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1.3 Radio capability evolution with HSPA
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(2<.:*% -; /-<9'(+:% /-(&*+.2&:) &:/8(+/'44C &- &8: 9*-1*:%%D

M8:( 6:4:'%: c %9:/+L/'&+-(% =+&8 !"?#$ =:*: *:4:'%:) I C:'* 4'&:* i +( O'*/8

[\\[ i &8:*: =:*: /4:'*4C %&+44 /-**:/&+-(% &- )- +( !"?#$K .2& &8: /-*: ;2(/&+-('4+&C

='% '4*:')C +( &8: 98C%+/'4 4'C:* %9:/+L/'&+-(%D 38: =-*0 ='% 9'*&4C %4-=:) )-=( .C &8:

9'*'44:4 /-**:/&+-(% '/&+B+&C (::):) ;-* &8: 6:4:'%: TT &:*<+('4% '() (:&=-*0% .:+(1

*-44:) -2&D R%9:/+'44C =+&8 9*-&-/-4 '%9:/&%K +(&:(%+B: &:%&+(1 &:()% &- *:B:'4 ):&'+4% &8'&

(::) /-**:/&+-(% '() /4'*+L/'&+-(% +( &8: %9:/+L/'&+-(% '() &8+% ='% &8: /'%: =+&8

6:4:'%: TT ):B+/:% 9*:/:)+(1 &8: %&'*& -; /-<<:*/+'4 -9:*'&+-(% +( R2*-9: +( &8:

%:/-() 8'4; -; [\\[D 38: 4-(1:%& &+<: ='% &'0:( ;-* !"?#$ 9*-&-/-4 9'*&%K -(

=8+/8 .'/0='*) /-<9'&+.+4+&C ='% %&'*&:) +( O'*/8 [\\ZD

P*-< &8: -&8:* &-9+/% &8'& *:4'&: &- !"?#$K &8: OVOh =-*0 +&:< )+) (-& /-<94:&: +(

&8: 6:4:'%: c -* 6:4:'%: _ &+<: ;*'<:K '() +& +% %&+44 2():* )+%/2%%+-( =8:&8:* &8:*: +%

%2j/+:(& <:*+& ;-* &8: +(&*-)2/&+-( -; +& i '% /-B:*:) +( &8: 6:4:'%: U &-9+/ 4+%&+(1D 38:

;:'%+.+4+&C %&2)C -( PN" /-(/42):) &8'& &8: .:(:L&% =:*: 4+<+&:) &- &8: :d&:(& &8'&

'))+&+-('4 /-<94:d+&C =-24) (-& .: G2%&+L:)K &82% (- =-*0 +&:< ='% /*:'&:) '*-2() PN"

';&:* &8: %&2)C ='% /4-%:)D M8+4: ;-/2% ='% -( &8: ;*:b2:(/C )+B+%+-( )294:d >P??@ %+):K

&+<: )+B+%+-( )294:d >3??@ ='% '4%- /-B:*:) +( &8: !"?#$ =-*0 +&:< &- +(/42): %+<+4'*

%-42&+-(% +( .-&8 3?? <-):% >('**-=.'() '() =+):.'() 3??@D

2.1.2 HSUPA standardization in 3GPP

$4&8-218 !"A#$ +% ' &:*< 2%:) .*-')4C +( &8: <'*0:&K +( EF## &8: %&'()'*)+,'&+-( ;-*

!"A#$ ='% )-(: 2():* &8: ('<: ]:(8'(/:) 294+(0 ):)+/'&:) /8'((:4^ >R7?N!@ =-*0

+&:<D M-*0 %&'*&:) )2*+(1 &8: /-**:/&+-(% 98'%: ;-* !"?#$K .:1+((+(1 =+&8 &8: %&2)C

+&:< -( ]uplink enhancements for dedicated transport channels^ +( ":9&:<.:* [\\[D P*-<

&8: B:()-* %+):K O-&-*-4'K Y-0+' '() R*+/%%-( =:*: &8: %299-*&+(1 /-<9'(+:% &- +(+&+'&:

