
14. 
A method according to any of the claims 1 to 12, characterized in that any radio cell having a much smaller 

coverage area than the macro cell comprises a public "pico ceH", a residential femto cell, Or a Wifi access point 

that defines a small cell. 

15. 
A system comprising a database system, characterized in that the method of any one of claims 1-14 is 

implemented. 
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~tE~fflPtEM~§~~4L~fi~~ffl~~~~+~~M~§~~4~~[X~~ 
;'tl as lEl ft._]f TifJ J"/0 B¢J ~ ~1<:, 

4. tii txJIJ ~ ~* 3 J1Jr 3£ s~ont, JtA~ 1iF. tr T , :izH~±ttr,, )tit~ tE }JxEt r #Jr~;;~ 1 J, rx zta Jc1fll 

~M~$~~~~~~~~ffl~~~I®~~~*· 
b~ tirrt\7 ;f;[i $~ 1--4 d:t 1:L- Jrti,i=iF1- ;-J-~ t]{r-1;-,1:,t Jtlf,i,SLE- iFJ- ;-'i'r lf{:,l;}: 0,:h-1~ ,¼. t'1{J 1v '¥ !<'\:;mis;+ 1,t; 
.... 4 ,..,...,,_h 'I,.,, ... ' ~ _...,-..,,.. ..-j\,.. - •-r-• ,_L ,/ ~ / ,.,<'.1_ 1= :; ,•"' <>---<' ,/ ... 1, .... !- ~ :--L~ ' ' ? ~J.:... !ft y.J l:'.:.X..- J:-La ~ 'LL._t-;-L ,,,i._)-.:,,.-..1,. 1;t 
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-1· +in:l;V iii W-;-Pv- 1--h r:h .ft.~ Jrn 1sr1: '. '-; ft,;;r-p;-1>t: -.1'~,fj,::fl: /+: .:.r.- it:1/{} Et F;(j(! f'x ~±- +;;: rrt: '~- fx;{t f 1x 1ctf +J~ ~ ,Y..H 1,..,. .... , .... __ ...... >:J\... ... ., •-r-• ,_T_ ,,,, 1 .<L r=i:; /..,J ,.._", .,. ... 1..i :lL :--L- .J , /l---• ,_,.x..._/H 1, ~ .... u ,.'-!,_.'.J:,..,._, ---~-B !' ~ ... 1=r .. ,xt,;.,-.. 

m&~MMrp,m~~~T~W~~~~~~tt~M~3M~4~~~T~W~~ ~~ 

~~*~~~~~~~~~·*n1:E~#ilig~m~~~ffl£m~~MW~ 
8. t,pf.TT ;f;li •f,:,:y:- j ---7 rh ,{T'.~Jrn f'ifr r* 6f,1·J]-'--,;cf:. JU~~'::;fi::/{; ;_J-·-' f'jfl:;* fR ;x-.H~- -~ h'.] i•.--~f-[iJ,;¥+; ju if-1: ..,..H r,x ..... _ ;.,,:: .. .-:J'- ,_l_, ,_r. 'I'-.,, ,...._._~~J ~ 12~'\, .,., r..J ,JL,_.L_. , t, ,;:.._/U J 1s ✓ r=i ......... £E ---~-• ·-"• .... 

12. ~l-ltx;f1J ~JI ,s:}<: 11 Pfr:i?.E rr'J1Tf£. **1r1iF.tE ';\'[mp 0<1 :t~ ~JJ1d~Jtl flffli ~~ Ts½ 1}1£ 
!'rb~,t.yJt§'Y-16Ef&Sb : 

<1· ') 0t'1'•-fjT f11 ITT!! Aill;rrH*"Pi-f !f:-IJJiITTi1:f'~\,'f,lrfjF :r:f: 8 tF-J..fiJ [~] l-' +~:f-4,:tmr& 11'-r '{fl :/f:::i::'t i;i ,ff'1 p'-,. , ~ ---f~- ..!, _,'J-...~l),',._, l...1,,,....,_~u,/Ji/',~,...-£_\,_"X,,.'J,~J! _t:t..,_.~J~_'.:'<a. ---~·1iJ,....,,._4,/'•/-.; __ L-'LL_E=-:L./1 ...!i-i ..,!, J, ,, 
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£~~i»HTui 
[0001] *&: rifj itt R.fH TTc~ltilfl{l§ ~r~J1HJ~ 1!ri:~ 1J, lR:t:Dt%utiaEI3dtAdi.st:~~tM [R±~i fl~ f'fr Ji,1;'[ 0 

[0002] 

[0003] 

fx m, ¥· vr,· re; .+:rr.)\ [_1_, : __ -~ "'.-:--"""<-'f:::J } r . '.ffr ,,,, 0 

[0004] 

~'tLt~1Jts<t5J-m~icl'fl OP) itJ~ c YP, nst i1Ji ) stJ fm+¾1£1t,-·1t5fiJJi :ft!k$~ trHJt~ ,ti 
~m~~m~*mm~n~~n~~~ffl. ~~~~~~m ~~-~-~w~••~~ 
1j,[x'-•-+-i~fltT->1;.~~f-&,Lj-t/.z \'/ ~-~J_:t. 0 "F3')il 1 -=--,,1 i1''.JJ1'i'f~j,-f, if.~:::::_1--1-'1,!,f'i:T\i 8 (•Jc·r:ir:i·) J-{-.:1:rll-lis ---~ .,./u--:.x.i :-e. .).-/.j ·--r--·1-ni.; t_._--1. ,-i-_-J .,X.... __ L~ _ ~ ~ v ""·" _,.I.-- .J ,,... .. u H -( .:.1 1~t'--1 rJ {) !- -;:::-r:l _____ \i J\ --t~ ,,,,-)'\ H \ 0 1 ~--...../v-:i t;: .... { 

fv rl]~ $'; iJ\ [X Z-'- i'Rj ~* fi17 fl :.ff W· r_r,\; •fq: R<l Js>: U'/ {'l-1t R<l Z,c!,:;'r-"6' ll;,71 rt1 R<l +%;7 it1 /:+l t 1 -1'1). -~· f;l. P$-· -n]· r-:1 s'{1 ,-ff ,-'tf!f...:f.~,,.1, ----~-.......- - ..-.t __ ,-Jfa:T¾ '" .J_,D, ¼1-~~.-,-,.J~ ,,,.,,/J"" ! , .-•~,,,..:[ ';l·uf:.(J , .-•~,,L- ,--,, ,-,) IL ,-..i 1""'-. !±. m .J~'-• 

t:t" :;,, iE 101'1 (j(] ift_'!. l'irrftx,HSt ~ !x>1J f* rtH~Ut Jf1L~Ht1;1JwfPJ ( 15~ ~o, tr Ftk rt-1 ;@; 3/.. F ) , J1: _§Js: 
~f~~~$~W~~~M~~~~~eo 
[0006] 

[0007] 

1+J;f!;;,;-i11 -r 3,,... .. 1. .... -~ 0 

[0008] 
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[001 0] 

1
1'--1 r--n -=r. --rc-•---J•"•!::. -r-··,f.{• -,t,. r'r . .4"".-'? - :-'•;& 

;,,::1 iL'-1 J "'.r=l 11 1'3t. f I: -1·cJ;11( p 'J {-v l;}J .. ,w 

~ -{/ (~ "'" ----,- ,,j _J__. "us•Jo 1 ·) 121)"91 r, 1) ·· -.- , J· '" ·"' --·-· q. o'· -', il''L il''L · ,. c--•• , ... ,-"-, r · .. 
. '."'7·•"' ,{> ,J: v'·, ,(-'· : . 1 ) '- A ------------J!iJ;·c ,i~i,:;_+," f7 '1+·!•' "s.:11;:X 11-;XIP·'le r.;J:\ :X -.-,c ~11_ ·• 

