger an access polnt scanning process to monitor an access point 

density of the wireless network; and 

The adjustment module is configured to adjust the frequency of the trigger in response to a change in the density 

of the access points. 
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Preferably, the mobile client further includes: 

a sensor configured to generate a motion signal indicative of at least one motion of the mobile client; and 

a mobility monitor configured to monitor at least one motion of the mobile client by the motion signal. 

The adjustment module is further configured to adjust the frequency of the trigger in response to a change in the 

at least one motion of the mobile client. 

Advantageously, the mobile client can include an association module configured to monitor at least link quality 

and load characteristics of the wireless network and to select an access point based on at least the link quality and 

load characteristics of the wireless network, To connect mobile clients to the wireless network to maximize end-­

to-end performance of wireless connectivity. 

Pref erahly, the scanning module is configured to monitor the received signal strength of the wireless signal 

received by the mobile client, wherein the mobile client may further include: 

a migration module configured to migrate the mobile client from the first access point to the second access in 

response to at least one of a change in motion of the mobile client, a change in density of the access point, and a 

change in received signal strength point 

The above mentioned technical problem is further solved by a system for providing a mobile client with a wireless 

connection to a wireless network. The system includes: 

Multiple access points distributed over a wireless network; and 

A mobile client configured to periodically trigger an access point scanning process to monitor an access point 

density in an area in which the mobile client is located, the mobile client being further configured to respond to 

changes in access point density And adjust the frequency of the trigger. 

Preferably, the mobile client is configured to monitor at least one motion of the mobile client and is configured to 
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adjust the frequency of the trigger in response to changes in the movement of the mobile client. 

Advantageously, each of said plurality of access points is configured to measure at least link quality and load 

characteristics of the wireless network and is configured to transmit measurements indicative of said link quality 

and load characteristics to the mobile client end. 

In a preferred embodiment, the mobile client is configured to receive measurements oflink quality and load 

characteristics, and when the mobile client detects one or more access points of the wireless network, the mobile 

client is configured Depending on the measurement of the link quality and load characteristics of the wireless 

network, one ofthe detected one or more access points is selected to maximize the end-to-end performance of 

the wireless connection. 

DRAWINGS 

1 depicts a wireless network environment in which various embodiments of the present invention are practiced; 

2A is a schematic diagram showing an embodiment of the mobile client shown in FIG. 1; 

2B is a schematic diagram showing another embodiment of the mobile client shown in FIG. 1; 

3 is a schematic diagram showing an embodiment of the wireless access point shown in FIG. 1; 

4A depicts a flow diagram of a method for triggering an access point sensing process at a mobile client; 

48 illustrates another embodiment of a method of triggering an access point sensing process when a mobile client 

disconnects from a wireless network; 

4C depicts another embodiment of a method of triggering an access point sensing process when a mobile client 

connects to a wireless network; 
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5A depicts a now diagram of a method of selecting an access point to access the wireless network depicted in FIG. 

1· , 

Figure 5B illustrates another embodiment of the method depicted in Figure 4B; 

Figure 6 depicts the power consumption of a periodic access point scan wHh an adjustable trigger interval Ts; 

Figure 7 depicts a performance comparison between a fixed threshold access point scan and an adaptable 

threshold AP scan; 

Figure 8A depicts the average number of new access points detected by the access point scanning process as the 

mobile client moves; 

8B depicts data samples collected from a built-in accelerometer on one embodiment of a mobile client with a 

20% duty cycle under different motion behaviors; 

Figure 8C depicts the measurement results according to the present invention, which shows that the AP arrival 

interval is accurately approximated as an exponential distribution; 

9A depicts an optimal scan interval (Ts) suitable for mobile client motion speed and AP density in accordance 

with the present invention; 

Figure 9B depicts the threshold distance of an AP scan as a function of the average AP density for each 

probability value ~ in accordance with the present invention; 

Figure 9C depicts the energy savings provided by the motion based scan in accordance with the present 

invention when compared to conventional fixed frequency triggering with a fixed trigger interval (Ts); 

Figure 10 depicts the accuracy provided by passive probe estimation oflink bandwidth in accordance with the 

present invention; 
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Figure 11 depicts an outdoor test bench topology for practicing embodiments of the present invention; 

Figure 12A depicts performance improvements provided by one embodiment of the present invention as 

compared to conventlonal fixed frequency scanning; 

Figure 128 depicts energy savings provided by an embodiment of the present invention as compared to 

conventional fixed frequency scanning; 

Figure 12C depicts the performance of density based scanning with different thresholds: 

Figure 13 depicts throughput improvements provided by an embodiment of the present invention as compared 

to conventional access point selectlon strategies; 

Figure 14 depicts a round trip delay lmprovement provided by an embodiment of the present invention as 

compared to a conventional access point selection strategy: 

Figure 15 depicts the effect of weight values w 1 and w 2 on throughput performance in accordance with the 

present invention; 

Flgure 16 deplcts throughput and round-trip delay performance provided by an embodiment of the present 

invention practiced in an indoor test bed as the number of mobile clients changes; 

Figure 17 depicts the throughput and round-trip delay performance provided by an embodiment of the present 

invention practiced on an outdoor test bed as the number of mobile clients changes; 

Figure 18 depicts the impact of traditional AP selection strategies on network throughput 

detailed description 
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In some embodiments, the present invention provides an access point sensing (scanning) technique that 

maximizes wireless access opportunities for mobile clients while providing optimal power savings. Unlike 

existing systems that rely on expensive positioning mechanisms (eg, GPS) or war-driving, the present invention 

provides low power sensors placed in mobile clients to maximize the use of wireless networks. The present 

invention also provides an AP selection technique that selects an access point for a mobile client to maximize 

end-to-end performance to provide an optimal user experience. 

According to another embodiment, the method includes detecting one or more access points within an area in 

which the mobile client is located. monitoring at least link quality and load characteristics of the wireless network, 

and responsive to at least the wireless network Link quality and load characteristics, selecting one of the detected 

one or more access points to connect the mobile client to the wireless network to maximize end-to-end 

performance of the wireless connection. 

According to some alternative embodiments, a computer readable medium having stored thereon computer 

readable code is provided. When the computer readable code is executed by one or more digital processors, the 

one or more digital processors are instructed to provide a wireless connection to the mobile client. The computer 

readable code includes instructions for periodically triggering an access point scanning process for monitoring an 

access point density of a wireless network and for adjusting a trigger frequency in response to a change in access 

point density to maximize a mobile client Instructions for energy saving and access opportunities. 

In accordance with another embodiment, the computer code further includes instructions for detecting one or 

more access points within a region in which the mobile client is located, instructions for measuring at least link 

quality and load characteristics of the wireless network, and Selecting an access point from the detected one or 

more access points based on at least the link quality and load characteristics of the wireless network to connect 

the mobile dient to the wireless network to maximize end-to-end wireless connectivity Performance instructions. 

In stHl other alternative embodiments, a mobile client connected to a wireless network through one or more 

access points is provided. The mobile client includes a scanning module configured to periodically trigger an 

access point scanning process for monitoring wireless network access point density, configured to adjust a trigger 

frequency in response to a change in access point density to maximize An adjustment module for energy saving 

and access opportunities for mobile clients. 

In another embodiment, the mobile client includes an association module configured to monitor at least link 

quality and load characteristics of the wireless network, and select one interface according to at least the link 

quality and load characteristics of the wireless network Incoming points to connect mobile clients to the wireless 
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network to maxlmize end-to-end performance of wireless connections. 