&8: %&2)C +( EF##D

38: &:/8(+b2:% +(B:%&+1'&:) +( &8: %&2)C ;-* !"A#$ >R7?N!@ =:*:K '% %8-=( +(

P+12*: [DEe

. ;'%& 98C%+/'4 4'C:* !C.*+)7$6k >!$6k@ ;-* &8: 294+(0g

. ;'%& Y-): f .'%:) 294+(0 %/8:)24+(1g

. %8-*&:* 294+(0 &*'(%<+%%+-( &+<: +(&:*B'4 >33V@ 4:(1&8g

. 8+18:* -*):* <-)24'&+-(g

. ;'%& ?N! %:&29D

12 !"?#$Q!"A#$ ;-* AO3"
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$;&:* 4-(1 '() ):&'+4:) %&2)C =-*0 &8'& 9*-)2/:) &8: %&2)C +&:< *:9-*& HcJK /4:'* .:(:L&%

=:*: %8-=( =+&8 &8: &:/8(+b2:% +(B:%&+1'&:)D 38: *:9-*& %8-=:) (- 9-&:(&+'4 1'+(% ;*-<

2%+(1 8+18:* -*):* <-)24'&+-( +( &8: 294+(0 )+*:/&+-(K =8+/8 *:%24&:) &8'& ')'9&+B:

<-)24'&+-( ='% (-& +(/42):) +( &8: '/&2'4 =-*0 +&:<D

$% ' /-(/42%+-(K &8: %&2)C +&:<K L('4+,:) +( O'*/8 [\\ZK *:/-<<:():) /-<<:(/:7

<:(& -; ' =-*0 +&:< +( &8: EF## ;-* %9:/+;C+(1 ' ;'%& 98C%+/'4 4'C:* !$6k '() ' Y-): f

.'%:) %/8:)24+(1 <:/8'(+%< ;-* &8: 294+(0 '% =:44 '% ' %8-*&:* 294+(0 33V 4:(1&8D $4%-K

&8: ;'%&:* %:&29 <:/8'(+%<% ;-* ?N!% =:*: 4:;& -2&%+): &8: *:/-<<:()'&+-( ;-* ' EF##

=-*0K .2& &8-%: +%%2:% =:*: >9'*&4C@ /-B:*:) 2():* )+S:*:(& =-*0 +&:<% ;-* EF## 6:4:'%:

_ %9:/+L/'&+-(K .'%:) -( &8: L()+(1% )2*+(1 &8: %&2)C +&:< 98'%:D

EF## %&'*&:) ' =-*0 +&:< &+&4:) ]FDD enhanced uplink^ &- %9:/+;C &8: !"A#$ ;:'&2*:%

'//-*)+(1 &- &8: *:/-<<:()'&+-(% -; &8: %&2)C *:9-*&D 38: 3?? 9'*& ='% (-& 9*-7

1*:%%:) =+&8 &8: %'<: &+<+(1K .2& +% .:+(1 =-*0:) -( ;-* &8: 6:4:'%: U %/8:)24:D

?2: &- 1--) '() ):&'+4:) .'/01*-2() =-*0 &8'& ='% /'**+:) -2& )2*+(1 &8: IW7<-(&8

%&2)C 98'%:K '% =:44 '% (-& 8'B+(1 <'G-* .2*):( ;*-< &8: /-**:/&+-( =-*0 =+&8 :'*4+:*

*:4:'%:%K &8: =-*0 &-='*)% %9:/+L/'&+-(% ='% ;'%& '() &8: L*%& B:*%+-( -; &8: ;:'&2*: ='%

+(&*-)2/:) &- &8: /-*: %9:/+L/'&+-(% +( ?:/:<.:* [\\ZD 38+% B:*%+-( ='% (-& C:& ' L('4

'() /-<94:&: -(:K .2& +& )+) /-(&'+( '44 &8: 0:C ;2(/&+-('4+&C '*-2() =8+/8 &8: <-*:

):&'+4:) L('4+,'&+-( '() /-**:/&+-( =-*0 /-(&+(2:)D

V( O'*/8 [\\c &8: =-*0 +&:< ='% -j/+'44C /-<94:&:) ;-* &8: ;2(/&+-('4 %9:/+L/'&+-(%K

=8+/8 <:'(& &8'& &8: ;:'&2*: ='% <-B:) &- /-**:/&+-( '() <'+(&:('(/:D ?2*+(1 &8:

*:%& -; [\\c &8: -9:( +%%2:% '% =:44 '% 9:*;-*<'(/: *:b2+*:<:(&% =:*: L('4+,:)D 38:

EF## %&'()'*)+,'&+-( 9*-/:%% =+&8 !"A#$ '% '( :d'<94: +% %8-=( +( P+12*: [DcD 38:

L('4 %&:9 =+&8 !"A#$ +% /-<94:&+-( -; 9*-&-/-4 .'/0='*) /-<9'&+.+4+&CK =8+/8 =+44

:('.4: :%&'.4+%8<:(& -; ' *:4:'%: .'%:4+(: ;-* ):B+/:% &- .: +(&*-)2/:) +( &8: <'*0:&D 38+%

+% %/8:)24:) &- &'0: 94'/: +( O'*/8 [\\_ =8:( &8: $"YDI *:B+:= +% %/8:)24:) &- .:

L('4+,:) >$"YDI +% &8: %+1('44+(1 9*-&-/-4 <:%%'1:7:(/-)+(1 4'(12'1: 2%:) +( EF## +(

%:B:*'4 9*-&-/-4%@D

N-<94:&+-( -; .'/0='*) /-<9'&+.+4+&C +<9'/&% 8-= /-**:/&+-(% '*: <'):D M8:( %2/8

' ;2(/&+-('4+&C +% (-& &-&'44C .*-0:(K &8: /-**:/&+-( &- &8: 9*-&-/-4 <:%%'1: +% )-(: +(

!"#$ %&'()'*)+,'&+-( '() .'/01*-2() 13

HSUPA?

Higher order 

modulation

HARQ for 

uplink

Fast Node B scheduling 

for uplink

Shorter TTI

for uplink

Fast dedicated 

channel setup

Figure 2.3 3:/8(+b2:% +(B:%&+1'&:) ;-* !"A#$D

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 32 of 260



%2/8 ' ='C &8'& &8: -*+1+('4 <:%%'1: +% 0:9& '() 9*-&-/-4 :d&:(%+-(% '*: 2%:) +(%&:')D

38+% :('.4:% &:*<+('4% .'%:) -( &8: .'%:4+(: B:*%+-( &- -9:*'&: &8-218 &8:C )- (-&

-.B+-2%4C *:'/& &- &8: /-**:/&+-(Q'))+&+-(% +( &8: <:%%'1: :d&:(%+-(D V; &8: :**-* ='% %2/8

&8'& (- 9*-9:* -9:*'&+-( +% 9-%%+.4: &8:( &8: /-**:/&+-( +% (-(7.'/0='*) /-<9'&+.4: '()

(::)% &- .: &'0:( +(&- '//-2(& =8:( 9*:9'*+(1 9*-)2/&% ;-* &8: <'*0:&D 382%K &C9+/'44CK

&:*<+('4% '*: .'%:) -( %-<: .'%:4+(: B:*%+-( .2& '//-<<-)'&: /*+&+/'4 /-**:/&+-(% &8'&

8'B: .::( )-(: 4'&:* '% =:44K -( &-9 -; &8: .'%:4+(: %9:/+L/'&+-( B:*%+-(D

2.1.3 Further development of HSUPA and HSDPA

M8+4: !"A#$ ='% .:+(1 %9:/+L:)K &8:*: =:*: ):B:4-9<:(&% ;-* +<9*-B+(1 6:4:'%: _

!"?#$ '% =:44 +( %:B:*'4 '*:'%K %2/8 '%e

. 9:*;-*<'(/: %9:/+L/'&+-(% ;-* <-*: ')B'(/:) &:*<+('4% =+&8 *:/:+B:* )+B:*%+&C '()Q-*

')B'(/:) *:/:+B:*%K '% /-B:*:) 4'&:* +( N8'9&:* IIg

. +<9*-B:) 294+(0 *'(1: =+&8 -9&+<+,:) 294+(0 ;::).'/0 %+1('44+(1K '% /-B:*:) +(

N8'9&:* Zg

. +<9*-B:<:(&% +( &8: '*:' -; !"?#$ <-.+4+&C .C ;'%&:* %+1('44+(1 '() %8-*&:* 9*-/:%%7

+(1 &+<:%K '% ):%/*+.:) +( N8'9&:* ZD

14 !"?#$Q!"A#$ ;-* AO3"
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P-* 6:4:'%: U ' =-*0 +&:< 8'% .::( ):L(:)K &+&4:) ]continuous connectivity for packet data

users^K '+<+(1 ;-* *:)2/:) -B:*8:') )2*+(1 %:*B+/:% &8'& *:b2+*: <'+(&'+(+(1 &8: 4+(0 .2&