- -- J t7 "~' .J _,,,. .. i I· ...., \ , "- - ', · - •'Wlf --_, -& / +. /- 1,k:!> .,L -- " " ~----•- 1_.,,.,, ./4 ' - 1--L _J 

~~~o ~*~-*~ffl~~~~~~&a@~~~-$*<~A~*~ffi~~~~~ 
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7FU ,i,:%'-'c< • 'X ~ ,], -iiJ; iifr ·~· ·-\'- ,_,_,_ ,--, fT" ,-', r1h I+! --'·· ,{--'- w--,r-- 13 /,!0----e- ','r t:I --•1· '-& qr~ r1l· ::l':: • =11 l✓• -0 '--=!li'f. ~ ij\ L"'. i)!!. 0c] 1;x_11A;;=iJ1.(,1r!-.i Al::, J r r{:.! l!'.] _.'x.. i)l. i=-t r [] ft 1j• Tff5 ):;<., k'.:,. 7€--'-f·' /)C "n ~ 'L::c.Jf.is o i~1<: a 

-7 liJ'<,%,: 1J\ [X R-\1 Nr 8 ,1;:,:::0i #. ~ti)!] :.ff iicr ~1'1' 11] r:-.r~ r' 1 r:1<1JJv ·,1h -~- Nr 8 R-\1 $. s:p-yf;l;i =Af1· -,-1Yr";'kY~F =Af1· *:1fti ,fl, 
.,<_,,._y !R-¥ ~,,.'>, ---• ,-> -, !----_ECL '.:-l::.,. /;/-, "":j },~\..-,,_ .J, J :J 1;:i.(_ -'-L 'T~ ,i----tj J r -, V'-- 1/, -,, !----_ECL ,-• ~ _.,..-.1._ "., .... , •• •- ' •• -....- J .'.J t- /"1..~ !lAJ.l l.J. 

iu,rB"J., ~Jlt, IZIJ*~,ff:J f'1 WrMfi tf B'J, \r!U~'Z 1j(.:.F ,ff:! f'1 Bi.JMfi>.K, 1J\~ft~ 1J,[8: l'ir ~;J, 1c0Mlfti±1fiiffi. 
t'l-(J F5(' Jcri; -ili· fr 9;; #l i'iT PJ. 1.:' i'iT f<j 1-'ZJ r'l. Hf 1W ~ rl'~1 !5<" :t]1lf ~-A ( ff] fi1~ 1fl[ T/ij 'i !!ti i' Fi,~l v~ fi{J 1rr: ?,:~-: -~ .) 0 !----l L--' :;.,:._:_-_t_~ e,, :Ai..,£=) H_J _, -:J 1-1.j 1"t l-=l y'<,Y,..,. l:;.x;...1IJJ..H.J---~ ,',J_~t_":, ~l \ •---~, ...._-l --.7'1- /J.', -tr- iJ V', 1--_r i:..:i l,.,\J CT~ 

[0011 J c 11) stf-7; 1~ ~ /J, r:><: fi'r ~ ,1;ya,1JEfxff -1::J st~m1J 1f1t-PJ i:l.f;j'; m :;:1\'. tJ HJJ rn ~ ~ 1J, tx: !'r'.J~1 fr~ 
r1t·t,(rr1§ t~ Q, r12 Jtl~1-¢J 'X J,,t; Wl H, ~l-- 1r.11 ri1 tl,'('J. A*J'f$'JJ111,;,t: ( ;it-111-1:F. ,r,J J' ±i-; rw r+1 ~~ "l~J [· --[::_-r:'r rh ... -,:.,,-.... [.,..'\,_ J_...., l 1----f .,,, J!:[~ _.._ I-• ~ •:;r,;, !-~ __ j;;, -j ~---! __, /.., ?,-'\ ,, I ' .,,, , ...... , 11/J I· ' \ v8 ,-7, - H __ _L~ '1- _., ___ /..~ tL.J ITlJ ,;j\ ... I~ -- -~ ,;,<.., ,-r--r 

t1:ifrif gff1l;[iJ~tt: rt!Jf,1:fOJ\H§ ~- 0 EB T k:JJt; ri1 }y\ GHz 3Sij THz BfJ7,;; fr~HfiU¥t:~fr-. tfJjffi_,(§'fi1:itfr gfJ(fi1:1W' 

~MT~~~MWffi~~~*~~~~fflB~~~.~~~@~~H~m~~~~B"J~~ 

Jr::}+;· 1G1 (:r~J ( -tz1:i-tzi:i:!¥HtHJ ~ J~)S_lli~%£Ji.\Ufi) o t,(ri*tr:+ ~!it*~~ ,J\ tx tfH&'I_ ct1 ~ ~ tl:'J,JA.~. !/DJ 
-Prn1~ ;s',~!cj:: ';!1:f;-h' "':1<Jt,J{:JLF, [3:1 -'l;;r;i.,; 1J, ;fi;'} a,!,; 'y! lj, [X R-(1Nv "@ ~$. T~ tr':+'.). f{.;: f]/JJ/.1't [x ±t-: rt1 s·;,1-it lif-, ,1,;'.';; ;¼ /J\ i'-{ 

... J. _i,./ ---'--~ ,/, "'- l!..1 i1 - f,lJ_ 1:f __ _,_J )'.:) "/' .-J~~ ~¥ v.., ---• ,-, -, l.i,.-,.. ,_El. J '.J / I / -· / J 1~,.X..,, - ., /" ___ -. ~>.j ' " ./ ..... 'IL'.." .. ~ v-v 1----~ 

[0012] 

[0013] 

' ] r---i 1:l '\ :rr -f- 1' JT' +r - -,, --•+, 'l-1 I I' , .. , '· 1--l-' "Ff! ' 'J -tl:,: · ·1, · '"' -~j:, .=b>". ~,1 ,.,, '· --'-;&1r-;.u•1,J.n ·~, 
L0016. t L : , ¼ 11-· 1l'. 1~ 4-<c: J 1'¥r 2YJ :iI1:d:h1J: ii!:. 8''11 ,_;:E~[7S'6i)1\-~.ffl ~1Fl '!ii' -11 /1~1 ~ B''-1 ft!; :n;-,!i1Y.:t.-:f -~ 

1J\ l><" "'-( 18r -'"E---~ r~,., 1 _ _, __ ~-L o 

[ oo nJ u s2 oo s 1 s 1 7 7 7 CA n -----------n1 I ttA,, r?J :Jfi 11, li14Ht-1 ~ ,yu~t. t%t1H¥1¥ ~ft 1:0 :t:nt 
[ 0O'I 8] 1,i1Jt m T 1'~ ,c_" IX:~ 1511--IBt EB llH!t~Jntu i'(J * ~ft:fflJ:nk O 3i:; !tc~ I~~~ ,fwi.n:11 pJ I:) 1tJ--f:3 
~~B"J~ffl~~*~m~~fflfrA~ffl~~~ffl*ttM~~ffB"J~-~~~~-
[0019J 

[0020] 

[0021] 

[ 0022 J u s2 oo s 2 7 9 s s 2 CA 1 ) ----- ----- nj f· i'E R3J M:Fj:l tJ2-Jtj'1T 1a tfr ~ BJD )1G ,'r= ~ 1m / z: 1f ~ nH~ 
_( ROAD MS ) ___ ]J~)L~i~. 
[ 0023 J !'if ~J ;ffi :i11~ .. tit~ m 5t rr1 ;:t rxxi ~t ~ 81.J ~ t~1 ii~- 81.J fl rn 81.J JJ Yt: * V:l: i+ {(t t1J~ ~ 1.l> M t 
-fjT 1Jf "i:lrrim.1r ~ ~'r,(J W-st:-~j )111·1 '+" _j~'t· /8' fFj B~ ( D(•J\Q/.~,, \ rjl.i /,,\.r'F ;;c\'· rw {'z 1'c"r·;'7·,\l_{.f~ wi· tl ~ J:± ~ ,[,i>'.il -~',. 
· .,1.=E::..(.fy HU_E::Li-~ /U J f,v\'..)- -Z::.J !,x_;L 1'1--1 \l\ .... J.d 1¥1 ..... i; ~-J/-J 1.../,,k\..:i''l~-~!Jo -;;,:;_. {Z.."-"---'- +-A·t'!J .. Jr---i __ J_~..,1/ !=--=1:...)/J 

~~T~ffiffl~~~~~B"J~~*~ffifflT~~ffi -R™™~ffi ~~"~~~~~~§ 
+--.-- ,.;-,. , 'I L +- · .A->r ·, ,m h · , , ~ 1 , ,',h , · · _,,_ I ____ 4 ·- rt, ,,_,,_, wt 10 , -r 6(. , , cl'i -,...,- t.l • , , • , , , 
1i-11l'-~1G,,1!L1r1'i%~hL~Jtff'J %~ ROADM ff: p;i rt; n'-W .:r:\ 1~>r5-·r· ti'J:t'x11~!?:i n-B:J;~;J1TwcHB" l~7H~ 
~ l' • ' . 1 1 t· b _,.-..--.-· I ~., . \. _J,:J +-1- ~ r;;:;. + H· -fl'! M ,,,, {+-1 '::f'. kl ! J ·ili" ''"f- tl',t_ ' -tl:,: +- H-, I • -I T '·/, ,.,_,, /dr --10 ~ n· ! 
Pj i;.J.,Jtr- [.D'Bti:sA=~-~:>1"f1,5-J J~£t-r=:w1X1lJ,irJ~1;;.--'iTci":1JB'1•tdf;fDr.rfB)r-..J1:,f,1/:Uf1 rl.!.x..R* -. Kn lV 

f:,:J ~ - -f-,'; -'"E-r-1 · _71, ----• -"- _!"'~ o 

[0024] ;t v· #f;:,' /, \ n. ·1·-
1'/> / - ii~}\ .. -~ ) j 
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[0025] 

[0026] 

[0029] 

[0030] 

woo20111s 1 (Al 1 --ff! 1-~i ~qii,;t1Jx:~flt i:p l'l~1~i ~~ ,J\ rx }1~,r:,\111. 'i ~tlrit; 
~tr~m~ w~~~~*~m~~~~M-~~~M~~-~~~~~~~ 

),[" W' ""LJ lc-J ',, '•l·--·j ,. 1 • --,- £2 • 1ng; A-• A ---- ,_, '''LJ lc-J '• ft,~ --•-•t·-- 'M ,, -,·· 'J"' ",; ~(¥"'3 j 
.
q;'J.f_1]::;JJ1[ ->i,-•tfc·--j(:.- 'd[ J•r'-- 71- __ j __ ,,_,o ,_p .1•·- :_-rr _,,._ 'l'· - 1B :;]Ii[ ->i,-•1--r g -"-"-- :,r-,1-c' .::--1;-.- I' ,,- 8'1'_ ;'' -,-, / \ 
><-..A.PH•J;_-=1=,~1ff8....-1__,_. 1-t\. ~ ! 9/~=f /.J;::57 ~fn,J;_-=E:,-1]1·/j\...•,\V/-./',.__../ ~A..7J-: (l'--,J 

l tJk'r - ,_ f· J-• W(· f'-• '¥/-· '+-,; -H• ,-h -+-• - ,t' ,.--~ I=! 'r "''' ,-h Ice- I: I: ·-~ ,_, _,,_ -,-· ,,-,~ '-3/· $ ·r , , i-•• jf '·r· 'hjfilk --1+1 , i ::;e, ---- -,,,-1 r.cj =': ·.c:t:'o ',f\l ,b;t; __ EL •-!-1 ,{-j- ___ , ·1, l 1"1/il -~..-q- - _El_ 1-J-l f;f-r.- r·- r·1, f"-1 + i · :i1/!I ,,_, _, ,;.; q,\1 'b° I' f A1· i µ,, J : I' J:+: ;.,~r~ ,'.'-~- ,,,,-H ___,..-;, ..... .rA~:/-j, ,.,,...., , •--•-----•/ 1 ·"· _-':"E-., v _:1-+ , , " •• ,,. 1n1/, .. . ,,,, v> ~ _., ...-r-----1 !-l..1 _::---. ,,..... 1 .... 1---,.. --~~ 

[0032] 

[0033] 

[0034] 

'- ,. ' •• -J- ,, 1-1- ,::R ,_ f- ,-- • r p -,,- '-"' -ff' ft "-1--, ,::R -=r:: _, __ . ,l:'.'ic - r·-,1 / ,_, ,f· ,-'-, '-L ,f,-'.i(_ - j 
@Xl'IJA151:,i-tJ )Ip le-\ i}lll 1'!.J'.>/.:;;;!i F pJ ,i-t, _j 1±:1¢¥. ~ X)if~w- f-'') N.:.11L:4 fi!; j \ 

r'G ,---~ ", 'j~J 1--, f'_[j_)_l,-IRJ .. •1 '+L-++-,<•-c1 u---• /·B "'j (7!) 7 1' l.w.S "'*'' 8'1 L·l::, J '-{ §_ r·o tj:j ,'-• . •1 '+'· -f--• ,-"-,)TI' ~ -/-- l~ '1-+-q 1/4)( 1'2'. ~ , -4-.- J.1: \\/ o, 1~1J:L-~..J,. .. l'F:eJcLci ·_lµ 1-f, ,1 f- ') y, -,,--"- -~+•,;,- ,,,· , §'I::, _--,-1 :1+: -- 6 ,--0 1~1:U:.,{+ -'h,' IZf_ ,: -1-'· __ !::L, ,)· 
' ' ---~-l I J✓ /-,. ,-'-0. I I_) -N~ /-... :;;,h •• '..J /'>F..J =x~ ,--1 ' • \. --1.... _E'L --~---- c-.J' - J~ ~,.,.., ' j' - -- r / -N~ •/·-i !--'--• :%)'-~ ~ __ L .,.. ... ~;:. 

[0035] 

[0036] 

[0037] 

[0038] 
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[0039] 

[0040J Jt;::,v ~ 11JJ~s--1r}1 m +t~ -B' =tefi a1 .+JV~!h$ m ;J, l>{ 1101:f:{ ~ s~ J; 1~, er +1i~~ m ;J, t{ J~~ 
-
. 1I ~ r-[; 't" ~J'lS ~ ,J-. rx -'J, :rEI _jr, r-1(J~ -~ rx J,,v ~ir r. Bi'i rt1 t1,!l. ~ _,1, rx ;',,r; 9 -l;;f,--Ar'· ti~ :1'7 ffi.l ~ "1~1 -r_ d,_t J"-'F3 !,,-L_,.,.:..'\ ......... T-'V"-i' ~ ·r,..i _!.- t--! T~...Ll..ll..~ •;r-Jf---•J/l....-,,J<J u~"=f.,,....,,, ~ e,:;1--1, ~'.J.--. .. -.,,,'\,j_:'_) ..... ,71.,,,,.f=J ~ 'J.,, U----.c 

rt;Z_,_ :tiVj\ [X fl ~r -t j ~1:1•1 'ic._'_< 1r1 J~1; ffHtrfffiffl L. T tr ~1<1 -~'.. ~ :1:. ~-...;f'.Yi;tJ-l{~_N /Jr,}!¥: 'f~:;j;fj ~{r:_i£~ JJ: ~ !.K"fv"l, ---~'1.TT,.J __ J;. FL, ___ .._, -,1-A_, _,T _ _l_,,, _..x.,.w_, , -::Ai.__-:v, ![17 ... ;r_ f.7-..Br''\.,,.-..,:._. __ _._~Dw -~--~-•'.Jlr-.,=t/J"-. 

t,£ Sfr st ;J\ m. ti~~ 1J, lR, m T Jtt ~ ffl F1 trti'.ffeJr sb 1J, 1'IU ;ij .1J, rx 1=\:t ~, ?Jrlttrf;t-tg .. t~ rxF tv 

[0041] 

[0044] 

-{+,: 1pr tt 1-t-fi J+i· ¥iJj "' 
-~- ,r•J /, 'IL'_1· 1 j.; _.B.." 

roo4"')] *_-_,'.-- __ ,,rp.,,i[• & i,~Wii ,+, -\l(~yif:i' /Ii'~ rt~~: 1-,'r T· [*] ;;;J,:,rx7.1 p\/-#,1 F•J1;:':J 6{1 ·,tc·-l111 r~1.l {tf-;{ ,-h !1'~1 (111 x- 'W-
t .. _ "JT:. !/w0.l:"A/..JiEv'J!,:~..._.J,i=:i-,.:::P-,,..-..J'"•,,,'lL/"'-,LL- ~-! :•JI' j_7'!,,.E!,t 1=-iJ,1.;"'-I~,-..J--1'--JIH,,11JIX/J-Pt:r, 

H·J:UAfl'' :'1::i f&1t1tJ-''.1 j(xJtt rf 1 a<J!J$~ ;J\ lX. ,f.ti;JJ 1&' ~ *1J{1tl!,l#J ttffl.ftf J:~t[xfa ,rn, o 111)-~u, i'E~ ~~ 
~~ it L Jt {j- - ,G1 J-4j , it ,G1 Ni ,f't l-E A 1ft ~-, JrZ [(jJ , lt {E :1t ff r1<J B. }+j !)), :&. * 1[ E'X U[~J B. s,t !'iU tin*" 

[0047] \ 
a,1 

fr,J i1'f R Tm# s<J ,~; >K , 
[ 0048 J b) tr,s J.lt; lX. ±!;l( ~)1~ I.:: rxxJ it tr ·['1:t 

[0049] ft r:r fm -~' a) iP b) MUtJ T· ;t,1:89(~1, i~ ~~t,F t±fEJl W(:1J IUlf4'H,"HW.fttJ1riJ J5;~JHtki~ h!:. 
[*] {1'f '@ TrrJ 1;-t"-i-i< ! L. t <r f1(? Ef_{ ~lei,°") 'it,·.:µ,:: t•-•J [*] JJ:~ pf ~' I ~,f¾±Ih fi9 °ft} f'J tr ,==it __ - ,;,. \'] ll-;=1ic·[•!-i- t'J-( I~ Ill~ '.°li'i', ;j \ (SL ___ ,_J_ • .....o..., _,. j-l--., __ L.1~..., .......... , __ _,_,_,,:J!1:J..-r~~-•--£--- L-l! ·• -:;A.J,.,,..,.. _ _._~.·l!.:i./sJ/ ... .....G....TT1_, __ _./\J_.A.·r.J t1-1Jl..lY!.v,tv..,, -=--~--

r,_oo.i=.o] P- w..w • -'• "'J , -r ---,- 1, I , ± A -,,- :i:-17 --:J '! , 'g:, ,'ti-.. Pi/'. '"'" j r'tfr '-k -'+ ,[.'> --};;,_ f,,h 1+ , -V- --J-- 'ili f+l '}-• '! L •'g:, ---]-
,__, ·1ll.Jt 1t::1 Jt"~te PJ ~Atti·ci =t--; 1:3:,z:yJ ti.:~· rtJ ::f.+ i~: l ' 1=1~J±1-=1;~ ✓1J\.~.e .... 11'J ·1;t J.6)rt1_x..r-rJ G l/4lYt ... ii1· 1=t 

~ ri.iJJf~ti JlJ:JEt 95--~i1t9;11;t1'>'t.lt t;,i,Rli1~~:f:Ll ff-J~iM o 

[0051 J 1± -fit.:l1t':Y::ii11Hv1J rt1 , ft:fJ~"t 
[0052] 
',J r-'--L'j,,(;-l;-Hj'F"c-'·1-+-•,cjc•-,t'" ,_, --::-r1,· ~+.-1c,r-1-,,-,,1' 1-'-•n+1'~ *'--tH1-/--l--,L~+r+,,'-o =r:.,,.,.;.,,, 't-1 ,l_' tq,Vklr SJ .. ~~Jt L'l.:.ft/['U,1:~'i,f j'ftiJ)J<..o :t~Pj 1c::--tt':!.:ri5'i5'1J',/,JlHFl,jY.µ'J f~J,:;1\1!~ ':i:n1Ll'Ff!' fk;,<1-:.:;:l~p'J)JK1,7H_l-1i:iJt,2 

f't;, ~H !'sJ ~1 o 

[0053] (b) -Iiffi5i:'.t?,t 5g fft~J1.U&ii· ~ [R Jgll, Jc 1t :It:~ fftr t~ -~ 1J, [R (:]{J1i i'E!.f6w1t1 [R±!~ fi<J JVl~ IUl 
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~ ·-n ,+ 't c· ") a·r mr----±~17' 8' ,{;/ ,_ f' ''"!zl{H-ir,-fr' \ ;:p-~--)iES' :-,~•>cz,-"-, • [--• ,, f-l r:1· ")'tli\ ,Ff rJ'/;111, 1 1 -t 11 I .-n:.1. X ·" _ - -r -',! h ,,,j'•• IT i':a· A r,- El_ - ~l -t ( r·, ,- - _--.,-A'1 -·-,r~1·11r,s ·r.1, ii\ X . = c , ,- ) 
__ -~ ,-,, j----1..., ~- ,7J o - - - --"<-/ ___ , . ~ J _,,. --•-....E::1... • 7~ __,,-·; - - . ,_,., . ......_·1. ~ J -, ...,""+ r,.;,:;,., .... ___ ., ,,1 ! ___ . ,, , 

r ] _,,,_ '-/, ± 1-. f [1:f -?• • (1/ J ,,,- J , 'x "'•r j [---• tel I 2 _.,_, J r--• _, l ' --,-· L--1-" [:-' ) 1-• -,--- r-c, \ c·-1 nT l ' I -l • ----• L " 
L0057_ 1'1' 1'f,:-.'tl1,, '.,(\J 7Ji;;:ffi/T i:(•J I qr, rtf¥- ?i<i 1' ><_ At~~-¥ i% 1 \ 1:X:. ( ---=J 7C:.:;itrf \.I,~. 1' !i1J J , !i~; ilJ :J,1'§:TL:/.t 

~~ g~~~~A~~~~~~~~~**fitt~ 0 ~tt~•m~~tlmm~~~tl~ 
l+ti1 1J,' .{ tr ±m r:r,i :w_: ,-r- m !LS!, u. (li/vu,1'---1_/r•-.. VI -Ff- 0 

[0058] (f) Jlfr t~'h Jb: g]f:fj'gtt,I=§ t 1 }Jlilffifr EfJ ;J, :1ttilt$: ~ lJ\ 

[0059] {E ~-fftili;~ h:fil·Wi] qJ, :i2s:1tJm' )tit~ {E ht'f?i. T Jfi ~$ ~ ;} [5{ z in rir~ 'iEfti}] Bt-~ If',) J~ 

[R ±.i;1t1~ Jti S~J rt,J-f{[ji rnf * ff'] rm ;;jt O jffi 3:ti½ 1" )) it' ,; j l)J 1ft. fr ifr !Ii¾ ·~ J J \ LR S<J hit J;:iJ Jl l'iJ" fJE 8".J J[ JE 
LL 

1-V.o 

[0060] 

~¥:G zJJ +~.~ ir11,L 1,1: o 

[0061] :(:r~-fflji~hm1~U 91, )117 .itl ;fP,tH*~B½'i.&ffl ~*i~tTf M1:E'i.&ffl1Ftf.J%f:,'t 91, 1'.tK~ I)). ·r~· 
+ IBt cp ff']- -'!' r,~, $ 1'· : Ji;z J+j IJ'.j is ;f5J,, 111' -i:~ ~ ½~. , *Ji[, l P 5} m. i~ 1J:. , ft r11u 8<:J ~f 19' •1 r8J , QoS ( flf.~ 
9'Tf~ Ji ) 'QoE ( 1,41:~~r~ g: ) '1['.\(j}i)fa 15" ~JMt;ffl7:f !PJ '~~ii!'f'J~l ~ .1N>{ l_;J,j_zJ_-[;;: )(f~m 1f:'f ,~, 0 

[0062] 

[0063] 
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1J\ rx r11.11·1'r ~-~; D ~~ ..., __ L_ r---'L o 

[ 0065 J 1± i9: 1f ftiJ Mi :l1Jt ~ if l~S<J ti ilJ:& ilt? s~ tff % rt1 , JlJ. 1J~ r {\'LIN. i'r'l W!H~ fK,;J f~'¥f ·lct tn l¥ z;;JJ 

~4~~~rfilw~~~~~*~*~~~~fil~ffi~~,:Jt_§_~tt~~ttmm~~k# 

[0067] 

[0068] 

[0069] 

[0070] 

[0071] 

[0072] 

( - ,_,_.cf-.----• l '' f,~ L,' 1~""' •. f • J-f-. +r T • 1 I __ , - ,P '} A "*:r,_. 1--, fT~ ' 
l' 1' \ -j_'i'< •-c)--f,-•,~,-, '-'_.o·., 00, 00J =-ill c_j ,,s, ·T'·- -· 1 "·,1;[ill"l,J¾~/,,, .·u cc', -1_- t=:l , ; _,.J,/w,-J<, ~1;_)(.,rc,~•/1 ·"-- ,"r. .X..--·'-; f01'.Y;,,l-l r,:l--:t_.•.1°1·,c,_: /, 

(iii;' -¥,}-•1Fl1J :l(:f:1 tfi1·~1- -f!!!- ~ff ifj· tU1t,-,¥ ,ij );(}-%- rr:1-(n':t:;f+ Ji: H :p:;; $ .h't'. l:i'] •f.l :r:. ir:¥,: __ \ '1\'f. 1:,~, / ,l~J .:r ·--_EL' .:1 .!<._ __ ./ .... I --iA...,!_.A.!_!_ A. )-L i1 :J 'Li ,_____.__.... / ! J_-_:L) 1_:,,. / ~ ~· ·--- '' - !-I ~I /,J:f,\. V 

tc ;E {V: !fr ff] 1 J , Jlj !it¾~ 11, IR :7- § , UE :tl ft FH :. m i.mu :i: itlG 1t 1tltfft 'I. fii ~l H /2( ft: H iITTU 
1j:t:tll,t~t~t ~rttf 11'; lj\ [>{ ~J;stfitvi fPJ JTj ;"=i HHJjJ;,t~1-Effi*V&'~111fffi a<Jf/xJ!o 
[0073] *'-& rifJ !'it~ ~-;_tiJ-5til ~141-tg_J;Iii&t® r,f * rJUrb * fft~' ltt',1'1tt1:E T "-st;JJJU£iiJ~ * 1 ~u 
l Li_ -:,7 - . 0F-r--l;; r-i<i;-'3·:'JJ. ± ,-..._..,. 1 / I /'.I:: ,--! __, 1 t.-\ o 

[0074] 

[0075] 

[0080] 

1-i,'-<=21-':-r 
;u}J::.-'L_.L. o 

[0081] 

[0082] 

[0083] 

[0084] 

[0085] 

[0086] 

( •• k L/• u~~ ---y I•~ t"" 0 ,- --1+-rffi_,_,,.ffi-• •' -, / ",'? '-7. Q'c, J [---• '' __.q f 't;; L •q: --"J' .i,-lz - j· 1--- '/ Fl di )1;: r,'i ,:, Pi v • c, , ,'-1-z;; 'i'Y ~ rw, ' c----1 )1,·J ·,ec;,· liJ;, tci', J \ X .. -,v·x, J ,,-,,.) · 11~, 15- -i;Jy,w+, :li."
1 

J , X R•l-
\ ,._/ , ,:,_A../ .., __ H -• r-......-1--1 H ""/'¼ ..J/ 1/..___ECL•A+I' '-' ___ ,v ~, /..Ji ~.,Jl., /-.i, ~V" ---·~.-•~•i..v<.. 
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[0089] 

[0090] 

-,,,. ,v 1)1 --,.-~-' t - " ·•-13 '~f ___ J 
!!1).-'J'--0 ... ,~}-i._J, /! 

[0093] 

[0095] 

7/ 12 Dt 

J1t, 'X ¥ii +:J; J\. 1~tSLE. fj--~ _:::i:: ----~.,.J...1l)<../I ·r,...1 1- -/1---• J , 
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[0096] 

(d) ( a 'J .t:i I b 1 ,-t; 1T' ,.r~ tr• p 1 Jiti't '~: !r17 1+1. -=i:. {('r '¥1 6ft L. ·r~· -fr '.ill':~ , . __, \ / JZI:1, 1cu.,(AW,1fL'tA•.A.J .. L.Fl.,i'J .. L 1 . .><..rTTJ<i'-. 

8/ 12 Dt 

[0099] 

[0100] (e) >!4J· (c) .. ~ (J) J1:t 1:f lt~y,:Jj: _§j I f{i'.f'f j~ i)J.'~T· i1TtJ'E 1:f'.H:V: n±iil ,si:f~fil'.~;Ji)rt~ ~ lj'> iX 

[0101] 

.,~1 wr im r'1{1 ~ 1t'I ft,1J =rt: r::i 1*' rr1 ;tJ:; .r. {'.t ifl f--} J:>? "1<J -.;t Jf[l " ±,;, ~?£ ·k~ tt ,fA1 wr ~l:, "1{r -.;t 1J·{f;1',.,1J 1Eli t,ri 1·rii r11 :t:t T· ... , ... u~J_,/.illi.7 ,,,ti.~, J_±-J -'T:9 __ )<..tffl= ..... /G. -"1'fl:I, _L..r--..,l.'.1 __,,...,t:Jl=-J_,,~7 ,l/...,.:;,,.~-1 A...,l..1 __ ~-- ..! 

/li4Jft8~3f;J:Yi~ ( l)J,t.1tJi~ Jtrt1 ~1·-~~~?);;TJJJ.) o 

[0102] JifrJi!/i;r;f tfJ ~ t1f. i'iJ ~:,l{Et.t ~J & ~· !· ~JIJ!,ftJJJJF!~ ( lt 9:1 :l2IJ~ J;JJ FI~ ffJ§'i'f Jf~+Itft:rz;~-~ 
TIUJ~~~~~~;~mw~ )~*~a~T~~~~~*~c~~w~~~~~~m 
ci'; c··,1 /.!;r :trn +1. ,,,,., ' rr I',.' ' ' ~r·r fre. + .c b...,,, , .. , .>H- /,- 1' / J. '>. rxl ' ..... l -··" JcJ cf" ·".j '[L ,-.. ., ri {:' ftf, 'i!;J: w· 
JJx, iXXJ.'ctr'7ic:1rLJ 1.rr· 1}1511 .I J-_:'kj:Jrn'.J J;J 1c12,L ISJJzt fT>::.i 7J o r,:i l 9 ;J;; b} ;J;; 111 Tfr 1:v.Hxi"Er 1~.-17.'J rrJ f~ ~.J,, 

rt l=I i~] 2· rh ·,J,· f-Llr (. ,';)/; T!1 ~ * 1# (] f~ ~ * L'J{] ') /::,::" \.,;[ [ IY,j(1 :t~ Er!£ i;i,1 _Ir _tl !--~-! ,_1_, , " LLi . 1,.,., /.,,......_ :_j _,,+'- /.,X... ,•" /~=3 ,.,,- ,..,_ ~ , J " t? -i j"'l'J - ,-1 __,-p .. /!' ~ c, 

[01 o3J r11 1 «?r~ B:rf5m ·T-tiiH~Jtait:JJtrt r-½ tfsl11 11r,1i:is<1f.'1:~rr~1.'.llt1J(11tz11Vi•it o :lf~ ~1 
,. +"· B" f ·t fctc. = BE. I\ ' Jc'.,I.' ";1±, ,.L, ....,~ Th L; ' • • .. ]. '' I f;·'' •'+ ,f,fi" 9"·" l le··· ' fr ~ 1·'- <"j 6!. ··,7 P·c 'r L rl:; A -,- Fl ···-Ebri Jl,' L!, -c;; !f:&fl,'r 1:::J, 1:Y~ :Wlt1m )E ;,, .i:[:x_ [1-IJ , •13: l=l !:A '.:!°f'F] .EV}!!f:;c ;'#; / \ ;;(_ JJ,.\ ],,[_ r, .'c".., 11'.J :;,t;:{,i': o Jd.;[1,v \ J .ill". /J, 

;f±:'!41 :J+ !Uj' .J.rh'·r"····,-1=,r;-~..+'.Js'"'·1lt'llhj,,.,.RPl,l,v.fTl-'-H"CJIZ,J,c\z"'"'j ,--,,,,pr•t ~ 1·,1+, ,._ 
,?.::.rc:i., 11- p;' JJrl;L!!.X~ qJ ~1'i'i J!;;il'.1'.fllu OJ l.X: B'P), hl .1:911:J !J p 18 'J :f;"~(.f'. ;:;:!JI \ iX JJx.m.J:U}2, 0 !J'J 9.IJ' J;6 

!t~ ti~ ·nJ ~i FJ, :ti·1Mi ~w~ ti~ , ~ ifr· wJr tt :ttti ,/,;,, 0 

•. ] W1 . ···" .... j-1 •··,1 'L f:tl J'.FFI[ ""~ tn ±I· I ¼hill ..+- .,,- !,·'· rh +1?-f '11- /C' .. - P·· ,v *fr 'q • ± r··, ' ····,1 • 
L0104 Ls-1 2 ~11c;11c; !!'i iX><J ?:'f"rnAm'i'*'1•1.J ; ><Xvi5 J1.f: ~ teft" w ~-;§,1.;J~x ar }+2 Jtt 1=1'.l :iix.fti!i1<Ez. £:J /\..:.EG I±! 
h~lF+i J}"1.J.,,',ffrlf "1<J ==~ /r'--'j5l,rf/'F jk-~;• .. ' ~:2-'l: '171' fffl g~ j,,I"· \ili~.;/J· (1=11 :i:-:: +:t1.i'F-f1·~.~'i. l'.1 IJ 4,1':'J: tt: 7f:,; 1tifi.;ri-~ i'r-J;'R=i ~,.,._±.i'rrf::J.:T. T ..1 i-=l ----~ , __....y<.,'lr-;,----y- .. -..~ , Ir~-">-·-- ~E-15!-.r ,..,1ti :.;-;,-,.- ~. , 1J f ,,_._.._., J.J ,=ii'rrf ,,,.!-...,!..A..-)U , .,. ·.., -- -- 1!'::v .,.J t.X.~ ,i±:l H -.....;1, 

[0108] 

I;,( f#" 1{: U·t[lf +,U W i=R r', ~1.:'.t 811 1\'f 'tti 1±-~J.i#1c.±·" ~~ flii'il [X ±Jt 11 1, [if:[ ;!i,_t.'1 '1 l·.t,;'½5',1::. /JC: l)l:1 Hi fi:Jf Jz;lj·=rftr{c; 
0 ---• ~ !! !.-L..,_x..,c .'f.. ,,,,-..._m/ ----~f;l.l'L-L-.£3., ,~::~--1- /,"!/ t~•---• 1/'\lr"'~-? ..... ..Jt-_.,,.J'.,, .,1iA~L1:<A, !:==f ....... ~A:, __ .,~--- /,/"H~ 

[01 o9J Jtfr r1tr lj" ~w% ~ 1J, !.R 8(Jt1:1JJtU tIY.Jt ~r-111 i'E~qrr11 !.R Jex PT i::~ t~rF .fifij 5g : 
[011 0] 

[0111] 

[ 0112] 

[0113] 

[ 0114] 

li 
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{ -• 1--'--- = ',f r--- '-x 9:J 'f' --'-• -··1-1 --'-• 'lz v', J r--- ',f "'6' ,_,. --rQ' t --·,-, --'-• ~I c-', J r--• ., f "'6' ,_ •. /, bl ' u. ''" r* __ ,,_,.• -;r ,u. j- \/ TI 0 ,J X J_r, • - - • 'Jx_r 1:J j:li1 -1=' II!$_=/ \ X 0 ,J :i~ m=L· 1=1 :- _-, j:~1, 1:J I!! · 1;;a: / \ X P,,] i"" ==-),,,. 1,,:,, J-"- -~ \:,E, .. -,, F1li 
-• ~ F'L iJ ---- _ / 1_ , .) ;ti_,_ r--J • , k"'>I ---- iJ •-= ,- -- J. , .). , ~.--.,, ---- ..... - .~ A --.. _.,,. -1._~~ - ''E::i , ,.JU 

m~#~~4~W*~~~~m~~ATffi~~~ ~ma~~~~c~0~,~~m~ 
,i¥J ,st1'Z{i1' H-J '-F1 l-0 ~ i+. 1=1 1-r-,-fE+;y:;,r'i,'."1•EraJ f-l1 s,t [· .1411-Ji:. 11:t "FJ i;l-i "11 ~ _,h: "If!' fol':+;~" ;kJ-;.tn ,, ,,__,..._,_ ~r,:; ,,EI u. >--'LL._.1:-=-='- :;1· __tj__ l--"-• 6 '--L 1_;:;c _x __ ,..., Jt.. ..J ____ 1 , .. ~__,_J/J _:l.._ LL _ _t;-;1...A'- , - J --~,, '-' ,.'<..!. ~ / --

! 0 1 ·1 7] ( 1· 1· 'i :!:,\'; 0:,", frt J}:;:;._·,; ,~;'ii:, 'J'l ;J \ [-x-·· l1/J -1''*!-' frj- ii'?_. n•,fri1 [-x-,· .brii, r:,{1 - ·Al'- cit ·_'.'v Al'- ,FFf, p', l) I -Cffi ~ -tt½ 11'] fr.±• i. r· -{t½ 
... , 1 .J1-u--- .. _\1=r..trJ!J(.:f- .. ~ ___ .w ~r1=r.,':J,,, 11

~ ___ ,-:--~ 1-;,J ... -At_9 ,1 .• tA'l-VtJN __ !l~ ... 1-~_,,"'!l~ 

rx ±~1i st-aJ t:J. if :EHH1lE.rITT:tt~1rr;;1-?.5 fJi'~!~>i;; + st11'¥trm,:;wrifl rx ±~~ H55t.J55lm 1tm o ( :t!l'iJ ~;, 1}1J 
-frr] ~m ',,t 0fF w ?1 I [11 µi::. 7=.j ,+1;1 t'j{J +f.i ;£~ -1';'( ~ _c,h-. i;,,, r;::E'" tt~ :Jf~ ( ~zit.I ;f7j,> 17 Y:2-r ~fi'; '1 :l::'f: i=_1 Bifl J~ ,fdi Ffl ~¼ 
:;A~ ~ .. ~_.....___,..,,x..._ , I..J.J!T] tJ~ ,}-_, ± ----_E:L.,~1-Jfo ./'-._/'-:..:±'.:. , ;.::.::: IY.--'l/._ 1-\___.........'l ,, ..J ✓ / li,,_ J---i y._,_J i,_,..., 

7h J _, • -- 7 Jn· •--• ,- , --• i _, "· "~u -~- -~ k,· 1--• m--_1 ;-', ---, 
:-;.k:;; ~= ~- / - .... jJj__ --:) .J L...,. 

[0118] 

[0119] 

[0121] 

[0122] 

--'--• r-1-j T -<.y --•n 'ct ~j,c; *' ·V --'-• ', ' - -'- c-- 1) --F• ,/-J• , -- -• ;l,;;c, Ay -i;'u - -- ,4 __ :1,1 ~PJ f7 '{ )·Z Jc;=;, J,,-, 1- -• J , / /'- -'- /I'>~ j !-, / - .. -"i ·- !--I - \ 

w 83' [''" ') -= - 'I ,_1-_.--. ~•hkf-hr-1-i-f.- 11,--,-•,-J-
l , , 1-(- '-<>-1 _, 7;,· ;_ :-., lj,j J I --:-• X,: "cf> H,,-- N./ lj•, I ;-1 1- -• 

-'----! !-.L _::,,,_--[ '-" .... .., . .,, .., · ~ , ..! ..! ..1 ,,- -• /i'"- ! '-' ~ -., ,.1 11-c,,, O 

ffl Ji:;{(:, }k;K ~'ml······) *-tiliH il{EK'6~1t1 lR Jix B½ JJJi~ff Ix~ Mf '6t ii~, -tt: §. ~0 Jlt~1% )JQ jx;JU*tilif¥ 
fi:/ai ;:p 0 

[0123] 
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Abstract of CN104885378 {A} 

Some demonstrative embodiments 
include apparatuses, systems and/or 
methods of wireless backhaul 
communication bet,.Neen wireless 
communication nodes. For example, a 
wireless communication controller may 
control a wireless communication node to 
communicate with one or more other 
wireless communication nodes via one or 
more backl1aul links of a backhaul 
network over a first frequency band, and 
to communicate with a control station via 
a control link over a second frequency 
band, the first frequency band is higher than the second frequency band. 
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CLAIMS CNl.04885378 

L 
A device that indudes: 

a wireless communication controller that controls the wireless communication node to communicate with one or 

more other wireless communication nodes via one or more backhaul links of the backhaul network on the first 

frequency band, and via the second frequency band The control link is ln communication with the control 

station, the first frequency band being higher than the second frequency band. 

2. 
The apparatus of daim 1, wherein the wireless communication controller controls the wireless communication 

node to receive control information from the control station via the control link, the control information 

defining the backhaul link and A routing map via the backhaul link, wherein the wireless communication 

controller controls the wireless communication node to establish the backhaul link based on the control 

information. 

3. 
The apparatus of claim 2 wherein said wireless communication controller controls said wireless communication 

node to receive a request for connectivity information from said control station via said control link, said 

connectivity information and The wireless communication node is associated with an ability to connect to the 

one or more other wireless communication nodes, wherein the wireless communication controller controls the 

wireless communication node to transmit the connectivity information on the control link To the control 

station, and wherein control information from the control station is based on the connectivity information. 
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4. 
The device of claim 1, wherein the backhaul link comprises a link for transmitting backhaul traffic between the 

one or more other wireless communication nodes and a core network. 

5. 
The apparatus of claim 4 wherein said wlreless communication node comprises a hackhaul endpoint node to 

communicate over said core network. 

6. 
The apparatus of claim 4 wherein said wireless communication controller controls said wireless communication 

node to transmit traffic between said core network and one or more mobile devices of a wireless communication 

cell. 

7. 
The apparatus of claim 4 wherein said wlreless communication controller controls said comrmmication node to 

transmit said backhaul traffic on a backhaul link between said wireless communication node and said control 

station. 

8. 
Apparatus according to any of the claims 1-7, wherein the wireless communication node communicates with one 

or more mobile devices of a wireless communication cell via one or more access links. 

9. 
The apparatus of any of daims 1-7, wherein the wireless comrmmlcation controller controls the wireless 

communication node to simultaneously communicate on the first frequency band and the second frequency 

band. 

10. 
The apparatus of any of claims 1-7, wherein the first frequency band comprises a millimeter wave (mm Wave) 

frequency band, and wherein the second frequency band comprises a non-millimeter wave frequency band. 

11. 
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The apparatus of daim 10 wherein said second frequency band comprises a cellular frequency band. 

12. 
A system comprising: 

a wireless communication device, the wireless communication device comprising: 

One or more antennas; 

At least one transceiver, the at least one transceiver communicating on a first frequency band and a second 

frequency band, the first frequency band being higher than the second frequency band; 

a wireless communication controller that controls the wireless communication device to transmit control 

information between a wireless communication node of the pluralHy of wireless communication nodes and the 

control station via the control link, the control information defining the wireless communication One or more 

hackhaul links between the node and one or more other wireless communication nodes of the plurality of 

wireless communication nodes, the backhaul link including a link on the first frequency band to Traffic is 

transmiUed between the wireless communication node and the core network, the control information defining a 

route map for routing the traffic via the backhaul link, the control link further including a link on the second 

frequency band. 

IJ. 
The system of claim 12, wherein said wireless communication controller transmits a request for connectivity 

information from said control station via said control link, said connectivity information being coupled to said 

wireless communication node Relating to the capabilities of the one or more other wireless communication 

nodes, wherein the wireless communication controller transmits the connectivity infom1ation to the control 

station over the control link, and wherein, from the control station The control information is based on the 

connectivity information. 

14. 
A system according to claim 12 or claim 13 wherein said wireless communication controller controls said wireless 

communication node to transmit said tramc on a backhaul link between said wireless communication node and 

said control station. 
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15. 
A method of wireless communication, the method comprising: 

Transmitting control information between a wireless communication node of the plurallty of wireless 

communication nodes and the control station via the control link, the control information defining one or more 

other wireless of the wireless communication node and the plurality of wireless communication nodes One or 

more backhaul links between the communication nodes, the hackhaul links induding links on the first frequency 

band to transmit traffic between the wireless communication nodes and the core network. the control 

infonnaHon defining via the A backhaul link routes a route map for the traffic, the control link including a link 

on a second frequency band, wherein the first frequency band is higher than the second frequency band. 

16. 
The method of claim 15 comprising transmitting said control information from said control station to said 

wireless communication node. 

17. 
The method of claim 16 comprising receiving said control information from said control station and establishing 

said backhaul link based on said control information. 

18. 
A product comprising a non-transitory storage medium having stored thereon instructions that, when executed 

by a machine, cause the following operations to be performed: 

Communicating between the wireless communication node and one or more other wireless communication 

nodes via one or more hackhaul links of the backhaul network on the first frequency band; 

The first frequency band is higher than the second frequency band by communlcation between the wireless 

communication node and a control station via a control link on a second frequency band. 

19. 
The product of claim 18, wherein the instructions cause an operation to be received from the control station via 

the control link, the control information defining the backhaul link and via the backhaul a route map of the link; 

and establishing the backhaul link based on the control infonnaHon. 

28-10-2019 4 TP Link Ex. 1004 
Page 719



20. 
The product of daim 18 or 19, wherein the instructions cause an operation to receive a request for connectivity 

information from the control station via the control link, the connectivity information Relating to a capability of 

the wireless comrnunlcatlon node to connect to the one or more other wireless communication nodes; and 

transmitting the connectivity information to the control station via the control link, wherein control information 

from the control station is Based on the connectivity information. 
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DESCRIPTION CN104885378 

Some illustrative embodiments include devices, systems, and/or methods for wireless backhaul communication 

between wireless communication nodes. For example, the wireless communication controller can control the 

wireless communication node to communicate with one or more other wireless communication nodes via one or 

more backhaul links of the backhaul network on the first frequency band, and via a control chain on the second 

frequency band The road communicates wHh the control station, the first frequency band being higher than the 

second frequency band. 

Apparatus, system and method for wireless backhaul communication between wireless communication nodes 

cross reference 

This application claims the application date ofJanuary 24, 2013, entitled "Millimeter Wave Backhauling System 

for Small Cells with Central Control From a Macro Base Station" (millimeter wave backhaul system wHh small 

cells from the central control of the macro base station)" The interest and priority of U.S. Provisional Patent 

Application Serial No. 61/756,302, the entire disclosure of which is incorporated herein by reference. 

Technical field 

Embodiments described herein relate generally to wireless communication between wireless communication 

nodes. 
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Background technlque 

Some wireless communication units may be deployed in accordance with a wireless network topology involving 

multiple small cells, and multiple small cells may be used to exchange information with mobile users. This small 

ceH can greatly increase the overall network capaclty. 

However, deployments lnvolving a large number of small cells may require a very sophisticated backhaul 

infrastructure to provide proper core network access. This backhaul infrastructure is large and/or expensive. 

DRAWINGS 

For the sake of simplicity and clarity of the description, elements shown in the drawings are not necessarily drawn 

to scale. For example, the size of some of the elements may be exaggerated relative to other elements for clarity . 

.Further, reference numerals may be repeated among the drawings to indicate corresponding or similar elements. 

The figures are listed below: 

1 is a schematic block diagram illustrating the deployment of a multi--cell wireless communication system, in 

accordance with some demonstratlve embodiments. 

2 is a schematic block diagram illustrating another deployment of a multi-cell wireless communication system. in 

accordance with some demonstrative embodiments. 

3 is a schematic block diagram illustrating another deployment of a multi--cell wireless communication system, in 

accordance with some demonstrative embodiments. 

4 ls a schematic block diagram lllustrating a wireless communication device in accordance wlth some 

demonstrative embodiments. 

FIG. 5 is a schematic diagram illustrating a modular antenna array in accordance with some demonstrative 

embodiments. 
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6 ls a schematic flow diagram mustrating a method of wireless backhaul communication, in accordance with 

some demonstrative embodiments. 

FIG. 7 is a schematic diagram illustrating the manufacture of a product, in accordance with some demonstrative 

embodiments. 

detailed description 

In the following detailed description, numerous specific details are set forth However, it wm be understood by 

those of ordinary skill in the art that the embodiments may be practiced without the specific details. In other 

instances, well-known methods, procedures, components, units and/or circuits have not been described in detail 

so as not to obscure the discussion. 

The use of terms such as "processing," "calculating," "calculating," "determining." "establishing." "analysing," 

"inspecting," or the like, refers to a computer, computing platform, computing system, or other electronic The 

operation(s) ofthe computing device and/or processing (s), which are to be represented as physical (eg, 

electronic) amounts of data manipulation within registers and/or memory of the computer And/or other data 

transformed into physical quantities within other information storage media that are similarly represented as 

computer registers and/or memories or that can store lnstructions for performing operations and/or processing. 

The term "plurality'' and "a plurality" as used herein in dudes, for example, "many" or "two or more." For 

example, "multiple projects" indudes two or more projects. 

References to "one embodiment", "an embodiment", "an illustrative embodiment", "a variety of embodiments" 

and the Bke are intended to include a particular feature, structure, or characteristic, but not every embodiment 

Includes specific features, structures, and characteristics. In addition, the repeated use of the phrase "in one 

embodiment" does not necessarily mean the same embodiment, although it may ref er to the same embodiment. 

As used herein, the use of ordinal adjectives "first", "second", "third", etc., to describe a common object merely 

indicates that different instances of similar objects are being referred to, and are not intended to imply such use. 

The described object must be in a given sequence in time, space, level, or in any other way. 

Some embodiments may be utilized in connection with various devices and systems such as personal computers 
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(PCs), desktop computers, mobile computers, laptop computers, notebook computers, tablet computers, 

Ultrabooks, computers, server computers. Handheld computer, handheld device, personal digital assistant 

(PDA) device, handheld PDA device, on--board device, off-site device, hybrid device, in-vehicle device, off­

vehicle device, mobile or portable device. consumer device, non-mobile Or a non-portable device. a wireless 

communication station, a wireless communication device, a wireless access point (AP), a wired router or wireless 

router, a cable modern or wireless modern, a video device, an audio devlce, an audiovisual (A/V) devlce, a wired 

network, or Wireless network, wireless area network, wireless video area network (WVAN), local area network 

(LAN), wireless LAN (WLAN), personal area network (PAN), wireless PAN (WPAN), and the like. 

Some embodiments may be used in conjunction with the following devices and/or networks: according to the 

existing Wireless-GigabH-AHiance (WGA) specification (Wireless GigabH Alliance WiGig MAC and PHY 

Specification Version 1.1, April 2011, Apparatus and/or network operating in the final specification) and/or its 

future versions and/or derivative versions; according to the existing IEEE 802.11 standard (IEEE 802.11--2012, 

IEEE standard for information technology - System Local Area Network and Metropolitan Area Network 

Communication and information exchange - Specific requirements -Part 11: Wireless LAN medium access 

control (MAC) and physical layer (PHY) specification, March 29, 2012; IEEE 802.11 task group ac (TGac) ( 

"IEEE802.11-09/0308r12-TGac channel model appendix"); IEEE802.11 task group ad (TGad) (IEEE P802.Uad 

standard for information technology - Telecommunications and information exchange between systems -

specific requirements - Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) 

Specifications - Amendments to the very high throughput enhancements in the 3:60 GHz band) and/or its future 

versions and/or derivative versions of the device and/or Or network; according to the existing Long Tenn 

Evolution (LTE) specification ( Including ETSI TS 136 300 VU.3.0 (2012-11): LTE; Evolved Universal 

Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); 

General Description; Phase 2 (3GPP TS 36.300 version 11.3.0 11th Edition), 2012) and/or its future versions 

and/or derivative versions of devices and/or networks operating; according to existing WirelessHD <TM> 

specifications and/or its future versions and/or derivatives The device and/or network in which the version 

operates; is a unit and/or device of a part of the above network. 

Some embodiments may be used in conjunction with one-way and/or two-way radio communication systems, 

cellular radio-mobile telephone communication systems, mobile telephones. cellular telephones, wireless 

telephones, personal communication system (PCS) devices, including wireless communication devices. PDA 

device, mobile or portable global positioning system (GPS) device, device containing GPS receiver or transceiver 

or chip, device containing FRID component or chip, multiple input multiple output (MIMO) transceiver or 

device, single input A multiple output (SIMO) transceiver or device, a device having one or more internal and/or 

external antennas, a digital video broadcasting (DVB) device or system, a multi-standard radio or system, a wired 

or wireless handheld device ( eg, Smart phone), Wireless Application Protocol (WAP) device, etc. 

Some embodiments may be used in conjunction with one or more types of wireless communication signals 

28-10-2019 4 TP Link Ex. 1004 
Page 724



and/or systems, such as radio frequency (RF), infrared (IR), frequency division muHiplexing (FDM), orthogonal 

FDM (OFDM), single carrier. Frequency Division Multiple Access (SC-FDMA), Time Division Multiplexing 

(TDM), Time Division MuHiple Access (TDMA), Extended TDMA (E-TDMA), General Packet Radio Service 

(GPRS). Extended GPRS, Code Division Multiple Access (CDMA) Wideband CDMA (WCDMA), CDMA 

2000, single carrier CDMA, multi--carrier CDMA, multi-carrier modulation (MDM), discrete multi-tone 

(DMT), Blue tooth [image], global positioning system (GPS), wireless fidelity (Wi- Fi), Wi-Max, ZigBee <TM>, 

Ultra Wide Band (UWB), Global System for Mobile Communications (GSM), Second Generation (2G), 2.5G, 

3G, 3.5G, 4G, 5G (SG) Mobile Network, 3GPP, Long Tenn Evolution (LTE), Upgraded LTE, Enhanced Data 

Rate (EDGE) for GSM Evolution, and more. Other embodiments may he used in a variety of other devices, 

systems. and/or networks. 

The term "wireless device" as used herein includes, for example, a device having wireless communication 

capability, a communication device having wireless communication capability, a communication station having 

wireless communication capability. a portable device having wireless communication capability, or a non­

portable device or the like. In some demonstrative embodiments, a wireless device may be or may include a 

peripheral of a computer integrated with a computer or a peripheral attached to a computer. In some 

demonstrative embodiments, the term "wireless device" may optionally include a wireless service. 

The term "communicating" as used herein with respect to wireless communication signals includes transmitting 

wireless communication signals and/or receiving wireless communication signals. For example, a wireless 

communication unit capable of communicating wireless communication signals can include a wireless 

transmitter to transmit wireless communication signals to at least one other wireless communication unit, and/or 

a wireless communication receiver to receive wireless from at least one other wireless communication unit 

Communication signal. 

Some illustrative embodiments are described herein with respect to LTE cellular networks. However, other 

embodiments may be implemented in any other suitable cellular network (e.g., 3G cellular network, 4G cellular 

network, 5G cellular network, WiMax cellular network, etc.). 

Some illustrative embodiments may be used in conjunction with a WLAN. Other embodiments may be utilized 

in connection with, for example, a wireless area network, "piconet", WPAN, WVAN, etc., any other suitable 

wireless communication network. 

Some illustrative embodiments may be utilized in connection with a wireless communication network that 

communicates over a frequency band of 60 GHz. However, other embodiments may be implemented using any 

other suitable wireless communication band, such as: Very High Frequency (EHF) band (millimeter wave band), 

28-10-2019 5 TP Link Ex. 1004 
Page 725



such as hands in the hand between 20 GHz and 300 GJ:--lz; WPAN band Wireless Gigabit (WiGig) hand, such as 

according to the WGA specification; WiFi band; band according to the IEEE 802.11 standard, such as the band 

according to IEEE 802.llad ("802.llad band"), and the like. 

The phrase "peer-to-peer (PTP or P2P) communlcation" as used herein may relate to device-to-device 

communication over a wireless link ("peer-to-peer link") between a pair of devices. P2P communication may 

include, for example, wireless communication over a direct link within a QoS Basic Service Set (BSS), wireless 

comrmmlcation over a Tunnel Direct Link Setup (TDLS) link, and an Independent Basic Service Set (IBSS) STA 

to STA communication, etc. 

The term "antenna" as used herein may include any suitable configuration, structure, and/or arrangement of one 

or more antenna elements, components, units, components, and/or arrays. In some embodiments, the antenna 

can use separate transmit antenna elements and receive antenna elements to implement transmit and receive 

functions. In some embodiments, the antennas can implement transmit and receive functions using common 

and/or integrated transmit/receive elements. The antenna may indude, for example, a phased array antenna, a 

single element antenna, a beam switching antenna group, and/or the like. 

The phrase "millimeter wave band" as used herein may relate to a frequency band above 20 GI--Iz, for example, a 

frequency band between 20 GHz and 300 GHz. 

The phrases "directional multi-gigabit (DMG)" and "directional band (DBand)" as used herein may refer to a 

frequency band in which the channel start frequency is higher than 40 GHz. 

The phrases "DMG STA" and "millimeter wave STA (mSTA)" may rdate to STAs having radio transmitters that 

are operating on channels within the millimeter wave or DMG band. 

The term "beamforming" as used herein may refer to a spatial filtering mechanism that may be used at a 

transmiUer and/or receiver to improve one or more attributes, such as the received signal power at a 

predetermined receiver or Signal to noise ratio (SN R). 

The term "cell" as used herein may include a combination of network resources, such as downlink and optional 

uplink resources. Resources may he controlled and/or distributed, for example, by wireless communication 

nodes (also referred to as "nodes'' or "base stations"), and the like. The link between the carrier frequency of the 

downlink resource and the carrier frequency of the uplink resource may be indicated in the system information 
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transmiUed on the downlink resource. 

Reference is now made to Fig. 1, which is a block diagram that schematically illustrates the deployment of a 

multi-cell wireless communication system 100, in accordance with some demonstrative embodiments. 

In some demonstrative embodiments, system 100 may include one or more wireless communication devices 

capable of transmitting content, data, information, and/or signals via a wireless medium (WM). The wireless 

medium can include, for example. a radio channel, a cellular channel, an RF channel, a wireless fidelity (WiFi) 

channel, a WiGig channel, a millimeter wave channel, an IR channel, and the like. One or more components of 

system 100 are selectively capable of comrmmicating over any suitable wired communication link. 

In some demonstrative embodiments, system 100 may be deployed as a network comprising a plurality of cells 

(e.g., small cells) configured to, for example, deliver data to/from a mobile user, for example, to substantially 

increase throughput throughout the network. the amount. 

In some demonstrative embodiments, a cell may include a wireless communication node that may he configured 

to overlay and/ or serve multiple users, such as mobile devices (eg, user equipment (U E)), and the like. A wireless 

communication node may include or perform functions of a base station (BS), an access point (AP), an LTE 

node, an LTE evolved Node B (eNB), and the like. The deployment of small cells can provide, for example, high 

speed wireless access that enables many users to communicate simultaneously. 

In some demonstrative embodiments, the size of the small cell may be configured to enable, for example, a 

wireless communication node to cover a small cell. In one example, a small cell may have a coverage of about 10 

to 100 meters, or any other range. 

In some demonstrative embodiments, a relatively large number of small cell base stations are deployed to cover a 

relatively large area, such as a city or a number of blocks in a city. In one example, elements of system 100 can he 

deployed, for example, in an outdoor space (eg, a street, a sports field, etc.) and/or a large indoor area (eg, a 

meeting room, etc.). 

In some demonstrative embodiments, system 100 may include a plurality of wireless communication nodes 

configured to communicate with one or more mobile devices of one or more wireless communication cells (eg, 

small cells). 
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For example, as shown in FIG. 1, system 100 includes a wireless communication node 102 in communication 

with one or more mobile devices 132 of wireless communication cell 130; a wireless communication node in 

communication with one or more mobile devices 136 of wireless communication cell 134. 104; a wireless 

communication node 106 in communication with one or more mobile devices 140 of the wireless 

communication cell 138; a wlreless communication node 108 ln communication with one or more mobile 

devices 144 of the wireless communication cell 142: and one or A wireless communication node 110 in which a 

plurality of mobile devices 148 communicate; and/or a wireless communication node 112 in communication 

with one or more mobile devices 152 of the wireless communication cell 150. 

In some demonstrative embodiments, nodes 102, 104, 106, 108, 110, and/or 112 may include or be executable 

BSs, macro BSs, micro BSs, APs, WiFi nodes or stations, WiGig nodes or stations, Wimax nodes, or Functions of 

stations, cellular nodes, evolved Node Bs ( eNBs), pico eNBs, LTE nodes, stations, hotspots, network controllers, 

and the like. 

In some demonstrative embodiments. for example, as described below with respect to FIG. 4, nodes 102, 104, 

106, 108, 110, and/or 112 may include wireless communication devices including one or more antennas and a Or 

multiple wireless communication transceivers. 

In some demonstrative embodiments, mobile devices 132,136, 140, 144, 148, and/or 152 may include, for 

example, user equipment (UE), mobile computers, laptop computers, notebook computers, tablet computers, 

UHrabooks < TM > Computers, mobile internet devices, handheld computers, handheld devices, storage 

devices, PDA devices, handhdd PDA devices, on-board devices, field devices, hybrid devices (eg, combined 

cellular phone functions and PDA device functions), consumer devices, in-vehicle devices, off-board devices, 

portable devices, moblle phones, cellular phones, PCS devices, mobile or portable GPS devices, DVB devices, 

relatively small computing devices, non-desktop computers, "Carry Small Live Large" , CSUJ)" device, Super 

Mobile Device (UMD), Super Mobile PC (UMPC), Mobile Internet Network Device (MID), "Origami" device 

or computing device, vldeo device, audlo device, A/V device, Game devices, media players, smart phones, etc. 

In some demonstrative embodiments, a sophisticated backhaul lnfrastructure may be used to connect wireless 

communication nodes 102, 104, 106, 108, 110, and/or 112 to a core network. 

In some demonstrative embodiments, for example, as described below, wireless communication nodes 102, 104, 

106, 108, 110, and/or 112 may be configured to communicate over multiple wireless backhaul links. 
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In some demonstrative embodiments, the wireless backhaul link may indude a high throughput link. 

In some demonstrative embodiments, for example. as described below, a wireless backhaul link may indude a 

wireless communication link over a high frequency band, such as a millimeter wave link over a millimeter wave 

band. In one example, the mllHmeter wave link may include a DMG link, a link according to the WiGig 

specification (''WiGig Link"), a link according to the IEEE 802.llad specification ("802.llad link"), and the like. 

In other embodiments, the wireless backhaul link can include any other wireless communication video band 

and/or any other wireless communication Hnk in accordance with any other wireless communication standard 

and/or specification. 

In some demonstrative embodiments, the backhaul network may require advanced routing and/or scheduling 

algorithms to be implemented, for example, wHh device recovery and/or device failure management. It is difficult 

to implement a backhaul network using only millimeter wave links between wireless communication nodes. 

In some demonstrative embodiments. for example, as described in detail below. system 100 can be configured in 

accordance with a dual band backhaul scheme that includes transmitting backhaul traffic on a first frequency 

band and transmitting on a second frequency band Control information. 

In some demonstrative embodiments, the dual-band backhaul scheme allows for implementation to transmit 

control functionality (eg, for controlling backhaul links) at relatively low speed and/or throughput. for example, 

and at relatively high speeds and/or Or throughput to transmit backhaul tramc. 

In some demonstrative embodiments, the first frequency band may be greater than the second frequency band. 

In some demonstrative embodiments, the first frequency band may in dude a millimeter wave band and the 

second frequency band may indude a non-millimeter wave band. 

In one example, the first frequency band can include a DMG frequency band, eg, a 60 gigahertz (GHz) 

frequency band; and the second frequency band can include a cellular frequency band, eg, an L TE frequency 

band (eg, a 2.4 GHz frequency band). In other embodiments. the second and second frequency bands can 

include any other combination of frequency bands. 

In some demonstrative embodiments, for example, as described in detail below, system 100 can include a control 
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station 120 that is configured to control wireless communlcation nodes 102, 104, 106, 108, 110, and/or 112. 

In some demonstrative embodiments, for example. as described below with respect to FIG. 4, control station 120 

can include a wireless communication device that includes one or more antennas and one or more wireless 

communication transceivers. 

In some demonstrative embodiments, control station 120 may be configured to communicate wHh wireless 

communication nodes 102, 104, 106, 108, 110, and/or 112 over a second frequency band. For example, as 

described below, control node 120 is configured to communicate wHh wireless communication nodes 102, 10/j, 

106, 108, 110, and/or 112 over a plurality of control links on a second frequency band. 

In some demonstrative embodiments, control station 120 may indude or may be implemented as part of a 

cellular base station (e.g., an LTE base station). In one embodiment, control station 120 may perform the 

functions of an eNB (e.g., a macro cell eNB) or any other cellular node or base station. 

In some demonstrative embodiments, control station 120 (also referred to as a "macro base station") may be 

implemented as a dedicated entity, such as an entity separate from nodes 102, 104, 106, 108, 110. and/or 112. 

In other embodiments, control station 120 can be implemented as part of 102, 104, 106, 108, 110, and 112 

wireless communication nodes. In accordance with these embodiments, control station 120 can be configured to 

perform the functions of control station 120 and wireless communication nodes of nodes 102, 104, 106. 108, 110, 

and 112. For example, as described below, control station 120 can be configured to communicate over one or 

more backhaul links on a first frequency band. 

In some demonstrative embodiments, for example, as described below, wireless communication nodes 102, 104, 

106, 108, 110, and 112 may be configured to operate as backhaul nodes that may be formed for use in wireless 

communication nodes A backhaul network that transmits backhaul traffic between 102, 104, 106, 108, 110, and 

112. 

In some demonstrative embodiments, control station 120 may communicate with backhaul nodes over multiple 

control links. For example, control station 120 can communicate with wireless communication node 102 via 

control link 161; control station 120 can communicate with wireless communication node 104 via control link 

162; control station 120 can communicate with wireless communication node 106 via control link 163 

Communication; control station 120 can communicate with wireless communication node 108 via control link 
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164; control station 120 can communicate with wireless communication node 110 via control link 165; control 

station 120 can communicate with wireless communication node 112 via control link 166. 

In some demonstrative embodiments, control links 161. 162, 163, 164, 165, and/or 166 may include links on a 

second frequency band (eg, on a non-millimeter wave hand). In one example, control links 161, 162, 163, 164, 

165, and/or 166 can include links on an LTE frequency band (eg, the 2.4 GHz band) or any other frequency 

band. 

In some demonstrative embodiments, control links 161, 162, 163, 164, 165, and/or 166 may be configured to be 

at control station 120 and wireless communication nodes 102, 104, 106, 108, 110, and/or 112 Transfer control 

information. :For example, as described below, control station 120 can communicate control information with 

wireless communication nodes 102, 104, 106, 108, 110, and/or 112 to set up and/or control at wireless 

communication nodes 102, HM, Communication over the backhaul network between 106, 108, 110, and/or 112. 

In some demonstrative embodiments, the backhaul network may include multiple backhaul wireless 

communication links formed between wireless communication nodes 102, 104, 106, 108, 110, and/or 112. For 

example, wireless comnmnlcatlon node 102 can transmit backhaul traffic with wireless communication node 104 

over wireless back haul link 171; wireless communication node 104 can transmit backhaul traffic with wireless 

communication node 106 over wireless backhaul link 172; wireless communication node 106 Backhaul traffic 

may be transmitted over wireless backhaul link 173 with wireless communication node 108; wireless 

communication node 108 may transmit backhaul traffic with wireless communication node 110 over wireless 

backhaul link 17 4; and/ or wireless communication node 110 may be in a wireless backhaul chain The backhaul 

traffic is transmitted on the way 175 with the wireless communication node 112. Any other additional or 

alternative wireless backhaul links may be formed by any other pair of backhaul nodes. 

In some demonstrative embodiments, backhaul links 171, 172, 173, 174, and/or 175 may include links on a first 

frequency band (eg, a millimeter wave band). 

In some demonstrative embodiments, wireless communication node 102 may communicate with mobile device 

132 of cell 130 over a plurality of wireless communication links ("access links"); wireless communication node 

104 may communicate with multiple access links Mobile device 136 of cell 134 communicates; wireless 

communication node 106 can communicate with mobile device 140 of cell 138 over a plurality of access links; 

wireless communication node 108 can communicate with mobile device 144 of cell 142 over a plurality of access 

links; The wireless communication node 110 can communicate with the mobile device 148 of the ceH 146 over a 

plurality of access links; and/or the wireless communication node 112 can communicate with the mobile device 

152 of the cell 150 over a plurality of access links. The access link may include a downlink for transmitting 
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downlink data from the wireless communication node to the mobile device, and/or an uplink for transmitting 

uplink data from the mobile device to the wireless communication node. 

In some demonstrative embodiments, the access link may include a wireless communication link (eg, a 

millimeter wave link) on the first frequency hand. In other embodiments, the access link may lndude a wireless 

communication link in a second frequency hand or any other frequency band. 

Reference herein to wireless communication configured to perform functions of a backhaul node (e.g., for 

communicating over a backhaul network) and an access node (e.g., a cell base station) (e.g., for communicating 

with a mobile device of a wlreless communication cell) Wireless communication nodes of nodes (e.g., nodes 102, 

104, 106, 108, 110, and/or 112) describe some illustrative embodiments. For example, in accordance with these 

embodiments, a wireless communication node can be implemented as part of a small cell base station. The small 

base station is capable of communicating with the mobile device over the access link, communicating with other 

backhaul nodes over the backhaul link, and communicating with the control station over the control link 

However, in other embodiments, the hackhaul node and the access node may be implemented as two separate 

entities. For example, a wireless comrmmication node (e.g., wireless communication node 102, 104, 106, 108, 

110, and/or 112) can perform the functions of a backhaul node (e.g., for communicating over a backhaul 

network); and separate access A node can be used to communicate with a mobile device of a wireless 

communication cell. For example, in accordance with these embodiments, a small cell base station can 

communicate with a mobile device over an access link, and a backhaul node can communicate with other 

backhaul nodes over a backhaul link and with the control station over a control link. According to this example, 

the backhaul node can interface between the small cell base station and the backhaul network. 

In some demonstrative embodiments, the backhaul node can communicate, for example, on both the backhaul 

link and the control link For example, wireless communication node 102 can simultaneously communicate over 

control link 161 and hackhaul llnk 171; wireless communlcatlon node 104 can simultaneously communicate over 

control link 162 and backhaul links 171 and/or 172; wireless communication node 106 Communication can 

occur over control link 163 and backhaul links 172 and/or 173 at the same time; wireless communication node 

108 can simultaneously communicate over control link 164 and backhaul links 173 and/ or 17 4; wlreless 

communication node 110 can simultaneously control Link 165 and backhaul links 174 and/or 175 communicate; 

and/or wireless communication node 112 can communicate over control link 166 and backhaul link 175 

simultaneously. 

In some demonstrative embodiments, backhaul links 171, 172, 173, 174, and/or 175 may be used for direct or 

indirect communication between wireless communication nodes 102, 104, 106, 108, 110, and/or 112. 
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In some demonstrative embodiments, backhaul links 171, 172, 173, 174, and/or 175 may be used to 

communicate between a wireless communication node and a core network. 

In some demonstrative embodiments. system 100 may include one or more backhaul nodes 

("source/aggregation nodes") connected to a core network For example, a source/aggregation node may 

perform one or more "endpoints" at which wireless traftlc is concentrated and deBvered to/from a core 

(wired/fiber) network. The core network may include, for example, a telephone network, the Internet, a local 

area network (LAN), and the like. 

In some demonstrative embodiments, at least one of the wireless communication nodes 102, 104, 106, 108, 110, 

and/or 112 may be connected to a core network, and one or more other wireless communication nodes may be 

connected through a wireless backhaul link Core network communication. 

For example, as shown in FIG. 1, wireless communication node 106 can include at least one network interface 

107 that is configured to comrmmicate over one or more wired and/or wireless connections (eg, via wires, cables, 

fiber optics, light) Connections, etc.) communicate with at least one core network. For example, network 

interface 107 can include a modulator-demodulator (modem), a cable modern, a router, and the like. 

In some demonstrative embodiments, the core network may he selectively configured to enable communication, 

for example, between one or more elements of the backhaul network over a wired connection. 

In some demonstrative embodiments. backhaul links 171, 172, 173, 174, and/or 175 may include high 

throughput links configured to be at node 60 at wireless communication nodes 102, 104, 106, 108, 110 And/or 

112 transmits high throughput data to and from the core network 

In some demonstrative embodiments, hackhaul links 171, 172, 173, 174, and/or 175 may he used, for example, 

for systems that include relatively high density nodes per unit area, for example, for a large number of cells (eg, 

small cells) Deployment. 

In some demonstrative embodiments, control station 120 may be implemented as a cellular node having a 

relatively large coverage area ("macro coverage area") 180 (eg, an elliptical area as shown in FIG. 1 or any other 

coverage area) Part of (eg, eNB). A plurality of small cells (eg, cells 130, 13/j, 138, 142, 146, and 150) may be 
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deployed within the coverage area 180. 

In some demonstrative embodiments, control station 120 may control wireless communication nodes 102, 104, 

106, 108, 110, and/or in a centralized manner, such as by control links 161, 162, 163, 164, 165, and/or 166. 112. 

In some demonstrative embodiments, control station 120 may control wireless communication nodes 102, 104, 

106, 108, 110, and/or in a centralized manner, such as by control Bnks 161, 162, 163, 164, 165, and/or 166. 112, to 

form wireless backhaul links 171, 172, 173, 174, and/or 175 according to any backhaul scheme ("backhaul 

connectivity map" and "routing map"). For example, as described below, the backhaul routing map may define 

and/or configure one or more backhaul links formed by the backhaul nodes. 

In some demonstrative embodiments, control station 120 may, for example, be defined and/or configured based 

on communication between control station 120 and one or more of wireless communication nodes 102, 104, 

106, 108, 110, and/or 112. The backhaul rmHe map, for example, through control links 161, 162, 163, 164, 165, 

and/or 166. 

In some demonstrative embodiments, control station 120 may transmit a request for connectivity information 

corresponding to a wireless communication node with a wireless communication node (e.g., wireless 

communication node 102) over a control link (e.g., control link 161) . Connectlvity lnformation may include, 

for example, capabilities for wireless communication nodes to connect to one or more other wireless 

communication nodes (e.g., wireless communication nodes 1011) over one or more backhaul links (e.g., 

backhaul link 171), wireless communication nodes Information about the capabilities of the connection to the 

core network, information about the coverage of the wireless communication node, information about the ability 

of the wlreless communication node to communicate on the first frequency band, with respect to the wireless 

communication node being able to form a backhaul link (eg, a beamforming chain) Information on the number 

of routes, information about the location of the wireless communication node, and/ or any other information. 

In some demonstrative embodiments, control station 120 may define a backhaul connectivity map based on, for 

example, connectivity informatlon received from wireless communication nodes 102, 104, 106, 108, 110, and/or 

112. For example, as shown in FIG. 1, control station 120 can define a backhaul connectivity map to include 

backhaullinks 171, 172, 173, 1 H, and/or 175. 

In some demonstrative embodiments, control statlon 120 may define a backhaul connectivity map such that a 

wireless communication node (eg, each of nodes 102. 104, 106, 108, 110, and/or 112) can The backhaul traffic is 

transmitted to the core network via at least one backhaul path (route) between the wireless communication node 
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and the core network The backhaul path can be formed by one or more wireless hackhaul links ("hops"). One or 

more wireless communication nodes may be connected to the core network via a single backhaul link ("single 

hop"), and/or one or more wireless communication nodes may be connected to the core via multiple hackhaul 

links ("multiple hops") The internet. 

For example, as shown in FlG. 1, wireless communication node 102 can communicate with a core network via a 

hackhaul path including hackhaul links 171 and 172 and backhaul interface 107; wireless communication node 

104 can include backhaul link 172 and hackhaul interface 107 via The hackhaul path communicates with the core 

network; the wireless communication node 106 can communicate directly with the core network via the 

backhaul interface 107; the wireless communication node 108 can communicate with the core network via a 

backhaul path including the hackhaul link 173 and the backhaul interface 107; the wireless communication node 

110 The core network can be communicated via a hackhaul path including backhaul links 17 4 and 173 and 

hackhaul interface 107; and/or wireless communication node 112 can communicate with the core network via a 

backhaul path including backhaul links 175, 174 and 173 and backhaul interface 107 .. 

In some demonstrative embodiments. for example, as described below with respect to FIG. 2, the backhaul 

routing map may define more than one backhaul route for the wireless communication node. For example, if 

one or more of the backhaul links are blocked, lost, or corrupted, connecting the wireless communication node 

to the core network via multiple backhaul paths may provide redundancy to, for example, enable maintaining 

backhaul connections. 

In some demonstrative embodiments, control station 120 may communicate control information wHh a wireless 

communication node (e.g., wireless communication node 102) over a control link (e.g., control link 161). 

Control information may include, for example, defining information to be formed on one or more hackhaul 

links between the wireless communlcatlon node and one or more other wireless communication nodes ln 

accordance with the routing map. For example, control station 120 can transmit control information to control 

node 161 to wireless communication node 102 that defines the wireless communication node to establish 

hackhaul traffic and/or transmit backhaul tratnc on backhaul link 17L 

In some demonstrative embodiments, control station 120 may utilize various optimization algorithms for traffic 

routing and scheduling the transmission of backhaul traffic over the wireless backhaul link. For example, the 

control station 120 can configure the connectivity map to optimize the total throughput on the hackhaul network 

and/or to optimize any other metrics (eg, quality of service (QoS) metrics). Different QoS metrics can he applied 

with respect to different small cells. 

In some demonstrative embodiments, backhaul links 171, 172, 173, 174, and/or 175 may be included for non-
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slmultaneously in both directions between a pair of wireless communication nodes (eg, only one direction at a 

time) Upper) Half-duplex link for transport traffic. In one example, communication over a half-duplex link can 

be managed according to a suitable time division multiplexing (TDD) scheme or any other half-duplex scheme. 

In some demonstrative embodiments, backhaul links 171, 172, 173, 174, andior 175 may include foll-duplex 

links for transmitting traffic between a pair of wireless communication nodes. for example, simultaneously in 

both directions. In one example, communication over a full duplex link can be managed according to a suitable 

frequency divislon multiplexing (TDD) scheme or any other full duplex scheme. 

In some demonstrative embodiments, system 100 may include a control station (eg, control station 120) 

configured to control a plurality of backhaul nodes (eg, nodes 102, 104, 106, 108, 110, and/or 112) These nodes 

may communicate over a backhaul network formed by wireless backhaul links (e.g., backhaul links 171, 172, 173, 

17 4, and/or 175) between the backhaul nodes. 

In some demonstrative embodiments. for example, as described below with respect to FIG. 2, for example, if the 

control station is capable of communicating on the first frequency band, the control station can be configured to 

also perform the backhaul node or the backhaul source/aggregation node Features. 

In some demonstrative embodiments, the system (system 100) may include a source/aggregation backhaul node 

(eg, backhaul node 106) configured to be between the core network and one or more other backhaul nodes 

Make an interface connection. 

In some demonstrative embodiments, for example, as described below with respect to FIG. 3, the system may 

indude more than one source/aggregation backhaul node. 

2 is a schematic block diagram illustrating another deployment of a multi-cell wireless communication system 

200, in accordance with some demonstrative embodiments. 

In some demonstrative embodiments, system 200 may include a control station 220 having a relatively large 

coverage area ("macro coverage area") 280. A plurality of small cells (e.g., cell 230) can be deployed within 

coverage area 280. 

In some demonstrative embodiments, control station 220 may perform the functions of a cellular base station, 
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such as an eNB (e.g., a macro cell eNB), or any other cellular node. 

In some demonstrative embodiments, system 200 may include multiple backhaul nodes 210 deployed within 

small cell 230. In one example, for example, as described above, backhaul node 210 can be implemented as part 

of a small ceH base station of cell 230. For example, backhaul node 210 can be implemented as part of a pico eNB 

or any other cellular base station. 

In some demonstrative embodiments, backhaul node 210 may transmit backhaul data over a backhaul network 

(eg, a dual band backhaul network) including a plurality of backhaul links 270 between backhaul nodes 210, eg, 

on a first frequency band. And a plurality of control links 260 on the second frequency band between the control 

station 220 and the backhaul node 210. 

In some demonstrative embodiments, backhaul link 270 may perform the functions of the wireless backhaul link 

descrlbed above wHh respect to FIG. 1, and/or control link 260 may perform the functions of the wireless control 

link described above with respect to FIG .. 

In some demonstrative embodiments, control station 220 may be configured to transmit backhaul traffic with 

backhaul node 210, for example, via one or more of backhaul links 270 of the backhaul network. For example, 

control station 220 can communicate on a first frequency band ( eg, a millimeter wave band). In accordance with 

these embodiments, in addition to the functionality of the control station, the control station 220 can, for 

example, also perform the functions of the backhaul node 210. 

In some demonstrative embodiments, control statlon 220 may perform the functions of a source/aggregation 

backhaul node. For example, as described above, control station 210 can include a network interface 207 to 

connect control station 220 to a core network. 

In some demonstrative embodiments, for example, as described with reference to FIG. 1, control station 220 may 

communicate with backhaul node 210, for example, via control link 260 to define a backhaul connectivity map; 

and may, for example, be via control link 260 The backhaul node 210 is controlled to establish a wireless 

backhaul link 270 based on the backhaul connectivity map. 

In some demonstrative embodiments, one or more of the backhaul nodes 210 may transmit backhaul traffic to 

the core network via a single hop (eg. via a direct backhaul link 270 with the control station). 
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In some demonstrative embodiments, one or more of the backhaul nodes 210 may transmit backhaul traffic to 

the core network by multiple hops (eg, via one or more backhaul links with one or more other backhaul nodes 

210). 

In some demonstrative embodiments. as shown in FIG. 2, backhaul node 210 may communicate with the core 

network via more than one backhaul path (eg, via a single hop backhaul path and one or more multiple hop 

backhaul paths). 

In some demonstrative embodiments, control station 220 may configure a connectivity map to define one or 

more alternate backhaul paths for backhaul node 210, which may be used, for example, as a backhaul path used 

by backhaul node 210 ("current path" ") alternate path. For example, an alternate path may be used in the event 

that one or more backhaul links 270 and/or backhaul nodes 210 along the current path fail. 

FIG. 3 is a schematic block diagram illustrating another deployment of multi-cell wireless communication system 

300, in accordance with some demonstrative embodiments. 

In some demonstrative embodiments, for example, as described above, system 300 can include control station 

320 to control, for example, a plurality of backhaul nodes 310 of a plurality of small cells that can be deployed 

within a coverage area of the control station . 

In some demonstrative embodiments, control station 320 may perform the functions of a cellular base station, 

such as an eNB (e.g., a macro cell eNB), or any other cellular node. 

In some demonstrative embodiments, backhaul node 310 may transmit backhaul data over a backhaul network 

(eg, a dual band backhaul network) including a plurality of backhaul links between backhaul nodes 310, eg, on a 

first frequency band 370, and a plurality of control links 360 on the second frequency band between the control 

station 320 and the backhaul node 310. 

In some demonstrative embodiments, backhaul link 370 may perform the functions of the wireless backhaul link 

described above with respect to FIG. 1, and/or control link 360 may perform the wireless control link described 

above with respect to FIG. The function. 
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In some demonstrative embodiments, system 300 can include multiple source/aggregation hackhaul nodes. For 

example, as shown in FIG. 3, system 300 can indude a source/aggregation backhaul node 306 having a 

connection 307 to a core network, and a source having a connection 308 to a core network (eg, the same core 

network or a different core network)./ Convergence backhaul node 316. 

In some demonstrative embodiments. multiple source/aggregation backhaul nodes may be used, for example, to 

optimize one or more attributes of the backhaul network. 

In some demonstrative embodiments, multiple source/aggregation backhaul nodes may be used to form multiple 

backhaul subnetworks. 

In one example, the first backhaul subnetwork 302 can include a first plurality of backhaul nodes :no that can be 

connected to the source/aggregation backhaul node 316 via a backhaul link 370. The second backhaul 

subnetwork 304 can include a second plurality ofbackhaul nodes 310 that can he connected to the 

source/aggregation backhaul node 306 via the backhaul link 370. 

In some demonstrative embodiments, for example. as described above. control station 320 may define a 

backhaul subnetwork in a centralized manner. 

In some demonstrative embodiments, the control station may transmit control information defining the 

hackhaul link 370 according to the connectivity map of the sub-network 302 to the backhaul node of the sub­

network 302, for example, via the control link 360. The control station may transmit control information 

defining the backhaul link 370 according to the connectivity map of the sub-network 304 to the hackhaul node 

of the sub-network 304, for exam pk, via the control link 360. 

In some demonstrative embodiments, control station 320 may assign hackhaul node 310 to more than one 

backhaul subnetwork. In accordance wHh these embodiments, control station 320 can provide control 

information defining hackhaul link 370 to backhaul node 310 on two sub-networks 302 and 304. 

Referring to Figure 4, Figure 4 schematically illustrates a wireless communication device 400 in accordance with 

some demonstrative embodiments. 

In some demonstrative embodiments, for example, as described above, wireless communication device 1100 can 
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lndude a transcelver module 404 to perform wireless comrmmication between wireless communlcatlon devlce 

400 and one or more other wireless communication devices. 

In some demonstrative embodiments, wireless communication device 400 may perform wireless communication 

nodes (eg, nodes 102, 104, 106, 108, 110, and/or 112 (FIG. 1), backhaul node 210 (FIG. 2), and/or The functlon 

of the backhaul node 310 (Fig. 3)). 

In accordance with these embodiments, the transceiver module 404 can indude being configured to 

communicate on a first frequency band (e.g., to communicate over a wireless backhaul link) and to 

communicate on a second frequency band (e.g., on a control llnk with a control statlon) Dual band transceiver 

for communication). 

In one example, the transceiver module 404 can include: at least one low-band transceiver 410, for example, to 

communicate on a second frequency band; and at least one high-band transceiver 412 to communicate on a first 

frequency band. For example, transceiver 410 can perform the functions of a cellular transceiver (eg, an LTE 

transceiver) to communicate on a non-millimeter wave band (eg, the 2.4 GHz band) or any other frequency 

band. For example, transceiver 412 can perform the functionality of a miHlmeter wave transceiver (eg, a WiGig or 

IEEE 802.U ad transceiver) to communicate over a millimeter wave band (eg, the 60 GHz band) or any other 

frequency band. 

In some demonstrative embodiments, wireless communication device 400 may perform the functions of a 

control station (eg, control station 120 (FIG. 1), control station 220 (FIG. 2), and/or control station 320 (FIG. 3). 

In some demonstrative embodiments, wireless communication device 400 may perform the functions of a 

control station (e.g., control station 120 (FIG. 1), or control station 320 (FIG. 3)) capable of communicating 

over a control link. In accordance with these embodiments. the transceiver module 404 can include a low band 

transceiver HO to communicate over a first frequency band, for example, to communicate over a control link. 

In some demonstrative embodiments, wireless communication device 400 may perform the functions of a 

control station (e.g., control station 220 (FIG. 2)) capable of communlcating over a backhaul link. ln accordance 

with these embodiments, the transceiver module 404 can include a dual band transceiver module configured to 

communicate over a first frequency band (eg, to communicate over a wireless backhaul link) and in a second 

frequency band Communication ( eg, to communlcate with the control station over the control link). In one 

example, transceiver module 404 can include both low--band transceiver HO and high-band transceiver 412, for 
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example, as described above. 

In some demonstrative embodiments, transceivers 404. 410, and/or 412 may include one or more radios, 

including, for example, capable of transmitting and/or receiving wireless communication signals, RF signals, 

frames, blocks, transport streams, packets One or more wlreless transmitters, receivers, and/or transceivers of 

messages, data items, and/or data. 

In some demonstrative embodiments, transceiver module 404 may indude one or more antennas or may be 

associated with one or more antennas. In one example, transceiver 410 can be associated with one or more 

antennas 406; and/or transceiver 412 can he associated with one or more antennas 408. 

Antennas 406 and/or 408 may include any type of antenna suitable for transmitting and/or receiving wireless 

communication signals, blocks, frames, transport streams, packets, messages, and/or data. For example, antennas 

406 and/or 408 can indude any suitable configuration, structure, and/or arrangement of one or more antenna 

elements, components, units, assemblies, and/or arrays. Antennas 406 and/or 408 may include, for example, 

antennas suitable for directional communication, such as using beamfonning techniques. For example, antenna 

408 can indude a phased array antenna, a multi-element antenna, a beam-converted antenna set, and/or the like. 

In some embodiments, antennas 406 and/or 408 can implement transmit and receive functions using separate 

transmH and receive antenna elements. In some embodiments, antennas 406 and/or 408 can implement transmit 

and receive functions using common and/or integrated transmit/receive elements. 

In some demonstrative embodiments, wireless communication device 400 also includes a wireless 

communication controller 402 that is configured to control transceiver module 404, for example, according to 

the functionality of wireless communlcatlon devlce 400. 

In one example, controller 402 can control transceiver module 404 to execute a control station (eg, control 

station 120 (FIG. 1), control station 220 (FIG. 2), and/or control station 320, for exam pk, as described above. 

(Figure 3)) features. 

In another example, for example, as described above, the controller 402 can control the transceiver module 404 

to perform the functions of a wireless communication node (eg, a backhaul node), such as nodes 102. 104, 106, 

108, 110 and/or 112 (:FIG. 1), backhaul node 210 (FIG. 2), and/or backhaul node :no (FIG. 3). 