According to still further alternative embodiments, a system for connecting a mobile dient to a wireless network 

is provided. The system includes a plurality of access points distributed in a wireless network and a mobile client 

configured to periodically trigger an access polnt scanning process for monitoring the density of access points 

within the area in which the mobile client is located. The mobile client is also configured to adjust the frequency 

of the trigger in response to changes in the density of the access points. 

In another embodiment, each of the plurality of access points is configured to measure at least link command 

and load characteristics of the wireless network and configured to transmit measurements indicative of the llnk 

quality and load characteristics Go to the mobile client. 

In still another embodiment, the mobile client is configured to receive measurements oflink quality and load 

characterlstlcs, and when the mobile dient detects one or more access points of the wireless network, the mobile 

client lt is configured to select one of the detected one or more access points based on measurements of link 

quality and load characteristics of the wireless network 

The various embodiments of the invention are described with reference to the drawings, in which the same 

reference The scope of the invention ls not llmlted by the scope of the invention, and the scope of the inventlon 

is limited only by the scope of the appended claims. In addition, any examples set forth in this specification are 

not intended to be limiting, but merely to illustrate some of the many possible embodiments of the claimed 

invention. The invention may be embodied as a method or apparatus. Accordingly, the present invention can be 

implemented in an entirely hardware embodiment, an entirely software implementation, or a combination of 

software and hardware. Therefore, the following detailed description should not be construed in a limiting sense. 

Throughout the specification and claims, the following terms are to be used ln the meanings As used hereln, the 

phrase "in one embodiment" does not necessarily mean the same embodiment, although it may be. The term "or" 

as used herein is an inclusive "or" operator and is equivalent to the term "and/or" unless the context dearly 

dictates otherwise. The terms "partially based on", "based at least in part on" or "based on" are not exclusive and 

are permitted to be based on additional factors not described, unless the context dearly dictates otherwise. ln 

addition, throughout the specification, the meaning of "i' and "an" includes plural meaning. The meaning of "in" 

includes ''in" and "on". 

Briefly, methods, apparatus and systems for connecting a mobile client to a wireless network are provided. 1--Iere, 

wireless networks include, but are not limited to, Wi-Fi networks, Bluetooth networks, WiMAX networks, or 
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any wireless network that conforms to industry standards such as IEEE 802.11, which is hereby incorporated by 

reference in its entirety. Alternatively, the wireless network may be a proprietary network that provides data 

communication through multiple access points. 

In general, the methods described herein provide access point sensing processes (e.g., scanning and association) 

by considering the motion and behavior of the mobile dient and the density of access points within the mobile 

client's transmission range. 

In particular, the mobile client periodically scans the channel to discover available wireless access points. Because 

wireless access opportunities are subject to spatial variations, such as mobile client motion and access point 

density, the scanning frequency of the access point sensing process is adapted based on spatial variations to 

conserve energy and maximize access opportunHies .. Provides mobile clients with access point density and fine­

grained mobility information for sensing access points to maintain optimal power savings and wireless access 

opportunities. 

Moreover, the method also provides energy efficient access point sensing by optimizing a trade--off metric, 

wherein the trade-off metric can he defined as the energy spent on wireless network discovery and 

communication and transmitted to the mobile client. The ratio of aH hits. 

In addition, due to the unbalanced nature of wireless access opportunities, the methods described herein use 

information about access network conditions and AP density at a given location, which allows mobile clients to 

discover new access points. Wi-Fi networks .. For example, in a highly dense area with high average received 

signal strength (RSS) where wireless access points are densely distributed, the mobile client can increase the 

migration threshold to find better APs, while in sparsely distributed areas, They can reduce migration thresholds 

to avoid migration overhead. Here, a migration, also referred to as handover, refers to the process of 

disconnecting a mobile client from an existing access point and connecting the mobile client to another access 

point when certain conditions are met 

Mobile clients include, but are not limited to, portable computers, cellular phones, PDAs, and smart phones with 

the ability to access wireless networks. The method includes periodically triggering an access point scanning 

process for monitoring wireless network access point density and adjusting a frequency of triggering in response 

to changes in access point density to maximize energy savings and access opportunities for the mobile dient. 

Illustrative operating environment 
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Figure 1 illustrates components of one embodiment of an environment in which the present invention may be 

practiced. The invention is not necessalily required to all of the components, and variations in the arrangement 

and type of components may be made without departing from the spirit or scope of the invention. As shown, the 

system 100 of FIG. 1 includes a wireless network 106 including a plurality of access points 104 and one or more 

mobile dlents llOA-C. In some embodiments, the wireless network 106 also lncludes an edge gateway 102 that 

connects the wireless network 106 to an external network 114, such as the Internet, a local area network/wide area 

network, a telephone network, or a cellular network. 

In general, access points 104 are interconnected via a wireless link 112, and each link may include one or more 

wireless channels centered at different transmission frequencies, such as 900 MJ:--lz or 2.5 GHz. Each link 112 can 

provide one-way or two-way data transmission over one or more wireless channels. Moreover, as data is 

transmitted from one access point to another, data passes through the wireless network 106 through a wireless 

path, such as path 116, where the wireless network 106 is formed by one or more access points (nodes) . As 

shown in FIG. 1, path 116, which is an exemplary embodiment of a wireless network path, may include one or 

more hops, each hop being defined by a pair of neighboring nodes along the path. Data can be transmitted across 

the entire wireless path over the same wireless channel. Alternatively, the wireless channel used to transmit data 

may vary from one hop to the next along the wireless path. 

The edge gateway 102 provides an interface to the external network 114 in addition to functions similar to those 

provided by the access point 104. These interfaces provide address translation and data conversion and 

encapsulation, which are well known in the art 

When a mobile client, such as llOA--C, enters the transmission range of access point 104, access point 104 can 

provide a wireless connection 108 between the wlreless client and wireless network 106. Once the lnitial 

connection is made, the access point may require authentication from the wireless client. Once the mobile client 

is authenticated, it is allowed to move within the wireless network 106 without additional authentication. 

Each of the mobile clients llOA-C is configured to periodically scan an area within the transmission range of the 

wireless signal to determine if there are any access points wlthln the transmission range. The mobile client can 

select one of the detected access points to access the wireless network 106. When the mobile client moves, the 

network topology changes or the environment changes, and the mobile client can migrate from one access point 

to another. 

In general, mobile client 110 may actually include any mobile computing device capable of receiving data over a 

network, such as wireless network 110. Such devices include portable devices such as cellular phones, smart 
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phones, radio frequency (RF) devlces, infrared devices, personal digital assistants (PD As), handheld computers, 

laptops, wearable computers, tablets, and the like. An integrated device of one or more devices, and the like. 

mustrative mobile client devices 110A 110B, and llOC 

FIG. 2A illustrates one embodiment of a mobile client device 200 that can be included in a system 100 

embodying the present invention. Device 200 may include more or fewer components than those shown in 

Figure 2A. 1-fowever, the illustrated components are sufficient to implement the illustrative embodiments for 

practicing the invention. For example, device 200 can represent one implementation of at least one of mobile 

clients 110A, 1108, and HOC of FIG. 

As shown in the figure, device 200 includes a processing unit (CPU) 222 that communicates with mass storage 

230 via bus 224. The device 200 also includes a power source 226, one or more network interfaces 250, an audio 

interface 252, a display 254, a keypad 256, a luminaire 258, and an input/output interface 260. Power source 226 

powers device 200. A charged or non-rechargeable battery can be used to supply power. Power can also be 

provided by an external power source, such as an AC adapter or a charging dock that replenishes the baHery 

and/or charges the battery. 