)- (-& 8'B: &8: (:/:%%'*C /-(&+(2-2% )'&' l-=D $( :d'<94: -; %2/8 ' %:*B+/: =-24) .:

&8: 9'/0:&7.'%:) B-+/: %:*B+/:K -;&:( 0(-=( '% ]m-+/: -B:* V#^ >m-V#@D M8'& +% .:+(1

=-*0:) =+&8 /2**:(&4C /'( .: ;-2() +( H_JK .2& /-(/42%+-(% '*: C:& &- .: )*'=( '% &- =8'&

'/&2'44C =+44 .: +(/42):) +( 6:4:'%: U %9:/+L/'&+-(%D

38: OVOh =-*0 +&:< +% -(71-+(1 '% )+%/2%%:) 9*:B+-2%4CK =+&8 /2**:(& 9*-9-%'4%

/'9&2*:) +( HUJD 38: 0:C 9*+(/+94: +% &- 8'B: &=- >-* <-*:@ &*'(%<+& '(&:(('% =+&8 '& 4:'%&

9'*&4C )+S:*:(& +(;-*<'&+-( %&*:'<% '() &8:( &- 2%: &=- -* <-*: '(&:(('% '() ')B'(/:)

%+1('4 9*-/:%%+(1 +( &8: &:*<+('4 &- %:9'*'&: &8: )+S:*:(& %2.7%&*:'<%K =+&8 &8: 9*+(/+94:

+442%&*'&:) +( P+12*: [D_D

38: 0:C /8'44:(1: +% &- ):<-(%&*'&: =8:&8:* &8:*: +% ' %2j/+:(& +(/*:<:(&'4 1'+( %&+44

'B'+4'.4: =8:( &'0+(1 +(&- '//-2(& &8: *:/:+B:* 9:*;-*<'(/: +<9*-B:<:(&% )-(: ;-*

6:4:'%: _ -* -&8:* :d+%&+(1 '4&:*('&+B:% &- +<9*-B: /'9'/+&C .C '))+(1 <-*: &*'(%<+&&:*% i

%2/8 '% 1-+(1 ;*-< ' &8*::7%:/&-* &- ' %+d7%:/&-* /-(L12*'&+-(D 38: /-(/42%+-(% %- ;'* +(

EF## +()+/'&: &8'& +( &8: <'/*-7/:44 :(B+*-(<:(& !"?#$ =+&8 OVOh )-:% (-& %::< &-

.*+(1 '(C /'9'/+&C .:(:L& -B:* &8: /'%: =+&8 *:/:+B:* )+B:*%+&C '() '( ')B'(/:) *:/:+B:*

'& &8: &:*<+('4 :()D 382%K +& *:<'+(% &- .: %::( =8:&8:* &8:*: =+44 .: '(C&8+(1 -( OVOh

+( 6:4:'%: U -* 4'&:* *:4:'%:%D 38: %&2)C =+44 4--0 &-='*)% %<'44:* ><+/*-7/:44%@K '() +& +%

&8:( &- .: )+%/2%%:) ;2*&8:* +( EF## =8:&8:* '))+(1 OVOh &- &8: %9:/+L/'&+-(% +%

*:'%-('.4: -* (-&K =+&8 /-(/42%+-(% :d9:/&:) .C <+)7[\\_D

$))+&+-('4 -(71-+(1 +&:<% *:4:B'(& ;-* !"?#$ -* !"A#$ -9:*'&+-( +(/42): ' =-*0

+&:< -( *:)2/:) /+*/2+&7%=+&/8:) >N"@ '() 9'/0:&7%=+&/8:) >#"@ /'44 %:&29 ):4'CK =8+/8 +%

'+<+(1 &- %8-*&:( &8: &+<: +& &'0:% &- <-B: ;*-< &8: +)4: %&'&: &- &8: '/&+B: >N:44n?N!@