In some demonstrative embodiments, wireless communication device 400 may also include, for example, one or 
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more of processor 416, memory unit 418, and storage unit 420. Wireless communication device 400 can 

optionally include other suitable hardware components and/or software components. In some demonstrative 

embodiments, some or all of the components of wireless communication device 1100 may be enclosed in a 

common housing or package and may be interconnected or operatively associated using one or more wired or 

wireless links. In other embodiments, the components of wireless communication device 400 can be distributed 

between multiple or separate devices. 

The processor 416 includes, for example, a central processing unit (CPU), a digital signal processor (DSP), one 

or more processor cores, a single core processor, a dual core processor, a multi-core processor, a 

microprocessor, a host processor. Controller, multiple processors or controllers, chips, microchips, one or more 

circuits, circuitry, logic units, integrated circuits (I Cs), application specific I Cs (ASICs), or any other suitable 

multi-purpose or specialized processing Or controller. Processor 416 executes, for example, an operating system 

(OS) of wireless communication device 400 and/or instructions of one or more suitable applications. 

The memory unit 418 indudes, for example, a random access memory (RAM), a read only memory (ROM), a 

dynamic RAM (DRAM), a synchronous DRAM (SD-RAM), a flash memory, a volatile memory, a nonvolatile 

memory, a cache memory., a buffer, a short-term memory unit, a long-term memory unit, or other suitable 

memory unit The storage unH 420 includes, for example, a hard disk drive, a floppy disk dlive, a compact disk 

(CD) drive, a CD-ROM drive, a DVD drive, or other suitable removable or non-removable storage unit. 

Memory unit H8 and/or storage unit 1120, for example, can store data processed by wireless communication 

device 400. 

In some demonstrative embodiments, as described below, wireless communication device 400 can utilize a 

common antenna (eg, a common antenna array) to communicate over multiple wireless communication links 

(eg, multiple wireless backhaul circuits). 

In some demonstrative embodiments, antenna 408 may indude an antenna array that includes a plurality of 

antenna elements. The plurality of antenna elements of the antenna array can be configured, for example, to 

generate a plurality of highly oriented antenna patterns. The plurality of antenna elements include, for example, 

about 16-36 antenna elements or any other number of antenna elements that can be placed in a predefined 

geometry. :For example, as described below, multiple antenna elements can be configured to form a plurality of 

highly oriented antenna patterns or beams that can be manipulated by setting the appropriate signal phase at the 

antenna elements. 

In some demonstrative embodiments. controller 402 may be configured to control antenna 408 to generate and 

manipulate multiple beams to point to a number of other devices, such as other backhaul nodes. For example, 
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wireless communication device 400 can manipulate multiple beams to communicate with multlple wireless 

backhaul nodes via multiple wireless backhaul links on multiple beams formed by antennas 408. ln one example, 

node 108 (FIG. 1) can include controller 402 to control antenna 1108 to form a first beam directed to node 110 

(FlG. 1) to communicate with node 110 on backhaul link 174 (FIG. 1) (FIG. 1) Communication, and forming a 

second beam directed to node 106 (FIG. 1) to communicate with node 106 (FIG. 1) on backhaul link 173 (FIG. 

1). 

In other embodiments, wireless communication device 400 can utilize multiple separate antennas (eg, antenna 

arrays) to communicate over multiple wireless communication links (eg, multiple wireless backhaul links). 

The following is a description of a modular antenna array that can be utilized by wireless communication device 

400 in accordance with some demonstrative embodiments. In other embodiments, any other suHable antenna 

array can be used. For example, a modular antenna array can perform the functions of antenna 408. In some 

demonstrative embodiments, the modular antenna array may also perform shared MIMO and/or beamforming 

processing for rrm!Ople beams. 

In some demonstrative embodiments, the antenna aJTay may include a modular architecture configured to 

synthesize a larger composite antenna array from smaller sub-array antenna modules. The combination of RF 

beamforming in a sub-array antenna module with central beamforming that can be implemented, for example, 

between baseband, intermediate frequency, and/or sub-array antenna modules in an RF chain can provide, for 

example, enhanced beamforming capabilities, for example, Beamwidth, gain, coverage, and beam steering. The 

antenna array can be configured to operate, for example, in a millimeter wave region of the RF spectrum, 

particularly, for example, in a 60 GHz region associated with the use of a wireless personal area network 

(WP AN) and a wireless local area network (WLAN) communication system. 

Reference is now made to Fig. 5, which schematically illustrates a modular antenna array 500, in accordance with 

some demonstrative embodiments. 

In some demonstrative embodiments, modular antenna array 500 may perform the functions of antenna 408 

(FIG. 4). 

In some demonstrative embodiments, modular antenna array 500 may include at least one antenna array 507 that 

includes a plurality of antenna elements 517. The plurality of antenna elements 517 can be configured to, for 

example, produce a highly directional antenna pattern. The plurality of antenna elements 517 indude, for 

example, about 16 to 36 antenna elements or any other number of antenna elements that can be placed in a 
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predefined geometry. For example, as described below, multiple antenna elements 517 can he configured to form 

a plurality of highly oriented antenna patterns or beams that can be set by setting the appropriate signal phase at 

antenna element 517. Control. 

In some demonstrative embodiments, antenna array 507 may lndude multiple antenna sub-arrays. For example, 

antenna array 507 can indude a first antenna sub-array 535 and a second antenna sub-array 545. In other 

embodiments, antenna array 507 can include any other number of antenna sub-arrays. For example, more than 

two antenna sub-arrays. 

The phrase "antenna subarray" as used hereln may refer to a group of antenna elements of a plurality of antenna 

elements 517 that may be coupled to, for example, a common RF chain. In one example, antenna 507 can 

include an array of antennas that can be divided into a plurality of, for example, independent sub-arrays, each of 

which can independently generate directional beams. In another example, antenna 507 can include a plurality of 

different antenna arrays to generate a plurality of directional beams. In another example, antenna 507 can include 

two or more different antenna arrays. One or more of the different antenna arrays can he divided into two or 

more sub-arrays. 

In some demonstrative embodiments, the first antenna sub-array 535 may include a first plurality of antenna 

elements of the plurality of antenna elements 517, the first plurality of antenna elements being configured to form 

a first orientation directed to the first dlrectlon 539 Beam 537. 

In some demonstrative embodiments, the second antenna array 545 may include a second (eg, different) 

plurality of antenna elements of the plurality of antenna elements 517, the second plurality of antenna elements 

being configured to form a second direction 549 Second directional beam 547. 

Some illustrative embodiments are descrlbed hereln with respect to a modular antenna array (eg, modular 

antenna array 500) that includes two sub-arrays (eg, antenna sub-arrays 535 and 545) that are configured to form 

two directional beams . However, in other embodiments, the modular antenna array can include any other 

plurality of antenna sub-arrays to form any other plurality of directional beams. 

In some demonstrative embodiments, modular antenna array 500 may include a plurality of radio frequency 

(RF) chains configured to control first plurality of antenna elements and second plurality of antenna elements of 

antenna sub-arrays 535 and 545 . 
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In some demonstrative embodiments, multiple RF chains may be coupled to multiple antenna sub-arrays. For 

example, modular antenna array 500 can include a first RF chain 530 coupled to first antenna sub-array 535 and a 

second RF chain 540 coupled to second antenna sub-array 545. In other embodiments, modular antenna array 

500 can include any other number of RF chains coupled to any other number of antenna sub-arrays of the 

plurality of antenna sub-arrays, for example, two connected to more than two antenna sub-arrays Above RF 

chain. 

In some demonstrative embodiments, RF chain 530 and/or 540 may comprise a radio frequency integrated 

circuit (RHC) or may be included as part of a radio frequency integrated circuit (RFIC), which may pass 

through a plurality of feed lines 518 (eg, may It is a microstrip feed line) that is connected to antenna sub-arrays 

535 and 545. 

In some demonstrative embodiments, multiple RF chains may allow for processing of. for example, two or more 

independent RF signals carrying different data. For example, RF chain 530 can process RF signal 531 and RF 

chain 540 can process RF signal 541. 

In some demonstrative embodiments, RF chain 530 may indude a plurality of phase shifters 515 that are 

configured to adjust the phase of the antenna elements of antenna sub-array 535. For example, the phase shifters 

in phase shifter 515 can be configured to adjust corresponding antenna elements of antenna sub--array 535. 

For example, the phase of the antenna elements of antenna sub-array 535 can be shifted, for example, by phase 

shifter 515 to provide constructive and/or destructive interference, and the phase shifter is configured to change 

the beamforming scheme of antenna sub-array 535 and change The direction of the directional beam 537. 

In some demonstrative embodiments, RF chain 540 may include a plurality of phase shifters 514 that are 

configured to adjust the phase of the antenna elements of antenna sub-array 545. For example, the phase shifters 

in phase shifter 514 can be configured to adjust corresponding antenna elements of antenna sub-array 545. 

For example, the phase of the antenna elements of antenna sub-array 545 can be shifted, for example, by phase 

shifter 514 to provide constructive or destructive interference, and the phase shifter is configured to change the 

beamforming scheme of antenna sub-array 545 and change the directional beam. Direction of 547. 

Phase shifters 515 and/or 514 can be discrete, for example, configured to rotate the phase of the antenna elements 

of antenna sub--arrays 535 and/or 5115 to a finite set of values, eg, 0, ± n: /2, and n: , allowing Only relatively 
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coarse heamforrning is used to change the direction of directional beams 537 andior 547. 

In some demonstrative embodiments, RF chain 530 may indude a summer/divider block 513 coupled to phase 

shifter 515, and/or R:F chain 540 may include a summer coupled to phase shifter 514/ Splitter block 512. 

In some demonstrative embodiments, summer/divider block 513 may include a splitter 534 (eg, a multiplexer) 

that may he configured to regenerate RF signal 531 and in antenna sub-array 535 The RF signal 531 is split 

between the antenna elements and the regenerated signal of the RF signal 531 is coupled to a phase shifter 515, for 

example, when the RF signal 531 is transmitted through the beam 537. 

In some demonstrative embodiments, the summeridivider block 513 may include a summer 536 configured to 

sum the signals received from the antenna elements of the antenna sub-array into an RF signal 531, for example, 

When the RF signal 531 is received through the beam 537. 

In some demonstrative embodiments, utilizing two or more R:F chains may allow for baseband processing of, for 

example, two or more independent signals carrying different data. ln contrast, utilizing a single RF chain may 

aHow for baseband processing of only one signal, for example, even with a large number of antenna elements 517. 

For example, RF chains 530 and 540 may allow for baseband processing (eg, independent baseband processing) 

of RF signals 531 and 541 transmitted through directional beams 537 and 547. 

In some demonstrative embodiments. R:F signal 531 may indude a first wireless backhaul link (eg, backhaul link 

174 (FIG. 1)) over beam 537 by a backhaul node (eg, node 108 (FIG. 1)) The transmitted data, and the RF signal 

541 may include data transmitted by the backhaul node via a second wireless hackhaul link (eg, backhaul link 173 

(FlG. 1)) on beam 547. 

In some demonstrative embodiments, for example, as described below, modular antenna array 500 may utilize 

two or more R:F chains to perform diverse communications for beamforming. 

The phrase "diversified communication ofbeamfonning" as used herein may refer to any communication that 

utilizes multiple beams. 
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In some demonstrative embodiments, modular antenna array 500 may include a baseband 550 configured to 

control antenna sub--arrays 535 and 5115 to form directional beams 537 and 547 pointing in directions 539 and 

549 to transmit MIM0 wireless transmissions. 

In some demonstrative embodiments. baseband 550 may process input data 521 into MIM0 wireless 

transmissions that will be transmitted using a MIM0 beamforming scheme, for example, as described below. 

In some demonstrative embodiments, input data 521 may include data to be transmitted over one or more 

backhaul links (eg, backhaul llnks 173 and/or 174 (FIG. 1)). 

Some illustrative embodiments are described herein with reference to a wireless communication unit (e.g., 

modular antenna array 500) that is configured to perform transmission and reception ofMlM0 beamforming 

communications. Other embodiments include a wireless communication unit that is only capable of performing 

one of transmission and reception of MJMO beamforming communications. 

Some illustrative embodiments are described herein with reference to a communication system (e.g., wireless 

communication system 500) in which both the TX side and the RX side utilize multiple antenna sub-arrays to 

transmH MIMO transmissions. 1--:Iowever, it is possible to form a single-input multlple-output (DIM0) and/or 

multiple-input single with respect to a system configured to transmit any other diverse communication letter (eg, 

where only one of the Tx side and the Rx side utilizes multiple antenna sub--arrays, for example) Other 

embodiments are implemented by outputting a system of (MJS0) beam forming links. For example, one of the 

Tx side and the Rx side may utilize an omnidirectional antenna, and the other of the Tx and Rx sides may utilize 

a multi-array transceiver, such as modular antenna array 500. 

In some demonstrative embodiments, modular antenna array 500 may include a plurality ofbasebaml (BB) to 

RF (BB2RF) converters that interface between a plurality of RF chains and baseband 550. For example. modular 

antenna array 500 can include a BB2 RF converter 533 that interfaces between RF chain 530 and baseband 550, 

and a BB2 RF converter 543 that interfaces between RF chain 540 and baseband 550. In other embodiments, 

modular antenna array 500 can include any other number (eg, more than two) of BB2 RF converters connected 

between baseband 550 and any other number of RF chains. 

In some demonstrative embodiments, BB2 RF converter 533 may convert RF signal 531 to baseband data signal 

527 and vice versa, and/or BB2 RF converter 543 may convert RF signal 541 to baseband data signal 529 and vice 

versa. 
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In one example, for example, if modular antenna array 500 receives MIMO wireless transmissions via beams 537 

and/or 547, BB2 RF converter 543 can convert RF signal 531 to baseband data signal 527, and/or BB2 RF 

converter 543 can The RF signal 541 is converted to a baseband data signal 529. 

In another example, for example, if modular antenna array 500 receives MIMO wireless transmissions via beams 

537 and/or 547, BB2 RF converter 533 can convert baseband data signals to 527 RF signals 531, and/or BB2 RF 

converter 543 can The baseband data signal 529 is converted to an RF signal 541. 

In some demonstrative embodiments, for example, if modular antenna array 500 receives MIMO wireless 

transmissions, BB2 RF converters 533 and/or 543 may include a down--converter 532 that is configured to The 

RF signal is converted to a baseband data signal and the baseband data signal is provided to baseband 550. 

For example, BB2 RF converter 533 can include a down converter 532 that is configured to downconvert RF 

signal 531 to data signal 527 and provide the data signal to baseband 550. 

In some demonstrative embodiments, for example, if modular antenna array 500 transmits MIMO wireless 

transmissions, baseband to RF converters 533 and/or 543 may include an up-converter 538 that is configured To 

convert the baseband data signal to an RF signal, the RF signal is provided to the RF chain. 

For example, BB2 RF converter 533 can include an upconverter 538 that is configured to upconvert data signal 

527 to RF signal 531 and RF signal 531 to RF chain 530. 

In some demonstrative embodiments, modular antenna array 500 may be configured to perform hybrid 

beamforming. For example, as described below, hybrid beamfom1ing can indude performing coarse 

beamfonning in RF chains 530 and/or 540, for example, using phase shifters 539 and/or 549; and performing fine 

bearnforming in baseband 550. 

In one example, coarse and/or fine beamforming may be performed, for exam pk, as part of a beamforming 

process for setting up a beamforming link. 

In some demonstrative embodiments, fine beamforming may include diverse processing at baseband 550, such as 
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MIMO processing, MISO processing, andior SIMO processing. For example, MIMO processing may indude, 

for example, dosed loop (CL) MIMO processing, open loop (OL) MIMO processing, spatial block coding 

(SBC) MIMO processing, (eg, space time block coding (STBC) MIMO processing, null Frequency block coding 

(SFBC) MJMO processing). 

In some demonstrative embodiments. modular antenna array 500 may include a controller 522 configured to 

control RF chains 535 and 545 and baseband 550 to perform coarse beamforming andior fine beamfonning. 

In some demonstrative embodiments, controller 522 may utilize control signal 528 to control antenna sub-arrays 

535 andior 545 that carry one or more phase shifts to be applied to phase shifters 515 andior 514 The amount of 

phase shift on the device. 

In some demonstrative embodiments, the phase shift adjustment of phase shifter 515 may determine and/or 

control the beamwidth, gain, and/or direction of directional beam 537 formed by antenna sub-array 535. 

In some demonstrative embodiments, the phase shift adjustment of phase shifter 514 may determine and/or 

control the beamwidth, gain, and/or direction of directional beam 547 formed by antenna sub-array 545. 

In some demonstrative embodiments. each phase shifter of the antenna elements of antenna sub-arrays 535 

and/or 545 may perform local phase adjustment on the signals to produce a local phase distribution in the 

desired beam direction. 

In some demonstrative embodiments. control signal 528 may include weighting coefficients that may be 

generated and/or derived from controller 522 that are configured to manipulate directional beams 537 and/or 

547, 

In some demonstrative embodiments, controller 522 may provide a first set of weighting coefficients to phase 

shifter 515 via control signal 528, which is configured to form one or more antenna elements of antenna sub­

array 535 The local phase is adjusted such that beam 537 is directed to direction 539. 

In some demonstrative embodiments, controller 522 may provide a second (eg, different) set of weighting 

coetncients to phase shifter 514 via controller 528, which is configured to form one of paired antenna sub-arrays 

545 Or local phase adjustment of muHiple antenna elements such that beam 547 is directed in direction 5119. 
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In some demonstrative embodiments, multiple different signals may be transmitted over multiple beamfonning 

links formed by multiple beamformed beams. Each beamforming link corresponding to an antenna sub-array in 

a plurality of antenna sub-arrays may, for example, transmit signals through a plurality of antenna elements of the 

antenna sub-array. 

For example, a first slgnal (e.g., signal 527) may be transmiUed over a first beamformed llnk formed by 

directional beam 537 generated by antenna sub-array 535, and may be passed through a directional beam 

generated by antenna sub-array 545. A second beamformed link formed by 547 transmits a second (eg, different) 

slgnal (eg, slgnal 529). 

In some demonstrative embodiments, modular antenna array 500 may be utilized by nodes to form one or more 

independently directional communication beams. In one example, modular antenna array 500 can be utilized by 

node 108 (FIG. 1) to form a first directional beam to communicate on backhaul llnk 17 4 (FIG. 1) and form a 

second directional beam to be on backhaul link 173. (Figure 1) Communication on. 

Referring to Figure 6, Figure 6 schematically illustrates a method of wireless backhaul communication in 

accordance with some demonstrative embodiments. For example, one or more of the operations of the method 

of FIG. 6 can be performed by a wireless communication system (eg, system 100), a wireless communication 

node (eg, nodes 102, 104, 106, 108, 110.112 (:FIG. 1), 210 (FIG. 2), and/or 310 (FIG. 3), control stations (eg, 

control station 120 (FIG. 1), 220 (FIG. 2), and/or 320 (FIG. 3)), And/or a wireless communication device (eg, 

wireless communication device 400 (FIG. 4)). 

In some demonstrative embodiments. one or more of the operations of the method of FlG. 6 may implement a 

dual band backhaul network over a first frequency band and a second frequency band. For example, the first 

frequency band can be larger than the second frequency band. In one example, the first frequency band can 

include a mmimeter wave band and the second frequency band can indude a non-mmimeter wave band, for 

example, as described above. 

As indicated at block 602, the method can include communicating between the wireless communication node 

and the control station via the backhaul link over the second frequency band. For example. as described above, 

wireless communication node 102 (FIG. 1) can communicate with control station 120 (FIG. 1) via control link 

161 (FIG. 1). 
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As indicated at block 604, the method can include communicating between the wireless communication node 

and one or more other wireless communication nodes over the first frequency band via one or more backhaul 

links of the backhaul network. For example, as described above, wireless communication node 102 (FIG. 1) can 

communicate with wireless communication node 104 (FIG.1) via backhaul link 171 (FIG.1). 

As indicated at block 606, communication over the control link can include transmitting control information 

between the control station and the wireless communication node, the control information defining the wireless 

comrmmlcation node in accordance with a routing map for routing backhaul traffic via the backhaul link One or 

more backhaul links with one or more other wireless communication nodes. For example, as described above, 

control station 120 (FIG. 1) can transmit control information defining a routing map to node 102 (FIG. 1) on 

control link 161 (FIG.1). 

As indicated at block 608, transmitting control information can include transmitting connectivity information 

from a plurality of wireless communication nodes. For example, as described above, control station 120 (FIG. 1) 

may collect status information from a backhaul node, such as on/off status, mllHmeter wave band connectivity 

map information. traffic strength through a node, and the like. 

As indicated at block 610, transmitting connectivity information may include instructing a backhaul node to 

perform a search for a peer backhaul node suitable for millimeter wave band communication. For example, as 

described above, control station 102 (FIG.1) may, for example, instruct command node 102 (FIG. 1) via control 

link 161 (FIG. 1) to search for communication on one or more backhaul links. One or more other nodes (eg, 

node 104 (FIG. 1)). 

As indicated at block 612, transmitting connectivity information may include requesting connectivity 

information from the backhaul node. For example, control station 120 (FIG. 1) may transmit a request for 

connectivity information from control station 120 (FIG. 1) to node 102 (FIG. 1) via control link 161 (FIG. 1). 

For example, as described above, connectivity information may include, for example, information regarding the 

ability of wireless communication node 102 (FIG. 1) to connect to one or more other wireless communication 

nodes on a backhaul link, and/or about wireless communication Information on the capabilities of node 102 

(FIG. 1) to the core network. 

As indicated at 614, the transmission control information can include calculating and/or configuring or 

reconfiguring a connectivity map that defines a backhaul node to be established between the backhaul nodes. For 

example, control station 120 (FIG. 1) can configure a connectivity map between nodes 102, 104, 106, 108, 110, 

and/or 112 (FIG. 1) to include a particular node pair, eg, based on the collected connectivity information. 

Multiple backhaul links between, for example, to configure/optimize the millimeter wave backhaul network. 
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As indicated at block 616, transmitting control information can include instructing the backhaul node to 

configure the wireless backhaul link according to the connectivity map. For example, as described above, control 

station 120 (FIG. 1) may control node 102 (FIG. 1), eg, via controllink 161 (:FIG. 1), to establish a backhaul 

chaln 171 wlth node 104 (FIG. 1). (figure 1). 

Referring to Figure 7, Figure 7 schematically illustrates the manufacture of a product 700 in accordance with 

some illustrative embodiments. Product 700 can include a non-transitory machine readable storage medium 702 

storing logic 704 that can he used, for example, to perform at least a portion of the functions of wireless 

communication nodes 102, 104, 106, 108, 110, and/or 112 ( 1), wireless comrmmication node 210 (FIG. 2), 

wireless communication node 310 (FIG. 3), control station 120 (FIG. 1), control station 220 (FIG. 2), control 

station 320 (FIG. 3), and/or wireless Communication device 400 (Fig. 4); and/or one or more operations for 

performing the method of .Fig. 6. The phrase "non-transitory machine readable medium'' is intended to include 

all computer readable media, except for transient propagation signals. 

In some demonstrative embodiments, product 700 and/or machine readable storage medium 702 can include 

one or more types of computer readable media capable of storing data, including: volatile memory, nonvolatile 

memory, Removable or non-removable memory, erasable or non-erasable memory, writable or non-writable 

memory, and the like. For example, machine-readable storage storage medium 702 can include RAM, DRAM, 

double data rate DRAM (DDR-DRAM), SDRAM, static RAM (SRAM), ROM, programmable ROM (PROM), 

erasable programmable ROM (EPROM), electrically erasable programmable ROM (EEPROM), high density 

disk ROM (CD-ROM), recordable high density disk (CD-R), rewritable high density disk (CD-RW), flash 

Memory (eg, NOR or NAND flash memory), content addressable memory (CAM). polymer memory, phase 

change memory, ferroelectric memory, silicon oxynitride (SON OS) memory, disk, floppy disk, hard disk drive, 

CD, disk, card, magnetic card, optical card, tape, cassette, etc. A computer readable storage medium may 

comprise any suitable medium involved in downloading or transmitting a computer program from a remote 

computer to a requesting computer via a communication link (eg, a modern, a radio connection, or a network 

connection), wherein the computer program is His carried by a data signal embodied in a carrier wave or other 

propagation medium. 

In some demonstrative embodiments, logic 704 may include instructions, data, and/or code that, if executed by a 

machine, cause a machine to perform the methods, processes, and/or operations described herein. The machine 

can include, for example, any suitable processing platform, computing platform, computing device, processing 

device, computing system, processing system, computer, processor, etc., and can be implemented using any 

suitable combination of hardware, software, firmware, and the like .. 
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In some demonstrative embodiments, logic 704 may lndude or be lmplemented as software, software modules, 

applications, programs, subroutines, instructions, sets of instructions, computing code, words, values, symbols, 

and the like. These instructions may include any suHable type of code, such as source code, compiled code, 

interpreted code, executable code, static code, dynamic code, and the like. These instructions may be 

implemented in accordance with a predetermined computer language, manner, or syntax to direct the processor 

to perform a certain function. These instmctions can be lmplemented using any suitable advanced, low-level, 

object-oriented, visual. compiled, and/or interpreted programming language, for example, C, C ++, Java, BASIC, 

Matlab, Pascal, Visual BASIC, Assembly Language, machine code, and more. 

Example 

The following examples are related to other embodiments. 

Example 1 includes a wireless communication device including a wireless communication controller that 

controls one or more other wireless networks via one or more backhaul links of a backhaul network over a first 

frequency band The communication node communicates and communicates with the control station via a 

control link on the second frequency band that is hlgher than the second frequency band. 

Example 2 includes the subject matter of Example 1 and optionally wherein the wireless communication 

controller controls the wireless communication node to receive control information from the control station via 

the control link, the control information defining a backhaul link and a routing map via the backhaul link, 

wherein The wireless communication controller controls the wireless communication node to establish a 

backhaul link based on the control information. 

Example 3 includes the subject matter of Example 2 and optionally wherein the wireless communication 

controller controls the wireless communication node to receive a request for connectivity information from the 

control station via the control link, the connectivity information being coupled to the wireless communication 

node to one or Related to the capabilities of a plurality of other wireless communication nodes, wherein the 

wireless communication controller controls the wireless communication node to transmit the connectivity 

information to the control station over the control link, and wherein the control information from the control 

station is based on connectivity information . 

Example 4 includes the subject matter of Example 2 or 3 and optionally whereln the connectivity information 

relates to the ability of the wireless communication node to connect to the core network. 
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Example 5 includes the subject matter of any of Examples 1-4 and optionally wherein the backhaul link 

comprises a link that transmits backhaul traffic between one or more other wireless communication nodes and a 

core network. 

Example 6 includes the subject matter of Example 5 and optionally wherein the wireless communication node 

includes a backhaul endpoint node to communicate over the core network. 

Example 7 includes the subject matter of Example 5 or 6 and optionally wherein the wireless communication 

controller controls the wireless communication node to communicate traffic between the core network and one 

or more mobile devices of the wireless communication cell. 

Example 8 includes the subject matter of any of Examples 5--7 and optionally wherein the wireless 

communication controller controls the communication node to transmit backhaul traffic on a backhaul link 

between the wireless communication node and the control station. 

Example 9 in dudes the subject matter of any of Examples 1-8 and optionally wherein the control station 

comprises a node of one or more other wireless communication nodes. 

Example 10 includes the subject matter of any of Examples 1--9 and optionally wherein the backhaul link 

comprises at least one half-duplex link. 

Example 11 indudes the subject matter of any of Examples 1-10 and optionally wherein the hackhaul link 

comprises at least one full duplex link 

Example 12 includes the subject maHer of any of Examples 1-11 and optionally wherein the wireless 

communication node communicates with one or more mobile devices of the wireless communication cell over 

one or more access links. 

Example 13 includes the subject matter of Example 12 and optionally wherein the access link comprises a link on 

a frequency hand selected from the group conslstlng of a first frequency hand and a second frequency band. 
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Example 14 includes the subject matter of any of Examples 1-13 and optionally wherein the wireless 

communication controller controls the wireless communication node to communicate on both the first 

frequency band and the second frequency band. 

Example 15 includes the subject matter of any of Examples 1-14 and optionally wherein the first frequency band 

comprises a millimeter wave (mm Wave) frequency band. and wherein the second frequency hand comprises a 

non-millimeter wave frequency band. 

Example 16 includes the subject matter of Example 15 and optionally wherein the second frequency band 

comprises a cellular frequency hand. 

Example 17 includes the subject matter of Example 16 and optionally wherein the second frequency band 

comprises a Long Term Evolution (LTE) frequency band. 

Example 18 includes the subject matter of any of Examples 1--17 and optionally wherein the wireless 

comrmmlcation node comprises an access point or a base station. 

Example 19 includes the subject matter of any of Examples 1-18 and optionally wherein the control station 

comprises an evolved Node B (eNB). 

Example 20 includes a wireless communication device including a wireless communication controller that 

communicates control information between a wireless communication node of a plurality of wireless 

communication nodes and a control station via a control link. the control information defining wireless a 

hackhaul link between the communication node and one or more other wireless communication nodes of the 

plurality of wireless communication nodes, the hackhaul links including links on the first frequency band to 

communicate traffic between the wireless communication node and the core network The control information 

defines a route map for routing the traffic via a backhaul link, the control link including a link on a second 

frequency band, wherein the first frequency hand is higher than the second frequency band. 

Example 21 includes the subject matter of Example 20 and optionally wherein the wireless communication 

controller controls the control station to transmit control information from the control station to the wireless 

communication node. 
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Example 22 includes the subject matter of Example 21 and optionally wherein the wireless comnmnlcatlon 

controller controls the control station to communicate with one or more wireless communication nodes via one 

or more other control links to define including a plurality of wireless communication nodes A backhaul network 

between multiple backhaul links. 

Example 23 includes the subject matter of Example 20 and optionally wherein the wireless communlcation 

controller controls the wireless communication node to receive control information from the control station and 

establish a hackhaul link based on the control information. 

Example 24 includes the subject matter of Example 20 and optionally wherein the wireless communlcatlon 

controller transmits a request for connectivity information from the control station over the control link, the 

connectivity information being coupled to the wireless communication node to one or more other wireless 

communications The capabilities of the node are related, wherein the wireless communication controller 

transmits connectivity information to the control station over the control link, and wherein the control 

information from the control station ls based on connectivity information. 

Example 25 includes the subject matter of Example 24 and, optionally, wherein the connectivity information is 

related to an ability of the wireless communication node to connect to the core network. 

Example 26 includes the subject matter of any of Examples 20-25 and optionally wherein the wireless 

communication node comprises a backhaul endpoint node to communicate over the core network and pass 

between the core network and one or more other wireless communication nodes flow. 

Example 27 includes the subject matter of any of Examples 20-26 and optionally wherein the wireless 

communication controller controls the communication node to transmit traffic on a hackhaul link between the 

wireless communication node and the control station. 

Example 28 includes the subject matter of any of Examples 20-27 and optionally wherein the backhaul link 

comprises at least one half-duplex link. 

Example 29 includes the subject matter of any of Examples 20-28 and optionally wherein the backhaul link 

comprises at least one full duplex link. 
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Example 30 includes the subject matter of any of Examples 20-29 and optionally wherein the wireless 

communication controller controls the wireless communication node to communicate on both the first 

frequency band and the second frequency band. 

Example 31 includes the subject matter of any of Examples 20-30 and optionally wherein the first frequency band 

comprises a millimeter wave (mm Wave) frequency band. and wherein the second frequency hand comprises a 

non-millimeter wave frequency band. 

Example 32 includes the subject matter of Example 31 and optionally wherein the second frequency band 

comprises a cellular frequency hand. 

Example 33 includes the subject matter of Example 32 and optionally wherein the second frequency band 

comprises a Long Term Evolution (LTE) frequency band. 

Example 34 includes the subject matter of any of Examples 20-33 and optionally wherein the wireless 

comrmmlcation node comprises an access point or a base station. 

Example 35 includes the subject matter of any of Examples 20-34 and optionally wherein the control station 

comprises an evolved Node B (eNB). 

Example 36 includes a wireless communication system including: a wireless communication node including one 

or more antennas; at least one transceiver comrmmlcating on the first frequency band and the second frequency 

band, the first frequency band being higher than the second frequency hand; a wireless communication 

controller that controls the wireless communication node to communicate with one or more other wireless 

comrmmlcation nodes over one or more backhaul links of the backhaul network on the first frequency band and 

over the second frequency hand The control link communicates with the control station. 

Example 37 includes the subject matter of Example 36 and. optionally, wherein the wireless communication 

controller controls the wireless communication node to receive control information from the control station via 

the control link, the control information defining a backhaul link and a route map via the backhaul link, 

Wherein, the wireless communication controller controls the wireless communication node to establish a 

backhaul link according to the control information. 
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Example 38 includes the subject matter of Example 37 and, optionally, wherein the wireless communication 

controller controls the wireless communication node to receive a request for connectivity information from the 

control station via the control link, the connectivity information being coupled to the wireless communication 

node to one or Related to the capabilities of a plurality of other wireless communication nodes, wherein the 

wireless communication controller controls the wireless communication node to transmit the connectivity 

information to the control station over the control link, and wherein the control information from the control 

station is based on connectivity information of. 

Example 39 includes the subject matter of Example 37 or 38 and, optionally, wherein the connectivity 

information relates to a capability of the wireless communication node to connect to the core network. 

Example 110 includes the subject matter of any of Examples 36-39 and optionally wherein the backhaul link 

comprises a link that passes backhaul traffic between one or more other wireless communication nodes and a 

core network. 

Example H includes the subject matter of Example 40 and, optionally, wherein the wireless communication 

node includes a backhaul endpoint node to communicate over the core network. 

Example 42 includes the subject matter of Example 40 or 41 and, optionally, wherein the wireless 

communication controller controls the wireless communication node to transmit traffic between the core 

network and one or more mobile devices of the wireless communication cell. 

Example 43 includes the subject matter of any of Examples 40-42 and optionally wherein the wireless 

communication controller controls the communication node to transmit backhaul traftk over a backhaul link 

between the wireless communication node and the control station. 

Example 44 includes the subject maHer of any of Examples 36-43 and optionally wherein the control station 

includes a node of one or more other wireless communication nodes. 

Example 45 includes the subject matter of any of Examples 36-44 and optionally wherein the backhaul link 

comprises at least one half--duplex link. 

Example 116 includes the subject matter of any of Examples 36-45 and optionally wherein the backhaul link 
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comprises at least one full duplex link. 

Example 47 includes the subject matter of any of Examples 36-46 and optionally wherein the wireless 

communication node communicates with one or more mobile devices of the wireless communication cell over 

one or more access links. 

Example 48 includes the subject matter of Example 47 and, optionally, wherein the access llnk comprlses a llnk 

on a frequency band selected from the group consisting of a first frequency band and a second frequency band. 

Example 49 includes the subject matter of any of Examples 36-48 and optionally wherein the wireless 

communication controller controls the wireless communication node to communicate on both the first 

frequency band and the second frequency band. 

Example 50 includes the subject matter of any of Examples 36-49 and optionally wherein the one or more 

antennas comprise an antenna array, and wherein the wireless communication controller is to control the 

antenna array to transmit the backhaul link over the plurality of directional beams . 

Example 51 includes the subject matter of any of Examples 36-50 and optionally wherein the first frequency band 

comprises a millimeter wave (mm Wave) frequency band. and wherein the second frequency band comprises a 

non-millimeter wave frequency band. 

Example 52 includes the subject matter of Example 51 and, optionally, whereln the second frequency band 

comprises a cellular frequency band. 

Example 53 includes the subject matter of Example 52 and, optionally, wherein the second frequency band 

comprises a Long Tenn Evolution (LTE) frequency band. 

Example 54 includes the subject matter of any of Examples 36-53 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

Example 55 includes the subject matter of any of Examples 36-54 and optionally wherein the control station 

comprises an evolved Node B (eNB). 
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Example 56 includes a wireless communication system including: a wireless communication device including 

one or more antennas; at least one transceiver that communicates over a first frequency band and a second 

frequency band, the first frequency band being higher than a second frequency band; and a wireless 

communication controller that controls the wireless communication device to transmit control information 

between the wireless communication node of the plurality of wireless communication nodes and the control 

station via the control link, the control information defining wireless communication a backhaul link between the 

node and one or more other wireless communication nodes of the pluraBty of wireless comrmmication nodes, 

the backhaul link induding a link on the first frequency band to transmit information between the wireless 

communication node and the core network, The control information defines a route map for routing traffic over 

the backhaul link, the control link including the link on the second frequency band. 

Example 57 includes the subject matter of Example 56 and, optionally, wherein the wireless communication 

controller controls the control station to transmit control information from the control station to the wireless 

communication node. 

Example 58 includes the subject matter of Example 57 and, optionally, wherein the wireless communication 

controller controls the control station to communicate with one or more wireless communication nodes via one 

or more other control links to define including a plurality of wireless communication nodes A backhaul network 

between multiple backhau I links. 

Example 59 includes the subject matter of Example 58 and optionally wherein the wireless communication 

controller controls the wireless communication node to receive control information from the control station and 

establish a backhaul link based on the control information. 

Example 60 includes the subject matter of Example 59 and, optionally, wherein the wireless communication 

controller transmits a request for connectivity information from the control station over the control link, the 

connectivity information being coupled to the wireless communication node to one or more other wireless 

communications The capabilities of the node are related, wherein the wireless communication controller 

transmits connectivity information to the control station over the control link, and wherein the control 

information from the control station is based on connectivity information. 

Example 61 includes the subject matter of Example 60 and, optionally, wherein the connectivity information 

relates to a capability of the wireless communication node to connect to the core network. 
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Example 62 includes the subject matter of any of Examples 56-61 and optionally wherein the wireless 

communication node comprises a backhaul endpoint node to communicate over the core network and transmH 

between the core network and one or more other wireless communication nodes flow. 

Example 63 includes the subject matter of any of Examples 56-62 and optionally wherein the wireless 

communication controller controls the communication node to transmH traffic on a backhaul link between the 

wireless communication node and the control station. 

Example 64 includes the subject matter of any of Examples 56-63 and optionally wherein the backhaul link 

comprises at least one half-duplex link. 

Example 65 includes the subject matter of any of Examples 20-28 and optionally wherein the backhaul link 

comprises at least one full duplex link. 

The example 66 includes the subject matter of any of the examples 56-64 and optionally wherein the wireless 

communication controller controls the wireless communication node to simultaneously communicate on the 

first frequency band and the second frequency band. 

Example 67 includes the subject matter of any of Examples 56-65 and optionally wherein the first frequency band 

comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency band comprises a 

non-millimeter wave frequency band. 

Example 68 includes the subject matter of Example 67 and, optionally, wherein the second frequency band 

comprises a cellular frequency band. 

Example 69 includes the subject matter of Example 68 and, optionally, wherein the second frequency band 

comprises a Long Term Evolution (LIE) frequency band. 

Example 70 includes the subject matter of any of Examples 56-69 and optionally wherein the wireless 

communication node comprises an access point or a base station. 
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Example 71 includes the subject matter of any of Examples 56-70 and optionally wherein the control station 

comprises an evolved Node B (eNB). 

Example 72 includes a wireless communication method, the method comprising: communicating between a 

wireless communication node and one or more other wireless communication nodes via one or more backhaul 

links of a backhaul network on a first frequency band; The control link on the second frequency band 

communicates between the wireless communication node and the control station, the first frequency band being 

higher than the second frequency band. 

Example 73 includes the subject matter of Example 72 and optionally includes receiving control information 

from the control station via the control link, the control information defining a backhaul link and a routing map 

via the backhaul link; and establishing a backhaul link based on the control information. 

Example 7 4 includes the subject matter of Example 73 and optionally includes receiving, via the control link, a 

request for connectivity information from a control station, the capability of the connectivity infom1ation to 

connect to a wireless communication node to one or more other wireless communication nodes And 

transmitting the connectivity information to the control station on the control link, wherein the control 

information from the control station is based on connectivity information. 

Example 7 5 includes the subject matter of Example 73 or 7 4 and optionally wherein the connectivity information 

relates to the ability of the wireless communication node to connect to the core network. 

Example 76 includes the subject matter of any of Examples 72-75 and optionally wherein the backhaul link 

comprises a link that passes backhaul tratnc between one or more other wireless communication nodes and a 

core network. 

Example 77 includes the subject matter of Example 76 and optionally wherein the wireless communication node 

includes a backhaul endpoint node to communicate over the core network. 

Example 78 includes the subject matter of Example 76 or 77 and optionally includes transmitting tratnc between 

the core network and one or more mobile devices of the wireless communication cell. 

Example 79 includes the subject matter of any of Examples 76-78 and, optionally, includes transmitting backhaul 
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traffic on a backhaul link between the wireless communication node and the control staUon. 

Example 80 includes the subject matter of any of Examples 72-79 and optionally wherein the control station 

includes a node of one or more other wireless communication nodes. 

Example 81 includes the subject matter of any of Examples 72-80 and optionally wherein the backhaul link 

comprises at least one half-duplex link 

Example 82 includes the subject matter of any of Examples 72-81 and optionally wherein the backhaul link 

includes at least one foll duplex link. 

Example 83 includes the subject matter of any of Examples 72-83 and, optionally, includes communicating with 

one or more mobile devices of a wireless comrmmication cell via one or more access links. 

Example 84 includes the subject matter of Example 83 and optionally wherein the access link comprises a link on 

a frequency band selected from the group consisting of a first frequency band and a second frequency band. 

Example 85 includes the subject matter of any of Examples 72-84 and optionally includes simultaneously 

communicating on the first frequency band and the second frequency band. 

Example 86 includes the subject matter of any of Examples 72-85 and optionally wherein the first frequency band 

comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency hand comprises a 

non-millimeter wave frequency band. 

Example 87 includes the subject ma Her of Example 86 and, optionally, wherein the second frequency band 

comprises a cellular frequency hand. 

Example 88 includes the subject matter of Example 87 and, optionally, wherein the second frequency band 

comprises a Long Term Evolution (LTE) frequency band. 

Example 89 includes the subject matter of any of Examples 72-88 and optionally wherein the wireless 

28-10-2019 43 TP Link Ex. 1004 
Page 763



communication node comprises an access point or a base station. 

Example 90 includes the subject matter of any of Examples 72-89 and optionally wherein the control station 

comprises an evolved Node B (eNB). 

Example 91 includes a method of wireless communication, the method comprising: transmitting, via a control 

link, control information between a wireless communication node of a plurality of wireless communication 

nodes and a control station, the control information defining the wireless communication node and the plurality 

of wireless communications One or more backhaul links between one or more other wireless communication 

nodes in the node, the backhaul links including links on the first frequency band for communicating traffic 

between the wireless communication nodes and the core network The control information defines a route map 

for routing traffic via the backhaul links, the control links including links on the second frequency band, wherein 

the fir"St frequency band is higher than the second frequency band. 

Example 92 includes the subject matter of Example 91 and optionally includes transmitting control information 

from the control station to the wireless communication node. 

Example 93 includes the subject maHer of Example 92 and optionally includes communicating wHh one or more 

other wireless communication nodes via one or more other control links to define a plurality of backhaul links 

between the plurality of wireless communication nodes Backhaul network. 

Example 94 includes the subject matter of Example 91 and optionally includes receiving control information 

from a control station and establishing a backhaul link based on the control information. 

Example 95 includes the subject matter of Example 94 and optionally includes transmitting, via a control link, a 

request for connectivity information from a control station, the connectivity information related to a capability of 

the wireless communication node to connect to one or more other wireless communication nodes And 

transmitting the connectivity information to the control station over the control link, wherein the control 

information from the control station is based on the connectivity information. 

Example 96 includes the subject matter of Example 95 and, optionally, wherein the connectivity information 

relates to a capability of the wireless communication node to connect to the core network. 
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Example 97 includes the subject matter of any of Examples 91-96 and optionally wherein the wireless 

communication node comprises a backhaul endpoint node to communicate over the core network and transmit 

between the core network and one or more other wireless communication nodes flow. 

Example 98 includes the subject matter of any of Examples 91-97 and optionally includes transmitting traffic on a 

backhaul link between the wireless communication node and the control station. 

Example 99 includes the subject matter of any of Examples 91-98 and optionally wherein the backhaul link 

comprises at least one half--duplex link. 

The example 100 includes the subject matter of any of the examples 91-99 and optionally wherein the backhaul 

link comprises at least one full duplex link 

The example 101 includes the subject matter of any of the examples 91-100 and optionally includes 

simultaneously communicating on the first frequency band and the second frequency band. 

The example 102 includes the subject matter of any of the examples 91--101 and optionally wherein the first 

frequency band comprises a millimeter wave (mmWave) frequency band, and wherein the second frequency 

band comprises a non-millimeter wave frequency band. 

Example 103 includes the subject matter of example 102 and, optionally, wherein the second frequency band 

comprises a cellular frequency band. 

Example 104 includes the subject matter of Example 103 and, optionally, wherein the second frequency band 

comprises a Long Term Evolution (LTE) frequency band. 

The example 105 includes the subject matter of any of the examples 91-104 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

The example 106 indudes the subject matter of any of the examples 91-105 and optionally wherein the control 

station comprises an evolved Node B (eNB). 
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Example 107 includes a product comprising a non-transitory storage medium having stored thereon instructions 

that, when executed by a machine, cause an operation to be performed via one or more backhaul links of a 

backhaul network on a first frequency band Communicating between the wireless communication node and one 

or more other wireless communication nodes; and communicating between the wireless communication node 

and the control station via a control link on the second frequency band, the first frequency band being higher 

than the second frequency band. 

The example 108 includes the subject matter of the example 107 and, optionally, wherein the instructions further 

cause the following operations to be performed: receiving control information from the control station via the 

control link, the control information defining backhaul links and routing via the backhaul links And establishing 

a backhaul link based on the control information. 

The example 109 includes the subject matter of the example 108 and, optionally, wherein the instructions further 

cause an operation to receive a request for connectivity information from the control station vla the control link, 

the connectivity information being coupled to the wireless communication node to Related to the capabilities of 

one or more other wireless communication nodes; and transmitting the connectivity information to the control 

station via a control link, wherein control informatlon from the control station is based on the connectlvlty 

information. 

The example 110 includes the subject matter of the example 108 or 109 and optionally wherein the connectivity 

information relates to the ability of the wireless communication node to connect to the core network. 

The example 111 lndudes the subject matter of any of the examples 107-110 and optionally wherein the backhaul 

link includes a link for transmitting backhaul traffic between one or more other wireless communication nodes 

and a core network. 

The example 112 includes the subject matter of the example 111 and optionally wherein the wireless 

communication node includes a backhaul endpoint node to communicate over the core network. 

The example 113 includes the subject matter of the example 111 or 112 and, optionally, wherein the instructions 

further cause the following operations to be performed: transmitting traffic between the core network and one or 

more mobile devices of the wireless communication cell. 
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The example 114 lndudes the subject matter of any of the examples 111-113 and, optionally, whereln the 

instructions further cause the following operations to be performed: transmitting backhaul traffic over a backhaul 

link between the wireless communication node and the control station. 

The example 115 lndudes the subject matter of any of the examples 107-114 and optionally wherein the control 

station includes a node of one or more other wireless communication nodes. 

The example 116 includes the subject matter of any of the examples 107 -115 and optionally wherein the backhaul 

link includes at least one half-duplex link. 

The example 117 includes the subject matter of any of the examples 107-116 and optionally wherein the backhaul 

link includes at least one full duplex link. 

The example 118 includes the subject matter of any of the examples 107-117 and optionally wherein the 

instructions further cause the following operations to be performed: communicating with one or more mobile 

devices of the wireless communication cell over the one or more access links . 

Example 119 includes the subject matter of example 118 and optionally wherein the access link comprises a link 

on a frequency band selected from the group consisting of a first frequency band and a second frequency band. 

The example 120 includes the subject matter of any of the examples 107-119 and, optionally, wherein the 

lnstructions further cause the following operations to be performed: simultaneously communicating on the first 

frequency band and the second frequency band. 

The example 121 includes the subject matter of any of the examples 107 -120 and optionally wherein the first 

frequency band comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency 

band comprises a non-mllHmeter wave frequency band. 

Example 122 includes the subject matter of example 121 and optionally wherein the second frequency band 

comprises a cellular frequency band. 

Example 123 includes the subject matter of example 122 and optionally wherein the second frequency band 
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comprises a Long Term Evolutlon (LTE) frequency band. 

The example 124 includes the subject matter of any of the examples 107 -123 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

The example 125 includes the subject matter of any of the examples 107-121! and optionally wherein the control 

station comprises an evolved Node B (eNB). 

Example 126 includes a product comprising a non-transitory storage medlum having stored thereon instructions 

that, when executed by a machine, cause the following operations to be performed: a wireless communication 

node and a control station among a plurality of wireless communication nodes via a control link Transmitting 

control information between the wireless communication node and one or more other wireless communication 

nodes of the plurality of wireless communication nodes, the backhaul links including for use in the wireless 

communication node and the core network a link between the traffic on the first frequency band, the control 

information defining a route map for routing trafllc over the backhaul link, the control link including a link on 

the second frequency band, wherein the first frequency band is high In the second frequency band. 

Example 127 includes the subject matter of example 126 and, optionally, wherein the instructions cause the 

following operations to be performed: transmitting control information from the control station to the wireless 

communication node. 

Example 128 includes the subject matter of Example 127 and, optionally, wherein the instructions cause the 

following operations to be performed: communicating with one or more other wireless communication nodes 

via one or more other control links to define including multiple wireless communications A backhaul network of 

multiple backhaul links between nodes. 

The example 129 includes the subject matter of the example 126 and, optionally, wherein the instructions cause 

the following operations to be performed: receiving control information from the control station and establishing 

a backhaul link based on the control information. 

The example 130 includes the subject matter of the example 126 and, optionally, wherein the instructions cause 

the following operations to be performed: transmitting a request for connectivity information from the control 

station over the control link. the connectivity information being coupled to the one or more wireless 

communication nodes The capabilities of the other wireless communication nodes are related; and the 
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connectivity information ls transmitted to the control station via the control link, wherein the control 

information from the control station is based on the connectivity information. 

The example 131 includes the subject matter of the example 130 and, optionally, wherein the connectivity 

lnformaOon relates to a capabillty of the wireless communication node to connect to the core network. 

The example 132 includes the subject maUer of any of the examples 126-131 and optionally wherein the wireless 

communication node includes a backhaul endpoint node to communicate over the core network and transmit 

between the core network and one or more other wireless communication nodes flow. 

The example 133 includes the subject matter of any of the examples 126-132 and optionally wherein the 

instructions cause the following operations to be performed: transmitting tratllc over a backhaul link between the 

wireless communication node and the control station. 

The example 134 includes the subject matter of any of the examples 126-133 and optionally wherein the backhaul 

link comprises at least one half-duplex link 

Example 135 includes the subject matter of any of Examples 126-134 and optionally wherein the backhaul link 

includes at least one foll duplex link. 

The example 136 includes the subject matter of any of the examples 126-135 and, optionally, wherein the 

lnstmctions cause the following operations to be performed: simultaneously communlcatlng on the first and 

frequency band second frequency bands. 

Example 137 includes the subject matter of any of Examples 126-136 and optionally wherein the first frequency 

band comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency band 

comprises a non-millimeter wave frequency band. 

Example 138 includes the subject matter of Example 137 and. optionally, wherein the second frequency band 

comprises a cellular frequency band. 

Example 139 includes the subject matter of example 138 and, optionally, wherein the second frequency band 
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comprises a Long Term Evolutlon (LTE) frequency band. 

The example 140 in dudes the subject matter of any of the examples 126-139 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

The example 141 includes the subject matter of any of the examples 126-140 and optionally wherein the control 

station comprises an evolved Node B (eNB). 

Example 142 includes a wireless communication device including: means for communicating wHh one or more 

other wireless communication nodes via one or more backhaul links of a backhaul network on a first frequency 

band; The means for communicating the control link on the second frequency band with the control station, the 

first frequency band being higher than the second frequency band. 

Example 143 includes the subject matter of example 142 and optionally includes: means for receiving control 

information from a control station via a control link, the control information defining a backhaul link and a 

routing map via the backhaul link; and based on the control lnfonnaOon Establish a backhaul llnk. 

Example 144 includes the subject matter of example 143 and optionally includes means for receiving a request for 

connectivity information from a control station via a control link, the connectivity information being coupled to 

the wireless communication node to one or more other wireless communications The capabilities of the node are 

related; and means for transmitting the connectivity information to the control station over the control link, 

wherein control information from the control station is based on the connectivity information. 

Example 145 includes the subject matter of example 143 or 144 and, optionally, wherein the connectivity 

information relates to the ability of the wlreless communication node to conned to the core network. 

The example 146 lndudes the subject matter of any of the examples 142-145 and optionally wherein the backhaul 

link includes a link for transmitting backhaul traffic between one or more other wireless communication nodes 

and a core network. 

Example 147 includes the subject matter of example 146 and optionally wherein the wireless communication 

node includes a backhaul endpoint node to communicate over the core network. 
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Example 148 includes the subject matter of example 146 or 147 and optionally includes means for transmitting 

traffic between the core network and one or more mobile devices of the wireless communication cell. 

Example 149 includes the subject matter of any of Examples 146-148 and opUonaHy and optionally includes 

means for transmitting backhaul traffic over a backhaul link between the wireless communication node and the 

control station. 

The example 150 includes the subject matter of any of the examples 142-149 and optionally wherein the control 

station includes a node of one or more other wireless communication nodes. 

The example 151 includes the subject matter of any of the examples 142-149 and optionally wherein the backhaul 

link comprises at least one half--duplex link. 

The example 152 includes the subject matter of any of the examples 142-149 and optionally wherein the backhaul 

link includes at least one full duplex link. 

Example 153 includes the subject matter of any of Examples 142-152 and opUonaHy includes: means for 

communicating with one or more mobile devices of a wireless communication cell over one or more access links. 

The example 154 lndudes the subject matter of the example 153 and, optionally, wherein the access link 

comprises a link on a frequency band selected from the group consisting of the first frequency band and the 

second frequency band. 

Example 155 includes the subject matter of any of Examples 142-154 and optionally includes means for 

communicating on both the first frequency band and the second frequency band. 

The example 156 includes the subject matter of any of the examples 142-155 and optionally wherein the first 

frequency band comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency 

band comprises a non-mllHmeter wave frequency band. 
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Example 157 includes the subject matter of example 156 and, optionally, wherein the second frequency band 

comprises a cellular frequency band. 

Example 158 includes the subject matter of Example 157 and optionally wherein the second frequency band 

comprises a Long Term Evolutlon (LTE) frequency band. 

Example 159 includes the subject matter of any of Examples 142-158 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

The example 160 includes the subject matter of any of the examples 142-159 and optionally wherein the control 

station comprises an evolved Node B (eNB). 

Example 161 includes a wireless communication device including: means for transmitting control information 

between a wireless communication node and a control station among a plurality of wireless communication 

nodes via a control link, the control information defining a plurality of wireless communication nodes Backhaul 

links between one or more of the other wireless communication nodes, the backhaul llnks including links on the 

first frequency band for transmitting traffic between the wireless communication node and the core network, 

control The information defines a route map for routing the traffic over the backhaul link, the control link 

lnduding a link on the second frequency hand, wherein the first frequency band is higher than the second 

frequency band. 

Example 162 includes the subject matter of Example 161 and optionally includes means for transmitting control 

lnformation from the control station to the wlreless communication node. 

Example 163 includes the subject matter of example 162 and optlonally includes communicating wlth one or 

more other wireless communication nodes via one or more other control links to define a plurality of backhaul 

chains between the plurality of wireless communication nodes The device of the backhaul network of the road. 

The subject matter of example 164, including example 161, can optionally include means for receiving control 

information from a control station and establishing a backhaul link based on the control information. 

The subject matter of the example 165, including the example 161, optionally includes means for transmitting a 

request for connectivity information from the control station via the control link, the connectivity information 
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being coupled to the one or more other wireless comrmmication nodes wlth the wireless communication node 

The capability is related to; and means for transmitting the connectivity information to the control station over 

the control link, wherein the control information from the control station is based on connectivity information. 

The example 166 lndudes the subject matter of the example 165 and, optionally, wherein the connectivity 

information relates to a capability of the wireless communication node to connect to the core network. 

Example 167 includes the subject matter of any of Examples 161-166 and optionally wherein the wireless 

communication node comprises a backhaul endpoint node to communicate over the core network and to 

communicate traffic between the core network and one or more other wireless communication nodes. 

Example 168 includes the subject matter of any of Examples 161-167 and optionally includes means for 

transmitting traffic on a backhaul link between the wireless communication node and the control station. 

Example 169 includes the subject matter of any of Examples 161-168 and optionally wherein the backhaul link 

includes at least one half-duplex link. 

The example 170 lndudes the subject matter of any of the examples 161-169 and optionally wherein the backhaul 

link includes at least one foll duplex link. 

The subject matter of the example 171, including any of the examples 161-170, optionally includes means for 

slmultaneously comrmmicating on the first frequency band and the second frequency band. 

The example 172 includes the subject matter of any of the examples 161-117 and optionally wherein the first 

frequency band comprises a millimeter wave (mm Wave) frequency band, and wherein the second frequency 

band comprises a non-millimeter wave frequency band. 

Example 173 includes the subject matter of example 172 and optionally wherein the second frequency band 

comprises a cellular frequency band. 

Example 17 4 includes the subject matter of example 173 and, optionally, wherein the second frequency band 

comprises a Long Term Evolution (L TE) frequency band. 
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Example 175 includes the subject matter of any of Examples 161-174 and optionally wherein the wireless 

communication node comprises an access point or a base station. 

The example 176 indudes the subject matter of any of the examples 161-175 and optionally wherein the control 

station comprises an evolved Node B (eNB). 

The functions, operations, components and/or features described herein with reference to one or more 

embodiments can be combined or combined with one or more other functions, operations, components and/or 

features described herein with reference to one or more other embodiments. Use and vice versa. 

Many modifications, substitutions, changes and equivalents are apparent to those skilled in the art Therefore, it is 

to be understood that the appended dalms are intended to cover all such modifications and 
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_i.'O (' -~I] , r 1· ,. +· -0' 1.-__ \ !: ' TE"' ' • H-: ',_, ,{Ir· -rr, i --t; f l TE" ,f ,-. • :ft - ---· "-le-, ' ' le',· 'r· ' ' 2Z--+--"- M +1-r ' ---•~ t* (Jc: :f / Yi , ~/['- l:i.JGg-.7' [ i Slt:ti!., :Q'.';: J___-,-jj¥J :T 7f,l i !c'.l(. h::t-f ~iJrtz:'N.;F P.1 ~ i Ii¥ :flff\J ;_-;J -1i"-·t,cr11' I £1)(. 

ff~ff~~~~<~~.~~)~~~m~m~;~~~~~~M~*~~~•m*~ff 
5fn / gJZJf.fttjiJ£::ffr·-!'iJ{t=f1t m ll t{vfr1%dt5fn / mtxJ::£i¥,EV'1tm/~ Er:iJtft2.1~ .GZt1i-t-I~ JiYi p;1 s~t~:£1¥,__i: 
W.JJtl!11Jl/fr;l£i'! iJ .,. "'i Li'3i)l :JJP () 

[0016] i,(1:r:;;J--: _Y: P.fr1tJH IJ~j" $>1'" ( "pl und i Ly,, ;ifn "a p 1 ural i l y ,, ) -if\}@A!Wu ~(l "i'f $ ,, 

_g_iZ "W:f 1- ;ej/; M 1~ p~ J:: , .. 0 :rt1flj * l5t, ' ";'i 1' rw fj " {,J, t~;-M 1-- EiX ~-1, u, t Jr~ [} 0 

[0017] 

+rJ / i:it; rxx1 :tZ • Hg :t'J! -J:li.1 ~- T[r.'r-'802 l 7 .1,,J--,. iJ': fTEPP8(i'1 1 l·--201 0 -1-"" t~. # *\.~ i':¢' IEEE kji· 1w1': ---- ~ /T~ I ----~ 1, !J .,...--~-1 '1l-... -1/i.::.i 1/U H J_ .JUJ...J ~ •• 1/ '~ - \. -••-•·-· ,,.::..,~ J._ • -"-' !-.::.f J~• j)( /(' 1---,-'j - .,J .,J .,/ l,--1\ !:_. /-,1",, 

f;n, JiU :t~ ~ -½ :~£ J;~ iX)(J ~ j'r!) fi½ jffi f P {; ,~. 3t }J~ -- -- Ji it-~ J.R -- % l 1 -$ ~+ : }Gt~ LAN * )w ih 
i'PJ J~ rfli! (MAC) ;fll t~ :E1Uif (PHY) J;ifJ WL 2012 {f. 3 J=1 29 H dEEE802. 11 ff~ if~ tll ac(TGac) 

(. "TEEr-'802 7 l ---0Cl /()'<(-)8-rl 2· ---Tr.11° -1·~ ,M· ;l;_1i\: }frj f(ff ~- v· ,J;;_j;_f, • .-:: ,, ') • IPEE><(-)q 11 1~-i: ;k_ ll:f fr:1 ' 1 rl (T,-,· •ad) 
• J_.,/.,JJ,_.,/ ~ •• v, ,U • \_,,\.., !--IAlif,,"_-:::r:::tJJ,....-...,,,.A...rr~/\, ,---'-'-'U ,t..,. -T....L.J.J-'u-t-,,...ilc.,. '- \u,,., 

1mm.J:j:H;t :till.JC~~ q:_rJ~ ;\ (E --UTRA) B:_ ij :itt }~~ Jt!i,'=rrnt t\tj[; r~ rt_Jj~ /;\. IK~ ft E --[T Rl\ N) : , ~' ft H±Ht ; 
f1Jr-f9: 2 (3GPP TS 36. 300 H&:,t;: 1 L :3. 0 i¾ ll H&), 2012) .fP l:.X:-tt?t~71E~IR2t;:fP l:.X:1iJ±:Alz.2l'~ 
;ttfrt~{'f.i'r'f:~'jg-~n I gJZil:<J~ ;,HtfMIIliHf WirelessllDrnJi~Jtr3frJ / ~Jt;K71":/tlYjJ--:3frJ / ~1fi·q:_Aj 

*~fi-~~~-~/~~ffl;~~~~~~$~~$~~/~~-~-
[0021] 
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[0022] 

(RF), tl9H.'.:~ (IR), tIJl 5}:'.il[ }1j (FDM), iI~t FDM (OFDM), ttJ.:lfX:t& tffi5}%-:l:Jl:: (SC-FDMA), HJ 7}~ 
ffi (TDM) .. 8J1:h~ t_rt (TDMA) , ;jf N~ TDMA (E--TDMA) .. )ffiffbHll.x~~ f£!j]1.9'r (GPRS) , tt A[ GPRS, 

~1::B} $ Jll:: (CDlVL(), 't w CDlvLA. (WCDMA), CDMA 2000, <¥-ttwt CDMA,$ tt1t!z CDMA,:~ tti~ if/M\JU 

(MDM), /f~1~1£:1t-tft,j (DMT) ,W;f;f (B}uetooth®) <'£:t:Jtn:'.,ftJ~f,'f, (GPS) ,jrJ~{:\R~, (Wi-Fi), 

Wi--Max,ZigBee1\Jl:B't'iS::itJ (DVB) ,"~:Esltt_ti)Jlfil{§tUJt (GSM) ,i¾At (2G) ,2. 5G,3G,3. 5GAG, 

%11.1~ (5G) ~~L9} r~xJMf, 3GPP, b~.Jt~it~H± (LTE) , Jtfil LTE,GSM i:\l~:ill:~~J:t~H¥l7JLijJJ~j!-¥ (EDGE) 
k{r._j_,,..'J":_j- V Jtft~J'.,i:~,n,',i-1,1_7[[,-pT, R'!-=l"-:;g..~rf1Jt.Jtpj-:';:~_-i -f'r:r)-ll,frJ_ / EiT,l>C~1,1t1x rh --' - ,.,-... _ _.__:,.,,_, ___ .,, __ , ... tTJ J , _ _;·Tl,.,,.-.,1..__.1~~-_E'l.,,•~,,,.. 1/1"~ 1 ,..-;,'I,. ...... 1:::f'l'v 

C002"] +--'r r,r~Jrti f'P ;,,J--Ji·-'li" -=!ice.)!-lc ~ ,, Jr1i -hri.-7 +c FJ E --:r: hi';',+, J-~ 41c, --1-. erh)!-lc ~ r01--+---::::i;:::1do-\Cb 1·~ L _,1 /+,),,f,i J;,u-tj !~' T"k:J ,JGa0x,:&_!'-:1.. i:YJ Y,!-1 8·h"1;>',Tj ,.1L~-'<IJ.!::!i1,,1 F:Ji::;/J l~'J:&_!'-:1..,,F-.:fi /ut;.i.:;.IJ..!i r,r 

if b --h fr/-J ~ 'ti ;jt 'I;! .a :tr * «cl' ~ f~ ,{ '; ~b --h "'<J ~ 'ti le'; ~i}: 11. :tr ~ 0.'- ~ ff J ,'; ~b JJ' ' q{1 1rm -bl!; ;::\~ ~ ',!§! pf, :i I= AA ;I#; rS~j .J P'. J.L_ ~ _§_;.,.,. , r-.J / LJ.:=:--.JCi.J,, __ -t l ~--1 f3LJ j ..J P _ JL __ l ~--1 ;,,.IJ ;. ,.,. , r-1 ji_.;. .... -)(j .1-, __ -t ! ~--1 f3tJ ....1 µ ..J _.x_ 17~1; .J---'\J.,1Y.;. __ EL -:--"'.I. ---J ~- ·1_:1:: .J_T!"J 

t· •. [1--,-,m. 1 ., ~ 1 A -i+-1'-,- .. , '~ ., ,, ----t:' 1· -,- .. , '~ ., t· r-, 1~:fYf-,,-?-J;:i' 1,, 1".:/)------,'r'-£L rtJ--,,-•:rc\i'rm1?'ffi-)--r; y~tr--,,-•:rc\i'rm1?'1~--,c'-,1---1-.,_R ,x..,.-i-rr, 9',/_ . ...___:_L~_.,,. 1 ,,,..,. l'.:.,/u..-;~~~ 1--=l---,---'-"" u ~:,( FX...,/u..-;~~~ 1--=l ,l---1 -:i o 

[0025] 

lt~'itT!,;'in~B"Jn.;'i';1:zx]f! ( 1:7H,(Q,3G !Ji!~,u~:gri,4G ~~l>Z~t11L5G n,~;1:z~r;,,;., WiMax n,;'i';1:zx]t;,,;.·;; 
:';'f- ) rt11;~ ~ )Jfil o 

[0026] 

T·JIS (WiGig) 

I i:;•c-E80" 11 l fth ,,er +1-1-- ( "8(] ') l ' J ,,er +1-1-- '' l /cfs. I~I~ =4.,c Li .. _ _ CH ~'J &V1 ·rtf , t J.::..,.. l ClC &V1 ·rtf , 1 -,i· o 

[0028] 

L_w_.1:cl.fil.?,H •. (_ "X'lf*l,,$1'i1IZ") "'IJ~ \§1 J2~1!~ \§1 \ffjf;'s - p•;p '~i'~'nJ'-iiJ ;!:+; .Mf1n. \irj~-_t OoS lt:*: 8i~ .;1-l# ~·"·- \ -.J>.,YA_..-1:f / r__:i _.....t.-'<...EL--,- .... '-;..ECLA!..!-r, ......... v .. ., A!.,;_rt:::J ... __ J..JP- .. ,~;,,-1-1,A!..!-~-r--•-•- __ :Ltf)Jv--/J* 

(BSS) V'l i'r'.HI:ftjJ!ff,£8"1:;tt!JID,(m ,;~ 1]' (tunne 1) 1I:ftjJ!ff,£i&!r. (TDLS) 'f{H-frtfJ:;tt!l!~Hfcr, Jt 
-"r:Jc;-1:--t-rj~' !-7-1:t 1 ruc'c')- d:J t'1{1 S'I'' 4i111 c"l''' :,<",J~ 1s-l-'; -~~~_.,q~r:Z __ .lJ:* (,,_ D00 : I-I ✓ 1 f1,J-~ ~) A;.ttiJl==fTJ-o 

[0029J *Jtfkf~ltl B"Ji-'.:t~- "*t~" ,iJ ~;,i,1!H~;X;f--,i' E!x$ 1~*t~ :ii:;f-t-, i't~fft:, iJ'L :n~, itl 1'-t-;¥11 / 