Device 200 can communicate with another computing devlce either directly or via wired/wireless network 

interface 250. Network interface 250 includes circuitry for coupling device 200 to one or more networks and for 

use with one or more communication protocols and techniques, including, but not Limited to Global System for 

Mobile Communications (GSM), Code Division Multiple Access (CDMA), Time Division Multiple Access 

(TOMA), User Datagram Protocol (UDP), Transmission Control Protocol/Internet Protocol (TCP/IP), SMS, 

General Packet Radio Any of the services (GPRS), WAP, Ultra Wide Band (UWB), IEEE 802.11 Wi-Fi, IEEE 

802.16 Worldwide Interoperability for Microwave Access (WiMAX), SIP/RTP. or a variety of other wireless 

communication protocols. Network interface 250 is sometimes referred to as a transceiver, transceiver device, or 

network interface card (NIC). 

The audio interface 252 is arranged to generate and receive an audio signal, such as a human voice. For example, 

the audio interface 252 can be coupled to a speaker and a microphone such that it can talk to other people 

and/or generate an audio confirmation of an action. Display 254 can be a liquid crystal display (LCD), a gas 

plasma, a light emitting diode (LED), or any other type of display used with computing devices. Display 254 may 

also include a touch sensitive screen arranged to receive input from an object such as a stylus or a human finger. 

Keypad 256 can include any input device that arranges to receive input from a user. For example, keypad 256 can 
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lndude a button numeric dlal, or a keyboard. Keypad 256 may also indude command buUons associated with 

selecting and transmitting images. muminator 258 can provide status indications and/or provide light. 

Illuminator 258 can remain active for a specific period of time or in response to an event. For example, when the 

iHuminator 258 is active, it can illuminate the buttons on the keypad 256 from the back and remain in this state 

while the device is powered. Moreover, when performing a particular action, such as dialing another device, the 

llluminator 258 can illuminate the buttons from behind in various modes. Uluminator 258 can also illuminate a 

light source located in a transparent or translucent housing of the device in response to an action. 

Device 200 also includes an input/output interface 260 for communicating with an external device, such as a 

headset. Input/output interface 260 can utilize one or more communication technologies such as USB, infrared, 

Bluetooth <TM>, and the like. 

In terms of capabilities and features, the range of devices 200 is generally broad. For example, a cell phone can 

have a numeric keypad and a few lines of monochrome LCD display on which only text can be displayed. ln 

another example, a web-enabled mobile device, such as a PDA, can have a touch-sensitive screen, a stylus, and a 

few lines of color LCD display in which both text and graphics can be displayed. In yet another example, a 

multimedia enabled mobile device, such as laptop 110A, can include a multimedia application, such as a video 

playback appllcatlon, configured to render images, video through a multimedia interface such as a color LCD or 

LED screen or microphone. Stream, audio signal, etc. In still another example, device 200 can also indude a 

browser application configured to receive and display graphics, text, muHimedia, etc., the browser application 

can in fact employ any web-based language, includlng wireless appllcatlon protocol messages (WAP). Wait. For 

example, enabling browser applications to use Handheld Device Markup Language (HDML), Wireless Markup 

Language (WML), WMLScript, JavaScript, Standard Generalized Markup Language (SMGL), Hypertext 

Markup Language (1--ITML), Extensible Markup Language (XML) Wait to display and send information. 

As depicted in FIG. 2, device 200 also indudes a sensor 262 for monitoring the motion of the mobile client as a 

result of user motion, such as walking, running, or cycling. In general, sensor 262 can generate a signal that 

reflects the motion of the rnoblle client Sensor 262 can convert the signal to digital data, which is then stored in 

data storage portion 244 of the memory or provided to CPU 222 for practicing the present invention. Sensor 262 

can take many forms of accelerometers and is typically embedded in a mobile client. 

Device 200 also includes a mobility monitor 246 that is configured to detect motion of the mobile client from 

data generated by sensor 262. For example, the mobility monitor 246 can divide the data into a plurality of classes 

including walking, running, and cycling and calculate the travel distance of the mobile device based on the 

classified athletlc data. 
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The device 200 also includes a scanning module 247 that can periodically trigger an access point scanning process 

to detect if there are currently and how many access points are within the transmission range. 

The device 200 also includes an access point association module 248 that can select an access point to connect 

the moblle dient to the wireless network 106. The access point association module 248 can select an access point 

based on various criteria, such as the link quality and load characteristics of the wireless network 106. The 

association module 248 can also provide for the migration of mobile clients from one access point to another 

based on similar crlteria. 

In FIG. 2A, mobllHy monitor 246, scanning module 247, and access point association module 248 are 

implemented as one or more computer programs including computer readable code stored in application 

portion 242 of the memory. These computer programs can be implemented by programming languages such as 

C, C++, Java, and the like. 

Alternatively, the various modules described above can also be implemented as hardware modules, as depicted in 

Figure 2B. In this embodiment, the device 280 that can also be used for the mobile client 110 includes a user 

interface 281, a memory 282, a CPU 283, a sensor 288, a network interface 289, and an additional mobility 

monitor 284. a scanning module 285, and an associated module. 286 and migration module 287. According to 

this embodiment, the modules are hardware components that include one or more circuits, which may be 

dedicated clrcuits or general purpose programmable logic devices. 

mustrative network node 104 

FIG. 3 illustrates one embodiment of an access point 300 that can be used in the wireless network 106 of FIG. 

Access point 300 can include more or fewer components than those shown. However, the illustrated 

components are sufficient to disclose illustrative embodiments for practicing the invention. 

In particular, network device 300 includes a processing unit 312, a mass storage device, and one or more network 

interface units 310A, :noB, and :noc (collectively referred to as "wireless interface unit 310"), all of which are in 

communication with each other via bus 322. The mass storage typically includes RAM 316, ROM 332, and one 

or more permanent mass storage devices, such as hard drives. tape drives. optical drives. and/or floppy drives. 

The mass storage stores an operating system 320 for controlling the operation of the access point 300. Any 

general purpose operating system can be used. A basic input/output system ("BIOS") 318 for controlling low 

level operation of network device 300 is also provided. 
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As illustrated in FIG. 3, network device 300 can also communicate with other access points 104 or mobile clients 

110 via wireless network interface units 310A, 310B, and 310C, with wireless network interface units 310A, 310B, 

and 310C being intended to include Various communication protocols such as TCP/LP, Wi-Fi, Bluetooth, etc. 

are used together. Wireless network interface units 310A, 310B, and 310C are sometimes referred to as wireless 

transceivers, transceiver devices, or network interface cards (NI Cs). Each of the wireless units 310A, 310B, and 

310C can operate in the same or different frequency ranges, such as 900 MHz, 2.5 GHz, or 5 GHz. 

When the wireless interface unit 310 is in communication with another access point 104, it acts as a network 

router for routing data through the wireless network 106. On the other hand, when the wireless interface unit 310 

is in communication with the mobile client 110, it acts as an access point to allow the connected mobile client to 

access the wireless network 106. Thus, through the wireless interface units 310A, '.HOB, and 310C. the device 300 

can act as both a wireless router and an access point 

The mass storage as described above illustrates another type of computer readable medium, Le., a computer 

storage medium. As used herein, such computer readable storage medium refers to a physical, tangible device. 

The computer readable storage medium can include volatile, nonvolatile, removable and non-removable media 

for information storage, such as computer readable instructions, data structures, programs, implemented in any 

method or technology. Module or other data. Examples of computer readable storage media include RAM, 

ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital versatile disk (DVD) or other 

optical storage, magnetic tape cassette, magnetic tape, magnetic disk storage or other magnetic storage A device, 

or any other physical device that can be used to store desired information and that can be accessed by a 

computing device. 