%&'&:D $% <-%& -; &8: %&:9% +( MN?O$ =+44 *:<'+( &8: %'<:K *:1'*)4:%% -; =8:&8:* -(: +%

%:&&+(1 29 ' N" -* #" /'44K &8: +<9*-B:<:(&% =+44 .:(:L& .-&8 !"?#$Q!"A#$ 2%: '%

=:44 '% &8: (-*<'4 %9::/8 /'44 %:&29D 38: =-*0 8'% L*%& ;-/2%:) -( +):(&+;C+(1 8-= &-

+<9*-B: %:&&+(1 29 ' 6:4:'%: TT %9::/8 /'44 '() /-<+(1 29 '% =:44 =+&8 <:&8-)% &8'&

/-24) .: '994+:) :B:( ;-* :d+%&+(1 ):B+/:%D Y-= &8: ;-/2% 8'% %8+;&:) &- .+11:* ')G2%&7

<:(&% &8'& )- (-& =-*0 =+&8 :d+%&+(1 ):B+/:%K .2& 8'B: <-*: 9-&:(&+'4 ;-* +<9*-B:<:(&%

!"#$ %&'()'*)+,'&+-( '() .'/01*-2() 15
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.:/'2%: /8'(1:% &- &8: &:*<+('4% /'( '4%- .: )-(:D 38+% <:'(% &8'& ;2*&8:* +<9*-B:<:(&%

=-24) .: -.&'+(:) =+&8 6:4:'%: U /'9'.4: ):B+/:% +( <-%& /'%:%D P2*&8:* ):&'+4% -; &8:

%-42&+-(% +):(&+L:) %- ;'* '() &8-%: .:+(1 %&2)+:) /'( .: ;-2() +( HWJD

2.1.4 Beyond HSDPA and HSUPA

M8+4: MN?O$7.'%:) :B-42&+-( =+44 /-(&+(2: +( EF## =+&8 ;2*&8:* *:4:'%:%K %-<:&8+(1

&-&'44C (:= 8'% .::( %&'*&:) '% =:44D EF## 8'% %&'*&:) ' ;:'%+.+4+&C %&2)C -( &8: AO3"

3:**:%&*+'4 6')+- $//:%% Y:&=-*0 >A36$Y@ 4-(17&:*< :B-42&+-( >a3R@K &- :(%2*: &8:

/-<9:&+&+B:(:%% -; &8: EF## &:/8(-4-1C ;'<+4C ;-* &8: 4-(1 &:*< '% =:44D 38: =-*0 8'%

.::( %&'*&:) =+&8 &8: ;-44-=+(1 &'*1:&% ):L(:) HTJe

. 6')+- (:&=-*0 2%:* 94'(: 4'&:(/C .:4-= c <% =+&8 c7O!, -* 8+18:* %9:/&*2<

'44-/'&+-(D M+&8 %<'44:* %9:/&*2< '44-/'&+-( .:4-=K 4'&:(/C .:4-= I\ <% %8-24) .:

;'/+4+&'&:)D

. 6:)2/:) /-(&*-4 94'(: 4'&:(/CD

. "/'4'.4: .'()=+)&8 29 &- [\ O!,K =+&8 %<'44:* .'()=+)&8% /-B:*+(1 ID[c O!,K

[Dc O!,K c O!,K I\ O!, '() Ic O!, ;-* ('**-= '44-/'&+-(%D

. ?-=(4+(0 9:'0 )'&' *'&:% 29 &- I\\ O.9%D

. A94+(0 9:'0 )'&' *'&:% 29 &- c\ O.9%D

. 3=- &- &8*:: &+<:% &8: /'9'/+&C -; :d+%&+(1 6:4:'%: _ *:;:*:(/: %/:('*+-% =+&8 !"?#$

-* !"A#$D

. V<9*-B:) :() 2%:* )'&' *'&:% '& &8: /:44 :)1:D

. "299-*& ;-* &8: #" )-<'+( -(4CD

38:*: '*: '))+&+-('4 &'*1:&% ;-* &8: *:)2/:) -9:*'&-* %C%&:< /-%& =8+/8 '*: .:+(1

&'0:( +(&- '//-2(& +( &8: %C%&:< '*/8+&:/&2*: )+%/2%%+-(D Y'&2*'44CK +(&:*7=-*0+(1

=+&8 MN?O$Q!"?#$Q!"A#$ '() F"OQF#6"QR?FR +% 9'*& -; &8: %C%&:< ):%+1(K

&- 9*:B:(& ):1*')'&+-( -; :() 2%:* :d9:*+:(/: =8:( <-B+(1 .:&=::( &8: %C%&:< '()