~~~~ff~~~~~I-~~~ ~~m.~-®~~~~.x~~~m**~~~*~ 

~#~~~~~~#*~~~~~~~~~-~-~~~~ -~~~~m~~~;~~ 

~~~~/~~~#*~~~~~~~~~-*~~~aj~~~ffi~~*~-$-~#X 
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[0030] 

"('('('![ -':,, ''s·-J rh 't", +ff• .j 1 1 T - z /4..... 1 . ci'J '.YJJ, ·1-tf o 

[0031] 

(SNR) o 

[0034] 

4/30 Dt 

r _l. 

1§ 

~ ~i, l 00 "':1<J·---- . .I.[\.. ,Zhr}L .. i1 • 

[0038] ...L... lL· "' ·9 11 , ··~ · , q:i J c--• nr · +· .... ·-,-· 't· .. ,,, f-'---++- l-• ·, ·-,-· t:li- .. ,,, f-'---++- l-• nr -~~ "'' ·· 1·J····--l.·,c.,,r.;_F1· ·· ~"-Jcliii ·· ,/\ X 11 kil, •:r->::¾',1HJ c.>-n r .. 1 1_'½->:: .',HJ c.>-n r .. 111 I -~,11,·g,r--t;1 
- -- -----~ Y./L / -- ._.A!) ,/--, , ---• r~ q /._,.---,;. A!_ L-1 ! .. ,>\\, Y;/\ /._,..--; -JA!_ L-1 ! .. ,>\\ T, l=lu---1::::1..../ :J 

~ffil::fr1 / 1=1JUjfI~~T·:t1\..m f 1, 1:Ju:tto, ttz;J1~J~t. c ff~yom fl i~i- ccE)) ~" xtVmftrir /!{{ PH!1 
L£rli :J:-h 17'- l'tt~ e- ('D•'j lc/c II 6 ( ,Hi') 1 T]~ c",!'r 6 l '[·l~ ,)lli;'il. 7fll ''1"' i5 n (c,'Niq': :\,"l'j_o'" f,{_\J J .. t1€tl:'.,l: 0 .t!\:Jf~ ;J\ '><"l~,i 1!--1.-\li.,,...:J•~:..i/_--'-~.:t-~ .Dl)1 ,1·9".. .. /\.."'" \.dJ..,, J.!.--1 ,- '"''_.: u1,,.--..-d...=t ..J 1 ~\,u~ ,1..,., ~- _fJ _ ~ ~~ 

·)c..0:I( f]if{.-11]· J~{:l±:JA,;rj·hrJl;j:;;1-r: sg, r+i ;·~.1 [,~] r-i-t~:1+ ~T.,FfJf,';f "'~1·
1
.\"

1
••1J·i'\i +0._.17++ 1\.-1-•P Fi 'Jf'J~ 1/ ,TY Y.• -L ...... ~ 1/T _,,. ,t---tj . ~ ✓ I,-X , "" A!..,!_, j-----f r~..., . ,::B _ _,,, ....... ,..,.,.J3(,, v 

f_0039] ff~ Ji:t ·;I-_I FfR ,j•ll: ,,fr, ir'!i: J'Jrl[ rh .tj\ tFrj .,j, rx q,\i +· ;J, PT }.ft i!li,J, E§.1 "1-,,{E![-hu{1-t ::1:-:f~;};'.ffi j~ 'r'I" i5 ~l<:~r:t m ·'[_. ___.v)L.):J --1.:.A,-,EL~"l_,, ~±t. L_ __ !-l..1/\. _ .,, .. J::lu_E::l./.:J,/ ✓ ':A 3t/W..--,.."'J _-J.--1 J),,,,.t:.r<-71~-

Im. 1J,11;~ .1J\ [Ro a ·i-~WrJ ·t, .1ht~A, l>(PI,~~r r1'l 10 J~ 100 7'~ tl';HJ1Im.Riln1, !1'Z{f:{1,ritfth1i1 !n1 o 

f0040] 1t--1l:l;ii~. r:fl ·J·11: ,,,\-~ il•i /7Ji[ rJ-1. tr 5(,f·+ ~- fr/.j ;j, JtV ;J, [X it·,'[rl }± .-M7 ~-"t;i~ ~ Ji=] -k· f'r~.1-J .rx.·.·.·. ±]tt' - ·----V,,L,Jj .:t .. ':fc,!)D .• , .. , l. ,"1 J/\._=e.f-1 _.t.. ...• __ [_ •• ,,iJXflf.l ,_,/::Jfx.JJ,L·,i::J /', . "" 

tttlrl. :IT&rrniJ<:#trff rp t¥J:t. Hi; !Z" 1-F ·'1'-~ffu ~, ~tn 100 fit!ic{tt~l'lHf:/ztfl1-~~iJ1J:t,z11:tE'i:Ji,'V i'fiJ 
( f31J-f,zu' f±r:lJ;L jz~iyfj:tmw ) :f~I / J:l:lt::k:'ft/'~f rf~ fl.l.~ ( {YU Yd' i~t5C~f w ) q:i 0 

[0041 J {E · 1t~~~ 8}:j 't1::~{F'& s,~ rp, ~ t;'E 100 P} {)Iti:t 1' 5tJ~jfjj ·1r ,r!{{, ;jz: rt~xrJ.Ufliirffr ,~~ 
t:&~Fii/J½- -1-!ix ~t-t-Tc±t:ifil1i'-i 11\ iR c wu tzu, ,J\ rui 11, ix ) (j½-1" !'.ix $/i-%1rJfkti'.:U!H8 o 

[0042] {2iufln,!m~ 1 fifr7]~, *t}E lO(H~H~ :E.rx~itfti§lj\[){ 130 8~ i'·!1'Z:t·tf;zjJ~~ 132 
'CY'.'· ,;..,----L•'·Cl',1' ., [- • ·-,-······~r,. ,---• , +:-..,..,, "'"' J't.±= 'C\".f· ,;..,----,"·Cl', 
;l@1~ R·rJcticiJtrt. ti ''fj 9, 102 ; ·"J 7Gf~J!lh~ /j\ L.><~ 1:54 ~/r'· !5c~ ::J'./['-1""}:Z:)hi]'[. 136 ;l@it:/ R'J :JcticiJtrt. 
~-,~-rJ' 6 10:1._lc.~=1;:f'..±',r'h1~1J\[-x-·· l''R, r.~<1 .I.\.[ #_~;,'.R>l,:r;<_.c,=r,·tiJr.T.-'~ 11.1u·, ~ct1J~r'1.(J:tr:;.f'..#1•"'1·~~.r r5 1(')(7' ,.1cci , H ,,,, "± , -:., ,,/U-,.Y.,iAf::li H ___ , Jc i-' J !:~X..:57 1[9/.--Y.J ~::P ..... ....r..=.L. J.QJ,.'j :=:t 1-=-l - /,, u--~.-J:TI H i , •') _._ - .._, , -"' 

146 (tJ· 

7 
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'i"'YJ:%1'"1'$;,;tJftiUI. 152 Jffiff§ Af.J7c.f':~li.Mf1\1 A~ 112 o 

roo43J -t1;-·J1:l:1liflr1 ,1·1-1:±1,,./'j'.1l;if[:f:i ''i";'i:1:J !O? 11)11 :(lg lOR 110 •frr ;ici+~: :2·rjTA 1:f.-ii1~-rffJ:h::rcr ... -1- -• _____. v1L. V"J _:L _.,,., JIB !/ J t , ✓ J ,\, -- .i....1 -. , ±, ..l.. , u" '--" " -- - , .-- , .... ~> .... -'--- _,__ ..1 L.::! :f .--1 ... ~ .J. :Lr" 1 ... 

, r:::J.l-•• •, n (P,NP_)) ':f"-,,' __ fi.,:i'-_,1_;.fr "'.-N: TB_), J_.-TE. cir'• 6 ,',[· ;pi( i:1:, rxxtf'xr/,tbri*'."J":!'f(JJ:hi'I''' u ,~ 0 1, ~ A.J),;1,._ '- 0 ~ ~ ..J ,.,.~-....'J-J_J,;~\lJs\\,1, :.1..::rJJLflJ'J--r:tt. -,-_1-I--! /-..,fJt.c, 

[ 0044 J t:E -!t~~ lti f.l,q ,1·1 #-J~ l§iJ c=p , fYiJ 1;?.1:i , 1J1:i T y: ~ ::-l t~ 4 J=ilr Ji , 'i-r l,i; 10 2 -, 1 o 4 , 10 6 , 10 8 , 110 

5f~r :eJt l 12 PT Ntitf.;~it,fa ::k ~., i~::t:0Jbm ffti ~ w. 1'ttr\- ·'1' EIJUt 1'"::k0~ .& -·,i"'Yl%~tt-t 

CSLJJ "1t~, iFI/0'.i ~2J1::½:~. (UMD) , r~.t;&* iJj PC (UMPC) ,ti #J 1f.Jll (x.~ l<>(H~i~-~. (\UD) , "tJ-rtB: 
'( · ... , mtl·~---t"-'_j_l.df)i+W }Ji1>1,-'-)i+~ -,',-_,c;,S)i+c!'2'! Ai\' ~+·!'2'! ,"'--,tl-,;j;f,'"" -',ict}*-1.".",-',h-PR j:/11"~,d, 
\ lr1gdtnl) :cr,\::Xc:-t.E¼~! Jr-c&-2t,·1%},l.f!•7,,,'-!.._!'-:l., R&!Jicp-C:1'§., / 'ct--c:g,/[;f)IX,c&:fil.,:,(7t-;1cp--f-1i)J;,,x.r,,._,, ~-'l i:Jt.'t.'.. 

i}i~o 
[0046] 

106,108,110 ;f:iJ 

102,104, 

---x· 1 · 2 '± 1"" = -i* t' 1XJ.J'1 /,~ q_ '· l J:-=:=:.. -;_.: -+- "'5'l 1 ,-, 1"'• ;:. - o .-. ,._. -"'----'--~ 1:.,,,. _,,, !--

[0047] 1± ·· 11:i;.-irS, fff-1 l'i:: :J'~ /J'./·; -i /7ili ,h .1<Ji 1 ftr]. ftr1 ·i::: frfif1-·~*. + f_;H ~rl'-Hc',: ~· 1*i 102, 104' 106, 108. 110 ____ _.. t,'L. /J ,-----'--~'k,;J(L ,, -, l . l-' ~;.,-J-. ,/'l- 1· _,..,, 'J ....._ _ _,,, /l_i .. -;;.,~A!..!-,H ,__, "''' ~ ~ ~ ~ 

;fp ! ~x 112 -PT+It@EffY:11Ect"1"'Idt[rf¥F/lr3H:&_LJJN,fa" 
[0048] 

[0049] 

M~1~-~~~~~~~.~~~~m~~§~~ffW~~~~~ffi~~~*~l~ffl 
ffilf-1~tt~~~xz~ji~~,1~~1#m~t1~JlI-1~tt~~~xz~ji~~~ 1/r-i l 'j _,, !l..!.:.L-'U< -.l<""!.:..i 1n L.!' ,_._./rb I ... ,!;X../YU1D~ l 'j _,, !l..!.:.L-'U< -.l<""!.:..i 1n t;j_,.J.--1.Jo 

[0050] ;{£ --!t:~i3t fvj 'fi~XJrfHVU 't", [B] t-it fX!<j Ml PT~ 3J<.ffij rm Ej ~~.'(yi::1[5fiJ / ~*~: tiWfl'f fF¥-· 

[0051] 

;~;;~t-11" Wt~, it xx Wm w ITT! l~ 1T ~/-02 ;J:ifr 1:E ~ 
f#u{a,@.o 
[0052] 

~RJ~;~ft:m:Jf~1.fMJ}J§t'J"f ( 1:YU!XfJ, Jij Tt5>JirJ @!lffitl&&) , .& l;~~§X,f'!fi,t-1 ff.JzlJ]'.fP l:cX:~rli J;.f~­

~~'1 [§J t~ ;)/[ ~: 0 

[0053] 

[0054] 

[0055] {:f:: 

8 

11'S' - rcjji ;/:g:: rf1 _b +£-l f· ·a· -'-lt. 
~?'Gi----~~Y,,,~ it.J HJ ~-,P--i:·•'--5/I\.. 
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roo,;8] ±i;··@,tt(1~l,~ll·';'L'.J,\Qi{Fr1rtt +,,I','rt,[i,\l; 1?0 i'i]'i!t'mii1~'+;11F~ ·)l;m:$ l--~Tf~F,'.ffi ·c1,,1-,,~,, ,. v '1- -• __.. •:JL ,,,:J J _1: ,,.,.., '.JU::. ,7~ ,._l_, , 1-- ~ ,.,-J. :,J H -- .,_, T1,_.,.. . .,. ~=lu .E=:l.- ,,I..:; ,-•~ 7f7 ~ ,,.)', , ,..J __ -~ -.,, /U .. -,,,.'\I)-.._:.. • 

102, rn4, 106,108,110 tn / ~, 112 jif:!.f1§ o ;¥-111J*15t. w~ tLr1, t1:iT trfriti'tJ. J~rttrJ~ /~ 1201&~ 

~JSJ3illJ1ffi =1.iunw -1.R"J .i.>'r'-t:?:~U'?itJ%~7C.~~lffi1lf\1 A~ 102, 10,L 106, 108, 110 ;fl]/ Q;\Z 112 Jill 

[0059] 

[0060] ., ... ,l+.'/'09,r4.,,'-,tm'··l,;•u' J'•·rtil·'+ 12· ')' ~•1,-c/,"f-,Ur·'~:[c-t'-'·}·"' ····r·',~,,,.,J:)1j,.:,./....·'··'FfJ''·.',•1;41:·-.I± ..... .cc,.i 1 ... ,;i ~r· 1'·1· .,•t·,'I 1 '['YI i::p' . ·'1' I 111 1'•·.1 J. ,l. r • , 1({{/ ;f;I\ /'• '·~~- ;.··J~ '''-1 /l 11 I :lq .,,._ '11. 1,1 -t, I I·"'- ' ' l- ____ .,. ./U - /--~_7-.. ... _.i,, , ,-~ J< 1- \ --~,,,,-_,..J -~ _/,,:". ...... ___ ~-,_ ..JT, _./'~tl'-•--..1 ", .,_,/ ..... 

J.,;,l fir] 1=: ,H· .t- i o•') 1 !') ' • ")fl J 08 i l O .;[.n ,::r 112 D,._·@,' t'J{, ,·,,· )* i.7 ~ !).~ .~ -~-:1 TJ }~, l ..:.. -.. ' 4 '\ l t t) "' - ~ l /rt.J ...-.)( ' J J r,~ -j ~~ .J ::::f.;: :/~ 0 

[0061] {:f.;!tfth:J,.iflli1ff1]4l,J¥.YitU!'r~ 120 r'!Jfj:::1/g 102,1011,106,lOS,110 tn 112 Jciii!'Ji1ci'1Jl{ 
!'rt /'fl! jj' *3t;Jtili O t~H~ J:3:JJ:l;:~1;,ufg 15'~' 1:'i'.fllU :vf 120 i'iH;;rt'ft211. 7::1itl1:Tt:'i'. ]jjLJ :u}i 120 l)JJ}. w /!{{ l 02' 104' 

106' 108, 110 fl] 112 tfJ xt~ifilfB'\''f -~ tfJJJ:r~t O ;¥-1?U *i5L 13/u'tll.!' ¼lff' Y.:f9r1Mt<J' t"i:\{;1Jt,:5 120 'r'i]' 

~£•7::1wttm-~*~~-~~$~§JWn~w~. 
[0062J {E ~ ifi; t5t rt1 tt ~ Hffi:Wi! rti, f:71! t:u, t:u F xJ1Flt !'V'.l, ~t:t~Jm1a 11 .~ 102,104,106,108. 

110 _7-.1, 112 PT *ti! If,:' ~ '/;•jk, -'l;1 r~~1 _j;f,] c++-1·1 i:':i' J'-;i~111?.. ~t lf1i rrir JI;!~ 2:i r.11 1f,;'.- c;l~ rp ·J· *J· 7·:,,::1~µ, ;[:fj 1~ c±+-r, 2:i 1 O? ,__.,.:.:._. -,,)Xl=L1.....E:c:L/~ ~~/:.J~i-... ~ ..,'"'"-- 1-·-""'<~----.... ~I-J::, 1»1 ..JJl__:,.,JJ/ ... J,j 1~T~ --,.,.J<.)-...,..:,.-J:=:f --'•n• ....... 

1 Otl' l 06' l 08' 1 l O l::C. 112 2:JsH+;$,w [EI[ ;f,~~!rUi If'.! D~l f@. jliJ ft 0 

C006"] .L. ,!-L: '" '''j ·1•/l·.'·L,.'·kt&1il ' ·f·'"'1'[il·'·f· • 2(' ···r·f·-A7 A'-'"'·•'t-•l!->'.-r;i,z l·· , ... r;::;i:J'.!=i+f· .C'' -· 1-'c; '" lf'' L l,1 1t--···~iJr,,1J· :.t:.*J!t!117~i=f,1'r.rr1~lip l. ) 11 rL3'7 I :f1~r:1~t.ttir1.'t .... ':-:;r1C1J1[± fJ,9,Jffi']r'ic ;':°'!YU 

Hif5 J:cJJc#~:lHH1§~l\ 110 :lHH1§ ;:}¥.tUJ1i; 120 1iJiEfUt:f¥.tHitb1* Hif.i J:cJJc~tiffi'f1§1't/'.i, 112 iffi,(1§. 
[0064] 1:r~1fi;i5t/lfl 'Ii ~f}{fj,jfij qJ, t£ftiU fE!Ji-'& 161, lf.i2, 163,164, 166 ;flJ / !JX 166 ·prn.Y~·(±:,~ 
.······'··*·/'.''•!·:;:;:;-,·,. O,lili,fit]./",·J-.'.lf,:.~~:w.,;,dc-)j;,·;[',·r·~ 1- ') t'l{Tl,;;i[h!'i?. :tr- .. ¢-...! '1f",/(ijir+, J~i-0 (4',ffcl,,'tf[;!', lDl 1c:•, lb''') lL'A 

~- ~ , LJ.1 ;,--~, ,-~-L -'6/1'-...1/X-,.,..__:1,,1-.1 ---•, 1----l'.JJ...<-.LLl'l.fo i-----'---- ~L/Jl,.JL't,''JJ.J:::ciif..j O , U..:..i~ ,), U'"±, 

16:j fiJ / l'.[!t 166 .PJ{!Jj~·tE LTE tffi'li~' ( ·(7UtiU, 2. 4GHz 1tU~;lf!) ITltff1rITJ:l{1f!,1tU~;lf! a<Jt/Hi5o 
r,_0065] ,:1'.1-: .[)::I'.; :tt PL! ,fffc ,;,V;.,';:;' Alid rt1 ff; 11°111 /of,c i;i.i;z l fl 1 ·1 ~ 0 16 '3 1 ~ ·1 l fl:-- cfn ·c;';- 16(' ·,==._r·,.r,i; im-J '":'' "*·1 
_ • t.. -=- t:JL,•'fJ 1 .. L=.llu!. v~ ·r, J.LrJJ~ rJ:r:JJ't.r b , .u'-', •. , u"" bo /I'µ .cv( o H; i',%,1CR/~ 

...L...t.,,.;r-,u.,. 'nO 1 -·-.-:L..J.,,±J~-++- t·· 1112 1(.1 106 108 ll(l)f'•o I-"'. ·2z'· -·~1·f.t-AJ·'-l'·u1i..r, "-'L.19···1' 1·j-Y'fti,11 l'q I / ....=1-:; ,,-T.'JF!:/ ·r ~~ 77 r .. 1 U·. ' . · IJ / '11
' r I 181 · .,,.fVi,11 • mi ·'·" ,:;cl -'''>· t r __ . ...,_T. l'..!.!l-. _!...,I -J/._,,..--:,,;'\J --J~-. I""" J>\', - ' " " ~ - I ~)¼ _.__._ --· -• .... -rn-. --'-•'! r-=i•u•O f ..! 

;;{h5L (Jij YIJ , ·~o -:SC Nr 5* , i::?: ~u ),['rll 1 20 pJ -~ :tr~ itrr mr fJ lJ 10 2 , 10 tk lO 6 , 10 8 , 1 10 ;f!J / EX 112 

Hz$JJtJ'{s;f#Ui8 ,\~L l}.J, i5tJ[.flJ f:.Xt"t.rfrrJtE:ti':iUJ.lH8W ,~ 102,104,106,108, 11 o flJ / !iX 112 .zJru 
fr<·J [1=11, f.4.: lt.~1 f_iz: J:: r'r~!J''°i',J {~ i1 _ ----- . ! -•~ ~ ~ u __ -~ r~ ,./ t__ J 1=1 o 

!'0066] i.:c ~@·'kiJ Fif1 ,frt, '~•'r'-/f,j,{F.1j r:p [!'if ff! f;{.(I f¾ P].-tU ;k,f-Tf-:: r:f..~.r·. ::i;,: f~;}J.'fti .{~ 0\"j' 2:i l 0'' 1 (·J4 J oc. ] 08 
- J.-L ___.._,,u/Ji_L.~/Jllit?., ,, ___ /[:L!'~ ... -t.] l_-"''J,-l;/}J~_j /U.-~-'I.J -...!-i>--1 1- ,~\\ ,::...,-,. , - l,l" , "< 
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'ffi Nrf1i;' !-'i 1 (i 8 14;c ~~I' I ti] :f'-;l •)t: ~· • i;-: 0\} 'iti 1t"1. 'r'\' rt-1 l O 8 !'IT ti: ::i;-: 0\} I ti] :f'-;l fi,;li'. S1:g 1 7 A r . _l=,/r: 0~ 'iti ltr f]jl !'i ~Jr-, -• ,,n - ·-' ~ pJJ --- l[=c.VJL,_=. ,/l,;..-,,.-'\,,jA_ ,__ 1~q • - ...- , __ ./l,;......-,,.-".,j --- l[=ct,1....tl.lµ ~::I __l__.. -..t ;l.J......-,,,---..A_Ji--• l\n 

11 r1 f+ -<,L. r,c;i Jr:t ,_,_. -8. cf.n --f• ~ '_b '-z '-', _ _,_,.. c- J J O ·cc-·· --1--• =i:::: 4'ci': r,::;i ');fl 1-,;- (1/;t l ~ ~ T f P. •-_- (-'·: --H .. r':f , , 2 
J /-'.f;f}jij !!_Ir ·iit!fL ct'-. ; /l'fJ 9-;.CtGtx;:lfil.i p -p }2, - - 01J1t 7C:A 1l_I1 ,,£f.tti·f1 ( t) ")[ .. ::.t(;Jffi·; n TJ ,;;, 11 

-f4"c 1f1J't-J [0J ,l;f: }(f ~·. ,ff-frif Ki'rb ~'1;1/-;j, pf.' ;tot,,( 1'-=:tr-Yi~ [0J ,l;f-:f.':c* 'r1;t ·ri]' th l.:f,{2if .1t .lrf, lti]f~ -~ h x+ ,i:,-.:p;; ~Jt~ ""-' ,---'!T'..l,l-~_:__-t__.v -- _,.,,....., ... _.1J=I/,, :----:,,x..Lt \i_,,, ... _..::=;.JCi,---'!T'.."'.._,lt:f rnr_._,H_J_.,....._'IL'..".1---LL.1-•,,·.~ ✓ /i'¼./t//?...,0 

[oo67J tE~@15t~1~•r·1:~~m11u1i, rmtltjii~:& n1- 172, t1:1,114 ;¥0 / g.x; 17s liJt0Arf1:r~~tm 
w L. ( W:J:t1:i, t~>Kit!Vt5r~ ) · s~'f.l!lf* o 

[0068] -1: -Jlr-1·~1 GR.,[£+: 'lcl;fr.; l.fi1j dJ ~f,lcc ;~ 1·~ ~ ,1,- 102 -ar ,ffci-,,t ~ + +~_f, ,ij ,~ 1,,:4-:: 9-i ( ":"_._:_'if/\ t_;t_,_ 1-= -==:::-~]L.·1/:l1--L_/.....,/J'1.!.:i'I·/_: ,.JLJ..~-XJrL_i.. t..:i ! ... ,,,, - -· ·..i~;J'..~_. __ J< , JL1.,....--~At!._]:=--=fh'..__,!tw, , __ ,t-,,1,._ 

ii'1\-") -'=5 .1j, lR 130 ~f'J#z:J11~11 132 Jmf; :Tctt®1~tr ,~ 104 -PL°®::cr.J;•l!tA'iii'.1J1\-l=.j tJ-, lR 134 

[0069] 

:tm , ~'if%: ;};'z f.iU{~ ) " {E ft 1 ~ ~ JJt!I ff~ q=i , :j':tg A '?.:H% l'lJ ~ trsi'E.~ = ~tm m: E(tt11 fiiJ:tJ; 11:f});fi(!;; tYV:..: ~~ 
iiJ11ci1/5H1o 
[0070] 

[0071] ,,.h --,-- -+-• -t+ 'fu ,-L, •.;,. !J·-·1 , @l 'n -++.. re .,.p +~ A.. -H• c- ----,- ,-"-. _,ilfi. j' = ~ 5t· ·-,~-- •-'-• fzjs: _,,.1- i"·j _L '5?,'. J,1, f:JJ .{-i· _J,L1 1 _i'L fJ+b - I q=i in ·:.:,: -r-· r:::J :"' +Ko -Tl r:::1 p: -'-+--_'" r: b --,7 fl,J;I. I - I½".:,:/,... ' µ.";;.•,0'! -W· '· ,,n, .-r,_._,.,,,. ..... -__:;,.-°'·,~ , '•---'1--=:c ..J,,,,! "'-::,-...,- , 1,,1 .J,,-.,.u -.,,'.:.I •-'..,l_./-..., o '-----t-"v /1...._• ,, 

:rtJ~g C fYU PP, Jt:! T• i'E ji=iil'f f-<;iJf:i J:jm1t?f ) : fi½"t~ A'1!~)\. rr l~ -PT*tt#J T -~ :,1c~Jti8Hrr ;j, L>f A{Jf:J;i9J 
;J.,,; W;'1~1t" R';{7r.11J ,t~,i;:,1, +a +~-i>< il:±1

1,f.:jf71r, 1J-- 1v 1J-, rx 1J~tf-te 1«1i1r 1t , $:ti: !2:x;. t .. _1=- :tinJ,;J.,,, ~, rni1t. ~'V"--E-:L --!.- •-~ --r 1 /i .... v,. u 1T< 1/P .--..,.__. ...,r, .Jlli !,, ..1 - -----'-----'" ,_________. -~J-~..,. r:t fJL.. -~-✓ ,_._. :r-..,.... /'\.. •;.-_L,W,-. .. -- -~ :.._:1 ,ry ,, .,1..x.._E:L,-.._:.. H ·' 

l~l~~b~~MM[~™~i~~~4Jh0fW~hM~,t~~~~~~J~v~b~~J~~~1~o~ffeJ}I· --- 'l~::c I .... ,, ,, r:)Ll -~/. ---· --~ ----, '! -•~ J.-A"- .1::f -J ./"' '--· •--- ,_::i::; ' ,,. \. --~ i 1-----1 - -•• .A!.,: __ k_r_, _ _L. '! 1,-l, 1-1 - 1--~ L • J--, #"!., __ 0-----j 
1r1.,,.,..,,R -_; 

71~17~' jfif ;E/l fi ,S PJtE ;J--~ lj\ L5<: ~Jl/i lj [r1]%]_!:{~ft zJ(lJit±ff·ttl i] J!Jt (in tcrfacc) 0 

[ 00 72] -fr · 1ct~~ iii ft9 -r-'t ~ )Jt[i 13iu q=t ' @l l1f: Tf ,~: fl~ fjJ}; {3iu !ii] fw] 011:f @I l1f: '?£ g,* & i~ iM '?£ fl!:r1 1-. iffi i8 0 

.Y:-f::JP1j -,h·. ,;ct ·-,-· h4-: -·~ { 0 ', -+•· !,· l ')" ---J-1',;J rJ-+ -/-- r.* •Jar[ t•k c;.7 l '-' l F 1-,=,1 :fR h•fr: r)t,( 1 .. , l L. ~,¥, Jc', -~L •. h '':-'i¥i { 0 ', _,_,_ ,,-• 

ZJ-• 11 7;-,;;. 1-)t', , 7G :o::Ji:, JJ:11 ; ,::1 Tl fa·-. , 1 ,o P , • 11', 1± :r::rc 111, t,1J rru , u !Y.. '= 11"£ fl!.: jJ:'1-f J_ 1 ___ L..@ 1 i::i : 7G :o3':, Jt,1 ; i::i --P ;c;l, 

104 -PriwJ0;j-;(E:J~>.ft1U1iff~ 162 ,Zz§!'f~l'iiii'i 171 ;f:0 / Eit/. 172 t.Jffi1m :Jct:\t:lffii81jr,si: 106 -PJ Of 
-1:EJ~f#1J'fJHi 163 7Jz.@lfffiti1Jf& 172 tn / µx, 173 tJffH1§ ;JCttjf:!11~TFl{ 108 r:iJ fl~Jr1,f-1:f1~#tU1fJHt 
16 ,,1_ T {/ iti] f.~ i,;fi'. )Wit -1 7 3 1fl] / "pt; 1 7 Li [_. ;' '-"' 1t'i . + H: i ~ ffc'c" '.1; !-'i l 1 (i f],+ tr ti; fu[ [ 'it1: i'f'i< -1 C. h T_~ iii[ i't 1 ;;, I--- ,=r:: t,..1:ttµ - ' ' / -~ - ' . __l__. -ill •-~ .,/U..-::A.1A!1 ~-/ 1-• 1n, - ,, ~l~ !--'--•:J::CfTJ..i A.!r ~1:f _Uu /_....""'- •--- 1,_-r. 

~ii't 1/11 .fr:r / l:cX: 175 JJJ.lH8 ;;flJ !iltt::i't:@181jr,~ 112 -r,JP1StZE1'2rrtUti!N& 166 A@ltfil~Wi:i-
17:j b1111~ o 

f'007, 1] /_:c ~@ ,ti ~JR ,!ff; -,_,-'1"ifi;- 1Ei[ rh. [r-11 H._!l,;k 1~-1t ] ~1
1 ] ]7'.) 1,..,, ·3 17 4 'ff: / 'f1i': l 7 ;:'. -Ii]. 1-R:l -~J-- ::fr: f:l~ liYj ..f"' 

- v J.-L -~JL!/j]::..t..~,Ufilv ✓ •-r·/ ----1'L1-t,.j:,U - _ ... 1 ...... "; ~'\ • _/!'H/ ~/4 .l'.J /t:l /L...-~.l(i)EEi.i1-::f 

Yr,~. 102,104,106,108,110 *l / EIX 112 1:JRJ S~L~J~lEixiW!t~:iHHci o 

[0074] 
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[0075] 

r11/Jr,..:.i;:f•f,"li1'i,.~·:t'1;~rtJjJ,.·iJ#9 J,i A,:!:J,,', ( :.lfl,d', ;1 -.w-~:r: \ IK~lff,t],,~1-¾; ,l;;lf,i',f;ij(lf:l\t"nT-i'i]++• .fliJ1hj] 1J,1 ,,,o1,,,,........,._/L;.~-,. .. .,.l, -~.=--_tc:.Tl'X.* .,1, '!/,,.x...!:-l.J •/\.!/• u , "F=:.1 ;:---¼, /u....--1 1 ~...--UA~-""--o ,_,,,,., u !' ~.-1::f ....... __ .\'J"t:I ~ vL>', 1 b 

lt~Xltt, Ef_~[x~ ,)'aJit,ll~x] (LAN) ~" 

[0076] ft 1~~ !~ 8J:J 'f"E ~ i"itH3iu r:p , 7cf:.\U,t 1llnr ,9, 10 2, l 04 ·, 106, l 08, 110 ;fn / E'X, 112 r:p ·3_~ j> 
~ ---J- . l· , "' +-,,, :z;,-. •·tt , 1--,., l,/,t. r.-.1 ~ -,-p .;7 A -u- 1 '" ..:.i;.:. l·-l' • -y; ,,,~ -'+ Jc- ---J- • do '+ -.. - !•" l--, 1,:1 i,•-f.· ,11x c-- -}i,· , r··-, 

..... I p 1~i.tr:1X,:.1-'!.f:~ 1Li' x,~;op-, H.····· r !o'Ji,'t, I :;P~· rt1'.,1L,!.;:,G;l__~jp "TJ /), p J.Bi.JJ __ :;tCt:!<; flJ.t:r:r:r.t1t11-'"J 11::.:d} iXJ 

[0077] 

1x.iJ ~1 z_ rm '1'l:: ~~u i\j_; :Lf: qt. ~· Jx :rJ.JJ o 

[oo8oJ 1:r ~ itt: wJif:! tt~ttifil13i1/ r:r, !Ei i~·?ttJ'lt 171 , 1, 2, 17 3, 111 5Fn .1 Ex 1, s Nm T fJ1J tm~ ,¥L 

[0081 J 1± --1c~tiJ?, iifj ft!,tJfifi.,f9U 't", :l~iM 120 nJ1Ez'.'1{1i{ii-Y9~ff ts X1$>1'.jc: Er'.f 1i ~ lX:±g!t ( "~ 
"""'' r···_t .. ,,· ff•· W1 r;,·····,v+rrt;!m·f/[---•±•' "fr'.l H 'J iES''~ --·"J,f'. It "!s{_c·L;.H J ({ilfi i'~.im12<_1,:x ) 180 ~ :JU¼U, t:-'\":I l 11T11~r1'.l/w~i!Tuf;:; ><. Ix!DZ'JriPJ Jfitt~i';\£j]jj_[2<.L:U) 8'1%1:s:~ 'rf,<2 . y~y.lJ, 

eNB) i't-Jt7rfi5-J- o $-t-- 1ht~.JJ, t>( ( WU ~n, 11'-fI no, 134,138,142,146 21 150) PI 4Ezrm~trtiiH>( 
±!;iG 180 v~1 o 

[ 0082] 1:E-- Jtt. iy1 r~ ·tl',iJ't1H3iu r:p , :Jfi>.ftrU irtr 120 iJTfJU t:~Um j"t B:>. !1JU ~Ui 16 l, 162, 163 , 164, 165 

5ffl ,I µx, 166 LJ*4'it7:T:itf¥.titU7ef;\f\jt/ifff"'µ/~: 102.,104,106,108,11011f / TilG 1120 

[0083] {E ~li:f::i,$?)~~ tt~ttifil1flj i=1, t~iu lr"rll 120 WU YD lmttt1~U 'f.i1Ji 161 ,, 162,163, 16,L 165 

:fn I "rl" 16"' tl .#c_ ,:f:i ··+'- fi" :;,{' .i-:c':,'l.;r[ .-:Cf~ ;cf11"' ,v- r::1i 1()2 10,~ ·1 oh 108 11 f) :f:n r'i"" 112· 1' 1 ·ll;l-1:6'.,{:I:'--.&',' ,TH;-~ _o~_A:?K t :f-\.L,-J,.J,--\.i-i--Lrf.J'J/[,.,.,~.JG)G n :JJ\O\ - '\ -±, - v,_ "_,__\_ /l'H ,..-Y(. ,tJ .. ~l•~:::11(-JJ J~', 

1
0] fH~J ~ ( " !i:if ;f-!Cij,'f 1~8 ,,,4: 1tl" ft] " r,l2(, ,+: 111") 5 kJ[~)-J\f . .:.:i.::.{~', [1=1];J;Ji! \,,f \1x'. ] 7] l 70 17'< 1 7 1.[ +.:I] ; r~~ --- LE,. .::5N:: •--- ,_I.,--·--~ l-=t: Q T~ l.t 1-l tt1 m ,I(\...,. / ,, .. jL,,,.~ -- 'f_._ v:L vu - . -" .. I L,' - u' _A_ ' - /f' / ,::,A .. 

175" ¥11UY.?:t5?,, -tzu, tu F Y .. J~f J!, [r1]%j1J,1'r rn 00 t'iJp~ ~;tP / D:1Zl11i::I'. EB lr5ilill.'W ,8tf1hx B1'.1~,t-!1l/: 
$- [ill t1f: ~ fi1'(f 0 

[0084 J 1£--~12 rR.RJ:l tt~1{ 1S~i,fliu , +~ iJJrJ :trl1 120 0~ ~u, cljt ·r J¥. rf1U nl; 120 *1 :::tf:;:~l.1~:fir'rf l.( 102, 

104, 106, 108, 110 :f0 / i'X'. 1 12 r:p ffJ i"- EtX J; t :zJi1JrfJ :ll:!11~ P~Ul;'f P / l=(Jc Wt~ [ill f:~lf1Ht llJ. {(jLJ 

fttJ, imHJ~ijt1J'f.it&t 161,162,163, 161.L 165111 / TilG 1660 

[oo85J 1:r -itt: WJ!l:l tt~tJJtfi WU rti, t2. ffu t/i 120 nJifil:i::tt1 iu 1:'~J'lt c 1:YHm, t2. fflH,Hi 161) -~ 7G 
fi'c 1/±•1't··1 ''l°' r::1i ( ,/E1l fi1 I -~:f,f' ;,'": PJ. ''l°' r::1i 1 Q·7) ·1·+, ~v,j· hi 7~f.e ,ifJJ 1'-',,,",;•r r::1i i;R v;f 1w i'J<1 ,,t 1iTlJ •!-tr: H, ~ i'J<1+i:f ... /2,,,..E ( ~ ..J j\\\ v~ __ A,- ' ]C-:>ci Aft. vi~ ..J JW\ ! t:..i; -.( 'Tll'J /\_ -J L..;...-)(1,.~ i="-=l' ,- ,,,\ '! ~-1 ;\ .J ____ ... ~ J ,'-.,L,."8 __ L l r=T .:, ... .'1 ~ J v~ 

li 
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[0086] 

'a5 {-'-• -++- J-• b, -'-it ' 1---J 4 t'r. ' ,--• 8" f.J 3'.. ' '""- I ___ ] lP r,15-· _,_, · •,,(, h-1-• ' le:: -ft, ' ,---~ ' ,. fci= t ' [---, _," · +· "" 1---] lP r,15-· 1,-.-; ': ,=; 71 ,cJ --"' h~ ;lu' /..~ ,_. ~ 1 s: -' - ~ /:,>-----/r n /I,;. 1'"1· '\ !£-fl- ,'.--v ) --"] ;•-~ ,, , \ i:()( '.,'',,><,_; -c;;'hiµ n: A-'jc' {J"i-, -,"i:f - n /I'."' A!...!-,1----1 ,-, 1,., ::., ,,,,__ ... - ,<___ -.1 ---~ _ _,,. --- __ Lv-- ,-- • ;...,,:;,,-,.J . -,,,.,,_ l..J., ...-u ,,1n~ --~-•-•~· u~.o --- _ _.___v--

[0090] 

~~%~T~~~ffi~~~-~~$~~~~~~ffi~~ZM~-~~$~~~M~~ 

ffL@, o ~f11J ~itL J~fuLl}}t 120 ni 1:EJ3".f#rJ'ittii'i 161 t rtJ x~ifil ftnr li. 102 i-ti'U~*H~LI§!., it:-J~ 
$,I" ,,,, JJE• . --.-• L .•• ""J. j. ,-• ,. ) , ,---· ... -.,, .,,,, • Z* , .---r .-p '* l=l ... r ,__,___,.,. r---r+r::i ·="" 
:i:ilJ 1fL~, Jf:~ )EfGf~;lfil 1ftfr:i /;,\ ._:,, d: El 7,'±.'fk_'fltif l 71 J:::. ;<£\L !E ::J'=E1JfL-llr:'f(] / it~1-tz1ll1) 2 :1£1frU1r. 0 

[0091] 

_t M :v. -,_·. 't[ 1=1 f"l f" 1t --:- 1 --+' ,__. .. , __ ,_ ~t j'•' "" """" { /-.c / -J;_· r1'Ci /-, 1·~ 03 ( \ "" .-+.c .) "" f 1' f ~ ---,• ..v.. :-l• 1.l,yl,:,-~,_i-•-fil-'-.r-ci';l-, ;!-PI 11_11'4u-11-1-1r1:J:.,1fl-ic-c:r(l'J: ':'7111 1 ~k•-~1;--1§1~ QoS· -ic-c:rr:tt EFCi'T',,' p:----k--,-1J,.__.. 1-i __ ._ •• i-tA/U ,,., ...-;A,1,;/•------'-••-.J/-... __ 1_~,_x'_\J_ !-1,,iA. ✓-.J,--., __ ._. )_-':-:1--::-"-~,_-x_,,HA,U CJ/'-.. 

:r;r-:; 1ht~A,l>U~~tt~;i--:; ff'] QoS ~llo 
[0092J 1£-·~tlJtF!.~ tt~c;; hlli1t 1J rt1 , [r1J :f~t1f ii't 171,172, 173,174 t~r / ]:)Jt 176 -l'fTtJ,f25ffl -r ft .. 
x,J-:Jcf~~31t11m=i=~-,~zr1u~~rErJ•t:i't!J.1:ExXJT1~1J c 13Llf:m, tr -lnt~Hx.t'E ·i'-7:rri-11L) 1t~triri-Li: 
ffj 'I': xx T 'fl'.!Jt O ft· - i\.'7J"Wu 41 ' Pf t~HJ.JJfr }t s<J (l;f Jj EU¥j (TDD) }'T ¾ ~ f=E1i'[ ~1m 'f: xx LJT ~ 
;;{( ,~, Ifil ¥ xJ.. I. t§l gi _t l'rb :lm ff§ o 

[oo93J 1E-·il:l:-WUtfj·lct.~}ifil191J[t1 , ~:fffirA:fi'1:J' 171,172,173,174 .fw / nx: 176 -r,JB-J'iitfiTZE-· 
~t~M~~~zM~~M~ft~~~~~~~~~~kxJ..TMMo~ ~~~~.~ffi 

fflft~~~*~fflCTOO)~~]:)JtffW~~~~I~~*ff~~~I~~~~~@" 
[0094] 
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[0096] 

Yr ,r~, 106) , it~J¥. / 1[ ~ §Jt1itYr t&lfr! . .m.:1/~-t±:tt ,t, fK~MPJ -1"· EJit~,t Jt1!i!.@Jti1TJ ,c.';i:::::: rsJJtt1r 
+t ,--] -,ii:: +z-"· ·Jy.: L At.: :L:l: 0 

C ] _L. "L: 'r½ "<P ,.,·_ -'-• W-,..1-·' rh ( -., -l. • -l.- ----• - '. ✓--, ~ fFj .-f- '-+-' '} -7:· !z: ---i• ,,/',I +-r T l ~ ·= L0097 {t_--.tt__: ~c. t;rJ 'JJ.~ JJili 7U 'r, !lf!J yJ1, ',(JJ t' X K>/'5 ff 3 /-1 r )ze B..r, Jr: :"'n P t':!.1i'J,!'-1 :.- -/i ;,)Jj; 

1[J~ BtffiYr /-1, o 

[0098] 

[1'.-]o 

[0099] 

±1llt") 2so i't'JJ~;utf: 2200 :f::,t-,J\~+ c Wi/tzlJ, /Nx 2:10) -r1n1~1'tft~~Z:r.:m1&r3)1llt 2so p:J C 

[0100] a- -~k'.i5-tR.~·f'l:~~m131J ,=p' Wrff1Jfti5 220 f1JtJ:~1r1>'U:tm eNB ( :tzrL 7.k1J,f){ eNB) s~J!ltlt1;~ 
:,/1· p+; 1f {PT It l1f; Jrt $; ~ r;1• •"1 Jf1 fi't~ . 
,;;.c1-- .... !,X.. 1- ~ ..J,,,. -~ : __ i!IJ........- v..,; 1~ ,,\-, !-I ~I /~In-~ a 

f 0101] i11-c ----@!9 ~]f-1 -f,'>: ';-'r"r,'f[:j 171 11±1. :f.; fz:. 200 -i'iT 1'iJ +,'f1· #.fl .1:l\,~'jJ-: ;j,fil ;i, f5< ?10 rh t'1~1 ~ A[ [pl W +fJ 6 
- _L - ~-•U /J j__L~/.J~-L- ~ ' ·' , . ._:. r:;JL ,J L:.l:r,__ t=-H -p J- -• ,...:____t_ ,J L::2-. _,......,. V:l ~~..., ,_v ~~--'--! T..::c. J\\) 

2100 :(:E- ·1'?J~i§lj4l, fttJ. ~~Lt)(JifT:i?.E, lilltffiYr/.i, 210 Pj ~~-~1:h'filJj 1}[;{ 230 B½/]\1t;U1J\l><'.$}\5 
!'rt /'fl) ,fr" z~fyLJ i( 1$?,' [i=i] 5/''f \lf /{~ 210 ilH:11z~tlY&79~t11~t eNB g1<;ff fiiJ Jt ftt~~i ~ ~lri18\1 t{i3-fr 0 

[0102] {E-·llti9cYJH'4:~bm19J 'ITTitt'\'1,s 210 -fjf(E[:r}tfil!XXJM~ ( 19JfttJ, wlfrllflH,(AJM~) J:. 
-ft, trt [0J ,lJ: 'A,,(, .}n: !i:il f!Ci f)l_~I t'.Z -ti]. ~+· Iii] )f~ +r rj'i ? 1 1) ·-;" i's] f,fJ /,;1 i {on ic 1-ff -¾[i -l+f- [_._ tt,1 :% /,l'di:r] f.li: ',,tc ~-!Z 2 '7 () -.. -rlJJ r-- , E'-s<)(..,,i:;, , ___ f_L 1· ~. ·,::r , __ .'Jp --- ,.L 71 "" ,a L, "- r-1 tJ, _'.,l.r-,'I..L>'f> y_l}, W _L. ,, ✓ _, , __ , _., l..tJ v ., , , 

l~li{d~#JLlt'f: 220 hi 'l'r,s 210 zP~]t¥J{E.m~ituHt1 tf,J$>1~J~#JU1'&ll45- 260., 

[ o 1 03 J t:E - ---1~~ i~t ~ 'ft~ 1~ 1:fU <=f=t • @f l1t f~ fi1il' 2 7 o PT 1A ff t >( &: ::-l f!J 1 tilli :izf: ~'1 :;c tt §1 t¥ i11 Hi 

[0105] 

iF.j-'- -h ',-y:r-·•--i' l:;,'•1' 111-'-r- ''1 -) -,,-,-~-, r,-,• ,yc-,1u, 1.-1, r--, ·,(),., 1,1,r-t: l:;,'•1' 111-'-r- "'10 '·f.c r,,·z.0·-h'· , [,-,1 1.1,r 
•:yi ¼IJ, -~U )_ TD1:.,:J±$~Yw ""- ( f-,J t~:!i1rS ,XJZ"i"rt:.'irl ""· 1 ,;.J.,,f,J:J±$~Yw "-""· J-c:E:1si.:.±'i'c'~'L' "XJ:?\io 

[010tiJ a 1c~,~iJt ~Hi ~/it 1J1J r:p, 1011: tz11, :tin ~:c~ lt-1 1 J~/dz!.': sZJ, :f~ iWJM 220 r1Jf<i1J tiirK:. lfl J~;wJ 4:lt 
ftt 260 f,J [t1J f¥TT. A-1, 210 :lm.fB PJ i~~!1t~@lt¥.:12E:lm.tt OO ; J::U1JWLl ~u, fci'. tB J~ifir/t1J/3- 260 j:J~fiJIJ [i1J'f:i 
'r'r,f2, 210 lJtrHM@!f'ffij±3ffitUt]~{J.:;ci~§Jf'ffiMJi 2700 

r,_0107] +,- -ll-i;,-it?f,f-1,[·l:i:±•1~1,;ijq:J [01:f!;!~,*.i :110 ,-hr'1.(J ·-"!'--n;,j,.-:.-"'-! pffZ,,h_R'\ __ -'1f:ilf· ({,i! 1 fllj f7..I. "]T:. ----a~u/J, _ _.__._ ......... f-.JiEl.7 , ,µ/j~=c:. 1-1,,,~- !1-=-l. , ...-;-Ai__V .,,.._Ltti1-=-' ~-DJJ/\ '";~_/\j..'l',..r __ . 

[01 o8J Z:E-· lltiiPJ1 tt~bm19u , @Jtjt\'1 ,s 210 [fl rr1-·•t l:ct::t1'---rjr EB 1~ 1i.JMt11;Z c 11/~t1-1, t2 EB 
kJ i"J:¼$·t Jtftt!,[sJ:fit =p-A\ 210 s~ -1-J:¼$·t· lt1J5fsffit([Ji ) lcJi~ ,c.., 1:zi(Jti1t1ttir[eJ:fiUJfc:;: o 

[0109] /_cc~ @-'kiJ Fif1 ,frt, -~•'r•,-¥,i {I.Ji/ r:h ' fin P?1 ') fi(1· ;,7;-' r~1! H._! ,lr1/ ~- ? 1 0 P]. 1--z, ,-h :;r: r f· ~ /,I" rr=r! f;V J~'x :f? 11 1:1.ili 
J.-L ___.. -·' u JJ 1 _L. ~ /JIB l, _ , .. "H j:::_--:;:j 6 , 1 • --1 • ~--- lj"_i_ "" , , \ \ - ~-.......... tb , ....!.......... ~---! , _T_ - U .......... , ,, _,J 

itr] f'7, ct-i ,'6 
..::A~ , .. -=:r.m-~ li'i~W}: §lt¥~:if1£1~ J:¼{G--1" $ J!Ui'j~iA §J ff:f~1£ ) -1J -ltA .. , V.A1 %5-irJH~ o 

[011 oJ 1£-!i,~-is;~ ~ tt ?t;trr~m 

]
,-, 
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hl-nl n ) S"J-'& ffl i111Hl " Wu .~D , 1l)fr ~ rll tftHl S<J ~ -1" E;\Z .i.>'r'- [:=il f~'?ftff! 2 7 o ;ftl _/ YX: n=ii ftg '\jf l{ 210 

!,Z±ttP~tfJ~KtYl_F_fjT ftm ~ rn li'ii1l 0 

r0111] r-'il ,·> _'f..;r #il l:fic --Ji~ ;t11 8fl ti-!: :Jt-11fj• f.(,il r~] -;--;-:- i': Ii\ iX /+f~, rffi.· •f~ i:; z_'.,ii '._if)() 8'~1/S:-JJ -----;'.\_{(;~1- 6(-r-;-,-:-ffe l:l'f. - Q) ,•.'..Jl~•.,.".J;q -----1::'.-.J.1/::J,_j:~~/;._/JU_,v ✓ t::sJ/...J'___.,Y..., •---• ,_ .... ::.,t(1~- j-----j/-.;·-. .'-' .J 1-,1.J 1---- ~~J/..J'J._ .. -.."l'L-

00 0 

[0112] 

[0113] 
, , --+'- ,_E ·---, +J-·, J mh, .-~, -+l--- , __ ') t,.,['.. 
1f,1;,1v1---11CJ:iL_ A111 1"!,;h 77 f-'-l s,1T_ '"I·'_ .:,t.H.,.-:;A.,,./ ___ .J /'., j __ i ~-i-~-.J 1-"1 J,\·, .J....'--'..JfJ_.,u 

[0114] 

!rA.z •). ~''J~-/j-; I')" ·3u·1g lrf,,'1),'i / ''[-- fi'3 "il+_r-1-++- Jc, ''le 
~f-T l-l' -~ 1 y.,: . i:.fJ 1//1' / i -- ~~R ~ -rr l:J }.-~~ 0 0 0 

[0117] 1:r~11~-1~ 8Jj tt:~{»lli1Yu "fl'§; i"im Ii[~ (r:r] l~'\j /{{ l'iJ ffl T 1:7U.~D' it (i=i[ l~fxjiJf1lS<J~f' 
!i.X:~tf'f~-!'1mtlt1to 
[0118] 1'£--it~i~,8,fj tts~lt11i.i121u 't"' §;1'~;'}~{ I 1[ ?(< D~lW.ff lf,"IJ ffl TJ!iJ1x$1'-[i=i[fii:-=f-~-~ti 0 

[0119] 

]'·fti\1it o 

[0121] 

iriJ ,fi=i 'r'\ i:1:i' 31 () !--- 1r_L - ,~\\ t • , 

'0122] --L--, 1::1;: .;1~ 811 ·j·il-~ /i-'\T ;Gij d,:l f:h: '10!! If I: '.' 20 PT ~tPr::1 ? 1 -j+-11 r1:i· ? 10 ~ \. j!y:J[ f;/'- -:;r~ Jl:: -_1;1...rr::1 jl;_r.:c_1_ ::z. r.1.~-~ L - - 1:t. -----Vu 1/1 :t~_,v8V , ,1r.rr1,.p) - , ,, ~ 11±. "" J 7J H-•-r-1 ✓ 1 - - ~T:i: J 'J 

it• irHJN1i~~~~thf~•fyU, f~ffrrjff~i ;120 PJ{£]l!fi'--:fi(XH6- 302 Br .. 304 rt] [2]f@.fj'/~{ 310 J@1Jti~~!Jt~ 
r;:::;p!=i~>kP,\,' 0~0 ['h-f,'0 'hl u. i=r 
~~--'--! ii~ ijliti-r 0 I dJ·:r~1: rrJIJ1~ J~' o 

[0123J ~d~ ~1 11, f3fJ ,1 :t1tJ:¥J- -11c~-u,2. 1~~ -r·t:~,&filWu 7], :,2Jtt!h f3fl ;'JC, x~5.JMttWL'i. 400 o 

[ o 1 2 4J 1:r -1t~ WJ~~ tt~t JJtfi wu rti , wu Iir:1 , P-r:1 -1: )Jtr-r 3J.L 3c r% lfil Nr ~ ~ 40 o PH!H~t rJJ:: 11: ~H~=t-k: 
,11_() 11 i: 1 th)T ___ -=F:i:~,ifl1g·:J.:i,, w i00 _1=,--Ar -r[rr ~7Ar·,_tt,j+ti =F@,m1·$/·ti,; wz-' 1'fiJ 1~<J-=F:i:~,m1g o ± -t _J..,",," 1- / u-,--..i .. ~ ,1---1-1--'--1-~-L ± --:i ...-_,¾_~ __,,,_, l.!j/u...-.✓'-'~~ l--i-1-"'--F=-:L ...._. I~ / w-,--..i .. ~ ,1---1 

[0125] 1± -JE~i~,8,~j tts:);;;~ic1121u 't", jc~itrHi':f ~ii 400 :iJ tJ.iff 3c~1.UffH]'.flt ,rf'.i, ( I,((J, 'TJ l\ 102, 
-1 04 a 06 1 ()x ' 10 :fn / ·c;i~ l l '1 1· fx1 1·) rc:;[:ftj :l-f; _[- 21 0 / _ , , ! J" _ . u '\ l_ . /j~!---1 I !.% ::.., , ~3d ,, , ~~--~- 1LE T.:i .~\ · \. 

[0126J HUJlli Jt ~h~~t;J:J'@:v~, ti~& ~1s:,rt±~ 4011 ~ar Et :t;r;- tt~rc~'i T:J 1'Effi --i~1 ;lrf Jjffi 1§ c 1;11! ~u, tEt 
~@J~m~~~fi~ )~~m=~ffiJ:~fficm~,~~~m~~~~~M*fijtffi) 
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- \ ~1-1· f--,-1-•· 'J,,, +-.- j ',± f~ "' 'fy"'*"J, \l-,1Jxi" . n l'iJi-~/.- -,-e:,')j(/ ,,~, 'f ••• ,m , t,·~, • '\f' ., . ~ ',+r, r_;_\! ---"i-,Lj!PM~·.+r 'Jct-!''"' $•-71:' ,r.,.[,J -s:41/ rl ·,.•1T•~~ ·{'R7U•'1;'11s_ '·WITT.] 11G1tYr1_:, 11-,1, .. :.,--.., __ , ".,.,-"' '..'....J/.Y,..11✓ ----•"-...1,. ::=:fo , _, !VL, /'- .L!-f _.__.,_, J --~ )X.,)(.../.X..Pl-f \ ,_, Y:.,l- ~ t, --:.--"•• 

IEEE802. llad y':z:1t~i) B"J:rh~tttL:J,(:E•~:*0bfryH$r ( 111rn1J,f:iOGHz ~ui'Fi~:) g;\G1f1PJ~·f1t;,it-uH$rJ: 
l®.fm" 
[0128] 

-] ' +s'·/fj"-'-l· 220 1 ~· "' f'• , ---~- +s'·/fj·'-'-l· "20 I ~-, 3'' "'AJr)J~'" 
- J ,r<,> - ·[: \f•j \ a•! / l iJ / P_ ,r<,> - '[! lf•j ·', '\ J•i ) l H,j • 8,: 

1 ~ ✓ ___.I_. -.i...,1..-J- • __ .,_, --'/ '\ '· I ...- .../____i_.. -J_J,;;.,J- '--· __ .,_,' I H ... -.JJ-:;iLJ.0 

~ff~~.~~~ffi~~ff~~~~-~~ffi-~ffik~ffl(~~.~~~~§~~nk 
-,iij{±')- J±r:-1+.--1'-~ ·Jl;fii;:;!; HitJ,(± ( -f;1:.~'J:fi'.:.b',flt1J~'fi::ul'-lr f-,-_b;1:>',f#i[f.Jq· 7i¥.J{c',) _ft../['-'H:{Jirl ,ilil[, 
,A!_' r-:t . ' ) ! __ Lt~ _L ,-.7f~ ----~ ')'y-~ ', .... _J__.,A!_ r-:t ' 7'~-! , _,.,.''\ ,-~~::JI ;p --ru_ :f_f --'---• .J ...,_T. l' ..! ~- .,. ___ ! ~-1 / 0 "j __ L _p .. ,! ~ I/ -

-~p' tmJ:.xJ=ifr3£, !jt(Jl:lHl~ 404 PH!.'tf1rf~·1r;IJWH1~:u,,;z',,5z:~ 410 1f1.-tg.J~~~m;,trilJ!;cJ>t:g 412 0 

ro1-:i1] -ti-; ____ .Jl:l:-,/.:'ifjrl,1-1_1-,,'t-,/J'{):;.{f.i[jd1 ,L{r'F.-"J.51 L1(),i ,i 1c·i cfn / fi'" L11" wr~ 14';,,----Ar-n-\J·:57/,1"~:i'.ii''l,;l;lc 
L •J '1--- ...::::::..VJU '.lJ _l:.7'/lli17 : 'i-JA/~X...Pr'r ±,TA. /l'H I ,..!J<.. - £.i '.J G:J~-! ... -;7',,,!~7 .lU<~l----b_,..,,..,..\(. 

it 11x: J)J ~t 0 

[0134J t:E ·!t,~iJl flJi ·11 :'~ h'fiifJU , xi~iffif~f '4:~lt ,100 :ll:1~At i&lfr!,lt:'/;y-f:YLiz1-1*EHfil xfiii1~ 1~ 
~- 400 s1:rt1~~t~FffUlJ!;cJ>t~i1~~ 404 st3ctt:lmff§t~r1JrJ~g: 4020 
ro135] -ti-; ----•/1'--=r,f.1,1[ ,:f:i ,/ti1I r11 111J l· \]' ;-fiJ:;'.~j'-. J.,i, '-ki[ -Re -~O'J. -rjT ff,'+-,:rf, rj,fr 'F.9"'- ·J::c~: Lu. ,1(-),~ _,f,z:+±, ;i.:;-.,· Ji,'l~[f, L •, '1--• , /,, /a t , !71 :t-, .A, ---•,A...1/1.<'.l.:, ,_J_.1,,a11IT i ~ ', 1LI,', /,/.X.TTIT 1l'J://\. , - i ,1''-J/'~ I. ,-1.rf,. 

vli ( fy1J:tzrL-t¥#rLlil1120 ( !3fl l) J¥~[]3'ffy 220 ( l±l 2) ,;¥11 / wt1~~1J:ir,1:i :120 ( 3)) s<gtJ~e:o 
[0136] {E jj-~j~iJLl ct1, 11U 91], ~Dk:.tf1rJ£, t~ftLl ff 402 PJt~/tJ~•\\(;)t~:rt±:k: 404 )1(d'!~1J":rc?I~ 
i411*~/J. C vrJ:tm, §lllf:~,8) BZJJ.:br?L Jcf::.%3$_,fl§~,1,iJt:tirtlt::~.9, 102, 104-, 106, ms, 110 ;rn / 
TT\7, 11 '.) ( r~_:11 1';' fnf_-f,~~ r'I 21 l-). ( l~J 2) -f,1) I/ r,v inf/-f,~~ riI. ');] l-). ( 1~1 ?', ~ ........ _ ... _,,,_ 8 - ,.~ ___ /[L I-.J1,\; ,,/_ \ ~ -•., ,/ll-, ..-.,A..•--- 1[J_, 1-.J,,\, t_ - \ ~ ,)., 0 

[0137] 
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Ji:; 418,JlZffit;1'(1-5i:; 420 rrrtt~1'-YJt~-to :Jc~~J!TI *'ll 400 -anttf1H1Jli!,f1Lf~·~·f!t!,ibi1ffb 
~f f'tril 1't- Efxt:1q:tn 1q: o (E--1rl)t~~ ~JJ it~JJ1111Yu , =Jcr~@fB~i F~; 400 t'r1tn 1q: [*' (:t1--1rl)EiJG~ 

tm PJ it fotl r ~ l\!;J l:1, 7e, 2Ji.H * rt1 , t-1 riJ {t! ffl -- ,t- 2,Si. ~ ,f-1f ~ :gJZ t ti 'J:iH-?HK Tf li 2Ji.-i=iH~ it tlb:. * 
AAo {f lt1tlr~~"lli:11U 'fl' tt~l!!i/§~~ 'm. 400 tEJill 1t--PJ '5]\. ftj-J· § §~fl"1~ ff(_}~~ 'mzftlJ 0 

[0138] 

*_-_L'. ·---•JJ __ r __ l'.;_ •• ;_,\u\ ~1r1.1•_4_ .-_1r: /.{µ,(,_ill f,1 I~ 1'•· l=ifr·-;-l( -=i;::-0.0 i~ {,:', )J,E, 'gff 40() w-:r:11 ff f I I: mi _::i;:: LA, ( ,(W fllj 1:r~ VI 1/1 't 7S;/,lc,:c ~ , ',l.1-, 1· )( ... ..!.L, /L~Xi-<J ,,=1,L-'<.£3. -- HJ /I' , -, /'-., ·• /\.f~Y., , .• ~ :;,.f, 

.±t: ~ r f'{', ,(t,: 1;-11 ) 1-'ct; •;¥; +::rr-:f'{',-irn 1'~, (,;:4'. ~!!z ( if,[I t:•, ct 1.,•~::r.: 0l'- lri] +R ch r~c,';7 ) L.J'fl'jlf'i 

._,,.,jl-ij/ ,.__,~~1"1/~ / -~_ .. ,:.7 I ,,-u,~~r--=-11-:ft...:t:J~t:f [Y~_:,I..., __ y _,,JU..-;;.~ --- /j~±: 1-l-!,!l:i:f _l__ --..t.-'1,--l 0 

[0141 J -f:E--tq~ f)'J ·J·1~MIN cji, Xtt 408 ~1Jt2+ti;:t~ ~t7U, c,~Jd~ ~t7U fD.+tJ; t--Jdtic 

110( 001) li~%~~!z*PJ,{f[r1];f1~ji!H'1'r 174( 001) J_·)1W,r#( 110( tf! l) lfilffL P)liff~J-1~1~r!-1JW 
,?!, 10 6 ( l±! 1) IJ'.L$ ·.it* rJ 1± @If,¥. 4';,lJi 17 3 ( l±! 1) J:)j 1S ,1,i; 10 6 ( lt-1 l) Jm f * 0 

f 0143] 11'£ Jt,f1fi :ic t',f~ l,'t[j r.t1 +t-t. ,ffi •ft* ·flit- 400 -i'i]. 71 1 f+: J.>~["--/.,J\.. ~ .:_Fi-1': ( ff,[[ fi1 I -=;: i.i' 14-Ei! ) 'f'·f+ - /;, ·--•7-...l.JL.,-V :,_/,_,.,;;.,-,,,~- ~.,,.,,._EL - 1r~tW~v ./ p::,;J,,-..,.,,...~ \ !7..J_';;!.H,_ -.....,;.J<i: ,/-,., /!"-..)--'-... 

J; =Jct~ ii fB '?'if It! ( 13'~ fr.~1, $ ·"I' ::t: £~ @J f~ t,U~ ) J~ l~ 18 ,. 
r .. 0144J T- j· f,:[, i;~l JiE! -nl:: 1'/1 w1 •!·/+ .,i. •i~-w1r "f(1 w i±r =i;='..{~~ .,i'il 1~ ":ii, w 400 cr:1r ~<i "1<1 J.:.i>:U: 1• ,f 1, * 1~, 11_-;t:v11 , -·~ /'-'- 'l •·'- :JJq ____ ., :/L /J ·t /" 1✓"IB v J µ J HJ ij_1 ,JLJ,..;)(i .A!~ , r-:.r _...,1-•'----1:::3... /f' ,,J, t. 1-=-l. T:Jt. A L,,,, ....,_ .... ;)(j I" 1 ,, .J 

f,'-,-1.-f'-'-¼' j-• tt 'l- ,-'-•-cf,·,__, ' ---i· 1,11-•- r+l ,,{, 1- -1:r ( t '+ A6f, -T' I,, 11t· -,; ; '':f: /T,d _-,h. ''1 -J:-H-'' { I,, XL I; r•-i- li' 
r:J'J1E±JJ~o "1±:.;-,·itt~:,_;t,;;li!,fv!jr:p, l=l V.,)\ ':J.:11j iTrPJ_,,,•,EJ:d i:=i 11'.JAt~+'.YUo Zjc:'.17~:;,([n., 11*:t.R:'l'L/\.¥;_."14-?U 

-fjTi:hJf-J~t~ 408 ~r<J J)J~'E o (E-·@kt~ PJJ ·l'1 ~ Jm.HfU •f1 , 1l1-+::f-tJdl i45U :H::~1Jti\,if tt _xtJ; 1'-iI~* 
fr<-J±t ~~ ]\-'I 1.~() -:fl r / #•1fi, ,$ r;\~ [J? z;HEB i1. /---..--:-~ J _lv'l, /r-l / ,!:~,))Z/j'-..!-l,A..J,)l,.,....-'.rJ......>:::±.o 

[0145] {E ~ ® i5t fl] tt ~ ~,fl}ij 'fl , -'fzt~ 1;1f 7u-r1J 'E!l -tttl i~ 1t *¥1, i~ tl i~1t * ,j0.J tf}: ~le 'I. 79 ):A 
:rt I J' f flt J!j .A:. t;lt 1:lit tR: fr f& ti 1':.: tr0 ~ {}- j( t;lt ~$ YU O ~f YU A tfl tR j~ ff 8<:J RF ~Sz * h\;:; Jf:;; -'j pJ 

~:t;~f WU ¼D~j;;/j!j' rt1 ['sH,l}j~fc{' ;fll / !])( RF wf rr0-:f [1$YLl Jdttl±,+~zJsj s<J 'Li•~!P:m)&%rrbitl. fr 
----,· +s ff.L iTt[j -1..I-I h'•ir ::i..., f] '.·r ',,+, -,1,; -\'; ff/ ""I' --l- il.i[j -1..

1
-
1 

-r-- ';;t; -,1,; - ftr v,;, _,L ffi _u. -+>• ,-.-~ lTI '1ti? --1-• +P _,,,_, --,'-· ~ r 
PJ Jf-E'.J;,(;17 f;l._:,.&1'l.'Ri:''!i15Z.?Kh<oT1F'ltUJ, !7 IJ._' ·1tt,..,_,"K-YiI,,x,.,_&1r11r,t1<.lr?:UGl,i:'1:iJ X1;x?R1-~i1~,1j li[lo 7( 
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[0147] 

[0148] 

1"~ 
[0151] 

[0152] 

14/30 Dt 

f ----• ,---, gt \ ,,, /, -,-· L I• ---• (f' S-h- ,-<7 /,· -,-· I ,, ---• ('+ ''1-, 1··-• = '' :ff'·' \' tl'.'.. [PJ ,,,,. ' ' " _,,,,,. ' f5]' ;TU /h ii'ri - ,:J i -~-, - f'---h-' :f;ro ·;.,-·••-+· ·23. . _A-, - :"-~,~ii·;.,-·• - -. 6r, Ye' g;,· ~' :, ~.,; - "' p: 2c\ . ~1 rrf1 riLi.9 •,i <+< . t--,-,1·;: :t=1 
"?-- , , , ..J 1 -_v : /,~-;;.~ u:,, .,n✓ ----• _y t /,~-;;.~ u r:x.. -=1-1._E:L./ ✓ / /1-l/\i_ 1-----1 ..J_'.7t'J ----•/ . .1 IH...J ,_ i, i--l~17P----i- ""---' 

iBOR 547,, 

[0153] :,;i~),:g:iJ~-f-Tif~~i'-=f-p$3'1J ( 1§1J¼I-I, -;R~==fp$3'1J 535 & 545) tf'.J-t~Jik1tY:.tt~t>1u 
( WU YD' tffittitft:Xrt r¼:3'0 500) tlBif J' ~JJ:l;, i5t 8;1 tt'!ttAf BJlj' :i! Jl:t.-=f r¼:fLl t'.~iJri:'.~JSJ)l~f&-f:!;};j' 

~~*·~w.~~~~~,-~~A~~~~TIMHW~~$~Y:.~r~~~m~HW~ 

1rr:.$1' 5E rta i'.iiO!z o 

[0154] 

f&'.gERJ~t~fttU )c}:.~ F-~Yu 535 }y__ 545 8<'.J:~ $·'1' Xf~:5T:fq: B:.% :{t·?" Xt~::n:f'f 0 

[0155J 1£--~tw,r=r~ ·1t.J;J£~1J1J , 1;1- RF tirPJ isu,~6--3£ 1;/1'--Y:.i-i:~-=fr~1u" ttkf7iJ :;t~v,L tf:tJ 
1t-Jd~~i)7f.jilj 500 prtQ.trfr3tH!f~.~ :F:i~-=f[4.:fu 535 rt-J% - RF i:li 530. bt3tf:t!f~%-=7~~~ 7 
~tJU 545 s<J% : RF ii 5·10o tt¾fth~hllii§lj 41, i-c~tJt1tXi1J$>1u 500 fiT21.}tiJ~t'i-Tt~-t-Y:.i~ 
f[S$3i0 'fl 81 fl1PJJ::t1tt{l tl ·i'--:ki'% f[S$3i0 B1f-:E1PJJ::t1~_i,{JZ f.=:J ·t· RF '!lf, Y-D, J±t~i£-M·i'- ~)J:.72: 
t&rr43iU tfJWJ"i" ~Ji RF '?A 0 

[0156] 

[0157] ;(£-!!,~-v;~ r=r~ 'lit 31<: fjfil cfl' ~1-- RF wf ft i,'f J;JvUt1~1J~Dm;l1} )[( F~ f:i:.:!f] Bf.JM 1-!])ej~j 

·i'-L::J,J·.1£iu'r RF f; 1,}fj(J~tJt!L, ¥'W~::tti,,9,, RF 1Ji 530 iJJ,lzl::J~ RF fm tJ 531,_§_ RF bl 540 -PT~ZU:~ 

] '7 _, 
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RF {f?{J;§- 541 o 

f01S8] -fJ-; ____ .;J:[j,/4 ~n,[•fr•~sr"i;:;'f;,/[i:I j:>l~ 4.;lij: ;:;00 r'iTF,il 1:t,J7 fa.,.+ij;R.§>"' r.:;lr.:; ~C:r ;J:[j:[.y+,RBf r:-)15 }µ;illij1F4c1 
... - '1- -• ...::::::. l'.lli /j ! _L~/.J~ [/ ~ ,'l' \.!. T.t:__ vV •·...: ~11---1 ~~7 : 'LV ,! t-i "f:rJT V V' .;6_::::::./[91: ~-~ TI!--1 '· l. T!Xt=lu r=-=i ... 

J:,J WJ !r~ * f~ _:f [l"f-!f U :j 3 5 8~ 7(~]1~ {'t: Ef,J :H:f 1-tr O ~ fJLJ 7[( it~,' H~ t§ ~ii' 515 't" Erb fi ;}§ ti-i'ir~rcfi7'J ift/J 
fi1E-fd:~-=fil1Plu 535 tr'1xJJi17-fdJtitft-" 
[0159] 

5 3 7 ~f'JlT f r-JJ " 

f 0160] --t--"J- - -!li;ii,'.1,;\ f~rL[•q: 'ir:~s11;11 i:iJ RF li'i"'J: 54 O f:T--f'D Jf•;;g;. .,;'-+Jr Jir , 1i 51,1. ,0· lft;.ft ;f;fJ if fi 14 lf!;iJr,;Jl '(_tel ... ·1- __ _ ___ ..,,. Ju )1 1 -•~_r ... 1-:tP .. ,, ~ , " - "-- _._ .. , ___ iJW _y , T:v'· 1 W ,.:ir:r , ~------'" [y , t::l Ll'---1 .J - ·1i.,...._f=!l_; r:--:-i. 

-'/--,'j"'/ilifrTfl' --c,••1--·-r1 r4- 6~-T- 'J' __ _. 'rj" 'r-11' •V{,;,I_,{"'" f-'7Jr-1il!l. - 1 rl7,',l-,c[.A7-l.-r.;rni---J''•'···r;:-1=, 1 

,;jt,"J~Al?.>i.J"i\lj:-:7~ ;:i, b t1'-.!At.i<,J-cid1'\J~'1=11.IL zt_;&~)i(l7i1., 1bfr-1r"r- ol't T't:l:J1;711'i:l1Si'ri=l 1&JiLJt79 

lf!B ~Jct~~r~fu 545 t'fnr 01.]cttic1t-" 
[0161J ;¥-f§rJ*iJL J:&t-:f[il-f-!70 :j4f:i stJ(~5Gft·Er'1t§1.v. 

[0163] 

±+:: 51:3,;fP /~RF it 540 ·r,JBtt~~'~tT·f.$i'tHtti 514 fi½,1<..fPifr / 7:i'lf~ttl:IZ)k 5120 

[0164] 1'E--:\1:12i3t ElfJ tt31;fJfJi1§1J rt1 , 3Jtfnli / j} blti [X: :t:J.::: Ei13 ·nJ1!Lfi1iJ}H-Jiti :j34 ( f§rJ yJI, {~ !f:3-

iffi ~), JJ.;'aHJ:HE~1::r~Jffr 1tJ& RF f@-q. 5:11 ttt'±:·.f:tlFfl_:1f7U 535 lf'.l-fdiitftkz.Jtl]X1· RF 1'3 
~} 53 l ;'ff 1T- '.lj' -jj1·~ ii: r:-1 '1~+ RF f~ '<1 531 t'l{J-~ ~frl-•- ii\}· ri11·13 ff ;1(/:ll,~ ;,;rj,.f'" t,8 ~i 515 fl,rj izD 7E ~r+l ~-,Jy;;t; .., .zr:-1 _ 1-f,.,J! J_:_i_."]..., .l=l' --.,1 1----l _____ ./J~, _::t,,~i-' .... H.., '1'.-,~1 . .,. ,Y",!=l.!---r , l7,.., ,1~I~A!.-A~il)( 

i.:R ::i37 {f:~}frj RF f,3!;} f:i31 tH o 

[ o 1 65 J 1:E -- ® t9c. ~J-1 'f'-!: ~ Et1H3u it, . * ;f P :r,rl: / 5t li'i-g !R -1~ 5 13 -ar fiJ_ ;fifr * f P :g 5 36 • ft 1ttl E i'. 19 
:tE)A}(~-:f-~tY,J ff._J·}(:fi :5'c14+it[).(f~ B~ -~ :K;fllr& RF']§ fj· 531, Wu fl~j' frJfilH~tJ.R 537 +tlJ1c 
RF fr'f ~ 531 RJ o 

f 0166] i11[-·Irl;;-1'/,'i Rfj ,1·11-~ 11·'t/!.ii[ c:f:i r:1r fFj j:kJ.J /,I' f}:\JW,lJ /,I' p I [, RF 'ji;f 'fjJ 4: iff:4'.JJ:'l, 5{,rW1i -fn jJil':*"' - ----. './l..\ /- _-r, _ ,/lli 7_ t , /l"..J,L . .._,'\i, :,A __ l__. ~.J....L }L. _..., U ..., ., _ '.')(.,.. J/7 IH /(' 

-"'!.rfri: "'~1-1tJ1·A1·~ ~-~ i;,t,-,,.1 -·::lrii -Jr.ft~- (;{1 _;,~~~hHEB , t,r:t LJ'. 7 i::: • :r.11 r+~ _r'P~ -- RF t;l-i'iJ- f[' i+'iCJl\15{.+{TT --A1 3t__A.,/Hr~..., . ,-;A.,;._)(..._y 'J.,.._.,, :=1 -,I .-•-$--L il--J)lL _±.v ,t:il- ....... ,_,,_ I', 'TIJrtJ ~r~ -- L<..J... ,• .i. , _7, :-1...i ~ ,;;..._ 

f@-S-ft0l?/1t~9l::!£, -tzu, tlP{t1:ElU}=§k;i:-fdiic1'l 5l 7 i'r''.l+r1rt7t,-[~·1r~t~o 
[0167] 

r,.0168] i1'_c @ 'k7•,' fjl~ ,[,,rt.';;}-, ,,-ltj i!.ir_J ITT,, j:>f,~ A,'~ ',c'- r)'{ l -,.6T 9 i"£ t+j fql:_T;[,1 :41!:; ,1:f ( {f.i[i -f-rr] ::J,!_-f 6 l ()8' ( l~j 1, \) 
_ L -- ,..u /J 1--·-•~/.illi v , , \_~ 11-1 ~ .... ...... ..1 ~.J~--: cL ~~--"'--! 'L::c --' ✓ »~ v~,,..;1..~ , , '"' _,_,___ . , r_::-.,_ --1 

t1 ffi a~1:t* 5:37 ts<1Jff -x~ 51 l1i.l'ffit~t c w11 YtJ. Bll~1?!J* 174 c 8fl 1) > 1~trntrtr:JtHJ.JL JI RF ,r* 
~- 541 nT 1!1 t\ EB li=if ti fr/{ fefi2 EB {E t~t~ f.i,J 7 J:: ~tr:~=, x~~ [i:rJ t~'t:I:!J! ( {?'1] 'tzp, !Bi ti i::'.f rti 17 3 ( 

1 '1 ) J:./:~111<J¥,h•)ci' 
1 1 , :.c ,,J-l 1::i ~;,;..A:J,q o 

[0169] 

[0170] 

[01 Tl] 

b~ ~ r,_,_.. -,- ' -,55 -cp -4- [;' -,-f/ -~- tv 1-'--• -, .. rf__J - 0 9 ·ro -4q ,',f ,-'-, rf__J '+,--•-- - ·3- to 54- '') 1+ 't· 'iiIIJlc· ~ L 1., ,,;--+,,,,-1,1[: h ;F: ,.,_ ,, •-•zr1 __ , ,-;1 T1 01 ,, ,_ -~:: 'J ~•,J··e 01 '/P/t1:1 'J' '1• .· · • 1 -,_-J - :, 1 )··/r-:i'.-'-' 
...-::---' J "--t~/.,; dt.. .._ i u v _,;;,,; // '>( R 1-.,.!__,,_ · uJ /j •- -~- !-~ lJ::: · 1;_)(/I'- •. •- · .._ I, ~A Z ~ J ¥ - ,.,-u~;~ 
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1ttilt G 

[01 nJ ;(:E-· JJ:HJ1JlJj 'J-iJ-:.~ fifil {J'U ct1 , f3iu !2tJ, -tm y~ JiHif, lHrt 550 wr :Jctr:rHtr \.tx:/m 52 l '1zt:tfilJ:&:/ctr 
:-i:1 1 r:l~ l11!IJ1,!1) ,;rt;$ FP'f:%*;· ~,h:lc!; !'.I; tt,1 ','Ilvl(J. +01,}Acl;fv"-fl,'. /l"IJtW - - '- 11.,)(.,_,,!.._,J)(i,.,,fJ__,,..,,/f\.-.'l,r--.:..-•--. ✓ Ln_ -- /L.1---,..--...!, r '.JV 

[ o 1 n J {E ~@ i~ f5J1 tt ~ fifil Wr! rp , tiru }, ~ :/m 5 2 l PJ 11L .};-ij-~:tr Z:E ~ -1-1£: $>1-- DH lill.'ii"Eft':8- ( ffu -tzu , [riJ 
+Ll/:c.i,'.D/,11~(') :T-r] I p\r 1,-,s ( 
l[T: t,I£J.ti-.r u /n / ..:_cA,J. : L± \ 1) >. l · ici; it6rr n{J ffr -1,1,1 

-- -~ ! , ·rn-. i:..:i w._:J;H o 

[0174] 

.$-#®A;f:~11:JtB (DIMO) ;fP / ivtt~iu)'-..#L!fiutl:\ (MISO) ~~~Ji)UW6il!tEJ~tfr) *~JJfillt1tl!,~~th 
W1L ~ 10iu~eJL Tx 1ITTul11 Rx i~tt PT:f:LlJH ~ fwJ Xi':lL Jl Tx ;fll Rx iITT1 r:p st51· 1ITTur1f :-fiJJtl ~r,tJU 

[0176] -/-- '' V " ' r· rj I '+ ,-'-, '·m i''"J ' t''" J.+, 1 ' -;-• L,J' '"+- -·· J - .) .) ---J c; 1·-f +· /-, ~ rlf' ,.,,, ~-- ++ -Ht- r r O -4 11--, -·1·'·-----~-k191Jl '['-,.',•/'.;'' ;·,0'! i:p _.i:.l..1-'-k'- %.· ,·,,1;:i\'jc,.\JI ")( ( J:1 ·pj ,.;,;+:7-,/! ~, 'f,:jc ___ fil:';+{ ,,,, / f]i _l~ __..,.u/ 1 __ ,_.~,i v , , 7-... ';:J-... ._. \,,,_.,.,,,,.~, /- •-,, L.:.,,, ~-~J_J_ •. _v 1-. ,.-,i..,,;_ __ 1__,1 ... vv ,.,____ .J 

[0177] 

[0178] 

J§'¢i& 54:3 PJ ~tf£w.f.\1.JJt.1~ ~j 529 1f1i:r1Ut~ RF 1~ ~j 541 o 

[0180] 1£ ·· it;UJt n/~ ~th~!. {yl) rt1 ' ·W~ YU, :;g~ ,rJtk1-t 7C t:l:l 1$ JU 500 +:~ r[:lz MIMO xi{ 1{: 4wi, 91iJ 
BB2RF $~3J!;?,~ 533 tP / ~,J;; 543 -aJsft§·-F$Hif::?i~ (down--·converter) 532. ffF$H#!:itt1ctm'.~:t1 
,,17. RL' re', p icf= '1', , .\; +t· -Ht- %Jr -L-j:" ii. p -}{- ,,17. +l' -Ht- %Jr l·F' 1.i, p l~J 1'F fA ;hl;-H+ - -r 
~~~r '-1' I r=-J -r_-y ~:z tf,JJX.~rfJj/.y._:J;r..ti'! r=i -,:y' 7r~-~-J,4.:rfJ J1x1rr..ti')~-=i -r:I1TE /'..; ,:.~-j ~w 0:-JU 0 