RAM 316 may include one or more data stores, which may be used by access point 300 to store applications 350 

and/or other data. RAM 316 can also be used to store database information. The mass storage also stores 

program code and data. One or more applications 350 are loaded into mass storage and run by central 

processing unit 312 on operating system 320. Examples of applications include link quality monitor 354 and 

utilization monitor 356, customizable user interface programs. IPSec applications, encryption programs, security 

programs, and the like. 

The operation oflink quality monitor 354 and utilization monitor 356 will be further described below. 

Generalized operation of system 100 
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Due to the unplanned deployment of access points (APs) and their smaH coverage, mobile users are frequently 

disconnected from the AP, and therefore there is a need to actively discover wireless access opportunities. Even if 

there are many open wireless APs 104 in a given area, there are black spots in the coverage area or throughput at 

some locations is not very good for a satisfactory user experience. In order to discover wireless access 

opportunities, mobile clients 110A, 110B, and ll0C (collectively referred to as "mobile clients 110") periodically 

trigger an access point scanning process. 

However, the access point scan consumes a significant amount of energy in the mobile client 110. Figure 6 shows 

the power consumption of the Wi-Fi scanning process in the GOOGLE Gl phone. The data shown in Figure 6 

was measured experimentally at 20 samples per second using an Agilent 34410A digital multimeter. During the 

experiment, all other applications and background services were turned off, so the energy consumption of the AP 

scanning process was reflected in the data. As shown in the figure, the AP scan is expensive, about 1.1 J per scan 

(ie, 00 mW x 1.3 seconds), mainly because it needs to scan the complete set ofISM channels and receive from all 

neighboring APs. Multiple beacons. Due to its high energy consumption. the scanning process is triggered 

periodically, which leads to energy spikes. The time interval Ts between each of the two peaks is determined by 

the frequency of the trigger. 

In accordance with an embodiment of the present invention, in order to maximize power savings (ie, reduce 

power consumption) while maintaining wireless access opportunities (ie, reducing scan errors), provision is 

made based on various conditions, such as density or movement of access points. The motion of the client to 

adjust the trigger frequency. 

In another embodiment, when the mobile clients ll0A-C are exposed to a plurality of access points 104, the 

present invention also provides a method of estimating network conditions to select the best AP. This also leads 

to energy efficient data transmission. In particular, to provide estimation and association selection, system 100 

allows mobile clients 1 lOA-C to collect information regarding wireless last hop (ie, client to AP) and mesh 

backhaul (AP to gateway) conditions. Since a large number of data packets are sent to and from the AP, the prior 

art utilizing active probing strategies is energy intensive. Unlike the prior art, mobile clients U0A-C in system 100 

are allowed to utilize the data collected from AP 104 to monitor network conditions without proactive 

provisioning. 

On the connection, the mobile host experiences link condition fluctuations, especially for the last hop of the 

wireless. and they are subject to false triggering of AP sensing (eg. mobile hosts located in multiple AP 

boundaries). Even in the absence of user movement, the state of the last hop of the wireless fluctuates with the 

user's movements or new obstacles. This often results in AP sensing being triggered more than it should he 

triggered, resulting in frequent network probing and re-association. The reactive triggering of AP sensing can 

save the associated overhead, hut delayed sensing increases the chance of omission. 
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According to another embodiment, system 100 provides a mechanism to trigger an AP scan based on a mobile 

dient's trigger probability (Pscan) and received signal strength (RSS) threshold. The trigger probability is 

updated in response to the motion of the mobile dient. The RSS threshold is updated in response to the density 

of the AP. Triggering based on trigger probability reduces false triggering caused by RSS fluctuations due to 

fading. 

In areas with densely deployed wireless APs and high average RSS, mobile dient 110 preemptively senses new 

and/or better wireless access opportunities and performs migration to improve energy eiilciency and end-to-end 

in data transmission End performance. 

Unlike existing systems that only trigger sensing and migration when the received signal strength (RSS) is below a 

certain predetermined threshold, the mobile client llOA-C triggers in response to the motion of the mobile client 

and network condHions such as AP density. Measurement and migration. In one embodiment of the invention, 

the threshold for triggering the migration is adapted in response to at least one of motion and AP density. The 

threshold can be adapted continuously or with discrete values. 

Figure 7 illustrates a comparison between an embodiment of system 100 and a migration performance of an 

embodiment of an existing system using a fixed RSS threshold. The embodiment shown here uses two discrete 

values (--75 dBm and --85 dBm) to fit the RSS threshold, while the fixed threshold system uses --75 dBm as the RSS 

threshold. In the exemplary embodiment, the RSS threshold is changed for different AP densities (high and low 

density). The mobile client triggers the migration only when the RSS from the current AP becomes lower than 

the RSS threshold. Figure 7 shows the average RSS from the associated AP as the mobile dient moves around the 

indoor test rig, where the test rig has a high AP density area 712 and a low AP density area 714. As shown in the 

figure, in the high AP density region 712, the exemplary embodiments of the conventional system and system 100 

all produce a higher achievable user RSS with less migration overhead. On the other hand, in the low AP density 

region 714, conventional systems using high thresholds (-75 dBm) result in significant energy costs and 

disruptions due to increased number of migrations, while an exemplary embodiment of the system 100 with 

adaptable RSS thresholds A relatively high RSS can be achieved wHh significantly less energy costs due to reduced 

number of migrations. 

In accordance with the embodiments as depicted in Figures 2A and 28, various modules are provided for mobile 

dient 200 to scan, probe, correlate, and migrate across multiple wireless access points 104 of wireless network 106 

to maximize Wireless access opportunities while saving energy costs per bit 

28-10-2019 19 TP Link Ex. 1004 
Page 444



In particular, to discover wireless access opportunHies, the mobile dient 200 uses fine-grained motion 

information extracted from a low power sensor, such as an accelerometer, placed thereon. This mobile-centric 

mobility detection helps avoid triggering expensive position tracking or war driving. The mobile dient 200 

provides a disconnection sensing process that adjusts the AP scan frequency as the mobile client 200 disconnects 

from any AP, thereby maximizing the discovery of network opportunities with reduced energy costs. Mobile 

client 200 also provides a connection sensing process that preemptively identifies and migrates mobile clients 

from one access point to another to maximize wireless access opportunities. Also. the mobile client 200 uses both 

network status information and motion information to reduce erroneous association/migration triggers. 

The mobile client 200 can be implemented on many different platforms, such as the Android framework using 

Google's Gl Android Development Phone (ADP) or Apple's iPhone or Microsoft's Windows Phone. 

According to another embodiment, the modules depicted in Figures 2A-B can be implemented as a middleware 

program that utilizes information from low power sensors located in mobile client 200 and interacts with other 

components. 

When executed by the mobile client 200, the program provides energy etndency improvements in three aspects 

of always-on wireless connectivity. First, sensor-assisted adaptive AP scanning reduces the number of scans while 

significantly reducing missed access opportunities. Second, network-aware association control saves exploration 

overhead and further improves the accuracy of AP selection. Third. mobility-based adaptive migration helps the 

mobile client 110 speculatively determine the optimal migration time. 

U rnler the direction of this program, the mobile client 200 provides energy efficient AP discovery through the 

following features. 

Motion-aware access point sensing: The mobile client 200 collects information about its own physical motion 

and combines this information with network conditions to optimize the AP sensing frequency or timing and 

trigger or suppress AP sensing operations. 

Use oflow power sensors: Unlike existing motion detection methods based on GPS or cell tower IDs, which are 

typically energy intensive or subject to inaccuracies, mobile client 200 uses onboard low power sensors such as 

Accelerometer to infer motion and determine the trigger point 

Sensing when connected or disconnected: The mobile client 200 not only identifies the wireless access 

opportunity when it is disconnected from the network, but also preemptively searches for better access when it 

connects to the existing access point. opportunity. 
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Dynamic AP Sensing: The mobile client 200 spatially monitors the non--uniformity of wireless access 

opportunities and dynamically changes its sensing parameters to improve network opportunity discovery and 

improve energy efficiency. 