:(%2*+(1 <-B+(1 &- MN?O$ -* F"O =8:( <::&+(1 &8: :() -; /-B:*'1: '*:'D

38: =-*0 +( EF## 8'% '4*:')C 9*-1*:%%:)K :%9:/+'44C +( &8: '*:' -; <24&+94: '//:%%

%:4:/&+-(D 38: ):/+%+-( ='% *:'/8:) '.-2& 8-= &- '/8+:B: <24&+94: '//:%%D P2*&8:* =-*0

;-* 4-(17&:*< :B-42&+-( +% .'%:) -( 92*%2+(1 %+(14:7/'**+:* ;*:b2:(/C )+B+%+-( <24&+94:

'//:%% >"N7P?O$@ ;-* &8: 294+(0 &*'(%<+%%+-( '() -*&8-1-('4 ;*:b2:(/C )+B+%+-(

<24&+94:d+(1 >hP?O@ +( &8: )-=(4+(0 )+*:/&+-(D

"N7P?O$ <:'(% 8'B+(1 ;*:b2:(/C *:%-2*/: '44-/'&:) &- -(: 2%:* '& ' &+<: >%8'*+(1

+% '4%- 9-%%+.4:@ =8+/8 '/8+:B:% %+<+4'* -*&8-1-('4 294+(0 '% +( &8: hP?O 9*+(/+94:D

38: *:'%-( ;-* (-& &'0+(1 hP?O +( &8: 294+(0 '% =:44 ='% &8: *:%24&+(1 9--* %+1('4

='B:;-*< 9*-9:*&+:% ;-* 8+1879:*;-*<'(/: &:*<+('4 '<94+L:*%D M+&8 "N7P?O$ &8:*: +%

' /C/4+/ 9*:Ld ')):) &- &8: &*'(%<+%%+-( &- :('.4: 4-=7/-<94:d+&C ;*:b2:(/C )-<'+(
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3.1 Radio resource management architecture