[0181] 

[0182] , . ,, "' 8'j '1+- ., '~•!·u ' f J ·~•tH·Jt<: 11 ·r··p_, nj,---cl ,- ,,. ''I ., ..... L'' f-t· ,., f'·J»-• 
1-,x. -1,.._•_·_r., 1q ,,~ ':'-•,· 'TC-r; -11,i1r. ,.ri 111-1 ·,11-1 '.;tJ. - r1 · · .,iy -- -• t=c' 'J'+ NI ,-,()() -;,,-1·,-. ''I ·•·l(J. -1r :q,, · ' 11;.;~1,, r:: - . 

...L _____ en,.• ,_.,;;,,,;J.,,.· , , _,<.-1,;s-::-,c. :'R:.~ n.,. '-~',J(,:-1·/. ,_,_ .c-•,he'.~lll. ,, /c.,:0,-<, ·,-rnn;,-c :,b 
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[0184] 

ftl], :tzirF:tPJr:\£, 1rl1ti~~t&Jffi1H11JtdfU:lzl:r{~JTH%ith"f:} 5:l9 ;fP / iix 549 {E RF ¥it 530 ;fp / E!)G 
·-1(' +- 1e!, ·-']c[1r.,lv'' ·~- ·'-'W ,,• F _, ____ ct+»·,-,·( t J' /-,ic±L[[l'm·* >'.:JV 
;JI / ffLf1-dJ Tlt~¼-15'z'.1::.hl<;1;;; 1:J..1x1±oii'::·1tf ooJ r 1 ~;t,VfT.1-r~:°'~1/(f,(;r,:.JJ½/l1/o 

[0185] {E~,i"-51~ff1j r:p, t~"m£;,fw / 9Xffltffii1lz5RJ-&J0 .Pf fl.f1/-gp, fr: 0/.:1Jfl ·f· i& ~- ;;Jl:5Rt&J0tiii~i B'J 
i~ }'ft n\cJtH:Uffi ff'1 tm 5f ~f1;\. fr o 

[0186] 

MIMO 5Zl::3]1,MISO 9.l::f!;fP / ii_x; Sli/10 )Z.t::f!• ¥fl.fiJ~H~, MIMO 5ZJ::J1jrPr"ELfifr :ffuft~i, [;f-]J:;f, (CL)MIMO 

tzHffl., ff ff (OL) MIMO ~Hffl., 2 !'8] lX j:f.t~~1b (SBC) MIMO kl\:rrn, ( Wtlm, 7:2'. ~J~J-LS<~ ±:k:t\j;\uib (STBC) 

MIMO )Z.t::fEJL &]JHR:J:J<:tfRlnl~ (SFBC) MIMO .5ZJ:::f~ ) ~ o 

[0187] (E-·Jlt;;L\t fJJ 'i"t~ifliZ{frJ ct1 , t~Vik1t·Xt~ i5$ ?liJ 500 i'iJ"-rHtf'.'~1.tM ~t 522, Jt+J:ii@1~'~J~rz;,.1M 

RF tff fi3fi 111 54:5 l)J&liHlf fif)O D.,,U\lr1fiDJS.i&:~R)Jtm111 / ~:fMfBiffe*)J¼)l;o 
[0188] 1:E ~ 1~i~ riJ}i'1:~ ~llii:7U , t2. ~ 522 .PJ ,¥Ll !fl E~ mH§ % 528 )kf'.t lU-f~tt-=f !r±f fU 5:-;5 

;ftl / ~ 545, J:'i£iri1J1i ~;} 5281rHIHtJllliJJrl?'i~ttt-§lt 515 ;ftl / ~ 514 q=i 8<J t-mt{~:>tftt-§J;Ll~ ff'1 

[0189] 

[0191] 

Mffi%~fi~$ffl~~~,~~~~~~~~*~~~~~$ffl~%$. 
[0192J t:E 1~~i~t8J:.l·t4.~1~1:fU.:P,f"trMf~fJ 528 l'IT"EL1!PJN1.f"t ~ s22 i:JiJOHI / mt\J:tl18'~j 
Jjflt5C~'i&, i~DDt(*~lJ;!U[e.~JSt~H~5:E~i1:-t3f!: 537 *1 / IJX 547 o 

[0193] 

.ff/ p. 'j/' h\• . 'c<r-*' \'· .ff/ N k.f. "t *-• 1 I. / . .,t.~ Aw- . f i· '1i' , /f ~-•• ' (·'-· r-1 ( -.,j,lfl,:a_5 'Mi .•l1; "·'t'''""'"·"J'.'•,·-' - ,-:rnrri_+J. , al:u:I ... , H:) ,,cc,-,-,·, 
1 /,•~~ ...,,,.7r:;T__.._1/.X../'-.,.//'1.l /•--!J J-). .. .t.Jl -l, '..( IIJ..1.-~______.,,. \ .... p~-1, ..1 / Jrl -J \ 

r 0197] 1-rr. . .tU;. 'J;i S}j ·j·fl:: ,_t,..:}-4" 1flj d-1 ·l:'._e[j:+,.1· 1, ==r~= f,;¼, r(ff 7.Jil c"(i(i 'i-;T d::r -t,+ rli '"f:1 1 :-H ~ i +C? FV . j~I' f0t :z 1," )(. r+_1 
- _L ____ .... 1;:ru,,. '~t..y....._,ur1t·t7_: ,/j_~;tc.;:.?"'(-1_,:./•.,__..;..~~l/ ✓ ,)_,.,, t..., 1-L171,,\..,/l"IJm.,,...'\/l/1..J,-~ -?"-.\_Y- 1~-. 

\i_.'.f£ 1tJHfil1§~l~*" r:r~t,;5~11u i:r, ;tt1~1t J'zt~r111~ ;Ju 500 l'iJ r:l=I ,Jr1 ,si: 10a c n 5FU!tl tUfJ,fiXm 
'? if:iJ {-'1st il'f I,; i :tr r~;T :1# st ~Ix 17 1J (' l~j f\ l- rHJ ,,J..t: ! 1.,.,..'ZJ'K. _-,; ... !-----'---- ~ ,,L::t:t"lLJ. i-.r _ I:'.-- 1 __ _ .,,l_!_ 1) 

U.HH§ o 

[0198] ~~l1l6, 
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') l (' ([,:{l '3)' \ j:;,'d:r: ~-J· i J;.,;1[ ·flr7 -1:?¼ 11·-11-\ ,. l ':l(ii W~[ l ) 22() { 
,_, - , \ ~ ~ 1 ,_J_r.q:i•JY-~-1 \ -1/-J;AH ~ 3_r_ii3~}1l1 - ,:..., ~ \ ~ -1 -~ -~-· \ 

~ffi {"' ;:j,I_; n ( 17~[1 fr•, ::1r: il': ;ffi 1-~ '!Jj Wi 400 ( ~ ) ,, 
,'c!l. '1-, •V'- FL I ~ ·"· './~~.)(/)_ ._1 -- - FL . t''(:I . 

rn/30 Dt 

2) tn / ~ 320 c 

[ o 1 99 J t:E 1~~ l~l 8JH4. ~ bt!I 1:fU q=; , tll 6 B'D:J'1t ft'-1 ~ ff. q=; il'J - -1' ~ $ ,t· r-1 J ~J ~ J1iE-t±Jf!; - -Jffli w 
&ffl=~m_t~~~W~WM~.~~*™·ffl-~mm*fffl=~m"a--t~m$,ffl 

[0200] 

~12.r1i:J:vit,::_JsJilli1tL ;}¥:J:JU)1(i3L fyLJY,D, ·tm ~-j(fifrj&, :Jc~t5rn 'f'i A\ 102 ( 00 1) i'iJf2rnt2.r1iUt1 
:'¾ I 61 ( [~1 j 1 -~ lf,;~i+gf-. 120 ( r~] i) 'fl'JA"'" ifr-1 ..L \ _::-.,_--[ -/ =--:1:LL,TJ~r,--p \ t::-.. ! ,.llli. Jr=--=i 0 

[0201] /ZD~tf 604 ~fifi-1~5j~S~, it}; it PJi!H~Y£ffl ·· %Dl W l::f{: EB lsHI.fHxAJMi ff']·--i'-~ibT !Ei[ 
;fli]';,;$u\l.'.X. ff ::fr: il':J'ffi{~ 'r'\' i:1i Jcr-·A! i=fli .,tA[·'-Jt,fJff;f·i1':~ffi{"' '11j -~ z' !'ifj 1ffi1·~ , 'il:~{lji[ f"l]·-~ 17Jl[TI:1, fn, L ";J LLtl... __ -1-1-1:_./L...-~.l(;_,__:f ),\\ J --~- ,,,,,, __ ~_,u,,....~,..~il-::f .,,, __ , ~~=ic, ✓ ,ii p,-1>-.rH,;,,.l--f__l_._.,,,,....__ 

[0202] 

r1'i '1)2 ( r:<z1 l \ ,-.-,, l'- ., \ ~ -/ o 

[0203J 1UtfI 608 :7J:Jifr:tlit1il'r''.i, f&-!flfirJ1%U ft .'~1, i'iJ tHG1'#$N~3{{ § ct-i'-td&:lm.1t11,sU'r<JJ!Jffitt 
~ ~!kiri .:rl;,: 1'¢,t, IE![ 11r1 tin i- fr r,i:;.~* Ju '

1
f1°r! .'r,J:; 1 s•o r IJl 1) PT ~1, rrir ;1;r;:,c++-1·-J ~ t}ft11t:J-~1\':::{~:,-:':; ~ • •[<ir! +:r1 

)l!.,\O T V.JA\.... /L\, !_Y,,,.,,-,,;--~--1--'---•_/~JJ,l..'-..._~J-J~l.1,.:_L-H ..... \ r;;:, I .,IY\.~ j_J:: I\\\ v,.,,., ... _ ...... ~,-]!=j)L:,,, ,..,1)'-.l-' 

[0204] -f]_ m '-lf'rt•·-·; 'f.f-6_>+->,¥,l'i1' ,"cJ--·rc;t•rt•· "@!-r:i~,- l=-3;' /·-x•;·r, r··•-- "'f!t r1 ,,£ h I() N'• 1/01·· :;1-,J,-r1,1 -1'i-c;'tir11'''· '~H••._: ~ y p ·pj ·,1;· g,-,y- n ::l'=i:'"r:r r:::J -:;,11·-,- if')r'I-;c~':- ·s,½/'r--,'; 
~ , ___ ,._..,_,__,._, ,,.1:.._, / r=,, '~~ .... , ,1-il'J).::::t:::)-..__!.. --• ,-l•W' L.:.I ~-~ r=, "- --- 1--=r::. ''" /\: ..J "·- ,--I - --...._. ,'-,; 

t¥J-·-'1-ii.X:J::-t-tt1t!!."Jrt,8 c {J,J11.1, 11.~ 104 c r11 1)) o 

[02osJ J111~rr 612 ~fif1·1~5i~sj, 'ftt1fijjliifit't f§ .~:PJ 1!HJi rtu i2r t¥.Tr" li. iJ:':}t:il:ilfrt4.1§ JL :$:vu 
:.1Z:1R,,J2'.i#U 120( ~ 1) 'pJfirnJ1i#U1£4fM5-161( ~ 1) ~:ir-*sf~i#Uizl1120( 001) li~MJ!:lm.tt 
(~""''J•+·j'lf-1-/'z .. -++-•-- •·1g_· · Jy:-•· L l. -i:;::.,-,,. ,, .. ,,,,4,~c'clnf/-<r·r 1·11' +r-~·,•, ; ~ , ~, 8 '11-~ :.- z 1 'z :ml IC. ·p ,r,';l, 1 o 2 ( b,J 1) c iJIJ!:uJ , yr Le X }J 1 :i:l:! , J;±::lffi •1 -:r. 1 i§ , ~, r, j B-:r rS' : 1Y~ p,n , :;s;: J • :::tc t:li. 
-lffi {~ ~ r'1: l l').? ( ~1 7 ) ·:6:'. rpr +.§ i';f,cjrl'x ~- ,l,:_ 1£ .ii-;; .-Ar nv ':zy".. ./ii, Jt 1.i½ + ?~\!; ,ifi {#; 'Yr' ,li 8( I ~S' fr 6{1 f'=i,-_;c1_' +-[, 1 
•~--)1-----1 1--.lJ,\, - ,_,;. ~ "-. --i.i...i __ '._j/f_,_t,i.L....-1-f----'---A...-r1~':,I._.-----'---~ -A- /-....!l~~/LJ.•-,,.-.... A!i,.,,____, !"J,~)0---,-,JJ.,U,---,,~--l'-J ,_., •T 

/; r,Ic:¥::::r:: + :tl'iJ'if!{f1:''rY i:1i 1 O? (. [13-I 1 '11 J't:. 1t ~it,[\~ ~/iz ~Y.Jfc'itHJ 1~{J /~1- ~ , .... V(.,,..,-..__ j /L....-,,..-l{J --..!,. >- "" _ .:..i • __ , _ _.._ -.._.J,,..,,,_ __ _.__~ ,~ _,,, v·1~~i-.ri-. J.,iu/ I~ l~- ......... ' 

[0206] 

Utl 1,11,J ++- ~ {,1~"\t hx.+)' 1'slrr/,1~7,'f'- !i=if p;,-p;t,!.',t ·f;rJ ~)_I irtir] w ! t:W,-H['i'I,, '~*::1r;1; [i=ilffCif)l_~l~'f ~ !:A ,._ __ ;'JPA /+ I..,,,·,,, :J ,-....- -, f-1:J_...- ! •--- j_::c,;,1,..,_!tt:f, /"~· ",...1-.,~:::1._1._r:t. I ,..,-tX. •/ .1- -1__. '=§ \. i),,.,X...>---- 'j'_{,!' ~.l:f o 

[0207J ~DffI 616 :71JifrJ\it1iITT, 1ttflfirt1tU ft.'@, i'iJ io:r"=rt1;Jlit '0•[r1JTFJ 'l'r ,8~'LHli!lJ!mH1 f!J)1(fff:;'_:;1c 
fdt lliJf,¥.4';>lJi o ~W1J *itL 1iJU y_n, ~n J--. :tflr:~, 11fttUfrr5 120 C l±! l) r-1J {J'rJ ftilff:: E1=i 12?.f{iU ~>lJi 161 ( til 
1) :f£Ftr/ 'n. l~ 10 2 ( 00 1) , t;.,}J! 1'r k,J 'W l,\ 104 ( ~ 1) [t1lf¥1it 171 ( 00 1) o 

[ 0208 J ~~ lti 7, lti 7 t~ :Wi ~ 0i.rvnit~ ,biE wu ~ ,1~;-1·lHtHr1~ : :U!i r ~b 7 oo O r irb 7 oo ·pr 
2 1 

l 
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'-,:~ -1-• '" t'-L ~· -----• '± ":/j ~-I=:,,,, ,,.__ )-• no" ---i• '-Jr-·· DAI' DR''f J:J. ,jp w: ,~--""" -- ~\" 'DDf< D""'\ 1",r -'./- -,_i;;i ;-J' - r:1r ,u1,-• .1:x. -1+1"1, _,..)·-: :,f , .-- P 'P ·rt; :,,\:v:. ,,:v \t +!ff:,,+-,,-:;,,,;_ i)i'- :1•: '\ : ?--- :,,\:v: ,/ /'-.,~_,u, -1'.:I!= -1, i,_,,.., ,. 'j'.j ..J 1~1=1 ! 1 ,,---.. I - ._ __ J -• J • •• , .J •• ~ /"-.._,..,':,,"....J,AN- 1 •.\_I'-'- L • J • •• ;.., 

SD RAM, 1ft ,ti RAM (SRAM) , ROM, ~1J f,,;j ;ffil ROM (PROM) , f1J t, p* -fjJ t\11 ;fffi ROM (EPROM) , ~ f1J ff ~-fjJ 

fi~ ROM (EEPROM) , i~1 l; Ji'. ffJ: ROM (CD-ROM) , rl]' ;'Jt i\tf:i ~~~: ;~±1 ?i~ ffJ: (CD-R) , -!'iJ ~ ·tff i~1 l; Ji'. f8Ui 
(CD--RW), JXJ~if-fffi:11~ ( ff:)'tzD, NOR E[t/, NAND PJJE:fs'fiii~), r9 '-ifilJ Jjrt:t¥1*~ (CAM), ~ittfi! 
;r'J-1(~jl\', ;j;§ ::'ltf1':{i~ ii, ittz ~ff Mt jg:, tr:t ii ftJ(;~t 1t Tit. (SON OS) {i-fr~l~, :fil:, f;(:!Jl, ~1:ml:Ib!Jf i;/J, Jt 
* Kt,f;-1:- ---1=:. [if./;---t \!L.i:. ,;t,f;;!:ft; ;";-:-fJ:1t,t;lj/;~_'<; -'1+"@t}.:rf-pJ'1~1";(£.l1'kiA1 iffi':ir pi,1'1J+=r-_-1'±'1ii'H1J'itl1~ 1'i1cfx 
_LUL'\f-'A .... tJJJ_-... r, .. /4z. '"""JL l'>t'i--lt-... 11::J'\_fUJ. .. Lw.1-lt;L.;r11 ,jo ·I ~;Ff~!; .... VA•..i ],µ} /), ../ ,/'\o,. __ J11-~ ~;;,.A. ___ !,_J~t;.LJ...-1:f 

[0210] __ L ,, • • '9c [!t~ t ,, _._c,. '·'--- '-,:J ,/-J-- ----• ,,Cu 1, ,, c ':'rr ','f' h;b ;\.JI 
'1- -• ...:::::::. Ii Ll / !-L~/.Jl!:!. I/' 

----·•1·· J--C' ,_ r ' 1-- cc,· '-,- >[/ s' 1-.1 :i:ii --i-• , 'j h·b· ··r·· ,. 'j ,_., .. H ,,_,, &1:Fml 'H ,,, ' ' ,,,_. -r '-)- !;_' -.-n -r ,_,. i=l: -;J .,,· • •\-t<i: T/l i .L -8 ,-;,, = 1•,1-" ·, t _, , __ •--• -,- -• ,=:s _, (. ~--< -1· -• -_f=::f -,,,-, _,,.,_,, • -,/,-, •;,, -,·:· _,o:;;f z, Zif' r, +_q, :z_, Z•• 
j __ J.!----1~1/:i;-.H, _ _L,t~.,k~-J,,li..l_. ___ LJ'\t,' ·:l1-• u, .. -:l1--Vfi-_J:±i'\ ~-~"A.21:r'\V!·T,-/J,.-.,L'\ -.!--....'-±/J,,.,.-,fl,; 

, • 1.~- '~ hj -,m m, , .. ,. ', £-{ pJ f+ ,-}-, ---"''1'f -'--f. ,_, t-·-J f'f ,-,-- i 1 ,_E -,•· '+ ,., 8' b£, /' ----'-- -, , ,___ ,+ _ '.c1_r,) __ ,, ,, r,E :zs: i+,-, = c p -- ,,, f- -~ ,1,nr - 4--f 11+: tr -- :~i-J•-'c :Ff 1-- • ·c,;'.r ,-t:i ='=J -', l, -1 --'~" * ·,•r · T::U:1 
V! 1/ 1;_,"...:.-· __ .L~!-'!---f •-., ,,,/!---• )I.,_, _,µ_x,. '\•"f,,\.,! '> -- 'i-'--J1l---•W'-A,! _____ J,_ ... ,---!/['--7=:J-~l!::,O 

[021 '!] 