Energy efficient access point sensing 

As noted above, the physical location and motion of the mobile client 110 relative to the wireless network 106 

affects the discovery of connection opportunHies. Figure 8A shows the average number of new APs detected by 

the AP scan when the user carrying the mobile client stands, walks and runs for five minutes along the urban 

roadside. As shown in the figure, increasing mobility translates into a higher number of discovered wireless access 

opportunities (i.e., the number of APs detected within an area within a time frame). In one embodiment, the 

mobile client 200 adaptively changes its sensing frequency depending on its motion. For example, when the 

on board sensor 262 or 288 of the mobile client 110 detects that lts user is not moving, the AP sensing is triggered 

less frequently or even when the mobile client is not connected to any wireless network. The AP sensing process 

is triggered more often when the sensor 262 or 288 detects that the user has walked through an area with a dense 

AP distribution. 

In another embodiment, user mobility is monitored in an energy efficient manner by onboard sensors. 

Furthermore, the motion information detected by the onboard sensors becomes available in real time to detect 

access opportunities. In particular, sensor 262 or 288 includes a low power accelerometer sensor that detects user 

motion. Such low power accelerometers are similar to those available in existing systems such as Apple's iPhone 

and GOOGLE's Gl handset. Compared to high-power GPS sensors, low--power accelerometers require much 

less energy for proper operation. Moreover, during monitoring of the motion of dient 110, sensor 262 or 288 

does not require external information, such as cellular radio or Bluetooth signals, thereby providing several 

benefits including controllability, accuracy, and less power consumption. 

In operation, the mobility monitor 246 or 284 periodically monitors the accelerometer values and classifies the 

behavior of the user at a given time into classes such as walking, running, or standing. This behavior-based 

mobility estimation allows mobile clients to infer meaningful user behavior based on sensor readings, including 

standing, walking, running, cycling, and driving. 

FIG. 8B illustrates an exemplary embodiment of an accelerometer-based behavior classification collected from a 

GOOGLE Gl phone. The motion matrix (x, y, z) is calculated by the mobility monitor 246 or 284 when the 

mobile client is placed in a pocket and performs different behaviors ( eg, standing, walking, and running), where 
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x, y, and z Represents accelerometer values along three axes based on accelerometer samples. In particular, the 

accelerometer is periodically turned on (eg, 1 second off for 4 seconds) and calculates the average of the samples 

obtained during that time interval. As shown in the figure, the motion estimation generated by the mobility 

monitor 246 or 284 accurately detects the user's behavior. In another embodiment, the user behavior 

classification is based on a non-patent entitled "An algorithm for the evaluation offinite trigonometric series" by 

G. Goertzel, vol. 65, pp. 34-35, 1958, Mathematical Monthly, 1958. The Goertzel method described in the 

literature is hereby incorporated by reference in its entirety. 

According to another embodiment depicted in FIG. 4A. a method 400 of connecting a mobile client to a wireless 

network is provided. In such an embodiment, the mobile client periodically triggers an access point transmission 

process for monltoring the access point denslty (402 and 404) of the wireless network. Wlthin each sensing 

interval, the mobile client further measures its motion (406). The frequency (sensing interval) is then dynamically 

adjusted based on the motion of the mobile client and the AP density to maximize power savings and wireless 

access opportunities ( 408). When each transmission process is corn pleted, the mobile client determines if any 

APs are available ( 410). If no AP is available, the mobile client continues to the next trigger loop. Conversely, if at 

least one AP is available, the mobile client selects an AP to access the wireless network (412) and proceeds to the 

next trigger cycle. Alternatively, at step 412, if the current mobile client is connected to an AP, the mobile client 

determines if migration is necessary to maximize end--to--end performance. If the migration conditions are met, 

the mobile client migrates from the existing AP to the selected AP. 

According to another embodiment, the mobile client 110 operates in a disconnected and connected mode. 

Based on the mode of operation, the mobile client 110 triggers different AP sensing processes as shown in Figures 

4B and 4C. 

Access point sensing in disconnected mode 

When disconnected from the wireless network 106, the scanning module 247 or 285 periodicaHy triggers the 

mobile client 110 to perform an AP scanning process to discover any access options. The AP scanning process 

advantageously uses statistical observations from the wireless network. Based on the scan results obtained in the 

past time window, the mobile dient 110 can estimate the local AP density and adapt the scan interval Ts (or 

trigger frequency), thereby minimizing the detection of delays in the available wireless access points while 

reducing the number of scans , thereby maximizing energy savings. 

In designing a scanning technique that provides the advantages discussed above, two assumptions are made 

regarding the behavior of wireless network conditions. First, the AP distribution follows the point Poisson 

process, which has an average density p , ie, the number of APs per square meter, as written by D. Qiu et al. in 

28-10-2019 22 TP Link Ex. 1004 
Page 447



Stanford University Technical Report February 2009, enmled" Physical Pseudo RandomFunction in Radio 

Frequency Sources for Security, which is incorporated herein by reference in its entirety. 

Second, as described in the non-patent literature entitled "Joint Effects of Radio Channels and Node Mobility on 

Link Dynamlcs in Wireless Networks" by W. Wang et al., Proc. ofIEEE lnfocom, Aprll 2008. This document is 

hereby incorporated by reference in its entirety, assuming that the client-to-AP connection lifetime, that is, the 

physical distance between the client and the AP is less than the time span of the effective transmission range, can 

he approximated as an exponential distribution, ie, [imagel where [ Image I is the average speed of the mobile 

client, and R is the common transmission range of the AP, assuming that the common transmission range of the 

AP is a unH disc model well known in the art. 

Given these assumptions, the average arrival rate of the new AP is derived. Consider a mobile client that moves at 

an average speed [image]. Then, the expected area covered by the mobile host during the time period (t 1, t 2) is 

approximately [image]. Then, according to the assumption of the Poisson-distributed AP, the average arrival rate 

of the new AP is [image] where p is the average AP density. 

Figure 8C shows the cumulative distribution function (CDF) of the AP arrival interval. The figure dearly 

indicates that this function can be approximated as an exponential distribution, thereby confirming the 

assumptions discussed above. The gap between the experience and the approximation curve can be explained as 

follows. In practice, APs can he highly aggregated and may not follow the Poisson distribution inaccurately. 

Irregularities in mobile client motion measurements can also cause such gaps. Based on the assumptions, the 

availability of an access point can be modeled as a Markov model with two states, a disconnect (D) and a connect 

(C) state. The disconnected state means that there is no available AP that the mobile client 110 can connect to. 

otherwise it will be connected. It should be noted that, according to the assumption, the AP arrival and departure 

rates are given as [image] and [image], respectively. Thus, the state transition probability for such a two-state 

model can be easily derived as A d "' -;, and [image], where A d and A care state transition probabilities for 

o,c and C ,o, respectively. 

Optimal scan interval (frequency) 

Based on the connectivity model above, it may be determined to minimize missed wireless access opportunities 

while maximizing the optimal scan interval (Ts) for optimally energy efficient scan intervals. The missing access 

opportunity is defined as the average score of the number of access times that are not detected by the mobile 

client 110. 
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In particular, for missed wireless access opportunities, consider a mobile dient 110 that is disconnected from the 

wireless network 106 and periodically scans the spectrum at intervals Ts. Let T m,d (Ts) denote the chance of 

missing with the scan interval Ts ( until an available AP is found). So, it can be shown as: 

Among them, and 

To this end, let T m,d (t) denote the average missing AP connection opportunity within the time period ( -r , " 

+ t) (by time). When there is no AP available at time " , the opportunity to connect (ie, AP association) occurs 

only when an available AP arrives within time period t. Therefore, for the time period ( -r , -r + U, the expected 

number of missed opportunities can be expressed as: 

Similarly, 

By using the Laplace transform. the expected number of missed opportunities T m,d can be solved in the 

frequency domain, ie 

Based on these Laplace transforms, the expected missing opportunity T rn,d (s) is given as follows: 

The connection and disconnection periods for the exponential distribution are given as follows: 

f d (t) = ;, e < - /,. t > and f c (t) = p. e < - µ t >. 

Thus, the Laplace transform is given as follows: 

with 

Substituting these into equation (2) and using the inverse Laplace transform yields equation (1). 

Equation (1) indicates that the missed opportunity increases with increasing scan interval Ts . From this fommla, 

the missing access opportunities show the following behavior: 
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\,Vhen t -'>cxi, 

This confirmation shows that as the scan interval increases, the mobile client misses detecting all access 

opportunities. lt should be noted that in the analysis, it is assumed that the scanning process is pulsating, so that 

missed access opportunities due to scanning can be ignored. 

Based on this analysis, the optimal scan interval (Ts) can be determined to minimize the ratio of the energy spent 

on the AP scan to the total transfer position within the scan interval Ts. Here, it is assumed that the energy 

consumption for data transmission is negligible. When the mobile client 110 scans the AP at a fixed interval Ts, it 

detects that the time fraction of the access opportunity is 1-Td-Tm,d(Ts), where [image] is the average of the 

disconnected state. fraction. Thus. the optimal scan interval is given as follows: 

Where T max is the maximum scan interval, which is a predetermined parameter. For example, for a mobile 

client running a delay sensitive application (eg, an IP phone), Tmax can be set to a small value and vice versa. In 

equation (3), the expected achievable data rate is expressed as E [R] and it depends on the AP assoclated with the 

client. The AP association policy is described in further detail later in this application. 

Hereinafter, it is further shown that the optimal scanning interval of the minimum formula (3) is: 

Where [image] is the average speed, p is the average AP density, and R is the transmission range of the AP (for 

example, 200m). 

To do this, the indication is the objective function in the formula (**-*), that is, the energy spent scanning each 

transmitted data bit. Assuming that the energy consumption E scan for scanning and the average achievable data 

rate E [R] are given as constants, the process of finding the optimal scanning interval T s < * > in equation (3) is 

equivalent to finding the maximum GT s of (Ts), which can be found as follows:;;; Obviously, g(T s) is a 

monotonically increasing function of'Ts in [image]. Therefore, the optimal value of Ts is given as [image]. 

Therefore, the formula ( 4) is subsequently performed. Equation (4) implies that the optimal scan period depends 

on the average moving speed [image] and average AP density ( p) of the mobile client. For example, when the 

user moves quickly, the AP arrival rate ( j, d) will increase, and the user is encouraged to scan more frequently, 

and His expected that the available AP will be detected quickly, and vice versa. FIG. 9A shows an optimum 

scanning interval (Ts<*>) for different user speeds assuming the transmission range of the AP is Rcc200 m. 
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Access point sensing 

According to one embodiment, a motion based AP scanning method is provided based on the analysis 

performed above. In such an embodiment, the AP scan is triggered based on the distance traveled by the mobile 

client 110 since the last scan. Rather than relying on a power-efllcient position tracking system like GPS, this 

distance can he estimated using the motion sensing techniques described above. Specifically, the distance traveled 

can be estimated as: 

Where K ls a set of user behaviors that can he classified based on accelerometer readings as described above, and 

vk is the average speed corresponding to the behavior k E K. After each AP scan, the travel distance is reset to 

zero so that inaccuracies in the system do not accumulate. 

According to another embodiment, the AP scanning process ls triggered when the mobile client 110 travels more 

than a threshold distance dth, which is defined as the user finding at least a probability ~ (in the range of Oto 1) 

The minimum distance that an available AP needs to move, ie, 

Where nap is the number of available APs detected by the previous scan. The last formula is based on the 

relationship E In ap ] = 1r R < 2 > p and !image] which can be estimated using the exponentially weighted 

moving average (EWMA) well known in the art. Figure 9B shows the threshold distance for different AP 

densities in equation (5). For example, if the average number of APs is 2 and ~ is set to 0.3, the threshold 

distance is 56 m. 

For a mobile client operating in the disconnect mode as shown in Figure 4B, a scan decision is made in each 

epoch including three sequential cycles. First, within the motion estimation period (Tm), the mobile client turns 

on the accelerometer at a given duty cycle ratio (eg, 1 second every 10 seconds). Once the mobile host estimates 

the user's behavior, it updates the distance [image] and decides whether to trigger an AP scan within the scan 

decision period (T d). Once it detects a group of APs, it selects an AP based on the selection criteria and 

associates it with the selected AP, otherwise H wm update the AP density and repeat the process. 

To understand the impact of the distance threshold on energy consumption, analyze the number of scans 

required for the fixed period and motion-based triggering methods before the AP is detected. In the motion­

based triggering method, the AP scan is triggered only when the mobile host moves a certain distance, and the 

fixed period trigger method triggers the AP scan at predetermined time intervals. 
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The number of scans required for the fixed-cycle trigger method is given as follows: 

[image] 

The number of scans required for a motion-based triggering method is given as follows: 

[image] 

Where t still is the amount of time the user is stationary, and d= I:: keK d k is the distance traveled until the new 

AP is detected. and where d k is the distance traveled by the behavior k (eg, walking or running). 

Figure 9C shows the total number of scans when the mobile client 110 repeats walking and pausing (still) until an 

available AP is found. Assume that the distance of the AP from the break point is d=500m and d th =80m. The 

figure shows that the number of scans required for a fixed-cycle trigger increases because the mobile client 

remains stationary for multiple times. In contrast, motion-based triggering is not affected by static immobility 

time because it only triggers a scan when the motion of the mobile client exceeds a threshold distance. It should 

be noted that the motion algorithm triggers a scan every [image] while the user is walking. 

Access point sensing in connected mode 

Figure 4C depicts an AP sensing method that controls scanning, probing, and migration when the mobile client 

is operating in connected mode. 

To take advantage of the diverse Wi-Fi access opportunities, the sensing process adaptively changes the RSS 

threshold based on the local AP density estimated using the moving average. When the AP density is high, by 

setting a high RSS threshold, the mobile client 110 becomes more actively triggering the AP scanning process, 

thereby expecting to find a better AP at the expense of scanning overhead. In order to avoid high false trigger 

rates due to RSS fluctuations caused by fading even when the mobile client is stationary. the mobile client triggers 

the scan in a probabilistic manner based on its motion. Specifically, the triggering probability (i.e., Pscan ofline 

18 in Fig. 4C) is increased based on the distance [image] ofthe mobile client from the most recent scan. Here, in 

our experiment, /1 is set to 0.1 and the unit distance (d unit) is 10 meters. 
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Once the sensing is triggered, if the mobile client scans for any available APs, it is associated with one of the 

available APs that provides the highest estimated bandwidth. Conversely, if no available APs are found, the 

mobile client switches to the disconnect mode depicted in Figure 4B. 

According to this embodiment, when the mobile client is currently connected to an AP of the wireless network 

106, it still preemptively searches for other or better wireless access opportunities to maintain connectivity. For 

example, when a mobile user walks in an urban area, there are many access points therein and their performance 

is uneven. Thus, the mobile client can identify and use (or migrate to) such opportunities in an energy efficient 

manner. 