,-f-~/ --,-•/-r• (E~1,,-, ® '-,vl.h ,; ----·•'nt;'• L,•,,·~r·' ;¥P '---''ffin·= ',/ "j"-'i7'=--'-•;;t--,-'-,;-~ 1'-r·u+.• -,,,;~pJ '-cc',7',~1, -,-1--,_.-, : f1:1:",: -~ lj'-,J Pi 1.,,, f,:_ d,p·•·c!o ,-,1-· / !]_"' ft-4,_[1,J•--,,;,;.cc1.il.ccc1.,z--4--r:1: t.11 u:J 
At::!..!-, frt-.,1..-:-:..x..-i1<\i...-/X."- -• ~/\..i.::'4'-~ "- ~'IA.'.. ,J-i..;11,uY, =lJ ; -9'.i,,,, Y-r~ ",!u,i..vf_:J ::==r \.._,,,./L., / jt..~, 

[0212] 

[0213] 

[0214] 

tt ;.,-·,,: 

[0216] 

22 

C, C++, 
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[0217] 

[0219] -{"~ 6 to, t-,- - !J·-'j - r•'- ' Eli½ .. -----• "l· ·~ J ., -H-- ' T, I 1, ',±i 1--"• -H• _t- m-kf IT:IT-¥• _>.jJ_J cc -H• _t- 1,' +-
/--,-- vi ,,;pJ ,,;,1--J,·-,I ") -r•J+-t1Jl!=J i=l:•7,<'f,,'J)J _ELq=l --,r-¼1,•fH ~-Tl p-,1 ,t;,P:'.-i:\JiinP-TJ P;,-'l_,-r-+· J",, L:J 1-_J,.' '· -cl ______.______._/~___L___,__.,. ")'4-J ~, _,,.,, ,,,,,w.--~.,-,,,j,)--..:,. ,-l, J\\1 .Jt--• --- --=i:::; IHJJ,,\, J\\1_/·•l--'-• 

tt 'Li' ~X1 f!{r t.ii_lH§ 0 

[0220] ii~tJ~ 7 111 tr\ ij~fJ~ 5 9.X 6 ~VJ-t.1~:,l!l fl PL~tlJ:tk, $; r:p, ;,f;i'~;@1f{fti $U:filft:2'.tU-}crt5m1r?rW 
d'J r_'./ tF .Jc:# ,L', !X>(1 f:" -'=' ;-=ff·~_;·1~ ,ft ;J\ rz ri1-- '~! ici+~ -;t,/.1,r:tt,JJ' ;;,!;: •~1 

-;7 !Hll:-t;',t;y-"'1: ::,L .,,,, t ... , ,--~'L·"'- _,, i""'J----tJ '---:) ._....-,.J(,-.:... H Ll~~..., .-\li.,, __..,,. /j',7 7. /V-._ _ _t;-;i._,...._,_! w •""- <:L.1Jlu_==::.--

[0221] 1i~1§1J s 1!JJ~7i~W~ r:i-7 't"ff--Jj~1§1JEV'1+.~rHrPnz:rJlJ:t~, ,;'t", 3c~.i!fi1fH~$U{ftH:2'.#1U5H1 
n -H- Jc- 1- I-/ ---- L '' '<±i n -H- Jc- t +• ' 11' ' ----',- , __ ] II ,---r -.-n' I{. <;!ix 1- 't;; 'A,---,-•,-, ~t, "" 12i 'p ,12, v;,,1£:fct~J.!!L1G 'p ,12, 0 J'?,fjjlJ }h~ /_lei tf,J if! ;f_i:t,1;-~1! __L 1 ci:far1 rrJ l'E1;ft,_[:j[ 0 

[0222] 

[0223] 

''!' 'I': XCL 'ittii'i o 

[0224] ;;j~fy~ 11 1!H~\5i~Wu 1--10 r:p fi-:;J-~fyij 8'1:±3~§. PJ:l~fl~J:m, J; qi, iB[t~1jfH;/HH~\~1,l>-
1"¾-YJ,, [%;Hi• 
[0225] 

[0226] 

~, ~ 1_4~l1 r/*f1·, f'fl bl? o{,1 'ffH~i r(J 14~l1 r/*f1·, L. A< l i,;t~ 1
1r1tz 

0 71-;i -'-'"· .,.._,~fei-l~'W, .. :.L •--. --'""· __ L~.-•-,t,._L,...1J 

[0221] ;;Jd1~ 14 _,_e1:rr11FWLl 1-- 13 rp {i--7J~1fu tf'.f ::tJWB. !'if31i\~ :f'µJfu, A qi, Tc~tiffi1iif~Jf11J Trll\~ftJU 
-~-,•,,;,;1--'----++- '-1,[r"'] -'•' -'"'' ,C[--l+!--"oA•k c-c--l+f-' 'ib'-"--JCt:li;:JJil. i:--:/ TT}~', r--;A ,, ~l-J ft-5B- - ·tv1 w11t ~ )_i;f.1[ '$' t-.JJtt1i:-1 o 

[0228] 

[0229] 

[0230] 
-H+­··rtr 0 

[0231] 

[0232] 

-c:--;--: ,1,,r1 l __, J.,J 1.--r. ::1--- ,1,,r1 l ,;:: & , /,1',:7~ { [ __ j'jf_ .. _1/'1:/~ \J !-1~ 

lJ B (eNB)" 

[0233] 

~~~~fi~a%~3c~~m~~rr~3c~Mffi~~~~~~ZM½m~~m~.~~m 

£~~Tc~~~~~ ~~~~~ffl~~ ~-~~~~~~~~~ffl~~~M~@ffl 
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[0234] ---·1ru ,_ t-i·---·wu - "'~--'-•El"'•a·----•, .. ,-,,,., -rr --.·,,,,c,;1•-'-•t-'·'ulHlf' "-U''•;j3•''·l·' l~"'f' /_--:i·,· M[ 2 l /PJr-1· -,-re,;· <I ')() :-}\ _L ,c'D ,- p I 15'c:;f~11tJ _H. - - --1r• :t1~)r'F1 ,.~1. '?::Pi ~ <> ml ;R;, ·wv,1 i.\ '2, ... ,;, 
/ • .. _:J - /.,J ...., ,--1 __ l~,-~-L "A.'...-..J ~ ,>;_:J, ... -.. , /L,...-_J<.i: ,_,_!. ,_ _ _ ____.__:;-J 1-=it:r ___J_.O( ..J____i_. "'...J--l- _,,,., \J _ ____i_. 

1I1•1J {c'c, -~ 1u lf; *I 1 * J:;f:fc:, ~f1c;r ~ --=rr:-:r-e Wi f'-o: ,;r-" ;1:r -l ii:-::-t-~'I 7\:J __ ,_.i(J~,..<---H "'<. ~rr'J __ _.__~,,-u-:XJ.Adi,r::-1 ..J 1,,,0 

[023sJ 5i~·Wu 22 2Hr1i":ij~1§1J 21 ~T+.J1U:U1J 1!Af.ti~, ~ rt1 , 5c~JfilHH~$U ~lft:2i'.$Llt'.s2.tWJfit, rJ.t-t: EB 
~,Js. faV # /,r·-...Jtf1{1:f,Af[ ,,;$\':?,fr. ice:.; ~/r .... fa'J -Z/,r"-~-/r~:rc'(; ,ffi -1·~ 11 ,1:f ;ffi f'',. P} [l!,l. ~'~ f[iJ, lof,-cf Ar :Jr-::rf''. lffi ,(c'; '11 J 

, .-.>'\; __ 7 ,,,.,., l_! ___ ,L,...,J,,\..__J.ttf;.;j:._. -.1 .-.A...._~ J_..-:;..J:.j~ ,-1, ,,.\.--1L::f, _\ iX.AL __ :J~_. __ V __ u,-_)(;,.._iL::f 

, si: ::c: i'ElJ S{J $ lliJ t1?: ~ li11f S'~J §f tl r1.~1 Mt o 

[0236] ;5~f371J 2311JJ~;;j-~•f?1[ 20 ErJ-t~J=lPT~?fJtrJ,, .1::t rp, :x0~ifil1at'~~mUtUi~11JiJ:x0~ii'!fl1t1fU~;, 
~:.t9S~;MM!&l!iz:t:<t.tf1IJ fm }~~'' Jt _§_~T i}~:t13 $U 1m I~Bt>Jttr @[fi'Bi[Mt 0 

[0237] 7Jdvu 211 f:iiJ5·?r~f71J 20 BS±.fil~J1f:J31titct±-th, ~qi, ft:;~jt!:)_,f1§j:~1M~~JE!:lH.tf:f#iJ'fl!liH~·'-lw! 
.,l:t. r'1 +t; th;!-,';-J· rr{, ){,~-,$ ,ffj ,ifi:.1·"'° ~ci tif,t ;cto-,e- )'-f£ ,rfj +F-i: ,/~" (~. -~ :t[.~ 0{-"-iifJ1~'T1 ~ r'-1·J·-f£_;t:f;: z,.,; ~ Af ii17 ~ .P.j~Jt..ft~ :_i;_: ,,,,,\._.w:J::CrJJ·....1--i-lr=l'J/'.jA..,!_.~1::.r.. 1-.::.f~1.:..-.!l'J11f:l ✓j\.., ,_,__A_l-----'------l~-$,1,,.;..1, -.../ .--.;c; ... ~!1-::f ~;n1-_,__'.J;~---1......... ,-/-,. __ y ./",I_.J,,/L. 

[0240] 5if37U 27 {!Hkij~(Vij 20---26 rp 11~;i-~1:111/ B't-t:,f,:\lla PT mff;Pt±\, )t rp, ::,1c~~lm1tH:2i'.mU~t2 
~~m~~Ll~~~~m~~~~~M~~~~~~n~#~~~-
r 0241] -0~,:.,fy[I 28 pj 3°•-~')--:. 1E1j ?1)-2'7 r.t.11:f- -· J:-;:-:, f,i1[ 6{-r -J_~ fJ.!jf r:j pT ~1}f; ;f~ i+b • 1t r.t.1 !Pf ;l;~<')f r~ti-"0J l:;f; 7f ;f;, _ /..J~ -~ -·- , __ :.1:fr:J, '\l.)' ,._,.__ _.1 , ,--• "~v ✓ ~--l:;_-=i_-f-t __ J-_~ ..,A. __ ..J-t..l--1._>. _.,,..~,, •--- ,_J_.Jl_, __ .vw·L_j-,H--~-~-,..,., 

[0245] 

[0246] 

;j~f§lj 32 1!1:t~·jj~f9( 31 r¥1+.J11 l.J-pJ jztff.:l'[ft, ~ rt1 , :m ~%D~W~!,1rS~;f:M±M~w 0 

5i11U :13 1!H~;j~fyLJ 32 i'r'J ~J=L P}jz\Alft±\, Jt rp, -~ >tffHtJ~(1.fr1i·~J1JJf~Jtl: (LTE) Jm 
-+t+­··rtr 0 

[0247] 

:Jl)'-,sU~ £fri5" 
[0248] ?J~{yrj 35 ~.fi1j-;j;fvU 20-34 c:p fl · 1RW1J B'J ±./M:lil. fiJ 30.Altfu, ~ c:p, 1'i5:f!t:Jti~.fi1i~ili:IT'{ 
ff /J B (eNB)" 

[0249] 

[0250] 

24 
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[0254] _c:J·,-:J.q1I Li_ I fiJ .t0f-~1···.J'J~l 1 4(') i'l<J ± .slr,1 p PT ,$1ct¥;HfJ tt rh ::1r: fJ~J·ffi J~ 'r'\' i5 ,j'rJ f;:-f [re! r:r.-~-Mt ~ 'r'\' i5 ~)l / ,'I:,,~ _.1._ ... _:.1ll-~/ "L ~ ,--1 _:r:.,1-EZL.ti. ""H..- ✓ -, ,,,;,,:.J, .,,. . ., '-l~, /L...-~.l(; ,-!-'],__1 )~\, t..._:.11~-l --- 1'_-r _ _,,..111,J,)\\ )~\, A 

* Jt, r', 1;:~1 fig [_ ;' lli."r~ "JT:. !/• u ~ .. -r-f __ L. --~ :=:f o 

[0255J ;1-~•w11 42 t(trlf)T~ f11J 40 B~ 41 ~~ -t:~J=lJ'IJjz'.GfHtE., Jl er, 3ct.::~i11Htt~~1tu iilit;;~1tiu xtJu~ 

[0256] 

;"•I 1 , rnf'/" 1jr 2i Di ;,tr :.i;:. 't\i; , m --f'I" 1;i' 2i 5 +t; fu[ ! ·•1r1· z' i'sl i'r{, [2! :Hi!(,;,¥ J1!z L • .{4= 3l:\%';, [2! :Hi!•;~ ~ rp~A'..!-'.- r-1 , ,,., _..A !--'--•jl.i.....-;.,--.A'..!-'.- r-1 , ,,., _..,:J::CfTJ ... - 1 -.J~J'j l.=Lt~- 1:f__l_..1-< ,.,:,, /L""LlJJU __ ._.o 

[0251J ~1!JLl 44 ·~tfi~i11J 36---·B 1j 111- · .:;fy~ (:1½ :±.~ l=IJiT:~1lti~, :Jt 1j 1 , t:{~fMttdi' ~:f-fi- · 1-~ 
:::f7 _/;-.._ -i,f• Jr-I--, ·-,-· L'{, ',-,, -f~ -+l· !~· ct1 rr~1-t+- Jc; 
3=.- ! A-'IL!: .. 7C£:-;.,~Jth. :=111 I,-:.'i •- - f-1'.J -p }.-~, 0 

[0258] 5]~17~ 45 t(Ufiij~f1Ll 35 .. 44 rt1 ff - :;5~ffu tr'1 :±~] EL PT iLStl J:fu, !t rt1, nHliUfiiEft':3-tMt ~ ;J,, 
----· ,-¢-... ,v :/[1 ··1-• L,f,': t;J,\t 

! ··t·· .,V, -- -- 'fi:-J:: JPf.f o 

[0259] :;j~fylj 46 1!Mi1i5j\'['}~ 3f:i-45 rt1 1-f -)}-~{;71) 8"'.I t:.~\ f:UiJ;ildlJift, J-t rt1 , [§} f.:'1HiUfi.1!1J~· §:~ ~[> 

- .Ji'- 0 "F' ·1- e,J4, ~1z 
, __.1__../Y\, ___ -~ t:::cll'l! o 

10260] ;r;•(y11 47 p;J~l":;_Jc; 1'lilj 36-,16 i:jJ_-, ,_;:r._. · ;r-1lil[ r'1<j + ¥,W rj pT .;i)i;J.¥,;rt!J 1t IP =i;='..{fe;'i'i'j ,f-~~ r1'i-iij.;') 
... -J ~ .__.:fj::'.::j / _J_ "'1/.J.l.::J._=i:::,l.! _ _l-_~..i•'-'._..J-t·w,..r...,1'.JU~;..,\J--,--11""1~\·,.--..,_,, __ 

-~~$~~AM~~x~~~ g~-~~$~§~~-M~. 
[0261] 

[0264] 

[0265] 

[0266] 

[0267] 

jj~ w~ ::i 2 EI ;j:jfj l)~ 1:91j fi l Er:J J~.ll:W JtrT :i::t i'$:tbJ,, Jt "t1 ' Jt : iJ;_V.i wili :fr3' ~* ~ !r,Jrdir 0 

jj~f7r/ 53 E'.trr1i·if~ f7r/ 52 Rt:L~ a PJ m;~fjfu, Jt rt',%= yj}j;ll~'i~Hr1i-i(::JJ~ii:l! (LTE) ;yj}j 
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[0268] -'+~•-11-r ,'&?)!'lfrr !h1 ~1 • ~_-:,E":J ' __ .,_, ' ... _:J • 4 y~ __ _L~ 

'\1,~ B (eNB) o 

[0269] 

[0271] 

~~~~~~~~~~M~~~-~~~~~~~m~~~m~~k~~$~~~~m 

~~~~~~~~WM~~~WM~. 

[02nJ ;c-;;;wu 59 ~fifr;;Ff:11u 58 t'l"J±fll!J:UiLlziAtt:~, Jtr=r, xtififfi1irlt>.$LJ:ifg:f:'t.1srUdl:®1~ 1r1,~ 

~M~~M~~~~ffi~.#ll~f~~~ffig*~~~W~~-
[0213J 

[0277] ---·1 u" ,<- J--· ---'( I ' 1± ---·i-'s' ::tEl•'·a---,-"'·-'r-:f:'h -i+' ,---1-•••'·•-kPi'-- -}--·-,-· r ;;r~ '7[ b4 'PJ · 'r±;?J;;'f[ 56---63 4' :- -~;;,;;·:-711 \I - - a,Y.: 1=! 1 -r't(;,r•~ :IJ, EL 4', :rJ 1,:'f:/;'1-t-Jt --E-11, -r-t;~ 1 )' -J / >.._:! ~ 7 - , A - - .,I ., -• '.J - ~ I"'¼... - - J r<_:_ - t.:.J ./ ...... , !- I-~--;;,.____ -- < ____,_____._ .-, 

-i"'f'.•J:xT1F!fi1*" 
r 0278] )J--~l,_;11 f:if5 µ_·_--_j_),,~x,~ t'i1j 20-28 r-1-,-11,,:f-__ - . :;t-f,,1[ 6{1 -+~ ~!Ji r1 wr -ric;J.-,>,-';Jth, •it r,j:-1 inf %~1<:t f,v.'{.t',J 1;,; ~~ ;[,:,, _ l ~ ... :rr:i ..J v """~v..J~--lJ_~~-,~--J-_~ .... "--""t I.-~-/~!,•--- ,_J_.1)_...,_,.v--1-rt_j,,H--~---.,.,. 

[0279] 

~~~~fu~A~~M~ffi -~*~ffi=~mk~fu" 
[0280J 7Ff!,u 67 ,~J-t~0'1J 56---6s 11111--;;ff~ (:1½ ::t,®I _§JiT:\fufiti~, :1t 111 , *- -tg\w@Jt :c~;f( 
% (1-.-·'1··'1111•ciuo) :!ty·1\1;/# Ff; r:j Krh1'f\', -tHi;/#1' .tc,J l:;f;:c1l:,_£-,-',lf,;!#:JtHi;/#l' 
11:..X.. ,_,_o_, ,_.,.._,, _,:;....,11.J "-· J--_.,.,.-., l _;71- ----•_;:,:,,....,11~·L_j,:J1--1 i1 ~/f'-v.,...,_;:,:,,....,11~ o 

[0281] 

[0282] 
+H· 
'j'fj' 0 

[0283] 
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[0287] 

[ 0292 J :;j~ fylj 7 9 1!JA!& ;j-~ ·HJI[ 7 6-7 8 Cflf± -;}-~ {yl) B~ J: ~U:l :-'iJ:iz'.G H'd:t~,, {!JJ~- tE X t{ 511§ ''ff F~~ -1A~ 
~M~~~§~~~~#~§~~--

[0293] 7J;{y~ 80 eU·ti)j~ f51j 72-79 i+ ff· · ;:r;1Y~ s<r± 121 Il. TIT :t~Jf.:ltl!,' ~ i+ 'J~f#:Jfr¢i'§_,}r5 --i'-µx, 
c1/ J1,]:t,{rt1 ~FHi-rrbj' -1-""''rl; [i_•j" r:h r'tf,r 'r'+1· rtI .. ~Y: ,,,,"',~-~/w..-,....."'.Atli 1--.::.f ..JJ•H•-r-•r::1'.J !"'" 

[0295] 

·i"_i:J:J..T1F!fi1i• 
[0296] ;1-~m 83 E1:rr15)j~{ylj 72-83 rt1 1-f--)/;fY~ s~ =:t~ §)1J jz_~t'Hit~, --eHf~ [±l- -~ !:!X~l'~i \. 
flfwi ½ 7i::r~~111m ,J, [3J'-1 --1'·1~$ tttz;-JJil&~Jmfm" 
[0297] 

[0299] 

[0300] 

[0301] 

•t _ _,___ ;,,Jc- '"'' -+H- •"n .,.,,. ~' ,/.j- ;_+_'I.----•;, j,: ··= J.•H ~ 
- ~1- -• _7f7 /;,r-, I 1...1 , _ .. /hi' 

f,~J:,;1 1 86 1=rJ t;'f-17J-~{/lil1 72--85 q::: {T'. ~ :;.:;~{vEI[ r'i{t -j'• Jj!i;f P PT 19c ;r-if;j:]11,, 1t q:::, -~ ~Jw,/*ti•4=TJ +.,-rS~: ,u. ..,I[)'~ __ _.1'1- ~ , ,_r. ,1 , ✓ 11:J ___ ~N-_t:l -.,Jv--..Jt .._.,,,...,, .,,,.., ,.,,,, t_ _ _.J ,·"1;;._,/1"-.. 
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[0302] 

[0303] 

Yr ,r~, B (eNB) o 

[0304] 

[0305] 

[0306] 

--+' V' /,· ++-1t ~ bf' ,;,;1·~-H- l=- ',+';1·=: l• I ~~ ,-'7 ,t;i .,.-fc,<7 ~--, t 1> ,;.,,; 1=: -H- c- z' 1·:-1 NJ.,<-;,• A r,:::;]:fl=f '·'i,: l;l,I{ {1'• 
EW, :3'7 ['· .H· ffi)Ctx,J!±i b p /2,Jt!i i'i, l-:>', ilR: )E t'.:'.,iI-1 :?,;, [ )C.1"::~Jt!i i'i fJ J,'cl, ._ El !j' ?7 [ t"-1111-.:EtX!:rr-rHl'J 

[ill {1:i.\ fl;JJ ~& o 

[0307] ;5~f1Ll 94 f!Hkij~fY~ 91 Bt:Lf.:\lla i'iJ'i~:ll3:ili1!H~1 : hf.J'2.rllu}Lrt1:r:f€~~;z:tif1fu ,~,, Jl J::l.~Ti~ 
tti15Ll 1B .~.@: \'!Jill JJtiiUML 
[0308] 

~,;f + 1~~5ltt 1a ,~, !YJ o 

!03i'.;9] /-:,:- 1.\71 1 ·9o" t1J {J;,-,,.{1,,11 "5 f.J(J±1.!'i:lrf i=l PT;'7['tY:HfJ ttrtt ,~;m,1·1-1:1·~ y _sTi#:f{c':i'r'; 2:f;''!:it:~ .. J'-L~ L:J'J1---1-..J"'l7~::1 ... •--! -=i:::::..,-i.L:;_t:i... ..... ~ .... -=F.,,....:...1,_,...-.,,r---l-1,,.-...i..,)-._!,._:t_. ,-1Jt.:..,--:;_,.,,w-~~,.@it-:f .}1,,~.,.._.,:__:.-,.,___:_L~ 

tt 'Li' ~X1 f:?r Ef'J ~t 1J 1t :Yz: o 

[031 oJ ii~fJLl 97 t(Hl6j-~f1Ll 91--96 ri1 ff~ iidY~ Bf.J :tN]El PTi:1J¥dm, -A ri1, :Jcf£;lffifff3/:r A'( Htrf 
r;:::;ir~!t~ 6 :fJ'· 6, 1::1 i.rkt ii'., r:«I /ilv J-;'FJ'i ,ft :l:-'f: !3 it~J# ,1', r:«I fiv hi- ·/['- r,y .~/.1··~ ttA+b ~'l~x,;.: 1m1·-',,+f;' 6 -'., 1·m ~~--'--1~'----1.... ::u1,,,, j\\, ~. 1--'-~'r/", ._ ... V"':J .. fJ ____ .-.:,. H / ----'------.!..J--~ !/'\ _.,. vv:1~~Lr _., , --~·"-' ___ .,,. ,,,., !l!.J~-w-. .J~~ q ".,,,,.-<--- .J 

1cl· t..A .'i(J _§:,. >z-mu {; ,kJ;Jel. o 

[0311] 

[0312] 

[0313] 

.. //-.. A TI I ,~!f'. ,11t I __ -l~~ /y\. .-- -• ti::._:-J.11=f o 

[0314J :,r,1!,Ll 101 .. EJJt:,r,10iu 91---100 [t1 11- · :,r,1}u ~r-J .:tfl]J:L I:1nit:flt~ ~:i-t : Pl s-t1:E*-·tfw;f:w 
rt :&.V.i ?Ir .t.:iffH1§ o 

[0315] 

[0316] 

[0317] 

;5~,tyrJ 103 iL:rr1iiT/iY~ 102 Er'1 ::Lltla-i'iJ jzl;;ff,Jt[l,, Jl rt1 , -~ ::1f~J;li1JtJ,3I~~~ifu1;* o 

7Jd!JLl 104 'filtfr5r;f1u 103 ft1.:t1~£L-i'ir:rt1~Jtt. tt ri1, -*=tJtwHt11-1~J1:i:i rilili (LTE) 
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[03'18] 

[0319] 

½~. Ti' ,9, B (eNB) o 

[0320] :;j~fyrj 107 {,Jj~j- · 1,}1{ 1trl:· 

[0321] 

:-1·--1· • *:;,_ ,+, 1~:r;, t1rJ 'Plff: :1~ +:-;,: Wfr -'tr. ti ~1u m1J f';J,1 ·rt, mi! 1·t w, ~~; t$ nl! 1t $t "!~ ~ 1i:i1 f~.J 1,;:1p, rv7.. ~11 ~A ti:; ,st ;11;, 1i=if ;,;;.; ~ ... .I.. tr1 ::J_ ~rp i--) __ !}H '.J~ ,)(.../'l'¼. ~----1 -./--L~ , _ .-•__,TL , -• t:::1 ··-" , I-'._;.,-, 1-----'---- rp_, , t:::i •l-~• Pv--.. l-<L- ___ , 'r::c 1,-,l._- • t:r/r ,._T. ~_LJ ~-----" •--- ,_::c 

ti!l:t&1't ftJ It; m l!l : ~V. R. t~t® it t2 /ff~ ffi -~'*it 1L. fr'rJ fl tit it" 
[0322] 7Fil.7U 109 -tQ.f!7FWU ms 8fLt JJJ Ji PT ill.Ult:tl!,, Jt ,-;-,, i~%,~:t~,~kE111-~ lJJ, r ~ff.1&1A 
•- /i7 l ' ' -1:' clc 11.••--1,, -1: '- 'l dz ' -'-' M-. :t- 1 'k 'di 1••I- /-'· ,=, r'tl-T ,_,, ccP,- '-'· ,_,_. •;¥. /,' ~ L- +' '' •;,; '' n-
1T : ~-dil i~1'.':::r~1 ~J.U-e--it~tL1::.l-i~ t::J :r~~ Li'J :-.•Tt'J..:mi' 'J: 1 a:~, ,J'J n'l .>J'(, @J!I':Jm 1 a ,\t, '1 /L,f.ltJJ:Ji 15 iJ 
61-t\=:+P,; ~ -A1'-I1Ic_jt, A[ tt:l:~1 H~~;'F+i .{~ '1Y s t'1~1~tij-1~~ .• [;i V, i;, E+_, ;!:?I'-; '1~~:i ~~4: f:llx ~tj· -.~-)$ ,m ,f,'>: 1~1"; 1$ ;'& ,.~, .. ,::t::.-t:,-.,_:_J_~ ... ~ ,,.!.- ,,, ..... ,l!:'./w ... -..,.'-1 -- JH - '"' ~~.., rJu . .,- :--J /'-.. ~ _·./',/,,..x. .. ,_....1...... _t-i ~- -• 1•...1 r. .. ::r,µ-i--r, .,,,,.,.,_,.~LL, ---1 )f..:.,\ '.X.. 

[0324] 

-~J-· /f ~ Ar'--ulT ~ Ar tt .fi-h ::1:-: f·;} ;_' ifi f~ 'i'"f s t3_- +:~, ,, ,., IX:11 fix z' !'ifJ ,f+c '.!frTT [r1! H._t •1-.P,L m- {,< 1 £rt ul'.:X- . , __ • .-".A.!_..,,, ,., ,. l~~/W..-,.,-'-/ -,~-• ,,\, 'L.,,.., u _ ... "f_T __ , ,..._ ·in:J 1'_1- .. L, :-::t--:'".f:lJ tl... __ -1-1 c 

'032 ] - tc,j 1' n ,-. -H· - lhj i 11 t'Jt -'-- .sii'ii t--1 nT 'I'· -lX±,-h -1,t· .+, ::i;· b"'- •,¥. t~ --H--- •-• b l:+ f,--,1 cTJ ,.cu 1---++--!., -5_ /J'&'1 1L"E!.i1i5/J'vl 1 1-JJ=f.1t:d_-_i.PJ:Q11¥.i.!:',,-Y,:,:::,Cf·:J<;:l1±1Jrci-P,f2,·B:rP~t:EYrni/0,TJ 

/~, ~:.z tE.t~ ,c_,, !"6 U.1.i·fa" 
[0326] 

.. ] ---- ir.rl t -f:--r· ---- ,.,, rh 1 r: ---- •-err 'h ' B"' ,-1 ---.- •1-1-- ·v; · · "' rh '· · I:'; ·v A 'T../4:"',1 L0327 7J;; &~ 114 r(11\117j'\1:7Ll 11 1 ---113 T' fs.::~:;JZ15'~ 8,d~i'E8h. PJ :t&t1°:tIE., -J{ ·r·, J.3:.U:,•:l't:t ~ ;Id:;: J~.:f,1' 

~~~~~~fi; ~~~m~~½~~M~~~~~~~~#~~~~;. 

[0328] ;j~f§rJ u ::i 1!Hi§-5j~{V~ 107-114 rt1 1f- -jj~{YU EfJJ~.&LJ:LrTt~~ffbJ,, Jt,t:j, ~1r,U:~~;1!JJ~- -1-
fl:\7, cJ;, Ar tt .fi-h ::1:-: ±·;} ;_' 2f .f, ¾ '1'':"i i:1:J rh &.j ,!f-!; .15-_ , ..-"h_::t? ,.,.,. l~~,/l,;...-,.,-'-/ !ti..~-• );\\'-l~iJ ..J.,,,) 

[0329] 7FtYU 116 Bt!~f§lj 107-115 i:j=111 -/J'i51js<J:t=.~~_E{.Pj jj_tffdlt, Jt;i:p, ~t¥4'rHi-tQ.1'§ 7f-.;. 

1).> -i'---'¥-J;7...I1-4W6 o 

[0330] 

[0331] 

1_·· I --i:::-l,r,,i''r::: ).± -l:fi,/.1,::;: .1il3-,,t-- /f' B_*' -i7 /,1'--.i-':' 1 t 1ciF•J'7 _1=; :r. 0l} 11.±J {c', .1!,\ 'X 1'1,{J--A[-... Bt -i.,:_ /,",.., ft. r+: ;J,;.i; ~;;/!!! ;'1±\ •("' 
}:::A ( • 171e 1· TJX:J/~ .J ~ . .__fil,'1., ! --~-~ 37 .J9.:/ \. J,;:i fr -:J ./l.i.-:;--x,i.-'-L l n -I ~ ~ .-?'\, _1;1 ' ,r_.v~JJ ,.,r~-'---E-:L ~ n 0 

[o332J i~Wu 119 e-1.:l'Viii~f111 1 rn EV0 +.~!H-1-r'iJ :JtJ¥dt~, ;1t, ,t", -ti},_ 4?H4VeJAi1i1£:v.t g:i EB 1i -&11[-;;;: 

~ffi=~Wffl~~Mffl~~Wk~M~. 
[0333] 

Ll~~~~~fi:~~affi-~W~ffl=~m~®@o 
[o334J JJd!i~ 121 'ffiJ't~WLI 107--120 9:111 -;FtJ1rn1:=t1~£L11TJ2tfr-:r:tt, Jt9:1, m -tmWe1.fr§~ 
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[0335] 

[0336] 

[0337] 

[0338] 

11
/~/~: B(eNB) o 

[0339] 

[0341] 

27/30 Dt 

1c-;;, q::;-· Ar ·Efti' Jt ,~1 tt 1t1J 12, ''1'1r 'j';it :,t -;l,z: -~ -· Ar -!'if; :t .1-tt 1t1J ::i;:: ti': ;ir@ {', ,,11 d::i" ;m ,rt:. t'. i ~s. "\" -·f'il "f· ·z -f--::i;=: ..--:...._LU -;:;A.i. __ v /,'it.:....11-LJl ..1 ~.u_it,-../;'-' :__:J ..... _x, __ v , ./,'I....___/L...-::X:!""- 1i:-=-t ,,\\<"~ ,1--1 ~ j\l..,.l)(i'L- L:J"'J.-~.,,. , ./Li 

~@~~~~~1¥J$ @J~ft~i¥J~WM~o 
[0342] 5]~1fu 129 -fryAG1if1U 126 l'r~ :t,®lft i'iLlfu¥ffe:PJ;, ;tt ,ti, 3iittt::r\Vt1t:f# ~J. F~ft1J:Hilfi· 
JA:!"'lfM M-r::tNYJ~ fM 1* -~' . ff'. Jt .m; Ti~ 1¥ ftjLJ11§ }]Ut {L [ill ft ¥if~ o 

[0343] 

l1i U »}i , yt; ,ti , ~* u t~ l1i U »}i 1¥1 t1 tflHlL ~J& ~ T itlm t1'f lf. ~J{_J o 

[0344] ;,:R{Jlj 13 l fi;.Jf§"?f,{~~ 130 tf'J ±JlliIJ]JiT;'1l;fftfu, Jt [f], it:@tHlL\!_i)=j xi'iilB 1s'W ,?Ott~ 

., _,,. ,,,:-, " -f+ 'ili--rc· L", - ,~- , __ , 
_/[' ;:]_If :.'!---·'f· _f3...,j J -- -· t~Jic§ ·1""' -1--i r:':l 7 __ ,..,,... __ v ,.,,.., ' ·/ .,.;_.,'-I --ii==:' ,,,,.~ 

[0349] - lfi[j • " 1~ ,-, +± -{,·1' 1 ')6 1 ·3rc r+d·E ;,:R 17 L:>u c!.: 1P 7r, '! J "' - · d 'I' C 

~~~~fi:~~am-~~mm=~*~~ffio 
[o3soJ 7Jd!i~ 137 ~-tt~WLI 126--136 r:r11 ·xJ~tJ1rn1:=t,~£L11n2t=rt:r:tg, Jtr:r, m -tmmrrrr§~ 
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[0351] 

[0352] 

[0353] 

[0354] 

-1,-~ 1 •>s• b fc:£. - ',:,r 1 '3'7 ti'•--'-· •=i i J:l·,-i· ,,;. :Jxrtt IT -~-I .~-,,- .... d•--c;-+l+fl f-,-.ffi~ ,,'•< ,p·-H+ /-;r,i l T1J ,',/i'1"1tt I ',:::L-,,,/., - [, ·r:tr _,,, ·J.,_-_[__ i_H. 71;[•1',+t ',-t=1•''·•Q,;,r.i[['"f". / J 't , <.... • L_--=i, ~-~ -.,, , ,J ✓ t.. J ____L_._,~ ,.~ --r" .• / "- J _:::;'f::7------"- / '.1-.. I 1-,1 ..,, ---! '>- • f.r-;, J ·''- '•-' (, 

11/"p/~: B(eNB) o 

[0364] 

I A ,v --,,• --.-• ,k+.- r;,.<z t;> - · I F .. V,. _L f,:1 ii::t o 

[0365] 

[0368] 
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[0370] 

[0371] 
+H· 
'j'fj' 0 

[0372] 

[0373] 

[0380] 

;j~ 17U l 5 7 f0.Jf ii~ {irj 156 ffJ I1~ Jl PJ 1-'1Jf-ttfr,, Jt 9:1 , m )fMr} tM;-r;jj ~ ~DH!} ., 
/J'f7rJ 1ss s1%~ 1011: 1s7 tr0-=t.~J=:tPTviffdili, Jt;i:p, % ::r~iw-s1%b~JV~t~Jtt CLTE) :rot 

-1:·u ,_,J',..-B., i:p,- -1··1u, 8"Jl·----•,., '·=·, -9:1 --.,"·--1i ,~ ~J-. 

/-•1•; ijl '.1.S91'1J, ';r_:;_,J,· l.rii 14.•2···1'>8·.' -- A,:-}:·- ---,J,·)JI ,.l,J-::C 1-c11l' p: J'T[<,~+~t1 J,t. - 7-,•:t~)if! -~•1-·1 i::'J"l•tJ J' ; lJ ...___, 1---1 ' ~ V /. "[/ ~--! ---=i:::::..,-1.L:; ' .J ~..J--1-..--~, / ._ ' L.......-,,...l(J -~ ~-1 nq L.:.I 

····wu. -{) (··•rc,···-r-,,, 1" 0 1-1 rti'·r ···-•-cu'h' B"''§.---,••1+-..L•~··' -B•rti t·'•"'U'J..(··1r-r•,&•+1-··,r;_;·,1 :i.: ,,.r; ,101·/·,1c:1Nli ,J.r·· h,l --~---~·;r:1,il i'f,1·:.1·:
1
,,,,~ c- p:-r7tk 0 t,i:f _lcL -- -~;¥;: ,r,; ,J_ -;11·:,,E51fr 

/.,J ..1._'U !.,_ _ _. 1-- J'/..,i A- U, ) __ . /..,J~,/ 1---•-.----~-_L- ..J~-..J ..-!......,,/'\ :, _ ____.__11-J _-,-,!,.._,.. 1----i)'"{~ 
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Abstract of CN105027604 {A} 

The invention relates to a protection 
system, configured for switching between 
backhaul technologies for upholding a 
communication in a •.Nireless backhaul 
network, to a main node, to a dependent 
node, and to a method for switching 
between backhaul technologies for 
upholding a communication. The 
protection system (5) comprises a main 
node (1) and a dependent node (2), 
wherein the main node (1) and the 
dependent node (2) are configured for 
communicating with each other via a backhaul channel (3), and a switching unit (4) 
configured for selecting a backhaul technology for a communication via the backhaul 
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channel (3), wherein at least one of the main node (1) and the dependent node (2) are 
further configured for measuring a quality parameter of the backhaul channel (3), 
wherein the s,.Nitching unit (4) is further configured for switching the backhaul 
technology selected for the communication via the backhaul channel (3) to a predefined 
backhaul technology dependent on the quality parameter measured. In this way, the 
availability of a wireless backhaul network is increased and, hence, the outage 
probability of bach:hauling decreased in connection with providing a more robust 
backhauling. 
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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 CN105027604 

The present invention relates to a protection system configured to switch between backhaul technologies for 

supporting communication in a wireless backhaul network, a master node, a slave node, and a type for 

supporting communication The method of switching between backhaul technologies. The protection system (5) 

comprises: a master node (1) and a slave node (2), wherein the master node (1) and the slave node (2) are 

configured to communicate with each other via a backhaul channel (3); and a switching unit ( 11) a backhaul 

technique configured to select communications for the backhaul channel (3), wherein at least one of the master 

node (1) and the slave node (2) is further configured to measure the backhaul channel (3) A quality parameter. 

wherein the switching unit (4) is further configured to switch the backhaul technology selected for 

communication via the backhaul channel (3) to a predefined backhaul technique depending on the measured 

quality parameter. In this way, the availability of the wireless backhaul network is increased, and thus, the outage 

probability of backhaul transmission is reduced and a more robust backhaul transmission is provided. 

Protection system for wireless NLOS backhaul 

Tedmical field 

The present invention relates to a protection system configured to switch between backhaul technologies for 

supporting communications in a wireless backhaul network. 

Background technique 

Wireless backhaul systems for small cells are likely to operate in a non-line of sight (NLOS) environment 
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Conventionally, most wireless backhaul systems are designed for microwave communication in a line of sight 

(LOS) environment that ensures high availability of the desired data rate through the communication link or 

link, respectively. The LOS operation also guarantees a very low probability of outage, ie the link is never 

interrupted in principle, which is important when designing a wireless backhaul system for transporting user data 

and controlling data traffic between radio base stations (RBS). 

It is desirable that the wireless backhaul system operating in NLOS should also guarantee high availability and 

therefore very low probabillty of outage. 1--:Iowever, this is difficult to achieve when using microwave frequencies 

(eg, microwave frequencies greater than 10 GHz) for backhauling in NLOS. A general consensus in the wireless 

industry today is that the capabilities offered in existing cellular radio access networks based on macro cells do 

not meet the requirements for future mobile broadband services, except at specific locations (such as in hotspots, 

cells). Capacity increases at the edge and indoor locations). One way to increase the capacity at these locations is 

to deploy a low power radio base station, such as a pico RBS, in a heterogeneous network that covers smaller cells 

within the coverage area of the macro celL Assuming that each macro cell is supported by several small cells, the 

number of cells in the network and thus the number of required mobile backhaul (MBH) links will increase 

dramatically. Due to its small coverage area, it will be important that the small cell pico RBS is placed in the 

correct location without being limited by the availability of the broadband connection for the MBH. Further, the 

pico RBS will in many cases be placed or placed below the rooflevel of the building to prevent dear LOS between 

the pico RBS and the aggregation nodes co-located with the macro RBS above the roof. Typically, the macro RBS 

is placed on the roof of a building. Macro RBS is characterized by a large coverage area. high power and 

directional antennas. Depending on the desired application and environment, pico RBS is typically placed up to 

6 meters above street level, such as on a building wall. In an NLOS environment, communication via a backhaul 

channel is primarily based on diffraction and/or reflection. Traditional MBH technologies (such as copper, fiber 

optic or LOS microwave links) may not always be suitable for such heterogeneous backhaul schemes, and 

therefore they need to be complemented by low cost wireless NLOS MBH links. NLOS propagation has 

traditionally been proposed only for carrier frequencies below 6 GHz. However, the wideband spectrum at these 

frequencies is a scarce resource, and if made available, the use of this spectrum for mobile broadband services in 

the Radio Access Network (RAN) becomes attractive. 

Conventional fixed service LOS microwave point-to-point (PTP) links operate in licensed bands between 6 GHz 

and 42 GHz over a channel bandwidth ranging from 3.5 MHz up to 112 MHz. Due to the nature of the traffic 

carried by the MBJ:--1, the traditional PtP LOS link is required to be extremely highly available. J:-fowever, if a small 

cell is within the coverage area of a macro cell in a heterogeneous deployment, the extremely high availability 

requirements for small cell backhaul may be debated. The requirement for small cell MBH is becoming an 

increasingly important topic discussed in the industry and is driven by the evolution towards a flexible and cost 

effective heterogeneous arrangement. 

In the past few years, there has been an increased interest in higher frequency bands for MBH applications, 
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especially for the 9 GHz 60 GHz hand including a bandwidth between 57 and 66 GHz and for a total of between 

71 and 86 GHz. 70/80 GHz band of 10 GHz bandwidth. The bandwidth supplied in these bands is large 

compared to the 56 and 112 MHz channels available for conventional microwave links, which makes them 

attractive. The portion of the 60 GHz band is unlicensed, meaning that anyone can deploy the system within that 

band as long as the equipment meets predefined regulations. However, this frequency is of particular interest for 

small ceH MBH applications because excess oxygen loss at this frequency band can attenuate interference from 

adjacent links, making efficient frequency reuse possible. 

In cellular communications, mobile users are associated or connected to a cell. In a sense, the choice of cell is 

typically based on being connected to the best cell for a particular user. Due to the mobility of the user, the user 

may experience another cell as a replacement connection. The system can switch the user to another ceH if 

needed. Conventionally, handovers are based on measurements of access links from different cells or base 

stations. 

Microwave-based wireless hackhaul systems operating in NLOS will have problems in ensuring high avallabillty 

and low outage probability due to multiple problems associated with microwave propagation in urban NLOS. 

Some typical shortcomings and problems are described below: weather effects (such as rain and snow) will 

change the diffraction properties; because high frequency radio waves rely mainly on reflection and dHfoiction so 

there is no penetration of obstacles; trees and other objects may Moving in the wind; temporary obstades, such as 

high vehicles passing close to small cell RBS installed at or slightly above the street level; long- term changes in 

urban topology, such as new bulldings, commercial billboard signs, Etc.; unexpected multipath propagation due 

to strong reflections; and high gain antennas that become misaligned due to weather effects or vandalism, ie, pen 

beam antennas. 

There is a need to provide high gain antennas for compensating for high path losses associated with high 

frequencies in NLOS environments. If the backhaul to/from a particular access point fails or is lost, the user 

connected to that particular access point can ideally switch to another access point with a functional backhauL 

However, a failed backhaul connection means that the network has lost all its communications to/from the access 

point making it impossible for the access point to request such handover by its users. Alternatively, this switch 

must be requested by the user themselves, which may mean that many users must make simultaneous switch 

requests quickly, which increases the likelihood of dropping the connection. This may be that the user may have 

a bad, very bad, or even non-existent connection to the replacement access point. For example, a user may be 

indoors and connected to an indoor access point that receives Hs backhaul connection via an outdoor or near­

outdoor antenna solution. 

Summary of the invention 
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It is an object of the present invention to provide a possibility for increasing the availability of a wireless backhaul 

network and reducing the outage probability of the backhaul link and for providing a more robust backhaul 

transmission. 

This object is achieved by the sul~ject matter of the independent claims. Preferred embodiments are defined in 

the subdaims. 

According to a first aspect of the invention, this object is achieved by a protection system configured to switch 

between backhaul technologies for supporting comnmnlcations in a wireless backhaul network, comprising: a 

master node and a slave node Wherein the master node and the slave node are configured to communicate with 

each other via a backhaul channel; and a swHching unit configured to select a backhaul technique for 

communication via the backhaul channel, wherein at least one of the master node and the slave node is further A 

quality parameter is configured for measuring the backhaul channel, wherein the switching unit is further 

configured to swHch the backhaul technology selected for comrmmication via the backhaul channel to a 

predefined backhaul technique depending on the measured quality parameter. 

Separately, the primary node preferably corresponds to a macro radio base station or macro cell. and the 

secondary node preferably corresponds to a pico radio base station or pico cell. The term "switching between 

backhaul technologies" means not only that lt is swHched to a backhaul technique or another hackhaul 

technique, but also that there may be a mix between at least two backhaul technologies. This allows 

communication or simultaneous connection using multiple hackhaul technologies to be supported at least 

during the handover procedure. The wireless backhaul network preferably corresponds to a wireless non-line-of­

sight backhaul network. The term "communication" in its ordinary sense means that two nodes (ie, a first node 

and a second node) communicate with each other, eg, via a channel, wherein the first node preferably transmits 

information or data to the second node. The first node preferably comprises a radio transmitter and the second 

node preferably comprises a radio receiver. The first node and the second node are preferably arranged in a radio 

comrmmication system. 

Therefore, it is an idea of the present invention to allow a wireless backhaul connection to fall back to the macro 

RBS access as a backup solution in the event of an interruption, preferably by using microwave frequencies. 