The AP sensing process in connected mode consists of three main parts (ie, scanning, probing, and selection). In 

particular, to exploit multiple access opportunities while minimizing false triggers, the scan trigger threshold 

(received signal strength threshold) is dynamically adapted based on the motion or motion history of the mobile 

client and the local AP densHy. For example, when the user is stationary, the mobile client avoids triggering the 

AP sensing process even if the RSS is low due to temporary link quality changes. However, when the mobile 

client has moved a certain distance (eg, 20m), it not only observes the degraded RSS hut also expects to find 

more APs, thus triggering the AP sensing process. 

Access point selection 

Once the mobile host is scanned to find a set of available APs, it selects one of the APs based on the performance­

based AP selection policy, where the performance--based AP selection policy seeks to provide optimal end-to­

end throughput performance for the mobile client. . Access point selection ls provided by association module 

248 or 286. 

In general, mobile client 110 estimates end-to-end bandwidth by utilizing quality and load information available 

in the network. In a wireless mesh network, the throughput that a mobile host can achieve depends on the quality 

of the client-to-AP link and the mesh backhaul link Here, the quality of the client-to-AP link is more dependent 

on the user's mobility, and the mesh backhaul performance is closely related to the network traffic condition. 

Therefore, the available bandwidth of the last hop (client-to-AP link) and mesh backhaul is estimated separately. 

The EAB is estimated by identifying a bottleneck link along the path from the client to the mesh gateway. 

Specifically, each AP and mesh router periodically measures the available bandwidth of their outgoing links, and 

each AP collects information measured along lts own path to the gateway and then derives the EAR This 

information is then passed to the mobile client for easy selection of the best AP to associate. 

28-10-2019 28 TP Link Ex. 1004 
Page 453



Estimation of available bandwidth for mesh backhaul 

In order to avoid additional measurement overhead, AP sensing uses existing measurements in a passive manner. 

Consider link i and denote the source node for downstream trafilc with rn. Then, node rn can estimate the 

available on link i by passively monitoring the measurement period (t, t+T) packet transmission time (t tx ), link 

busy time (t busy), and link idle Hme (t idle). Communication time (airtime), where T = t tx + t busy+ t idle. 

Thus, the bandwidth available on link i can he estimated as: 

Where R mj is the maximum data transfer rate that node m can support on link i, which can he calculated by 

performing a simple calibration experiment to calculate a prior value. The estimated available bandwidth 

calculated above includes the effects of channel contention between adjacent links operating on the same 

channel. Each mesh node maintains the available link bandwidth by taking a moving average. 

Estimated available bandwidth for the client-to-AP link 

Next, in order to calculate the available client-to-AP bandwidth, the AP keeps estimating their own link 

utilization as: 

Where C is the set of dients associated with AP a, L a,c is the load (le, traffic) generated by user c E: C on AP a, 

and R a,c is the maximum achievable transmission rate of user c (when there is no competition). The AP can 

estimate the load La,c by monitoring the total number of bytes per second transmitted to each client associated 

with H. Here, the utilization U a can he interpreted as an estimate of the portion of the AP capacity used to service 

an existing client associated with the AP. Thus, the remaining capacity is available for the new client n, which is 

given by: 

AB a,n =(1-U a) X R a,n 

Where R a,n is the transmission rate between AP a and the new dient, which can be estimated during the AP 

scanning process. 
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Figure 10 shows the available link bandwidth (indicated by the solid line) estimated for single-hop, two-hop, 

three--hop, and four-hop connections compared to the actual bandwidth measured by the method of Thmlay 

(represented by dotted lines), where The method of Thmlay is available at http://shlang.com/thrulay. which is 

incorporated herein by reference in its entirety. Figure 10 indicates that a simple estimation method provides 

reasonable and accurate results wlth less than 10~/o error while eliminating the need for active probing (and its 

overhead). 

Access point selection based on link quality and load balancing 

According to another embodiment, the mobile client 110 takes into account the link quality and load balancing 

of the backhaul wireless network 106 into an access point selection policy. 

Specifically, there are three separate measurement components combined into the AP selection strategy, 

including: 

Channel quality between the client 110 and each available AP: 

If the client 110 attempts to access the external network 114, it is the performance of the backhaul path between 

the desired AP and the mesh gateway 102 in the wireless network 106, or if the client attempts to access another 

network entity in the wireless network 106. Is the performance of the backhaul path between the desired AP in 

the wireless network 106 and another access point; and 

Information on the load characteristics of the wireless network 106. 

An access point that has a more congested route to the gateway node should be given a lower priority by the AP 

selection policy, where the congestion route is not always reflected by the performance or quality parameters. 

The following description assumes that the mobile client 110 seeks a network connection to the external network 

114 through the edge gateway 102. The AP selection technique can be easily adapted to access an internal 

network entity in the wireless network 106. 
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In order to select an AP based on the performance and load characteristics of the backhaul wireless network 106, 

the client 110 is configured to estimate the channel conditions between itself and the available APs and the 

network performance in the mesh backhaul 106. In addition, client 110 collects the required information as 

etllciently as possible while introducing as little overhead as possible. The measurement process should not 

significantly affect network resources, nor cause excessive power consumption of client devices. On the other 

hand, in order to load balance network traffic and avoid congestion, the wireless network 106 Hseff facilitates the 

AP selection process, thereby improving overall network performance and utilization. 

In one embodiment, the APs detected by the client 110 provide the client with link q uaHty information retlecting 

their routing performance to the mesh gateway 102. In order to avoid the overhead of implementing the 

measurement framework, link quality metrics that can be obtained from the underlying rm1ting protocol are used 

for this purpose. In addition, to avoid unbalanced load distribution and routing congestion, network load 

information is further integrated into the decision making process. These two factors are considered by each 

client 110 together with the channel q uaHty of the client-to-AP link before making an AP selection decision. This 

approach is also supported by the new IEEE 802.llk draft, which is available at 

http:/ /www.ietf.org/rfc/rfc3626.txt, which is hereby incorporated by reference in Hs entirety. In addition, for 

multi-radio multi-channel wireless mesh networks, the effects of channel diversity are also incorporated into the 

AP selection process. 

As depicted in FIG. 1, after scanning and detecting an available AP using the AP scanning method, the new client 

110B needs to be associated with one of several possible options for the AP. From the perspective of the end user, 

an AP that can provide the best end-to--end throughput or latency would be the best choice. However, from the 

perspective of network 106, it is also desirable to distribute network traffic ( or load) across networks 106 to 

achieve better network utilization. To help the client make the right decision, the network 106 provides the client 

110B with the necessary metrics, such as the throughput expected by the client, the load of the available backhaul 

path, and others. Based on these, client device 110B calculates a score associated with each AP that indicates a 

measure of expected performance that can be achieved if client U0B is associated with that AP. Client 110B then 

uses this score to rank each AP and associate with the best available AP. 

In this embodiment, each AP only allows the client device to obtain the necessary network statistics and leave the 

final AP selection decision to the dient. Unlike existing systems, in this embodiment network 106 does not 

provide association control, where network 106 does not determine which AP the client 110B can associate with, 

or forces client 110B to roam in order to search for a better AP. 

The AP selection technology has the following characteristics: 
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Network-asslsted AP selection: In a wireless network 106, typically a wlreless mesh network, each client 110 

needs to be aware of the condition of the mesh backhaul in order to make a reliable AP selection decision. Rather 

than having client 110 perform this end-to-end proactive exploration, this information is very expensive in terms 

of network resources and power consumption, but system 100 utilizes network 106 to provide the client with the 

necessary information. 

Low overhead network monitoring: To reduce the overhead associated with measurements, the network 106 

performs passlve measurements to gather the necessary informatlon. This information is then exchanged between 

the various mesh nodes or APs for distributed AP selection policies or reported to a centralized controller. 

Load balancing in mesh backhaul: Several metrics such as estimated throughput, packet loss rate, and others are 

used to estimate the performance of the mesh backhaul. However, such metrics tend to favor APs with higher 

throughput, which results in uneven traffic distribution in the mesh network and reduces overall system 

performance. The AP selection techniques described herein incorporate some fom1 ofload balancing metric in 

the AP selection process. 

Impact of hop count and channel dlversity: In order to properly integrate the performance of the mesh hackhaul 

into the AP selection process. the number of hops and the impact of channel diversity on user performance 

should he considered. The AP selection metrics described herein illustrate these two parameters. 

According to another embodiment, when AP selection is performed, the new client 110B determines various 

metrics that indicate the connection performance and load characteristics of the backhaul wireless network 106. 

These metrics include channel quality metrics for the wireless link between the client and the AP, performance 

metrics for backhaul routing between the AP and the edge gateway, and load balancing metrics for the backhaul 

wireless network. Each of these metrics is further described below. 

Channel quality between the client and the AP 

This metric indicates the performance of the first wireless hop between the client device 110B and the mesh AP. 

In one embodiment, it is assumed that most of the traffic flows from the mesh AP to the client in the downlink 

direction. Thus, only the downlink channel quality from the AP to the client is estimated. Alternatively, both 

downlink and uplink channel quality can be considered. 

In general, the link quality between the client 110B and the desired AP is measured by the estimated throughput 

28-10-2019 32 TP Link Ex. 1004 
Page 457



metric. In particular, consider the AP a with a set of dlents U associated with H. Let L a,u be the load generated by 

each client u E U on AP a per unit time. If R a,u is the maximum transmission rate achieved by each client, the 

utilization of AP a is defined as: 

For all u f~ U, 11 a = y-·: (La, u /Ra, u). 

This utilizatlon is an estimate of the portlon of the AP capacity used to serve exlstlng clients. Thus, the remainlng 

capacity is available to the new client 110B and can be used to estimate the downlink throughput between the AP 

and the client. If R indicates the transmission rate between the AP and the new client, the estimated downlink 

throughput is given by: 

Thr downlink" (1- p. a) x R (6) 

During the scanning process, the corresponding AP makes this value available to client 110B. 

Backhaul routing performance between AP and gateway 

System 110 provides a network performance metric that indicates the performance of the client stream in mesh 

backhaul network 106. By combining this metric, system 100 considers a situation where even if the client-to-AP 

link is good, the route between the AP and the gateway node may suffer from poor link quality and thereby 

assign a lower priority to the corresponding AP. 

Unlike existing strategies that rely on a measurement framework involving additional measurement and 

comrmmication overhead that can adversely affect end user performance, system 100 utilizes an underlying 

routing protocol for wireless mesh network 106 that has employed some The form oflink quality estimation. For 

example, this metric can be an expected transmit count (ETX) metric in the Optimal Link Condition Routing 

Protocol (OLSR) available at http://www.ietf.org/rfc/rfc3626.txt or in the IEEE 802.1 ls standard. Recommended 

communication time metrics, which are hereby incorporated by reference in their entirety. When the network 

106 exposes these metrics to the client 110, the client can utilize the wireless network 106 to estimate the 

performance of the backhaul path and incorporate it into the AP selection process. 

In one embodiment, the wireless network 106 utilizes the OLSR routing protocol and exposes the ETX metrics to 

the client device 110. Each AP maintains a track of the cumulative path ETX value for its route to the gateway 
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node. In addition, in order to indude channel diversity, the accumulated ETX is modified. As shown in FIG. 1, 

for path 116 through wireless network 106, the accumulated ETX is defined as follows: 

Where N is the total number of hops on P and N j is the number of different channels used by hops on path P. 

The score NiN j acts as a weight assigned to each path. If two paths have the same nmn her of hops, the path with 

better channel diversity will give a lower weight. This is because if multiple hops along a path are on the same 

channel, then only one hop can access the channel at the same time. Thus, even though individual links may 

have good ETX values, the effective throughput of that path wm decrease. The cumulative ETX value of such a 

path is penalized with a larger weight. Alternatively, the wireless network 106 may use a routing protocol having 

metrics that already include channel diversity information, such as the tHle written by R. Draves et aL on pages 

114-128 of the 2004 International Conference on Mobile Computing and Networks. The weighted cumulative 

expected transmission time (WCETT) described in the non--patent literature of "Routing in Multi-Radio, Multi­

Hop Wireless Mesh Networks" is hereby incorporated by reference in its entirety. 

Load characteristlc metric 

Different APs in the network 106 provide different hierarchical performance for the client 110. Existing systems 

that prefer APs that provide higher throughput paths for clients cause load imbalances in the mesh network To 

avoid such load imbalances, system 100 uses node utilization as an indication of network load in wireless network 

106. A bottleneck jump is estimated for a given path between the AP and the gateway 102. 

Specifically, consider a mesh node (access point) m having n backhaul links. Let L m,i be the load generated by 

node m per unit time on link i, and C m,i is the maximum transmission capacity. Thus, the utilization of node m 

is defined as: 

Depending on the current modulation rate of that node, C rn,i is constant for each node. A priori values are 

calculated by performing a simple calibration experiment. L m,i is estimated by monitoring the total amount of 

data currently transmitted by the node. Each node in the wireless network 106 maintains a moving average of its 

respective utilization values wHh respect to time. Now, for a given path 116 through the wireless network 106, it is 

assumed that one of the k available channels is allocated for each hop. Thus, U j is defined as: 

Jump ion channelj. 
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Thus, U j is the sum of the utilization of all nodes on the same channel j on path 116. Thus, for path 116, we 

define bottleneck utilization as: 

For aHj E (L.k) lJ p "max U j (8) 

Thus, if different hops on a path use different channels, the hop with the highest utilization will be a bottleneck 

hop. However, if multiple hops on a path use the same channel, the transmissions on these hops will interfere 

wHh each other (except for very long hops). ln this case, client 110 adds a single utilization of all hops on the 

same channel on the path. The path with the lowest bottleneck utilization U p will give the highest preference as 

this will help achieve a more load balanced network. 

AP selection score 

Once the metric is determined, the client 110 combines the above three parameters into a single score, based on 

which the client can rank and make decisions for different APs. Each client 110 uses the following three ratings, 

which are associated with the three parameters to be measured. 

Rank AP: For each AP detected by the client, the client assigns a rating to it based on the estimated downlink 

throughput from each AP. Assign the highest rating to APs that can provide maximum downlink throughput. 

The estimation of downlink throughput involves both the load on the AP and the current channel status or link 

quality (in terms of the transmission rate used). Thus, it provides an accurate estimate of the q uaHty of the 

downlink channel. 

Rank path: For each AP. the client 110 will also obtain the performance of the backhaul path from the AP to the 

mesh gateway. In this embodiment, this performance is based on the value of the modified ETX metric described 

in equation (7). By selecting the AP with the lowest cumulative path ETX value, client 11 OB effectively selects the 

AP with high throughput backhaul routing. This approach allows the client 110 to select backhaul performance 

parameters independently of the routing protocol. For example, if the underlying protocol uses some other link 

quality metric. such as the recommended communication time metric in the IEEE 802.1 ls protocol, then each 

AP can calculate the cumulative communication time required to transfer user traffic from the AP to the mesh 

gateway. And report it to the client 110. 
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