Backhaul transmission using an access system can also be referred to as "in-band relay" or "out--of-band relay" as 

defined in 3GPP. Preferably, the small cell RBSs that are wirelessly backhauled, in other words, the pico RBSs, are 

preferably arranged in the coverage area of the macro cell or the macro RBS, respectively, in the normal 

international mobile telecommunication standard frequency band (IMT band). Take action. IMT represents the 

technical standard at the bottom of 3G mobile telecommunications, while 3G is just one of many examples of 

IMT technology. In this way, the total wireless backhaul connection becomes more robust due to system 
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diversity and/or due to technical diversity. TyplcaHy, in NLOS, less reliable wireless hackhaul transmission using 

microwave technology may fail for different reasons, and then utilize the invention at hand, which can be via 

I.MT technology (eg, using High Speed Packet Access (HSPA) Or Long Term Evolution (LTE) is 

communicated back to the macro RBS. In addition, control data and prioritized data traffic can still 

communicate via I.MT technology. HSP A stands for Mobile Broadband Technology, and LTE is a standard for 

wireless communication technologies. Preferably, the macro RBS prioritizes scheduling of small cell RBS 

backhaul transmissions in the case of poor or lost microwave connections. 

According to a preferred embodiment of the invention, the switching unit is further configured to request a status 

parameter of the backhaul channel, wherein the status parameter comprises a communication status from at least 

one of the primary node and the secondary node. The switching unit is preferably further configured to transmit 

the requested status parameters of the backhaul channel to the slave node and/or to the master node. Preferably, 

the quality parameters of the backhaul channel include a received signal strength (RSL) parameter, a channel 

quality indicator (CQI) parameter, a delay measurement parameter, and/or a repeated retransmission request 

wherein the quality parameter is configured to indicate The performance of the backhaul channel. The 

predefined backhaul technology preferably includes mobile telecommunications technologies such as J:--ISPA and 

LIE, microwave technology, and/or wireless local area network technologies such as Wi-Fi. 

According to a preferred embodiment of the invention, the protection system comprises a diversity unit 

configured to receive state parameters of a backhaul channel transmitted from the handover unit, the handover 

unit being arranged at least partially within the master node and/or At least partially disposed within the slave 

node, wherein the diversity unit is further configured to control and prioritize data traffic between the master 

node and the slave node depending on the received state parameters and/or dependent on the quality 

parameters. The diversity unit is preferably at least partially arranged inside the master node and/or preferably at 

least partially arranged inside the slave node, the diversity unit being further configured to schedule depending on 

quality parameters and/or dependent on state parameters Data traffic towards the slave node and/or towards the 

master node. Preferably, the diversity unit, at least partially arranged inside the slave node, is further configured to 

send a prioritization request and/or a dispatch request to the master node. 

In accordance with a preferred embodiment of the present invention, the predefined backhaul technology 

corresponds to HSPA and/or LTE and is based on a relay type ofbackhaul. Referring to 3GPP terminology, an 

LIE RBS is referred to as an enhanced node base station (eNB). 3A relay in GPP terminology is an eNB that is 

backhauled to another eNB using 1 TE technology. Therefore, it switches between the relay type backhaul and 

the microwave backhaul. The slave node is preferably arranged in a non-line of sight to the master node within a 

predefined coverage area of the master node. 

According to a second aspect of the invention, the above mentioned object is achieved by a master node 
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configured to communlcate in a protection system according to the first aspect of the invention, wherein the 

master node is configured A quality parameter for communicating over a backhaul channel and for measuring a 

backhaul channel. The master node preferably includes a switching unit configured to select a backhaul 

technique for communication via a backhaul channel, wherein the switching unit is further configured to be 

selected depending on quality parameters of the measured backhaul channel The backhaul technique for 

communication via the backhaul channel switches to a predefined hackhaul technique. 

According to a third aspect of the invention, the above mentloned o~ject is achieved by a slave node configured 

for communication in a protection system according to the first aspect of the invention, wherein the slave node is 

configured A quality parameter for communicating over a backhaul channel and for measuring a backhaul 

channel. The slave node preferably comprises a handover unit configured to select a hackhaul technique for 

communication via a backhaul channel, wherein the handover unit is further configured to be selected 

depending on quality parameters of the measured backhaul channel The backhaul technique for communication 

via the backhaul channel switches to a predefined backhaul technique. 

According to a fourth aspect of the invention, the above mentioned object is achieved by a method for switching 

between backhaul techniques for supporting communication, the method comprising the steps of: a) selecting 

for use via a backhaul channel The backhaul technique of communication, h) measuring the quallty parameters 

of the backhaul channel, and c) switching backhaul techniques selected for communication via the backhaul 

channel to a predefined backhaul technique, depending on the quality parameters measured in the previous 

steps. 

According to a preferred embodiment of the invention, the method comprises the step of controlling the data 

traffic and prioritizing the data traffic depending on the measured quality parameters. Preferably, the method 

comprises the step of transmitting a prioritlzation request andior transmltting a scheduling request via a hackhaul 

channel. 

Therefore, one idea of the present invention is that the backup based on IMT technology ensures high availability 

of data connections between the macro cell and the small cell RBS, enabling communication of at least control 

and prloritized data to/from the network Furthermore, the backhaul network is more robust than the solution 

where the user connects to the small cell RBS and the user switches to another access point in the event of a 

backhaul outage. Thus, it is easier to make a single and network-controlled "backhaul" between two established 

technologies prepared for such situations, as compared to, for example, having multiple users make simultaneous 

handovers to another access point Switch". With the invention at hand, the user remains connected to the small 

cell RBS. This is advantageously ensured in the case of poor, very inferior, or even in the absence of a connection 

to a replacement access point. For example, a user may be indoors and connected to an indoor access point that 

receives its backhaul connection via an outdoor or near--outdoor antenna solution. 
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Advantageously, it is ensured that H is always possible to check the status and to ensure that H is possible to 

communicate control signaling to the small cell/small cell even in the event of a microwave interruption, so that 

the network triggers an appropriate action to solve the problem. This results in higher availability regardless of, 

for example, weather effects, but also as a protecUon system or a diversity system for failures such as hardware 

failures. 

DRAWINGS 

Further objects and advantages of the present invention will become apparent from the following description of 

the preferred embodiments. In the drawing: 

Figure 1 illustrates a protection system, a master node and a slave node in accordance with a first preferred 

embodiment of the present invention; 

2 illustrates a NLOS backhaul solution in accordance with a second preferred embodiment of the present 

invention, in which microwaves are used as primary backhaul technology and IMT techniques are used for 

backup; 

3 shows a scenario for a path loss model with diffraction through a building in accordance with a third preferred 

embodiment of the present invention; 

4 illustrates additional path loss experienced at 32 GHz compared to 2.3 GHz in accordance with a third 

preferred embodiment of the present invention; 

Figure 5 illustrates a method for switched backhaul diversity in accordance with a fourth preferred embodiment 

of the present invention; 

Fig. 6 schematically illustrates the steps of a method for switching between backhaul techniques in accordance 

wHh a fifth preferred embodiment of the present invention. 
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detailed description 

Figure 1 shows a protection system 5 that is configured to switch between different backhaul technologies. The 

master node 1 is shown, which includes a switching unit 4 and a diversity unit 6. Furthermore, slave node 2 is 

shown, which also includes a switchlng unit 4 and a diversHy unH 6. In this first prefeJTed embodiment, the 

master node 1 and the slave node 2 correspond to the macro RBS and the pico RBS, respectively. 

Communication between the macro RBS 1 and the pico RBS 2 occurs via the backhaul channel 3. Since the pico 

RBS 2 is ln the NLOS leading to the macro RBS 1, the communication is based on reflections and diffraction that 

occur in the urban NLOS environment. In this first preferred embodiment the urban NLOS environment is 

characterized by a building 7. The switching unit 4 of the pico RBS 2 selects a backhaul technique which is a 

microwave technlque used for communication via the backhaul channel 3. Further, the macro RBS 1 measures 

the quality parameter of the backhaul channel 3, and thereafter directs the result of this measurement (i.e., the 

measured quality parameter) to the switching unit 4, which is arranged in this first preferred embodiment Inside 

the macro RBS 1. In this first preferred embodiment, the received signal level (RSL) is bdow a certain predefined 

value, and thus the backhaul technique is switched to a different backhaul technique, which is a mobile 

telecommunications technology., such as LTE. 

In this first pref erred embodiment, the switching unit 4 requests a status parameter of the backhaul channel 3, 

wherein the status parameter includes the communication status from the macro RBS 1 and from the pico RBS 2. 

The switching unit 4 transmits the status parameters of the requested backhaul channel 3 to the pico RBS 2 and to 

the macro RBS 1. According to other preferred embodiments of the invention, the node or RBS measures its own 

state and initiates a handover without any status reporting via the backhaul. In other words, if the node itself 

detects a backhaul problem, the node initiates a handover, which is preferably communicated to another node. 

2 lllustrates a NLOS backhaul solution in accordance wHh a second preferred embodiment of the present 

invention in which microwaves are used as primary backhaul technology and lMT techniques are used for 

backup. The narrow arrows illustrate the diffracted microwaves and the wide arrows illustrate the diffracted and 

reflected IMT radio waves. The macro RBS 1 communicates wHh the pico RBS 2 via the backhaul channel 3. In 

this second preferred embodiment, both the macro RBS 1 and the pico RBS 2 are arranged in an urban 

environment characterized by three buildings 7. The microwave frequency is in principle dependent on the roof 

diffraction to reach the plco RBS 2, while the IMT band based technique uses a multipath propagatlon with 

reflection and diffraction around the building 7 in the NLOS to have better propagation characteristics, which is 

in this The second preferred embodiment is illustrated by a wide anow. 

Flgure 3 illustrates a path loss model with diffractlon through a buildlng in accordance with a third preferred 

embodiment of the present invention. The parameters used for the model are respectively given by h 1 equal to 5 

m, h 2 equal to 20 m, H equal to 33 m, and D equal to 15 m. 4 illustrates additional path loss experienced by a 
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slgnal at a microwave frequency of 32 GHz compared to an IMT frequency of 2.3 GHz in accordance with a 

third preferred embodiment of the present invention. The relative attenuation in dB is illustrated on the hop 

length, which is given by the distance between the macro RBS 1 and the pico RBS 2 shown in FIG. The solid 

curve in Fig. 4 indicates the relative attenuation without rain. and the broken line curve illustrates the case for the 

rainfall intensity of 50 mm/hr. Figure 4 illustrates an example of numerical values considering only the roof 

diffraction above. Further, slnce the jump length varies from 100 m to 2000 m, a plurality of buildings arranged 

between the corresponding nodes are considered. At a hop length of 500 m, it can be seen how the 32 GHz 

channel suffers an addHional path loss of 33 dB and 39 dB for no rain and rain, respectively. It can be noted how 

the curve with rain and the curve wHhout rain differ differently with lncreasing hop length. Although the 

additional path loss decreases with increasing distance in the absence of rain, the additional path loss increases 

wHh increasing distance in the 50 mm/hr rainfall intensity. This is mainly due to the higher diffraction loss at 2.3 

GHz than at 32 GHz, since at 2.3 GHz there are more obstacles in the first Fresnel zone, such as buildings. 

However, equivalent to a rain attenuation of approximately 12 dB/km at 32 GHz dominates the higher 

diffraction loss at 2.3 GHz, which causes the additional path loss to increase with increasing hop length in the 

rain. Thus, Figure 4 dearly illustrates the challenge when using microwave frequencies in NLOS compared to the 

lMT band. For distances up to 500 m, the extra path loss is at least 33 dB or more, which will have a noticeable 

effect on the achievable availability and the corresponding fade margin. 

Figure 5 illustrates a method for switched backhaul diversity in accordance with a fourth preferred embodiment 

of the present invention. The received signal strength (RSL) is a measure of the quality of the channel. ln the first 

step 13, it is checked whether the RSL is large and thus the channel quality is good, but if the RSL is small, the 

channel quallty is inferlor. The value of the design parameter Pis a measure used to determine when to switch 

backhaul techniques. In the case of poor microwave backhaul, the prioritized backhaul information is rerouted 

back to the network via IMT technology, for example using 3GPP LTE radio access back to the 3GPP eNB. The 

microwave backhaul may be at an interruption or dose to an interruption. Uthe RSL is large, the channel quality 

is good, but if the RSL is small, the channel quality is inferior. Alternatively, in the case where the RSL is small. an 

alert 14 can be sent to the macro RBS. In this case, 15 is always switched to in-band relay and 16 prioritlzed 

information is routed via !MT technology. This continues with 17 when the microwave backhaul is still poor, 

otherwise it is switched back to the 18 microwave backhaul again. This decision is based on the design parameter 

P. Preferably, Pis greater than the minimum RSL required to operate for the backhaul to avoid an emergency. In 

the case of a backhaul interruption or whenever communication between the pico RBS and the macro RBS is 

desired, the macro RBS schedules the pico RBS in a manner similar to the user it schedules to connect to the 

macro RBS, but in a priorltized manner This is achieved, for example, by in-band relaylng accordlng to 3GPP 

terminology. 

According to another preferred embodiment of the invention, the microwave based connection in the NLOS 

provides a rate R 1 available at Tl% of the time, and further, the corresponding IMT based connectlon provides a 

rate available at T2% of the time R 2. For simplicity, a fixed rate is also assumed and thus R 1 '"R 2 "R, which 

makes sense if the microwave connection has a wider bandwidth than the IMT connection but a worse path loss 
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in NLOS. Finally, assume that the two links show independent outage probabilities. Availability is defined as a 

minus the probability of outage. lf and only if both the microwave-based backhaul and the IMT-based backhaul 

are both interrupted, the network is in an interrupt, which becomes a very low probability event, compared to 

covering other preferences for scenarios when using only a single backhaul technique For the sake of the 

embodiment, this implies a higher availability of backhaul transmission. Using the above assumptions, the total 

availability T3 in % of the backhaul transmission in this preferred embodiment becomes: 

And the corresponding availability can therefore he calculated by applying the formula mentioned above. Once 

the channel quality is good enough, a backhaul switch hack to the microwave backhaul technique is initiated. 

Figure 6 is a schematic illustration of the steps of a method for switching between backhaul techniques in a 

wireless backhaul network in accordance with a fifth pref erred embodiment of the present invention. In a first 

step, selection 8 is directed to a backhaul technique for communication via a backhaul channel between the 

master node and the slave node. In a second step, the quality parameter of the hackhaul channel is measured. In 

the final step, depending on the quality parameters measured in the previous step 9, the selected backhaul 

technique is switched 10 to a predefined backhaul technique for communication between the master node and 

the slave node. In a further step, data flow between the master node and the slave node is controlled 11 and 

prioritized using a predefined hackhaul technique. 

In accordance with another preferred embodiment of the present invention, the step of transmitting a 

prioritization request and/or transmitting a scheduling request via a backhaul channel is performed. According 

to still other preferred embodiments of the present invention, the step of transmitting a prioritization request or 

transmitting a scheduling request is not performed via a backhaul channel, hut LTE is prioritized if it has been 

handed over to an alternate backhaul technique, such as handover to LTE. Round trip scheduling. For example, 

this can he done by 3GPP in-band relay, which in dudes resources reserved for in-band relay, le if the backhaul is 

switched to in-band LTE, the LTE "backhaul" is prioritized for backhaul traffic. 

The present invention has been illustrated and described in detail in the drawings and the foregoing description 

of the invention example. 

Other variations to the disclosed embodiments can be understood and effected by those skilled in the <RTigt; In 

the claims, the <RTI ID"0.0>"comprises" <I RT!> <I RTI> <IUlgt; The mere fact that certain measures are 

recited in mutually different dependent claims does not indicate that the Any reference signs in the claims should 

not be construed as limiting. 
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CLAIMS CNl.05027604 

L 
A protection system (5) configured to switch between backhaul technologies for supporting communications in 

a wireless backhaul network, including: 

a primary node (1) and a secondary node (2), wherein the primary node (1) and the secondary node (2) are 

configured to comrrmnlcate with each other via a backhaul channel (3); 

a switching unit (4) configured to select a backhaul technique for communication via the backhaul channel (3), 

wherein at least one of the master node (1) and the slave node (2) is further Configuring a quality parameter for 

measuring the backhaul channel (3), wherein the switching unit (4) is further configured to be selected for use via 

the backhaul channel (3) depending on the measured quality parameter The backhaul technology of the 

communication switches to a predefined backhaul technique. 

2. 
The protection system according to claim 1, wherein said switching unit (4) ls further configured to request a 

status parameter of said backhaul channel (3), wherein said status parameter comprises from said master node 

(1) and a communication state of at least one of the slave nodes (2). 

The protection system according to claim 2, wherein said switching unit ( 4) is further configured to transmit said 

backhaul channel (3) to said slave node (2) and/or to said master node (1) The requested status parameter. 
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4. 
Protection system according to one of the preceding daims, wherein the quality parameters of the backhaul 

channel (3) comprise: received signal strength parameters, channel quality indicator parameters, time delay 

measurement parameters, and/or A repeated retransmission request, wherein the quality parameter is configured 

to indicate performance of the backhaul channel (3). 

5. 
A protection system according to one of the preceding claims, wherein the predefined backhaul technology 

comprises: mobile telecommunication technology such as HSPA and LTE, microwave technology, andior 

wireless local area network technology such as Wi-Fi. 

6. 
A protection system according to one of claims 2 and 3 and claims 4 to 5, when dependent on daim 2, comprises 

a diversity unit (6) configured for Receiving the state parameters of the backhaul channel (3) transmitted from 

the switching unit (4), the switching unit (4) being at least partially arranged inside the master node (1) andior at 

least partially Grounded within the slave node (2), wherein the diversity unit (6) is further configured to control 

and prioritize depending on the received state parameters and/or dependent on the quality parameters Data 

traffic between the primary node (1) and the secondary node (2). 

7. 
Protection system according to daim 6, wherein said diversity unit (6) is at least partially arranged inside said 

primary node (1) and/or at least partially arranged inside said secondary node (1) The diversity unit (6) is further 

configured to schedule towards the slave node (2) and/or towards the master node (1) depending on the quality 

parameter and/or depending on the state parameter Data traffic. 

8. 
A protection system according to claim 7, wherein said diversity unit (6) at least partially disposed inside said 

slave node (1) is further configured to send prioritization to said master node (1) Request and/or send a 

scheduling request. 

9. 
A protection system according to one of the preceding claims, wherein the predefined backhaul technology 

corresponds to HSPA and/or LTE and is based on a relay type of backhaul. 
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10. 
Protection system according to one of the preceding claims, wherein the slave node (2) is arranged in the 

predefined coverage area of the master node (1) to the master node (1) Not in sight. 

11. 
A master node (1) configured to communicate in a protection system (5) according to one of claims 1 to 10, 

wherein the master node (1) ls configured for a backhaul channel (3) communicating and measuring quality 

parameters of the backhaul channel (3). 

12. 
A master node (1) according to claim 11, comprising a switching unit (4) configured to select a backhaul 

technique for communication via the backhaul channel (3), wherein The switching unit ( 4) is further configured 

to rely on the measured quality parameter of the backhaul channel (3) to select the backhaul for the 

communication via the backhaul channel (3) The technology switches to a predefined backhaul technology. 

13. 
A slave node (2) configured to communicate in a protection system (5) according to one of claims 1 to 10, 

wherein the slave node (2) is configured for a backhaul channel (3) communicating and measuring quality 

parameters of the backhaul channel (3). 

14. 
A slave node (2) according to claim 13, comprising a switching unit (4) configured to select a backhaul technique 

for communication via the backhaul channel (3), wherein The switching unit (4) is further configured to rely on 

the measured quality parameter of the backhaul channel (3) to select the backhaul for the comnmnication via the 

backhaul channel (3) The technology switches to a predefined backhaul technology. 

15. 
A method for switching between backhaul technologies for supporting communlcatlons, comprising the steps of: 

a) selecting (8) a backhaul technique used for communication via the backhaul channel (3), 

b) measuring (9) the quality parameters of the backhaul channel (3), and 
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c) Depending on the qualHy parameters measured in the preceding steps, the backhaul technology selected for 

the communication via the backhaul channel (3) is switched (10) to a predefined backhaul technique. 

16. 
The method of claim 15 including the step of controlling (11) data traffic and prioritizing (12) data traffic in 

dependence on the measured quality parameters. 

17. 
Method according to one of the claims 15 and 16, comprising the step of transmitting a prioritization request 

and/ or transmiHing a scheduling request via the backhaul channel (3). 
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loss) i'iT l],i_::lJ,;V,* El t-§~~tiJ=Jt~J'T1it, 13t:f~ ri1_i ~ ~{J ;fDt$ Efl fH fiX:Y-:J PJtm o 

[0006] ·"'£1!17-: i~' ,ij {~ r_j:-1 %-t ;~1i 1471'1 ·lc)l_c :'i':. K'f. BIY-1*:f:j.£1J /l\ tr~cl:;i:i+1 ~ ,,, j-• /j\ [>f !~'7~5\::t.¥,,ffi 'f?'Fk -· 1-= .n=f r ;J ~-- 'l=-=-l ' ,. ,_57 Y.J ,i u T,X:. /'-.,_J:f, \.,......:.,AJ,A....!._t~-< J.- ... r) ' /i"-.. ' ' <L:, ,,,,x,._ __ -~' ----- .-• .• A; ___ ..) ~,A!_!_. J""J {. 

::r:.iwt$+;f;-,j[i.5(,j·T-~l:t'2 Efl µ 'T[i -~ [j(J ~,-itJ. ,1J, 'XO 113 fT;] T. E-P Fi 11{J+tih·'l fl] p PT~l:fZ, l+r71r"~----•1J, rx J .,)(.. -1 .... --.. ... ..., - J f..., }J:::, .J; P..., ~-=i •. .-.1x..Y,..., ~ 7 l:'.:'~J J 1-U1 !::i 17 ,,..,, L-~', L.i, ..., ..... ....,,.;L1J ..,, ,______________ 

-f?<-: 7'';dk f:f.'1-,·tt1:' _ fir] 1:3 ':f0'" ,m: !'Iii~ f:iFTIH'I ~5J' fFj p t,flff,'13-~[I r,,1 - . /J, [5L •,';, -J;i\l i*~ -i;-r1·+{fr • .i',:[;T- ~-f -b-. 1;,j ;r;:: t~ :J S 1:'"i(A_. __ ,_;,t.. v _'.is~ ~ fi'n _¼, 'l'lo., /,"\ ~-)L ., _'A , · , I.. 1 1.J l!\,.,..i-lj j_J ---~ -- I]~ ,_o/u,-l_:1, 1/ 1:/'-.. -., J , '.J ~ ~-- 'i 

rooo·,7J :i:ii.i'd~lj-r f,] _QC 1b (f~1 :Rt T,1~iJ{),',µ; 1~<J-'Fi~x.::: [fr1 *1'Q ~ fit 11-: Jt;:1 ;;1:t_T1'-fjT/n1 ,[·,.j: f:n1'r-f' 11:i '*F'r*illL5'<'( [_ .iq._R 
.. -!.-·T'• ir !--'-• _,_ l) I !-,.J_:..L~ J !/!/\. ~x.._,__, ~-LJ,,,- . .j~~-~l,___L./J',-·/u,----17K1dLio=f ~ L. 1--'-~/iH k-.i 1 t-'y' ,0/L~ __ l_.1 ...... /'\. 

#*B.~~ T~~$NWS ~~~fflffi#*~$~~~0~~ ~~J-~A~~~ 
~~*~=*~~~<~~~~~)ffi~~fuM~tl;[z;]~~~~~~~~~mttf&M 
'HJ h,- ~J-1- -i:;:: 1,1 ----• 1--- - -1' p•, J;B 41 M ,;,'7 '·"-" +.-•+--k -·1-1 't ',i, •. j # nT L,l, * R1 ,-h ±Y. --,1-. •'!-· t1 ' r•-n• ~s 41 'r:' ' /r, -fH5i~ ./J1 lc'A -'1~1-r 1t:,A'f 1':~ nc;J' 1:'.IJ 1:d ;f x~ ; ,rx'J ;1( t ;k i0.P · /4<. i:-JJ fJ~ 1t.!X~, •1'370iJ ; !id:1 w'f it'¥i n;'J',r!<i, i57Ll :tm 

[0009] 

j~i[ £ ! ' 1. Fr ;-1 fj T· ;l:,B," ·f:tt j,ff j11•1 J,{;i 131 t'l{J lr1! J;L+l Jf; ; 'f, 1~<1 pf fj'i>' ·rl'J-. 1•A.1, t)._,__,.'{.._ l-.1 .J J,N_. ,' ~-X-/.J i•D~,,,..._w ~ , ___ .'i .... .--<~-i-'~ HJ f w.,.T.o 

[001 oJ b.i-· s s<JiltViEhi,rJJ.;f.U~:iR s<J ~El J{t'.,t;:EYJ, o .:f<tx)FLl~ 51<. r-t1 [stQJE T 1Jt:i'!t~1{ 1S~i·Wu o 

[ oo 11 J t~ tM * ~-ij:_ l]}-1 (tJ ~ - · /i TIIT , J! - · § f:Y0 ftl - · trt1 fi tP1 Ji fJE :5.{t # J9ci, A ¥k: Jttlr. ~ ttl ::r:· t'E ttl ::r:· 
-;l,.:}ct=i;='..{d;', fpl +-': f;(,tl f'x. ,h t'l~J"i'§ ,f~ 6(j r;:1rcJ;r: L/;---ic-- 7 j's1'111:1-"F-r,ll .!fr, it1:o l=f . j.:. ~ ,1,1 ;f.r] l) '=\ii' r'I jt _-_+'_-.~. 
_;,..... ~"J _;u .... -)<i ~ /l'~, 1J--i11 w .A!.~ r-:i 1-=-1- ~ 1[E:1....x. .. /!'-....,,,___ ~jJ;zt 1 ✓ ,:1., :r:;\., /" L:J1i:::t • ___ L, 1---1 ,1\, 1r~ tJ\ 1 ... ,i\,, /-.. ::r:_ 
,t; ;i: ~! -H- t: ii+, iir:J ~ µ,.i -=r::- J,.--;,, ,-:- 'ii[ ,·a ·,,, .;1s; , rJ; p/ ~=I± _,_--c;iti J,', L') -.-1 ffJ-h'I; 1'1'1 :·-:. i+, ill--, ~ µ,.i -=r::- '!-/-. --1:>l'.. µ,.i -=r::­
' '" /I'~[ /)1'. Tl,;~, ,&r~uJe"lJT,j _J !'.LW i" f£foi,'.tL1!x..D-L.,c,u...1J ,,.____Jj,~ ; >,i',.1_ /JJX:+·IC, ,l:kr~CJe"l.rt-i _J J,L)"J1'·(T,j _J 

{<¢, q::r fpf 'l,;@1'-',,'11s' i'i{j ~~fl U, rj/,i fr_il/+.r,1:f~ ~~c- tt 1l:J :l:: ,1-f!' 15 JIJ, ))\ ,•1''1;' 6 [fJ I'/.! -z:;:f,, 11,;,----• -'~I ~ ll; _____ /_1_f:;; }tl;:x.•jllf,=l 'g fT~ T-~ffiJI ..--:...._LT1 ~~_..._j,!------'------ i="-=,~~~ X.!J..']n ~ .J !-'--~~lf'_L ...,;i,.., ,-..., /'-. 1 -=t:.. ✓ ;,,; ! • / ✓ 11\1 , ~--!-.., ___ ~_.,,,,- )-tt._ _ _.,. P •-,L!..E=L,t-., J ,/,~ 
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( mp' ?t--l'I ,r/~)H[~~L:: Tl/\ ) f§i] Y!J~ El=l 1t¥JMfrrHI!trtl:J:1t1:f l.ff11t¥, Jt r:{ 1tt -~- lcd}i'.:±tttlJI.~4f1fLG~ 
~ffl#~~ffi=~~"ffi-TJ~tt~m~~~~~~Mm.~ftffi=~~~~~~ffl~~ 
lir tzrj+r*n ".'l'i- ~ d::i :.i:1-1%1' -~ r':i"i'lr' ''}.:-Ht ;~d; :t1•· '°# ±.:: :Ft12 fb \ib l~ -:;,-;,; fl_~,+, c_.,;X ,,<.,11,: ,o ;:,n ,:J ,.,,/l'-.717----• p "" /u,l&,-=:D<., J_fi,JT~/u-.-'«'t-"''tt11=t.:O:h,)L'i' o 

[0013] [J~j ti-['., ;,t,: ')'; rlp l_j{r -·+ -~- kf! 4J., ,/-,;;-.)':' ~'it ±t!J iij-'i,t Jcl,;R=f 1'·r% y;J;/frjj ,~{:~, 'rfn, -;j:'', 1?F~~~ In_-_-] :f~ ,tr:tt~ i_n_-_-r -· ___ JJ- J . -.~, )~I 1. :.i , ._ __ . 'LI• N.._. ·uL,""'---. _J..-'-!_ __ .,.._ __ 1~~ 1 u ¥.A. d_,,., ... _, ,..,..._ T 11 u 1...-- ., • .JLJ.. ~ ... ~ 1r_L. A..J_ .• _ ..... Ttr • 

~*~smA~~q:i~ffi~~~4&M~~~"~fflmA~~~~~#~ili~~~~~ 
:3GPP 41 J=irr;;:;: x. ut "* r1~ 4l iii'' ~:ri- "w5r~ 4l iii,, o •f~~Jtdt, x~:rt?. tl/i. ITilH~_8'.J lJ\ 1.11 1h rx RBs, ¥k: 
§:ZJJ'ttt"b: RBS,{jtmJtl!.iH'}Ut~16~{f:*/j\[iEiX1§'1ti RBS s·bqi_~.lR:!-IJ\tr:is '*/J\lXPJi:1§-~ RBS {f 

-¾;::t,~~itt rrcr-1· '>(: /p ;;'. Ill·'Cf' -1:-~j--.ft r'r~r ,.'f ·:Z :;-;:::1<'ilj rtJ p/.1- _ /.[\, L:} ,st =fij.1--J, Lt' 1;1~-1 fJ;] T ~J-~ f~c- i; l:3': l'i:::fil / PV /f'-.-,,..Jlj----'---?• d_.1 \1-:...,. _J 1~:X../!'--r~-.J"' _y,..J .. ,/ '.-•v Q ".,.·,~--T!,,..,l.-'-17 ---•--- ... /-..,,,.._,.J _ _,_,,.4·! ,---'--' / .,...-_;,"-I 

vn1rF=rtJtt;tfftL /~, s\rJcr~ E1H¥Ut1t:~1w~11u1~1rr• ~'!1~Hm, tr Ntos 9:1, 1tnH?&~H:Lf~w1 
,:ff :x;; r-1 i Jis; /J{r =1r= i'c\i: f}'~l p-1 ,ft Ht r-1 i f,1 1'· q::r T 7:;; fr'.'1 1~<1 ft'F f*l -,---11-u L-J·. f;/-r .:µ,:: r-:j 5').~ r~- =r-:J yq =;=: -ii• 1~<1 .is: 'i,;- W: ;'X ti'· 
X,/1 ..J --i~--i-=lJ/u ..... .A;.:~ 1rI ,~"'<- ..J , ✓ til-U -· ' !Ji-'v/--J., __ ~j /\.XX,/' _t-_~J)\'o/l=f/j"_ ,t_,-, '"-li-'v ';.R )j,A_1.Jr. 

J±f:, ® LTE ~- ·fr/1 ftl =txtl;/,5lf111H½*s½iit1L vc~:rtl!,, l; RBs -tE1tr:-1; i'r<rnz:m- -~ 'k rrJ1W1~tJtf 
ttsbtr'i'm F1ft:Yr,{-txt ;J\1~/J, [2<~ RBS l~"=r]l!jH~i~~ s'.J-tJirnr• 
c ] i:- +--, - • '-e , r, / , f ., "' -'- 'Ii- ',:,I J, r,, , 1 --- '-I' 'ti,,.-;-, ,v· ryc1 T • ,· " r,::;i :f P J-'- ',,: '/ '}' ! -" 
L0014 ,i-~ 1/3' 4"- ;x.. ~I] ri:J · J[.Jj__g ~ )Jii!.1i~, ilJ 111;: Jfl. 7L7:±-· foz ~G

0

~J J - ·1-'!4 >;"<: 11'1 i1±' a J-fi t1'J )j ,;:;~'-;=$ 

It, Jt rt1 o!R :(§; * ~ 21 -ti:s· 1( g Ti /~: :frl ,Y, i1r' A\ s~ -~ 1,1> - -1~ PfJ ir:11 {'§ o!R :(§; o t7J-t:J~ ~- jc 1}Uzt ttti'/t 
-*~re~fflf~~~~ffi1~~~~~#~~~fflm~m~*~~~~~-tt~~.~ 
+J:;l,{~J'i,6~J P--1;_-t ~ ~,*fr,i=;l t+,/:iF,.tz"':~lfrri11·c'; Pc1)i~ fl¥ (RSL) ~'f(y i'c';J'l'-f;&.-1'.1 ~ f~-;-rc-;'f:q: ('iYIT') ~~fr n-+~rsrn11 
/[::t:: r=t '"~1-=-l - // ... ~-3· >;x... r3-:JP1 /: :J::.;i.;: 1A:--. ~ H .J J:».1..>"- , '/ 3 .. ✓~-Ii.., H "-=-- Y--.. l::T::':..-' F:i ,.,,.,, '...1 _v½/---'---., 3· >;,x..-. w _, y,1,;;;;.1J,~ 

-$~,ffil~~~~~#ffl*,~$MM$~~~-fflTffi~~~ffi~~ ~"ffl~~~ 
[ill lfJi:f~{}t;r~;tllifl:J};ri1'ft.~l HSPA 7f0 LTE (fJ:¥$ i}J ffifmt'z;f.:, i1&t1fi¥, ;'fO / l=(-Q hJif Y.~l Wi--F:i fj'.J]c 
i1'. J~J ±ex 1x:~ H* o 

.. ] -}''· -H-' --Ac- 1-t'-- nf-1 {1'-, "' •ff-_ ,-•-,+fc: 1--1 ,_, __ 1 r-, -l: '· -,- t,-'- ,_] +1- --<7 -J:c'I' fN- 'I" ---- '-i,• k7 -J:c'I' fN- 'I" ---- 't1,w-1 ':'Ei f+l 
L0015 1rli11i!J /+"-.rx.. fJn r:i"J 17CJ&~':k )J[l/v! , t~tl~J}' * £JC'E,Jfi 3_,,,r'F '1::ilr'-IC, k< 3_,,ff '1::ilr'· 7-Ci:fx.r1L:.Iel--:tr:J 

I I -4+ cc -en ' ---f· -,,R r'-• ' -~,. r.- ',f *Ir '+,; 'z:- '3 4 ,, "'· ±ih T I ~" _,l "j ,11 'ti:: _, __ . !±! -r-- 'J -++- r.- .-,__, ~" ',f /,7 -1:¥ I /l 
fy, --p }2, ;fiJ / ElJZ¥;J r-lJ :=E tr ,9, bJ :Jt)(.1~1f:t m: ,, 1TG:r:&- L!:I, =:E.~>tj11 ;rJ "t.2, h. -1 IJ _§_ Jt/ ', Ti ,SI, v,J I=!!' bJ 3°7'1---f ''_t~ 

¼.y-_,;'t'1-- ·*J,il:tiili;J"fii r-n rtJ-l-=i,l, r1'i'fi~;-~~f::1'-lc't,l,~{1/-1n,L·J-r1 / rw'fe~~'l='rr,~]f_\'f1.'±'.f; ~t 0 '-t~ Ju 1 '.'.'.:Y !l)<..l=ILJ.....B..../lJ ! _t I""" ,,\·,/✓Jt...,),.,:-- / .,1u ,u1', ....... r~,T , ..-:-,,. .... ,,'.,,}',.._~ 1~~,_....._;v _. ... ~"----

[0016] tfUJ~ :;,t( ;)Z ~1 i'rb 1:itJZ~3}_;JJfil111J, fJ~ )EX ff~ [2r]f-~tlf:x1J~ }- HSPA 7f,IJ / 111< LTE JLl::l ~-f r{l 

f[1~t:Jf'!ffJ@Jlffio ~~1';- 3GPP Jf~i1l,LTE RBS t1/i.¥J<:1/J±~5_¥~11,~].;ftr5 (cNB)" 3GPP ;f~J~LfJfj\_j[f1 

flt~{stJM LTE t:/z:f:%&:l2[f-it.¥1Jf11 eNB IYJ eNfL [;J~J1!:l:, 'f:;{£rfJf'Ji~:1tls'-J[i:1]1~-1::jt'[j:;"f.t@tii.2.JsJi'/t 
1'c]-c,ymtJ)'.i ,, ~A •1'rl 6 ,{)-1i'1_!/c ++fa ~t'r.b--J+; ~ .!,1->-:1:'-: 0:\,lr· r5_· µ,{-, ~ ':0 ,'1 Fl0~ ~l-_ll,_L·. [5n_c;H il.r r,,(-r ,!j'i fr-11 -:1:'-: 0:\,lr· r5_· µ,{-,:cJ!::ili,l ff} t-i-1" -:.JJ ... ,,-,.. //'- ,,,, I u,..'----J-1.!:;. ,X.'tlJ.5:"::'l..,--~-- ~. ,,.,1-,-'jJ;)-~,r\.L.....-A,-1'.J·1~.- ---~ ;>(..!"~ r=l'Jr-d "'-- ~. ,,.,1-,-'J·-l1 ·1/l.J,.;:--,> .. , " 

[0017] -J-R +cs -,;-- ;L,. 11[J /1~-r ~-,;.~ ---• ---1•-- rtri L. rtri l'.',i:;: l·B ,;;I' /1/-J R /1-'-J .h 
1ff{ 1/r--1:t -lf'- /;1...., ~:n d 'J _$ ----~ .· -1 IJ:LJ , _L~ 1.aJ r,, 1 JJE .-.r• J 1=1: 1=1 1=1: m 
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i~, •Y• --- -',1-,ffi3 I'' rf-,-, '"• t:~ ,-f-j J F7. _,_ @l 't=l1'-'- '¥e ,',' ',±';1-~- [:]J- [8]%t:J-'5z• "• -ti-' r:j=1 t•J~' _1'(1.-, ---• m· ,. tf-c-'Ez-,~r,i 'i_" '-l±'.7-,<trv '[ -- ;'---1--1-•J°'' ,of- - --- -•;,<,sq.~ in ·I.':,: ?'•s ~PJ 'fH ~ -,! p --:ic.-t- -.,1' _tel. -- '.! -1' ~, -,r ,-----_,,;;J;, _,, -: 
~, UT1,..,.--.,.--1w_=:::,_,., .J .J -G - I. - ..-'-'-f_-'-••---'!_::c i--=l..-'"'-'-'!-• )..__:,. ,-l-:J -- --=:c~ .,.,.,..,_,_,.,,. 1/ ~ \,. ./U -1...- ~y !,..-<...-uJ'== 

-.P·J..TJ-:!t.', z;,1µ=1,-·--, ,,, 6A r;::;!:f!:::i+±:--r0 

.11\ V,,J Jx:f'1.(J 1JUE X. [l'J r1-• •r±1x.11"= 0 

[0019] 

[0021] 

~~~*~~~~mmtt.~~~~~~~/M~~*~m~&~~~~tt~~~~*-
Ji:t, k), Jr=: i--:l-' ·1-·- f-f~ ;-'-1 J'1r:J:i'.L :.;~ii lj\ :Jt:r) _/J\ RBS Jt. 1l 1~ fi:i[ Jt;-! rb l!l<i:;: p.{1J;:t;: i),q ·i::: ~-J+.r1· rtJ r,iJ -----.10:. ), r11 r.<1 Ff-l t·1 

.J-/,, !~!,.u m _ __ '.f.Y...1-~ --•-• ___ I._/! J __ .~~--- 1_::c l -/i.-,-~lr;i u l'r<--~1 jHj,✓ _ J-3(/~,,\1,-•~m, 

tJ1j#!:l'f':Jit~1':iti}~, [r]f:'Fl ttt§EhQl~{Mi" i3JJ1:t, tEi tt+·1:111Jtu tl~-1'-m f~ iH:ff- ri'D ~~HtA,8 ~(:J 

~~~~m&.~ff~att~~~~m~oom4~~#cg~~~tt*~~*fr•~~~ 
1
5(')_1 f'.'x:.Jt>'r'~ii q{r" ii:i[W-i::TI ~hi.,_ iii FR, :::-,·-;'7'_7 r'r/,1_:is: ,g. FJR FR r'~ ~S,1. +fj,,lfol,Js :-;_,,r 1h JHj /j\ r,x R~.)JS .t+fq: ,:i': i"lj .Ji:_: J ,,-Lf J_J~ 7.., .J i1 'J ,_ ___ ![L ✓/J /J\. u '...Jtti "' ___ r-1 'J + /A~ /j' m I 1/J\.1- A ... .Lr ,y ... ...,. ~ ..J _J_~ ·---• - •-- k O I__._,,. j,.._\J _ _},..I H "7: 

[0023] 

%~§~~ttA~~~~H.4~~~= 

[0024] [1!~ j_ ll]/)' Ti'tH\!i*1~:PJHr-r*-·1Jt:t6¾'. )J~1!J~ ~f'J{~:jcf, ~ t1L ± 1~ ,8;f P }A'\'1,s ; 
[ 0025] ~ 2 ~ :ii; { HHJt * tt f!}j S':J % -. ft:iLt :'1t ;1'liH(fij S':J NLOS !Et[ 1~.!!W u~ 1J '!!£' Jt 't" fr)l ~Bz ti 1°,e m 
1/r: ~•- '-1-~-1 :,1=1++-J>. )'- +± f' ITT·-+· /7 P' 

F 7~.U::. cJ /['cf.J.5l/[VJ-j- IMT j'x_/ \.t-fj -_J- i§'n/J ; 

r 0026] 1~j ._J') /-; ft11 -f ¼:t 7,tis :i# _¾;: '# Rl=i 11<1 -~ ·:::: -f!'L' ;;t:;t: MT i7kilj /J{! -~ ::fc31'':' ;''1' 7,41-nJ_'J-1 :fl)) 6~JAJ1· f,t r'i~JJJT/,117-l~ ,. - . ~-- •'·-- ,,JI, ,l'<-Vi::i-<J ;_,~.-,HJ~------ ~-~,,v8, i:JJY¾h,ttl-~J.1::. 'u,,;l:J. l,.,;,i l:J_ )cf, __ . 

LF,\ ±:fJ_i;[ :ll'ij q{r fL ~ . 1;• , -1' ,.__ 'L,,.\,. :=t~ i1 J ,:1/J ,,. • -..... , 

[0027] lll 4 ~ tB f :t!ttM,,t;:;~~lrjff,J~ :.tt;1\:~ JJ1!113/u f:fj;~tl l:tT· 2. 3GHz fnJJ§-tE 32GHz ~~lf~}Jj 

7 

TP Link Ex. 1004 
Page 837



CN 105027604 A 5/7 JJl 

Tl 
lY... 

[0029] 

-j;:•t,.¥.,l,tt}i;_..:;:;::., 6-, ti·:.,_,', -""1 1'J'f--,{/L'-~f1\''-"r'J1\,t'l1,1I • ::l::·,!r!; ;5' l cfn l)\'''1c!; i5 .-, __ <.'.,\.£1!,v,j·1w-T-•=1" DDC:: fr;'cl/fr'clifr 57' ! 1--'-• T ./U ..J\, 1::_ . .A,:~ .7R V )~7:::::• .• n.~t,~ ·' ___l__ ""':n;. /l'H/) -,j I\\\ '-I /J ./J.,J/, ____ ,.. J /L:,., l\L)...._,, /!'H']TiA.']r0. 

,-;, -, r'-, T)[ -, f--' Cw' -;ti!l, R'3 ' ') _,_ 1•--, rt' 'y J,'~ b7., ,+, r·:;r :i:r:1 '-c', '* q --r '{-'- 1-f-• ,--,-;J -'1-- ;'!' ;r/!! DJ:V' 2 -/--• '=,: r,'-;-i !u5So 7£:hdS l---=J]fi-X1fi-J, tS .,,Z...SJrffJl.t-li1::1;,_x,b::Jri::1-1/noisJ~l-)[!lJ;.x,':to !L•/~Jfj_'(Ji}-ZJU:) _,{:l::.Jt!iP-U * RBS l P/J NLOS r:p,}~fr~;},;@{a.:l;t/f-11EJflxrtJ NLOS :FfJ'fit 15;(1ti'r~fi.M5fiJ1'lfM• -r1'Ltt-1"-%~tJt 
vi~ ilE {Ju i:j=1 , t~lfff N LOS Jif tl S"J ~~fiE tE J- :it))[ tM 7 " '.'~~ il'Jz RBS 2 s~J t.JJ 1~~ ftl- 7G 4 jj_\Uf - -;rrp [8 tr: 
rt:;fz, t#J. [ri]f@.tl*=#:i& {([ m n:1-f"if tfJ ltr:lfM{f:f lB: 3 l~fJ511f:f llt ?r'&vH1:1~ 0 jjf-"7Y rt~,, ct_: RBS l ~Vjlj 

1~1: ~- :5'G 1L -riH#¢ J¥i- 5'c 4 -t±:i6: ··r -m- - -·t:it3ili ~ filli 1J1J g:i 1Jt7:'ff A a* RB s 1 r1n'm o ai~ -t-Jf:; - -vt±ili -~1: 
1.itfiW1J r11 , Nrt!J::Yti'rt1lt ~ ~. ,r msL) 1f,\;T ~t-tmJE x s<J H1, Jt: []Jl:t [i=if t~rt:ftMiJ7J~~u~141 
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METHOD FOR TESTING CLIENT ROAMING 

BACKGROUND 

The following relates to the wireless device testing arts, wireless 

5 communication network arts, device roaming arts, and related arts. 

In a typical wireless electronic communication network, a device may be 

connected to a network through a wireless access point (AP) in the network. APs are 

typically controlled by a wireless local area network controller (WLC) In order to cover a 

sizable area, such as a floor or several floors of a building, the network may have many APs, 

10 and the A.Ps are o±Ien wireless routers. As the device travels geographically farther away 

from an AP that the device is connected to (for example, because a person carrying the 

device is walking), the connection bet\veen the device and the AP may become weaker, and 

may eventually be lost Therefore, in certain circumstances, a device may switch from being 

connected to one AP to another, which is called roaming; and the event in which a device 

15 switches from one AP to another is called a roam event (soroetimes also referred to as 

''handoff" of the device from one AP to another). 

However, as a practical matter, technical problems are known to occur during 

roammg (e.g. due to a chip defect or so forth). Additionally, even in networks where 

roaming normally occurs without error, there may be problems during a small percentage of 

20 roam events. The performance of roaming may be improved by setting various configuration 

parameters of the wireless device and/or the APs. Therefore, to detect intrinsic defects, to 

optimize configuration parameters, or so fr.1rth, it is desired to gather test data related to 

roammg. 

Roaming system reliability is of particular impoiiance in the context of 

25 wireless medical monitoring devices. An example of such a device is the IntelliVue MX40TM 

wearable patient monitor (available from Koninklijke Philips N.V., Eindhoven, the 

Netherlands). The MX40TM is worn by a patient, for example in a pouch that is hung around 

the patient's neck, and supports patient physiological sensors including electrocardiograph 

(ECG) and pulse oximetry (SpO2) sensors. The wireless connectivity of the MX40TM allows 

30 the patient to be ambulatory vvhile remaining continuously monitored at the nurses' station or 

another central monitoring location. Due to the Me-critical nature of ECG and other 

physiological sensors, a loss of wireless connectivity with the patient monitor (for example, 

due to a failed roam event) may set off an alarm at the nurses' station calling for the patient 
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be quickly located to assess whether a medically significant event is occurring. Maintaining 

reliable (ideally failure-free) wireless communication with the wireless medical monitor is 

made more difficult by the challenging wireless environment of a typical hospital, which 

commonly includes multiple wireless networks for various purposes \.vhich are connected 

5 with myriad \.Vireless devices. Accordingly, communications testing of the wireless medical 

monitor should be rigorous, including acquiring statistics for a large number of roam events 

:For example, a typical stress test preferably includes several thousand roam events. 

One known method for testing a device while roaming, known as the "walk­

around" test, is to physically walk the device through the network. However, this is time 

10 consuming and does not provide very much data. Stress testing the device using walk-around 

testing is particularly challenging. Other test methods employ special equipment to force or 

simulate a roam event. For example, a shield or antenna attenuator may be used to -.,;veaken 

the signal of an AP, thereby triggering a roam event However, this requires additional 

special equipment, is time consuming, and again does not provide very much data. 

15 

SUlvfMARY 

1n accordance with one aspect, a non-transitory storage medium storing 

instructions readable and executable by a computer in communication with a wireless local 

area network controller (\tv'LC) controlling a plurality of wireless access points (APs) to 

20 perform a roam test method including the operations of: (i) deactivating all but an active AP 

of the plurality of A.Ps; (ii) connecting a wireless medical device under test (DUT) with the 

active AP; and (iii) triggering a roam event by operations including: connecting the DUT 

with a second AP that is different from the active AP of operation (i); and making the second 

AP the active AP 

25 ln accordance with another aspect, a roaming test method, compnsrng: (i) 

deactivating all but an active wireless access point (A_P) of a plurality of i\Ps; (ii) connecting 

a wireless medical device under test (DUT) with the active AP; and (iii) triggering a roam 

event including: connecting the DUT with a second AP of the plurality of APs that is 

different from the active .AP of operation (i); and deactivating the active .AP of operation (i) 

30 thereby making the second AP the active AP. 

In accordance with yet another aspect, a wireless medical communication test 

system comprising: a plurality of wireless access points (APs); a vvireless medical device 

under test (DUT) configured to send and receive information via the plurality of AI>s using 

Institute of Electrical and Electronic Engineers (IEEE) 802.1] compliant communication, and 
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3 

further configured to log roam information; a wireless local area network controller (WLC) 

configured to control the plurality of APs; and a computer configured to control the WLC to 

perform operations including: through the WLC, deactivate all APs of the plurality of APs 

except an active AP of the plurality of APs \vhereby the DUT connects with the active AP; 

5 through the WLC, controlling the APs to trigger a roam event in which the DUT hands off 

from the active AP to a second AP different from the active AP; and storing information on 

the triggered roam event acquired from at least one of the DUT and the WLC. 

One advantage of the approaches described herein is to gather roaming test 

data without the use of special equipment and without moving the wireless mobile device 

10 under test. 

15 

Another advantage is that large amounts of data may be gathered. Put another 

way, data for stress testing ( e.g. Vv'here data for several thousand roam events is desired) may 

be gathered. 

Yet another advantage is gathering data in a short period of time. 

The invention may take form in various components and arrangements of 

components, and in various steps and arrangements of steps. The drawings are only fr)r 

purposes of illustrating the preferred embodiments and are not to be construed as limiting the 

invention. 

FIGURE 1 diagrammatically shows a wireless medical communication test 

20 system in the context of a medical facility 

FIGURE 2 diagrammatically shows an example of a roam test method 

performed using the test system of FIGURE 1. 

DETAILED DESCRIPTION 

25 Disclosed herein are approaches for testing the roaming characteristics of a 

wireless medical device under test (DUT) operating in a wireless communication system. The 

disclosed approaches advantageously do not require any special equipment, such as radio 

frequency shields or antenna attenuators, and do not entail moving the DUT from proximity 

to one wireless access point (A.P) to proximity to another .AP. Rather, the disclosed 

30 approaches are readily computer-implementable, and entail controlling the wireless local area 

network (LAN) controller (WLC) in order to selectively activate and deactivate APs in order 

to cause hand off of the DUT from one AP to another. The activation/deactivation of an AP 

can be performed by enablement/clisablement, in which the AP is effectively turned on/off 
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Alternatively, the activation/deactivation of an AP can be performed by 

adjusting transmit power of the AP. By reducing transmit power of the AP, movement of the 

DUT away from the AP is simulated (although the DUT actually remains stationary). 

Conversely, by increasing transmit power of the AP movement of the DUT tm.vard the AP is 

5 simulated (although again, the DUT actually remains stationary). This approach to 

performing the roaming testing therefore enables testing of the impact of DUT and AP 

configuration parameters on the roaming performance - for example, it can be determined at 

what power level ( or relative power level) a handoff is triggered, or at what power level 

communication is completely lost. 

10 The disclosed approaches can be implemented by a computer in 

communication with the WLC (for example, the server computer controlling the WLC) in 

order to control the APs. Under conventional wireless electronic data communication 

protocols such as the IEEE 802 11 standard, data on the roam events is conventionally stored 

in wireless communication logs ···at both the WLC and the DUT. These logs are suitably 

15 acquired by the computer, via its communication link \vith the WLC or by physically 

connecting the DUT with the computer during or after the roam testing (e.g. using a physical 

USB cable) in order to acquire roam statistics or the like. 

It should be noted that the disclosed techniques generally cannot be performed 

m an operational hospital setting, because the APs cannot be used for normal wireless 

20 communication traffic during the testing, and it is usually not practical to take the APs of a 

hospital network offline to perfom1 the testing. However, the disclosed techniques can be 

used in a "testbed" setting, for example to test performance of the \vireless communication 

sub-system of a wireless medical device using a dedicated "testbed" wireless network. The 

disclosed techniques are also contemplated to be employed in an actual hospital setting, 

25 either at a time when the hospital is not actively operating (e.g. testing the wireless 

communication network of a new hospital before it begins serving patients) or by taking a 

portion of the hospital network oflline ( e.g., it is envisioned to test the wireless network of a 

single floor, care unit, or the like using the disclosed techniques by taking only the APs of 

that single floor, care unit, etc. offline for the testing). 

30 With reference to FIGlJRE l, medical facility network 1 includes wearable 

patient monitor 2. The wearable patient monitor 2 is capable of wirelessly connecting to any 

of a plurality of wireless access points (APs) 6. The wearable patient monitor 2 gathers data 

of a patient, for example, physiological data such as electrocardiogram (ECG) data, Sp02 

data, or so fi.xth may be gathered. The wearable patient monitor 2 may also include a 
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touchscreen to enable easy viewing of the gathered data, as well as other information such as 

alarm history and alarm settings. It is contemplated for the wearable patient monitor 2 to 

provide other functionality, such as audio or audio/video communication with a nurses' 

station (e.g enabling the patient to press a "talk'' button to talk with his or her nurse). The 

5 wearable patient monitor 2 optionally includes a USB port 4 or other physical data 

communication p01i(s) for the purpose of transferring data (e.g. to a server computer 10 

through a USB cable, not shown, connecting USB port 4 of the wearable patient monitor 2 

with USB port 14 of the computer 10). An example of wearable patient monitor 2 is the 

IntelliVue MX40TM (available from Koninklijke Philips N.V, Eindhoven, the Netherlands) 

10 By way of the MX40TM as an illustrative example, patient monitor 2 is 

designed to be placed in a pouch supported from the patient's neck, and can be connected 

with various patient monitoring sensors (e.g. ECG electrodes). The patient monitor 2 

communicates ,vith a central station (usually the nurses' station) wirelessly using a 

proprietary wireless network or using an available wireless local area network (WLAN) (e g., 

15 an Institute of Electrical and Electronics Engineers (IEEE) 802.11 wireless network) 

Because life-critical data are being communicated, the communication link needs to be 

reliable. If the wireless link drops out, the patient monitor 2 alam1s and an alarm issues at the 

nurses' station, and the ambulatory patient must be tracked down to detem1ine the cause of 

the alarm. Accordingly, it is desirable to thoroughly test the wireless communication system 

20 including the patient monitor 2 and its connection with the APs 6. Since roam event 

anomalies are a common failure mode in distributed wireless communication systems, it is of 

particular value to test roaming performance, preferably including performing so-called 

"stress tests" in which many roam events, e.g. 2000-3000 roam events in some test protocols, 

are performed in order to collect sufii.cient statistics 

25 Returning to FIGURE l, the plurality of APs 6 are controlled by a wireless 

local area network (LAN) controller (WLC) 8. The WLC 8 is in turn controlled by the server 

computer l 0. For example, in a typical hospital setting, electronic hospital services ( e.g. 

admissions records, electronic patient records, and so forth) are maintained on the hospital 

server 10, and communication amongst personal computers, tablet or slate computers, or 

30 other devices throughout the hospital connect with the server 10 via the LAN by wireless 

connectivity provided by the wireless LAN comprising the APs 6 and WLC 8. Additionally, 

some stationary devices such as desktop computers may additionally or alternatively connect 

with the server computer 10 via a wired LAN such as a wired Ethernet (not shown in 

FIGURE ] ). The diagrammatically indicated server computer 10 may actually comprise 
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vanous configurations or architectures of interconnectedidistributed computing resources. 

For example, the server may be partially or wholly cloud-based, comprising computers 

interconnected via the LAN and possibly also via the Internet. ConventionaUy, Information 

Technology (IT) personnel maintain the wireless local area network, including operations 

5 such as configuring parameters of the APs 6 and WLC 8, by interaction with the WLC 8 via 

the server computer l 0 

To implement the disclosed roam testing techniques, the server computer 10 

further includes a roam test module 12, which may for example comprise a script or other 

software readable and executable by the server computer 10 to perform the roam testing 

10 method described in FIGURE 2. It is alternatively contemplated to implement the roam test 

module 12 on another computer (not shown) that is in communication with the WLC 8, either 

directly or indirectly via connection with the server computer. The computer nmning the 

roam test module 12 (whether the server computer ] 0 as illustrated, or another computer in 

communication with the WLC 8) is capable of controlling the WLC 8 in order to control the 

15 APs 6, for example by turning APs on or off (also referred to herein as "enabling" or 

"disabling" the APs), and/or by setting transmit power for an AP. It is also contemplated fr)r 

the control to extend to other parameters of the wireless communication system such as 

setting the operating frequency used by an A .. P, setting other communication protocol 

parameters, or so forth. 

20 With reference to FIGURE 2, an illustrative roam testing method is described, 

which is suitably performed by the system of FIGURE l, and in particular by execution of 

the script or other software implementing the roam test module 12 in order to control the 

WLC 8 to control the APs 6. In preparation for the roam testing, the DUT 2 is brought into 

sufficient proximity to the set of APs 6 so that, if any AP is operating normally it could 

25 communicate with the DUI 2. In other v,rords, the DUT 2 is within the effective 

communication range of each AP 6 that is to participate in the roam testing. For effective 

testing, there must be at least two APs thusly capable of communicating with the DUT 2. 

During the testing, the DUI 2 is not moved about, but instead remains stationary. The DUI 2 

is also set up to be able to communicate wirelessly via the 802.11 compliant wireless protocol 

30 or other communication protocol whose roam characteristics are to be tested. This means that 

the DUT 2 is taken out of so-called "airplane" mode (if it has such), has its wireless 

communication activated, is logged into the wireless communication system comprising the 

1.\Ps 6 and VlLC 8 including performing any password-based login or other authentication 

needed to enable communication with the APs 6. After these preparatory operations are 
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complete, in an operation 20, the roam test module 12 is started. Next, in an operation 22, all 

but one of the APs 6 are disabled; this controls which AP 6 the wearable patient monitor 2 is 

connected to because it fi.)rces connection to the only available AP 6. Next, in an operation 

24 performed at the connected AP 6 and/or the WLC 8, the connection between the wearable 

5 patient monitor 2 and the AP 6 is estimated. This estimation includes, at a minimum, 

recording successful establishment of the connection (or 1ack thereof, e.g. if a roam event 

fails) Optionally, the estimation of the connection may include recording other parameters 

such as transmit power, communication frequency, or other settings of the connected AP, 

signal strength from the D1JT 2 a:t the AP, data rate for test data communication, or so fbnh. 

10 At the same time, at the DUT 2 the connection is a1so logged in a device under test (DUI) 

log 30 in an operation 32. The DUT log records, at a minimum, successful establishment of 

the connection (or lack thereof) and an identification of the connected AP. The log at the 

DUT may record other information such as transmit power, communication frequency, or 

other settings of the vvireless communication interface of the DUI 2, strength of the AP 

15 signal at the DUT 2, data rate for test data communication, or so forth. 

For explanatory purposes, the AP of the set of APs 6 that is active and 

connected with the DUT in the operation 22 is referred to as the "active AP." The operations 

24, 32 record characteristics of this connection at the A.P 6/WLC 8 and at the DUT 2, 

respectively. It should be noted that while both logs 24, 32 are preferably acquired, it is 

20 alternative1y contemplated to acquire only one of these logs as the data collected by the roam 

test either acquiring only the Afl/WLC log 24, or only the DUT log 32. 

Next, in an operation 26, a roam event is triggered by deactivating the active 

AP that was connected in the operation 22 and activating a second AP (referred to hereafter 

as the "second AP") that is different from the active AP that was connected in operation 22. 

25 The activation/deactivation operations can be performed in various ways. ln one approach, 

the roam event is triggered by disabling the currently active AP and concurrently enabling the 

second AP 6 (this approach is referred to herein as a "forced roam'' event). In another trigger 

approach, the active AP is left enabled, but its transmit (Tx) power is 1owered and/or the Tx 

power of the "roam target", ie. second AP, is raised until the patient monitor 2 switches to 

30 the stronger signal provided by the second AP (this approach is referred to herein as an 

"opportunistic roam" event). Besides the forced roam and opportunistic roam, a skilled 

artisan will appreciate that other approaches to trigger roam events are possible. 

The operation 26 produces a roam event, i.e. a handoff of the DUT 2 from the 

active AP connected in operation 22 to the second AP, because the deactivation of the former 
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and activation of the latter causes the DUT 2 to switch to the only available AP with 

sufficient signal in accordance with the automated roaming architecture of the IEEE 802.11 

compliant wireless communication protocol (or in accordance with automated roaming 

architecture of another distributed wireless communication protocol under test). No other AP 

5 is active (as per operation 22), so the handoff is necessarily from the active AP of operation 

22 which is now deactivated to the second AP which is nm.v activated. Moreover, this 

hand off is caused entirely by the computer 10 controlling the APs 6 via the WLC 8, and does 

not entail either physically moving the DUT 2 or utilizing ancillary equipment such as RF 

shielding or antenna attenuators. The handoff of the wearable patient monitor 2 from the 

10 active AP of operation 22 to the second AP is logged as a new roam connection in the DU'I 

log 30 in an operation 34, and is also logged at the AJ>/WLC in an operation analogous to the 

operation 24. It should be noted that the login operations 24, 32, 34 are typically performed 

automatically be the respective devices. :For example, an existing feature of most 802.11-

equipped mobile devices mnning Linux is the WPA __ CLI front-end which maintains an event 

15 log of all roam events. Wireless 802.11 compliant communication interfaces nmning other 

operating systems typically include analogous wireless communication logging processes. 

If more roam tests are desired then, in an operation 28, the method may return 

to operation 22. This entails disabling all A.Ps except the current active AP, which is the AP 

labeled the "second AP" in describing operation 26. Alternatively, if the operation 26 entails 

20 disabling the previous active AP (that is, disabling the AP that was activated in the operation 

22) then the state of the system at completion of the operation 26 is that precisely one Af> is 

active (namely the AP labeled as the "second AP" when describing trigger operation 26) and 

so process flow could go directly back to the operation 26 to perform the next roam event. 

After all roam events to be tested are performed., the patient monitor 2 is connected with the 

25 computer via a TJSB port and the WPA ___ CU event log (or other DUT wireless 

communication log) is read (operation 40) and time synchronized with WLC events recorded 

in the AP/\.VLC log or with the instrnctions sent to the AP by the roam test module 12 

(operation 42). This results in a detailed record of the roaming test including both the 

operations performed by the APs 6 under control of the WLC and the responses generated at 

30 the mobile patient monitor. As an alternative to a USB connection, any other type of 

connection (e.g. wireless) may be used. This produces the roam testing results in an 

operation 44. In one aspect, both the DUT log 30 and the WLC log are each individually 

sufficient to analyze the roaming test results. 
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The roaming test systems described herein can be implemented entirely in 

software, as a script nmning on, for example, the computer 10 in communication with the 

WLC 8. The patient monitor is left stationary Additionally, the roaming test systems 

described herein can be used for various purposes, such as stress tests (performing thousands 

5 of roam events and recording statistics), testing performance of a new 802.11 chipset, 

detennining relative AP signal strengths at the DUT required to trigger a handoff, and so 

forth Particularly, a stress test may involve 3,000-4,000 roam events. Its use in a hospital 

setting would typically involve taking the 802.11 wireless network off-line, since script 

operation disables most APs during the testing Although the above descriptions have been 

10 made with reference to an 802.11 wireless network, it will be appreciated that the systems 

and methods described herein are applicable to any other types of net\vorks and protocols. 

Similarly, while the illustrative examples pertain to a medical device, e.g. the illustrative 

wireless patient monitor 2, the disclosed techniques could also be used to test wireless 

communication including roaming of other wireless devices, such as portable computers, 

15 tablet or slate computers, or so forth. 

It ·will be further appreciated that the systems and methods disclosed herein 

may be embodied by a non-transitory storage medium storing instructions readable and 

executable by an electronic data processing device (such as the computer l 0) to perform the 

disclosed techniques. Such a non-transitory storage medium may comprise a hard drive or 

20 other magnetic storage medium, an optical disk or other optical storage medium, a cloud­

based storage medium such as a RAJD disk array, t1ash memory or other non-volatile 

electronic storage medium, or so forth. 

Of course, modifications and alterations vvill occur to others upon reading and 

understanding the preceding description It is intended that the invention be construed as 

25 including all such modifications and alterations insofar as they come within the scope of the 

appended claims or the equivalents thereof. 
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CLAIMS: 

1 A non-transitory storage medium storing instmctions readable and executable 

by a computer (1 O) in communication with a wireless local area network controller (WLC) 

(8) controlling a plurality of wireless access points (A.Ps) (6) to perform a roam test method 

5 including the operations of: 

(i) deactivating all but an active AP of the plurality of APs (6): 

(ii) connecting a wireless medical device under test (DUT) (2) with the active AP; and 

(iii) triggering a roam event by operations including: 

connecting the DUT (2) with a second AP that is different from the active AP 

10 of operation (i); and 

15 

20 

making the second /\_P the active AP. 

2. The non-transitory storage medium of claim 1, wherein the triggering 

operation (iii) further includes: 

enabling the second AP; and 

disabling the active AP. 

3. The non-transitory storage medium of claim 1, wherein the triggering 

operation (iii) further includes: 

increasing transmit power of the second AP; and 

reducing transmit power of the active AP. 

4. The non-transitory storage medium of any of claims 1-3, wherein the DlJT (2) 

logs connection events and roam events and the roam test method includes the further 

25 operation of 

receiving log information of the roam event from the D UT at the computer executing 

the stored instructions. 

5. The non--transitory storage medium of any of claims 1--4, wherein the AP 

30 activation and deactivation operations are performed by controlling the WLC (8) to control 

the plurality of APs (6). 
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6. The non-transitory storage medium of any of claims 1-5, wherein the roam 

test method further includes repeating the operation (iii) to perform a plurality of roam 

events. 

'7 
I. The non-transitory storage medium of any of claims 1-5, wherein the roam 

test method further includes performing a plurality of roam events by activating and 

deactivating APs (6) 

8. The non-transitory storage medium of any of claims 1-7, wherein the 

10 connecting operations comprise connecting the DUT (2) with the active AP in operation (ii), 

and with the second AP in operation (iii), via an Institute of Electrical and Electronic 

Engineers (IEEE) 802.11 compliant wireless communication. 

9. The non-transitory storage medium of any of claims 1-8, wherein the 

15 operations (i), (ii), and (iii) are performed by controlling the WLC (8) using the computer 

executing the insimctions and are not perfonned by moving the DUT (2). 

10. The non-transitory storage medium of claim 9, wherein the DUT (2) is 

configured to connect to an AP based on the transmit power of the AP, and the operations (i), 

20 (ii), and (iii) are performed by adjusting transmit powers of the APs of the plurality of APs 

(6). 

25 

30 

11. The non-transitory storage medium of any of claims 1-10, wherein the DUT 

(2) is stationary 

12. A roaming test method, comprising: 

(i) deactivating all but an active wireless access point (AP) of a plurality of APs (6 ); 

(ii) connecting a wireless medical device under test (DUT) (2) with the active AP; and 

(iii) triggering a roam event including: 

connecting the DUT with a second AP of the plurality of APs (6) that 1s 

different from the active AP of operation (i); and 

deactivating the active AP of operation (i) thereby making the second AP the 

active AP. 
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13. The roaming test method of claim 12, wherein the triggering includes: 

prior to connecting the DlJT (2) with the second AP, enabling the second AP; and 

disabling the active AP (6). 

14. The roaming test method of claim 12, wherein the triggering includes: 

increasing transmit power of the second AP; and 

reducing transmit power of the active AP of operation (i); 

wherein the increasing and the reducing are effective to cause handoff of the DlJT (2) 

from the active AP of operation (i) to the second AP. 

15. The roaming test method of any of claims 12--14, wherein the DUI (2) 1s 

stationary throughout the performing of operations (i), (ii), and (iii). 

16. The roaming test method of any of claims 12-15, frnther comprising: 

repeating operation (iii) to perform a plurality of roam events. 

17. The roaming test method of claim 16 wherein the operations (i), (ii), and (iii) 

are performed by a computer (10) communicating with a wireless local area network 

controller (WLC) (8) to control the plurality of APs (6), and the roaming test method further 

20 compnses: 

25 

after performing the plurality of roam events, downloading a record of the plurality of 

roam events in a wireless communication log of the DUT (2) to the computer 

J 8. A wireless medical communication test system comprising· 

a plurality of wireless access points (APs) (6); 

a wireless medical device under test (DUT) (2) configured to send and rece1 ve 

information via the plurality of APs (6) using Institute of Electrical and Electronic Engineers 

(IEEE) 802.11 compliant communication, and further configured to log roam information; 

a wireless local area netvv'ork controller (WLC) (8) configured to control the plurality 

30 of APs (6); and 

a computer (10) configured to control the WLC to perform operations including: 

through the WLC, deactivate all APs of the plurality ofAPs (6) except 

an active AP of the plurality of Al>s (6) whereby the DlJT connects with the 

active A.P, 

TP Link Ex. 1004 
Page 858



WO 2016/125055 PCT/iH2016/050447 

13 

through the WLC, controlling the APs to trigger a roam event in which 

the D1JT hands off from the active AP to a second AP different from the 

active AP; and 

storing information on the triggered roam event acquired from at least one of the DUT 

5 and the WLC. 

10 

19. The wireless medical communication test system of claim 18 wherein the 

roam event is triggered by deactivating the active AP and activating the second active AP. 

20. The wireless medical communication test system of any of claims 18-19 

wherein the roam event is triggered by reducing transmit power of the active A.P and 

increasing transmit power of the second AP. 

21. The wireless medical communication test system of any of claims 18-20 

15 wherein the triggering of a roam event is repeated between 2,000 and 3,000 to create a roam 

event log (30) comprising the stored information on the triggered roam events. 
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US 2012170474 Al 

Fon71 PCT/ISA./210 ,:pater,t ra:n,ly ar:1ex) {A.pr!I 2005) 

I Publication 
dale I Patent lamiiy 

n1ember(s) 

31-01-2008 NONE 

22-11-2007 TW I315146 8 
US 2007270195 Al 

08-07-2010 US 2006239198 Al 
US 2010172244 Al 

24-01-2008 NONE 

19-12-2013 NONE 

05-07-2012 GB 2487120 A 
US 2012170474 Al 

I Publication 
date 

21-09-2009 
22-11-2007 

26-10-2006 
08-07-2010 

11-07-2012 
05-07-2012 
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Electronic Patent Application Fee Transmittal 

Application Number: 15940890 

Filing Date: 29-Mar-2018 

Title of Invention: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

First Named Inventor/Applicant Name: Joseph Amalan Arul EMMANUEL 

Filer: Han-Wei Chen/Christine Dunn 

Attorney Docket Number: 110729-8058.US02 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240 

Total in USO($) 240 
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Electronic Acknowledgement Receipt 

EFSID: 37577155 

Application Number: 15940890 

International Application Number: 

Confirmation Number: 8990 

Title of Invention: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

First Named Inventor/Applicant Name: Joseph Amalan Arul EMMANUEL 

Customer Number: 22918 

Filer: Han-Wei Chen/Christine Dunn 

Filer Authorized By: Han-Wei Chen 

Attorney Docket Number: 110729-8058.US02 

Receipt Date: 28-OCT-2019 

Filing Date: 29-MAR-2018 

Time Stamp: 13:38:42 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $240 

RAM confirmation Number E20190RD39150409 

Deposit Account 500665 

Authorized User Christine Dunn 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1035521 

1 
Information Disclosure Statement (IDS) 2019-10-28-

5 no 
Form (SB08) IDS-110729-8058US02.pdf 

214b68c66d4074 73092ad1 951 757a86052 
2df9e 

Warnings: 

Information: 

5594006 

2 Foreign Reference CN_ 101523809.pdf no 65 
6e0241 Sa0ef1 Sb4d22e2ce5Sc509677bfc25 

9a3b 

Warnings: 

Information: 

2262646 

3 Foreign Reference CN_ 101610558.pdf no 36 
e399903ed37a71846dc3c2ea078018dba8 

dbdSO 

Warnings: 

Information: 

2537840 

4 Foreign Reference CN_ 101796869.pdf no 36 
b6f73 d 2d a02edfe3 7 6fe 7e81 5 ad e2 7 4ce927 

fSee 

Warnings: 

Information: 

2243846 

5 Foreign Reference CN_ 102387553.pdf no 34 
092fcd5cfcb809eeeb77d23504abd 167a25 

1bd9d 

Warnings: 

Information: 

6337190 

6 Foreign Reference CN_ 102740306.pdf no 72 
40d56d3c1a451f6d780b52474d29b71 af65 

a2b58 

Warnings: 

Information: 
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8404077 

7 Foreign Reference CN_ 102907141.pdf no 99 
beea69bf9b3fcf246481e5e2875693b51 db 

b7330 

Warnings: 

Information: 

1617852 

8 Foreign Reference CN_ 104301957.pdf no 24 
26d 81 a 7 5 55 ac 4d 83af9cb20 b486c8ec4 206 

dbbb7 

Warnings: 

Information: 

598278 

9 Foreign Reference EP _2844020.pdf no 20 
7719d42c4552dbd790fa548a 1 a04efc6Sf1 8 

539a 

Warnings: 

Information: 

2873119 

10 Foreign Reference CN_ 104703193.pdf no 39 
48cedda3d5ef2673c7ce90aa9ee3a956cb3c 

3abf 

Warnings: 

Information: 

4099602 

11 Foreign Reference CN_ 104756474.pdf no 59 
1 d84f5487f7739cc347e9331 eeeb9d954f02 

c1a8 

Warnings: 

Information: 

3953553 

12 Foreign Reference CN_ 104854901.pdf no 49 
c3dab4f89177ec5Saaf9b5412a 14300a3501 

ef4d 

Warnings: 

Information: 

7529314 

13 Foreign Reference CN_ 104885378.pdf no 101 
0354d829c5af8e685928442a8b3Sd84a9Sd 

8a42b 

Warnings: 

Information: 
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2589129 

14 Foreign Reference CN_ 105027604.pdf no 31 
da 1008d357b276a7a74b9e57e4850b 1143 

a64ac4 

Warnings: 

Information: 

2227805 

15 Foreign Reference WO_2016125055.pdf no 19 
b49f2854a939a81f0e21 586fbbf7f0cb548d 

SbSd 

Warnings: 

Information: 

30595 

16 Fee Worksheet (5B06) fee-info.pdf no 2 
5838d7c31Sf82Sbeb3f75182b088b 1 e8c7d 

ea11b 

Warnings: 

Information: 

Total Files Size (in bytes) 53934373 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
15/940,890 03/29/2018 • To be Mailed 

ENTITY: ~ LARGE D SMALL D MICRO 

APPLICATION AS FILED - PART I 

Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE 
(37 CFR 1.16(a), (bl, or (cl) 

N/A N/A N/A 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (o), or /nii 

TOTAL CLAIMS 
minus 20 = * X $100 = 

(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $460 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

• APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3 

CLAIMS HIGHEST 

10/25/2019 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY z AMENDMENT PAID FOR w 
::iii: Total * 22 Minus ** 22 =0 X $ 100 = 0 C 137 CFR 1.16"ill 

z Independent *2 Minus *** 3 =0 X $460 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
AFTER PREVIOUSLY 

I- AMENDMENT PAID FOR z w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z /37 CFR 1.16/hll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( 

lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. LIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". NIOLA D ROGERS/ 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

22918 7590 01/28/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

APPLICATION NO. FILING DATE 

15/940,890 03/29/2018 

FIRST NAMED INVENTOR 

Joseph Ama1an Arul EMMANUEL 

TITLE OF INVENTION: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

EXAMINER 

PATEL.JAYP 

ART UNIT PAPER NUMBER 

2466 

DATE MAILED: 01/28/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

110729-8058.US02 8990 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 04/28/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

22918 7590 01/28/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

APPLICATION NO. FILING DATE 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/940,890 03/29/2018 Joseph Amalan Arul EMMANUEL 110729-8058.US02 8990 

TITLE OF INVENTION: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

PATEL,JAYP 2466 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

370-329000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 04/28/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: • Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 
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APPLICATION NO. FILING DATE 

15/940,890 03/29/2018 

22918 7590 01/28/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

FIRST NAMED INVENTOR 

Joseph Ama1an Arul EMMANUEL 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

110729-8058.US02 8990 

EXAMINER 

PATEL.JAYP 

ART UNIT PAPER NUMBER 

2466 

DATE MAILED: 01/28/2020 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 

PTOL-85 (Rev. 02/11) 

TP Link Ex. 1004 
Page 874



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

TP Link Ex. 1004 
Page 875



Notice of Allowability 

Application No. 
15/940,890 
Examiner 
JAY P PATEL 

Applicant(s) 
EMMANUEL et al. 

Art Unit I AIA (FITF) Status 
2466 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 10/25/2019. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.~ Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. • Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/JAY P PATEL/ 
Primary Examiner, Art Unit 2466 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200116 
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Application/Control Number: 15/940,890 
Art Unit: 2466 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Allowable Subject Matter 

Claims 1-22 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Page 2 

In regards to the claims, they are allowable in view of the remarks filed on 

10/25/2019. In particular, the remarks concerning switching for a mesh wireless 

network backhaul communication, upon detection that the received signal strength of 

the first backhaul channel is below a threshold. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAY P PATEL whose telephone number is (571)272-

3086. The examiner can normally be reached on M-F 9:30-6. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 
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Application/Control Number: 15/940,890 
Art Unit: 2466 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Faruk Hamza can be reached on 571-272-7969. The fax phone number for 

the organization where this application or proceeding is assigned is 571 -273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see https://ppair­

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private 

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

If you would like assistance from a US PTO Customer Service Representative or access 

to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000. 

/JAY P PATEL/ 
Primary Examiner, Art Unit 2466 
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Application/Control No. Applicant(s)/Patent Under 
15/940,890 Reexamination 

Notice of References Cited 
EMMANUEL et al. 

Examiner Art Unit 
JAY P PATEL 2466 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

* A US-20090029645-A 1 01-2009 Leroudier; Frederic H04B7/2606 455/7 

* B US-20100234071-A 1 09-2010 Shabtay; Ophir H04B7/0408 455/562.1 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200116 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 15/940,890 EMMANUEL et al. 

Examiner Art Unit 

JAY P PATEL 2466 

✓ Rejected Cancelled N Non-Elected A Appeal 

-- Allowed Restricted I Interference 0 Objected 

CLAIMS 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. 0 R.1.47 

CLAIM DATE 
Final Original 04/25/2019 01/16/2020 

1 ✓ = 
2 ✓ = 
3 ✓ = 
4 ✓ = 
5 ✓ = 
6 ✓ = 
7 ✓ = 
8 ✓ = 
9 ✓ = 
10 ✓ = 
11 ✓ = 
12 ✓ = 
13 ✓ = 
14 ✓ = 
15 ✓ = 
16 ✓ = 
17 ✓ = 
18 ✓ = 
19 ✓ = 
20 ✓ = 
21 ✓ = 
22 ✓ = 

U.S. Patent and Trademark Office Part of Paper No.: 20200116 

Page 1 of 1 
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H04L43/0888 or H04L45/20 or H04W76/10 or H04W72/085 or 
H04W24/04 or H04W84/12 or H04W84/18);PLUS TEXT 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 
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Art Unit 
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04/24/2019 
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Application/Control No. 
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Examiner 

JAY P PATEL 

Interference Search 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

EAST Interference Search 

/JAY P PATEL/ 
Primary Examiner, Art Unit 2466 

U.S. Patent and Trademark Office 
Page 2 of 2 
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Issue Classification 
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/JAY P PATEL/ 
Primary Examiner, Art Unit 2466 
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Art Unit 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H04W 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 
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(Assistant Examiner) 
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U.S. Patent and Trademark Office 
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Issue Classification 
Application/Control No. 

15/940,890 

Examiner 

JAY P PATEL 

Applicant(s)/Patent Under Reexamination 

EMMANUEL et al. 

Art Unit 

2466 

~ Claims renumbered in the same order as presented by applicant • CPA • T.D. • R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 
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Total Claims Allowed: 

(Assistant Examiner) (Date) 22 

/JAY P PATEL/ 16 January 2020 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 2466 
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Doc code: IDS PTO/SB/0Ba (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 15940890 

Filing Date )018-03-29 

INFORMATION DISCLOSURE First Named Inventor I ~oseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 12466 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay P. Patel 

Attorney Docket Number I 110729-8058.US02 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 17113134 B1 Q006-09-26 BERKMAN 

2 $451752 B2 R013-05-28 u 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20120230206 A1 R012-09-13 BALIGA, et al. 

2 20170251429 A1 R017-0B-31 KAPOOR, et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 ~01523809 CN A 2009-09-02 QUALCOMM INC. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.P.P/ 
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Application Number 15940890 

Filing Date 2018-03-29 

INFORMATION DISCLOSURE First Named Inventor I Joseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 2466 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay P. Patel 

Attorney Docket Number 110729-8058.US02 

HONGFUJIN 
2 ~01610558 CN A 2009-12-23 PRECISION INDUSTRY 

SHENZHEN) CO., LTD. 

3 ~01796869 CN A 2010-08-04 QUALCOMM INC. 

4 ~02387553 CN A 2012-03-21 nE CORPORATION 

5 ~02740306 CN A 2012-10-17 :::uJITSU LTD. 

6 ~02907141 CN A 2013-01-30 
DEUTSCHE TELEKOM 
11\G 

HANGZHOU H3C 
7 ~04301957 CN A 2015-01-21 rrECHNOLOGIES CO., 

,..TD. 

8 e844020 ~p A1 2015-03-04 TRON, INC. 

HANGZHOU H3C 
9 rn4103193 CN A 2015-06-10 rrECHNOLOGIES CO., 

,_TD. 

~DAPTIVE SPECTRUM 
10 ~04756474 CN A 2015-07-01 ~ND SIGNAL 

~LIGNMENT, INC. 

11 ~04854901 CN A 2015-08-19 
DEUTSCHE TELEKOM 
11\G 

12 ~04885378 CN A 2015-09-02 NTEL CORPORATION 
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Application Number 15940890 

Filing Date 2018-03-29 

INFORMATION DISCLOSURE First Named Inventor I Joseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 2466 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay P. Patel 

Attorney Docket Number 110729-8058.US02 

13 ~05027604 CN A 2015-11-04 ll"ELEFONAKTIEBOLAG 
ET LM ERICSSON 

14 ~016125055 WO A1 2016-08-11 KONINKLIJKE PHILIPS 
NV. 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 /JAY P PATEL/ I Date Considered I 01/16/2020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 15940890 

Filing Date 2018-03-29 

INFORMATION DISCLOSURE First Named Inventor I Joseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 2466 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay P. Patel 

Attorney Docket Number 110729-8058.US02 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

✓ The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

✓ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Han-Wei Chen/ Date (YYYY-MM-DD) 2019-10-25 

Name/Print Han-Wei Chen Registration Number ~5350 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb 2.1.18 /JAY P PATEL/ 01/16/2020 

TP Link Ex. 1004 
Page 890



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

lftlEll~arch .. Query ............................................ Jr DBs ............................... Jlg~~~~~r. IE ~~~~p ......... I 
101 IOI mesh and (backhaul$3 same (RSSI I US-PGPUB; l•R rFF 12020/01/16! I I I or (signal adj2 strength$3))) and I USPAT; USOCR; I I I 15:52 I 
I I I ((prioritiz$4 or rank$4) with (RSSI I FPRS; EPO; JPO; I I [ I 
I I I or (signal adj2 strength$3))) I DERWENT; I I [ I 
I I I I I BM TDB I I I I 
I \ ~ I _ ) ) : ) 
~ ...................... .......................... .. ................................................................................................................................................................ > ...................................................................................... , .................................................. , ................................................................................................................ , r IOI L 1 and (@rlad< "2015111 O" or I US-PGPUB; l•R rFF i 2020/01/16! I I I @ad< "2015111 O") I USPAT; USOCR; I I 115:52 I 
I I I I FPRS· EPO· JPO· I I I I 
I I I I DERw' ENT·' ' I I I I 
\ \ ~ ~ ' ' ' : ' 
I I I I I BM TDB I I I I 
~ nnnnn) nnnnn~} nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn~ ~ nnnn - nnnnnnnnnnnnnnn~: nnnnnnnnnnnn~: nnnnnnnnn~ ~ nnnnnnnnnnnnn: 

11~.~ ll~ ...... J ~ ;~.~.~ ~~~~ ~~.?;~~ 1 ; ~~~. ~-~~~ ~ .. ~~~.:· ... 
1...II ~~~~~.~: ................... 11~: .................. 11~~.~........1 ~~~~i ~·~·~·~·~. I 

1r~.~. 1e ...... Jr~~ ... :.~.~ ... ~::~.~.:~.:~~ .................................. ...1r~~~~~.~: ................... 11~: .................. 11~~.~ ........ J t~~~{.~.~.~ .. ~.~.1 
r2,

0
1"2016125055" IUS-PGPUB; l•R rFF !2020101110! I I I I USPAT; USOCR; I I [ 11 :39 I 

I I I I FPRS· EPO· JPO· I I I I 
\ I > ~ l l l ' ' ~ ' 

I I I I DERWENT· I I I I 
\ \ ~ ~ ' ' ' ~ ' 
I I I I I BM TDB I I I I 
~ ~~~~~~~~·~ ~~~~~~~~~·~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· \ ~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· J ~~~~~~~~~~~~~~~~~~~~~~~· J ~~~~~~~~~~~~~~~~·~ ~~~~~~~~~~~~~~~~~~~~~~~~~· J 

r3IDl"20160125055" lus-PGPUB; l•R rFF 12020101110! 
I I I I USPA T USOCR· I I I 11 · 39 I 
\ \ ~ ~ ' ' ' ' ~ . ' 
I I I I FPRS· EPO· JPO· I I I I 
I I I I DERWENT, , I I I I 
1 ........ 1 .......... J .............................................................................. ..1 IBM_TDB . .' .................. 1 ........................ 1 ................. ! ......................... 1 

r•loi"W02016125055" lus-PGPUB; l•R rFF !2020/01/10! I I I I USPAT; USOCR; I I [ 11 :40 I 
I I I I FPRS· EPO· JPO· I I I I 
I I I I DERw' ENT·' ' I I I I 
\ \ ~ ~ ' ' ' ~ ' 
I I I I I BM TDB I I I I 
~ nnnnn) nnnnn~} nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn~ ~ nnnn - nnnnnnnnnnnnnnn~: nnnnnnnnnnnn~: nnnnnnnnn~ ~ nnnnnnnnnnnnn: 

IEl• ~~ ... :.~-~ .. -~::~_:_:~.'.~~ ... ::.~ .. ~:.:.::.::'.~_Jf ~~~~~-~: ................... lr==Jr:=l t~~~~-~-~-~ .. ~-~-1 
1 / 16/ 2020 4 :22 :40 PM 
C:\ Users\ jpatel1 \ Documents\ EAST\ Workspaces\ 15940890.wsp 

file:/ //C/U sers/jpatell/Documents/e-Red %20Folder/ 15940890/EASTSearchHistory .15940890 _Accessible V ersion.htm[ 1/16/2020 4: 22:41 PM] 

TP Link Ex. 1004 
Page 891



Bibliographic Data 

Application No: 15/940,890 

Foreign Priority claimed: 0 Yes @ No 

35 USC 119 (a-d) conditions met: 0Yes ~No 

Verified and Acknowledged: l1JAY P PATEL/ 

Examiner's Signature 

D Met After Allowance 

IJPP 

Initials 

Title: I DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

FILING or 371(c) DATE 

03/29/2018 

RULE 

APPLICANTS 

NETGEAR, INC., San Jose, CA, 

INVENTORS 

CLASS GROUP ART UNIT 

370 2466 

Joseph Amalan Arul EMMANUEL Cupertino, CA, UNITED ST ATES 

Peiman AMINI Mountain View, CA, UNITED STATES 

CONTINUING DATA 

This application is a CON of 15271912 09/21/2016 PAT 9967884 

15271912 has PRO of 62336503 05/13/2016 

15271912 has PRO of 62253540 11/10/2015 

FOREIGN APPLICATIONS 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

04/24/2018 

STATE OR COUNTRY 

UNITED STATES 

ADDRESS 

PERKINS COIE LLP - PAO General 

P.O. BOX 1247 

SEATTLE, WA 98111-1247 

UNITED STATES 

FILING FEE RECEIVED 

$1,720 

ATTORNEY DOCKET NO. 

110729-8058.US02 

TP Link Ex. 1004 
Page 892



EAST Search History 

EAST Search History 

EAST Search History (Interference} 

I[::~ I[~-'.~:- I[~::::~--~~-:_:~--------------------------------------------------------------------------ll~lg~~~~~r _ I[~'.-~_::_'._~ I ~~~~p ---------I ll5 ·•! (mesh and (backhaul$3 same (RSSI or (signal ! US- !DR rFF I 2020/01/16! 
I I I adj2 strength$3))) and ( (prioritiz$4 or rank$4) I PGPUB; I I I 16:23 I 
\ ' ' ' ' ' ~ ' 
1-------- ! ----------- ! withJRSSl--or _ (signal_ adj2 strength$3))) ).elm. ------ ! USPAT--! ------------------------! ----------------- l --------------------------! 

1 / 16/ 2020 4 :23 :38 PM 
C:\ Users\ jpatel1 \ Documents\ EAST\ Workspaces\ 15940890.wsp 

file:/ //C/U sers/jpatell/Documents/e-Red %20Folder/ 15940890/EASTSearchHistory .15940890 _Accessible V ersion.htm[ 1/16/2020 4: 23: 39 PM] 

TP Link Ex. 1004 
Page 893



To: 
From: 
Cc: 

patentprocu rement@pe rki nsco ie .com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 22918 

Jan 28, 2020 03:34:20 AM 

Dear PAIR Customer: 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 22918 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15940890 

Document 
NOA 
892 
1449 

Mailroom Date 
01/28/2020 
01/28/2020 
01/28/2020 

Attorney Docket No. 
110729-8058.US02 
110729-8058.US02 
110729-8058.US02 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Docket No.: 110729-8058. US02 (PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
EMMANUEL et al. 

Application No.: 15/940,890 

Filed: March 29, 2018 

For: DEDICATED BACKHAUL FOR WHOLE 
HOME COVERAGE 

Customer No.: 22918 

Confirmation No.: 8990 

Art Unit: 2466 

Examiner: Jay P. Patel 

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. §1.312 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Sir: 

Please enter the following amendment prior to issuing the present application as 

a patent. The Notice of Allowance and Issue Fee due was mailed on January 28, 2020: 

Amendments to the Specification begin on page i of this paper. 

Remarks begin on page ~ of this paper. 

14 7676052.1 
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AMENDMENTS TO THE SPECIFICATION: 

Please amend page one, paragraph one of the specification as follows: 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation (CON) application of U.S. utility patent application no. 

15/271,912, entitled DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

(Attorney Docket No. 110729-8058.US01), filed September 21, 2016, now U.S. Patent 

No. 9,967,884, which claims priority to U.S. provisional patent application no. 62/253,540, 

entitled METHOD AND APPARATUS FOR WHOLE HOME WI-Fl COVERAGE (Attorney 

Docket No. 110729-8045.US00), filed November 10, 2015, and to U.S. provisional patent 

application no. 62/336,503, entitled DEDICATED BACKHAUL FOR WHOLE HOME 

COVERAGE (Attorney Docket No. 110729-8058. US00), filed May 13, 2016; all of which 

are incorporated herein in their entirety by this reference thereto. 

- 2 -
14 7676052.1 
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REMARKS 

Please enter the above amendments to the specification prior to issuing the 

present application as a patent. 

Applicant submits that these amendments do not introduce new matter or raise 

any new issues, but instead, are made to place the present application in better form 

and are not necessary to comply with any statutory requirement of patentability. 

If there are any additional charges, please charge Deposit Account No. 50-0665 

under Order No. 110729-8058. US02, from which the undersigned is authorized to draw. 

Dated: 3/26/2020 

14 7676052.1 

Respectfully submitted, 

By /Han-Wei Chen/ 
Han-Wei Chen 
Registration No.: 75,350 

PERKINS COIE LLP 
P.O. Box 1247 
Seattle, WA 98111-1247 
Phone: (650) 838-4300 
Fax: (206) 359-7198 
Attorney for Applicant 

- 3 -
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Electronic Acknowledgement Receipt 

EFSID: 38997312 

Application Number: 15940890 

International Application Number: 

Confirmation Number: 8990 

Title of Invention: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

First Named Inventor/Applicant Name: Joseph Amalan Arul EMMANUEL 

Customer Number: 22918 

Filer: Han-Wei Chen/Christine Dunn 

Filer Authorized By: Han-Wei Chen 

Attorney Docket Number: 110729-8058.US02 

Receipt Date: 27-MAR-2020 

Filing Date: 29-MAR-2018 

Time Stamp: 19:26:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

89260 

1 
2020-03-27 _After _Al Iowa nee - yes 3 
Arndt_ 110729-8058US02.pdf 

0e8d 12bdc8e6dc80b872addbac1 8b7aec4 
0543c3 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment after Notice of Allowance (Rule 312) 1 1 

Specification 2 2 

Applicant Arguments/Remarks Made in an Amendment 3 3 

Warnings: 

Information: 

Total Files Size (in bytes) 89260 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Application: 15940890 

From: 

DOC CODE 

D 1449 

D IDS 

D CLM 

D IIFW/FWCLM 

D SRFW 

D DRW 

D OATH 

[X] 312 

D SPEC 

[RUSH] Message: 

Please respond to the 3-27-20 A.NA 

[XRUSH] Response: 

Examiner: PUBS contact- James Leija, (703) 756-1197 

PRINTER RUSH 
(PTO ASSISTANCE) 

Examiner: Patel 

Location: RTFM 

DOC DATE 

03/27/2020 

GAU: 2466 

Creation Date: 03/30/2020 

Week Date: 1/27/2020 

MISCELLANEOUS 

D Continuing Data 

D Foreign Priority 

D Document Legibility 

D Fees 

D Petition (TC) 

D Other 

Initials: 

NOTE: This form will be included as part of the official USPTO record with the response document coded as XRUSH. 
REV:AUG 16 
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APPLICATION NO. FILING DATE 

15/940,890 03/29/2018 

22918 7590 04/10/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

FIRST NAMED INVENTOR 

Joseph Amalan Arul EMMANUEL 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

110729-8058.US02 

CONFIRMATION NO. 

8990 

EXAMINER 

PATEL.JAYP 

ART UNIT PAPER NUMBER 

2466 

NOTIFICATION DATE DELIVERY MODE 

04/10/2020 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

patentprocurement@perkinscoie.com 

PTOL-90A (Rev. 04/07) 
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Notice of Allowability 

Application No. 
15/940,890 
Examiner 
JAY P PATEL 

Applicant(s) 
EMMANUEL et al. 

Art Unit I AIA (FITF) Status 
2466 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to amendment to spec. filied on 3/27/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. D Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. • Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/JAY P PATEL/ 
Primary Examiner, Art Unit 2466 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200408 
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Application: 15940890 

From: 

DOC CODE 

D 1449 

D IDS 

D CLM 

D IIFW/FWCLM 

D SRFW 

D DRW 

D OATH 

[X] 312 

D SPEC 

[RUSH] Message: 

Please respond to the 3-27-20 A.NA 

[XRUSH] Response: 

The amendment to the specification 
that now includes the US Patent 
number of the parent application 
has been entered. 

Examiner: PUBS contact- James Leija, (703) 756-1197 

PRINTER RUSH 
(PTO ASSISTANCE) 

Examiner: Patel 

Location: RTFM 

DOC DATE 

03/27/2020 

GAU: 2466 

Creation Date: 03/30/2020 

Week Date: 1/27/2020 

MISCELLANEOUS 

D Continuing Data 

D Foreign Priority 

D Document Legibility 

D Fees 

D Petition (TC) 

D Other 

Initials: JPP 

NOTE: This form will be included as part of the official USPTO record with the response document coded as XRUSH. 
REV:AUG 16 
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To: 
From: 
Cc: 

patentprocu rement@pe rki nsco ie .com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 22918 

Apr 10, 2020 04:07:42 AM 

Dear PAIR Customer: 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 22918 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15940890 

Document 
NOA 

Mailroom Date 
04/10/2020 

Attorney Docket No. 
110729-8058.US02 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 

TP Link Ex. 1004 
Page 904



Doc code: IDS PTO/SB/0Ba (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 15940890 

Filing Date 2018-03-29 
INFORMATION DISCLOSURE First Named Inventor I ~oseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit I 2464 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay P. Patel 

Attorney Docket Number I 110729-8058.US02 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20150373611 A1 Ro1s-12-24 clU, et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 
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Application Number 15940890 

Filing Date 2018-03-29 

INFORMATION DISCLOSURE First Named Inventor I Joseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 2464 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jay p Patel 

Attorney Docket Number 110729-8058. US02 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 15940890 

Filing Date 2018-03-29 
INFORMATION DISCLOSURE First Named Inventor I Joseph Amalan Arul Emmanuel 
STATEMENT BY APPLICANT 

Art Unit 2464 
( Not for submission under 37 CFR 1.99) 

I Jay P. Patel Examiner Name 

Attorney Docket Number 110729-8058. US02 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

✓ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Lena Petrovic/ Date (YYYY-MM-DD) 2020-04-24 

Name/Print Lena Petrovic Registration Number 172128 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15940890 

Filing Date: 29-Mar-2018 

Title of Invention: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

First Named Inventor/Applicant Name: Joseph Amalan Arul EMMANUEL 

Filer: Lena PetrovidChristine Dunn 

Attorney Docket Number: 110729-8058.US02 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 39264139 

Application Number: 15940890 

International Application Number: 

Confirmation Number: 8990 

Title of Invention: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

First Named Inventor/Applicant Name: Joseph Amalan Arul EMMANUEL 

Customer Number: 22918 

Filer: Lena PetrovidChristine Dunn 

Filer Authorized By: Lena Petrovic 

Attorney Docket Number: 110729-8058.US02 

Receipt Date: 24-APR-2020 

Filing Date: 29-MAR-2018 

Time Stamp: 19:10:44 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20204NJ11080356 

Deposit Account 500665 

Authorized User Christine Dunn 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1244157 

1 Issue Fee Payment (PTO-85B) 
2020-04-24_Issue_Fee_ 110729 

no 1 
8058US02.pdf 

31779160bc62922c92f57cf69f3deeb0d050 
3a0a 

Warnings: 

Information: 

77220 

2 
Post Allowance Communication - Comments_on_Reasons_for_AI 

2 no 
Incoming lowance_ 110729-8058US02.pd 

985 bc0828Sc2f2b549a4 291 OS O b8b66844 9 
22fb3 

Warnings: 

Information: 

1034782 

3 
Information Disclosure Statement (IDS) 2020-04-24_IDS_ 110729-8058L 

no 4 
Form (SB08) S02.pdf 

6ed1 cl 0f2da065Se21707e680a5743d6585 
50a7b 

Warnings: 

Information: 

30604 

4 Fee Worksheet (SB06) fee-info.pdf no 2 
9f7a7bef28180af0cbb72163587Scba30816 

61eb 

Warnings: 

Information: 

Total Files Size (in bytes) 2386763 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

22918 7590 01/28/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

APPLICATION NO. FILING DATE 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

Christine Dunn (Typed or printed name) 

/Christine Dunn/ (Signature) 

04/24/2020 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/940,890 03/29/2018 Joseph Amalan Arul EMMANUEL 110729-8058.US02 8990 

TITLE OF INVENTION: DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

PATEL,JAYP 2466 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

370-329000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 04/28/2020 

1 Perkins Coie LLP 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

NETGEAR, INC. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

SAN JOSE, CALIFORNIA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 129 Corporation or other private group entity O Government 

4a. Fees submitted: i29Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

[[I Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

[[I The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 500665 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Lena Petrovic/ Date _4_/_2_4_/_2_0 ___________ _ 

Typed or printed name ~L=e~n~a~P~e~t~ro~v~ic~-------------

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Registration No. ~7~2~1~2~8~-----------

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor 

Serial No. 

Filed 

Art Unit 

Confirmation Number 

Examiner 

Title 

Attorney Docket No. 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Joseph Amalan Arul EMMANUEL 

15/940,890 

March 29, 2018 

2466 

8990 

Jay P. Patel 

DEDICATED BACKHAUL FOR WHOLE HOME 

COVERAGE 

l 10729-8058.US02 

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE 

Dear Commissioner: 

In the Notice of Allowance, mailed January 28, 2020, the Examiner provided Reasons for 

Allowance (hereinafter referred to as "Reasons"). Applicant believes the Reasons, to the extent 

understood, may be misconstrued and, as such, are incomplete. Applicant submits that indeed, 

the claims of the instant application, individually or in combination with other claims (via 

dependency), describe the patentable subject matter of Applicant's invention(s). Accordingly, the 

Reasons in no way bind or affect the interpretation, infringement, validity and/or enforceability 

of any claim(s) or patent(s) resulting from, or relating to this application. 

Applicant does not believe any fees are due with this submission. However, the commissioner is 

hereby authorized to charge any fees due or credit any overpayments to Deposit Account 500665 

(Order No. l 10729-8058.US02). 

1/2 
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U.S. Application No. 15/940,890 

Dated: 4/24/20 Respectfully submitted, 

By /Lena Petrovic/ 
Lena Petrovic 
Registration No.: 72,128 
PERKINS COIE LLP 
P.O. Box 1247 
Seattle, WA 98111-1247 
Phone: (650) 838-4300 
Fax: (206) 359-7198 
Attorney for Applicant 

2/2 
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APPLICATION NO. FILING DATE 

15/940,890 03/29/2018 

7590 04/29/2020 
PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 

FIRST NAMED INVENTOR 

Joseph Amalan Arul EMMANUEL 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.usp1o.gov 

TTORNEY DOCKET NO. CONFIRMATION NO. 

110729-8058.US02 8990 

EXAMINER 

PATEL, JAY P 

ART UNIT PAPER NUMBER 

2466 

NOTIFJCA TION DA TE DELIVERY MODE 

04/29/2020 ELECTRONIC 

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT 

An Information Disclosure Statement (IDS) filed 4.24.2020 in the abov~-identified application fails to 
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be 
placed in the file, but the information referred to therein has not been considered. 

The IDS is not compliant with 37 CFR 1.97(d) because: 

Q( The IDS lacks a statement as specified in 37 CFR 1.97(e). 

D The IDS lacks the fee set forth in 37 CFR 1.17(p ). 

D The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to 
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See 
MPEP 1308. . 

/ N.HORNE / 

571-272-4200 or 1-888-786-0101 
For: Application Assistance Unit 

Office of Data Management 

FORM PTOM327-8 (Rev. 02/08) 
Page 1 of 1 
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To: 
From: 
Cc: 

patentprocu rement@pe rki nsco ie .com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 22918 

Apr 29, 2020 03:44:21 AM 

Dear PAIR Customer: 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 22918 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15940890 

Document 
M327 

Mailroom Date 
04/29/2020 

Attorney Docket No. 
110729-8058.US02 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

15/940,890 06/09/2020 

22918 7590 05/20/2020 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEAT1LE, WA 98111-1247 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10681698 l 10729-8058.US02 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

8990 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

NETGEAR, INC., San Jose, CA 
Joseph Amalan Arul EMMANUEL, Cupertino, CA; 
Peiman AMINI, Mountain View, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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To: 
From: 
Cc: 

patentprocu rement@pe rki nsco ie .com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 22918 

May 21, 2020 08:50:42 AM 

Dear PAIR Customer: 

PERKINS COIE LLP - PAO General 
P.O. BOX 1247 
SEATTLE, WA 98111-1247 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 22918 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15940890 

Document 
ISSUE.NTF 

Mailroom Date 
05/20/2020 

Attorney Docket No. 
110729-8058.US02 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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