3(+ &%.)0 &+20,&'+ >%-%7+>+-* :AAC< ?,-'*)0-%1)*D 9)*( !";#$ %-. !"=#$ (%2

+E/+&)+-'+. '(%-7+2 '0>/%&+. 9)*( A+1+%2+ FF@ G- A+1+%2+ FF *(+ 2'(+.,1)-7 '0-*&01 9%2

/,&+1D H%2+. )- *(+ &%.)0 -+*90&4 '0-*&011+& :AIB< 9()1+ )- *(+ H%2+ 2*%*)0- :J3" 0&

I0.+ J )- KL## *+&>)-0107D< *(+&+ 9%2 >%)-1D % /09+& '0-*&01 &+1%*+. ?,-'*)0-%1)*D

:?%2* '102+. 100/ /09+& '0-*&01<@ G- A+1+%2+ FF )? *(+&+ 9+&+ *90 AIB2 )-6016+. ?0&

'0--+'*)0-M *(+ 2'(+.,1)-7 9%2 .)2*&)H,*+.@ 3(+ 2+&6)-7 AIB :"AIB< N *(+ 0-+ H+)-7

'0--+'*+. *0 *(+ '0&+ -+*90&4 ?0& *(%* '0--+'*)0- N 90,1. (%-.1+ *(+ 2'(+.,1)-7 ?0&

.+.)'%*+. '(%--+12 :;B!2< %-. *(+ 0-+ %'*,%11D H+)-7 '0--+'*+. *0 *(+ H%2+ *&%-2'+)6+&

2*%*)0- :J3"< 90,1. (%-.1+ *(+ '0>>0- '(%--+1 :1)4+ O$B!<@ A+1+%2+ FFP2 AAC

.)2*&)H,*)0- )2 2(09- )- O)7,&+ K@QM %-. )2 '06+&+. )- >0&+ .+*%)1 )- RQS@

$2 2'(+.,1)-7 (%2 H++- >06+. *0 *(+ J3"M *(+&+ )2 -09 % '(%-7+ )- *(+ 06+&%11 AAC

%&'()*+'*,&+@ 3(+ "AIB 9)11 2*)11 &+*%)- '0-*&01 0? (%-.06+&2 %-. )2 *(+ 0-+ 9()'( 9)11

.+').+ *(+ 2,)*%H1+ >%//)-7 ?0& T,%1)*D 0? 2+&6)'+ :U0"< /%&%>+*+&2@ V)*( !";#$ *(+

2)*,%*)0- )2 2)>/1)W+. )- *(+ 2+-2+ *(%* %2 *(+&+ %&+ -0 20?* (%-.06+&2 ?0& !";#$ .%*%M

*(+- *(+&+ )2 -0 -++. *0 &,- ,2+& .%*% 06+& >,1*)/1+ G,H %-. G,& )-*+&?%'+2 %-.M +6+-

*(0,7( !";#$ )2 2,//0&*+. 06+& G,& )- *(+ 2/+')W'%*)0-2M *(+ ,*)1)X%*)0- 0? *(+ G,&

)-*+&?%'+ '%- H+ '0>/1+*+1D %60).+. HD /+&?0&>)-7 "AIB &+10'%*)0-M 9(+- *(+ 2+&6)-7

()7(82/++. .09-1)-4 2(%&+. '(%--+1 :!"8;"B!< '+11 )2 ,-.+& % .)Y+&+-* '0-*&011)-7

AIB :BAIB<@ V)*( A+1+%2+ FF *()2 '%--0* H+ %60).+. %* AIB %&+% H0,-.%&)+2 9(+-

20?* (%-.06+& )2 ,2+. H+*9++- *90 H%2+ 2*%*)0-2 ,-.+& .)Y+&+-* AIB2@ 3(,2M *(+ *D/)'%1

!";#$ 2'+-%&)0 '0,1. H+ /&+2+-*+. HD Z,2* 2(09)-7 % 2)-71+ AIB@ #1+%2+ -0*+ *(%* *(+

 Edited by Harri Holma
and Antti Toskala  © 2006 John Wiley & Sons, Ltd. ISBN: 0-470-01884-4

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 39 of 260



%220')%*+. ;B! >%D 2*)11 H+ )- 20?* (%-.06+&M 9()1+ *(+&+ )2 %19%D2 0-1D 0-+ 2+&6)-7 '+11

?0& !";#$ ,2+@

3.1.1 HSDPA and HSUPA user plane protocol architecture
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• Admission control 
• Initial power and SIR setting
• Radio resource reservation
• Scheduling for common channels
• DL code allocation and code three handling
• Load and overload control

• QoS parameters mapping
• Scheduling for dedicated channels
• Handover control
• Outer loop power control
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• Power control
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Figure 3.1 A+1+%2+ FF &%.)0 &+20,&'+ >%-%7+>+-* %&'()*+'*,&+@

• Admission control 
• Initial power/SIR setting (HSUPA only)
• Radio resource reservation for HSDPA/HSUPA
• DL code allocation and code three handling
• Load and overload control (overall)

• QoS parameters mapping
• Handover control
• Outer loop power control (HSUPA)

Core network

Node B
Serving RNC
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Drift RNC

Iur IuIub

• Fast power control (HSUPA only)
• Scheduling
• Dynamic resource allocation
• QoS provision
• Load and overload control  

Terminal

Uu

Figure 3.2 !";#$ %-. !"=#$ AAC %&'()*+'*,&+ )- A+1+%2+ ^@
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+i')+-* 0-+2 ?&0> *(+ *+&>)-%1 H%**+&D '0-2,>/*)0- /0)-* 0? 6)+9@ I%*,&%11DM *(+ ,2+

0? *(+ .)2'0-*)-,0,2 &+'+/*)0- :;An< 'D'1+ 9)*( *(+ /%7)-7 0/+&%*)0- 9)11 '%,2+ 20>+

%..)*)0-%1 .+1%D *0 &+2,>+ %'*,%1 .%*% *&%-2>)22)0- %2 *(+ *+&>)-%1 -++.2 *0 H+ /%7+.

W&2*@ 3()2 (%//+-2 )- +)*(+& 0-+ '+11 :10'%*)0- 4-09- %* '+11 1+6+1 )- B+11l#B! 2*%*+< 0&

)- *(+ &+7)2*&%*)0- %&+% 1+6+1 :=A$l#B! 2*%*+<@ 3()2 )2 *(+ H+-+W* 0? *(+ =A$l#B!

2*%*+ ?0& *+&>)-%12 9)*( ()7( >0H)1)*D@ 3+&>)-%12 >06)-7 ?%2* )- % .+-2+ -+*90&4 90,1.

-+'+22)*%*+ % 10* 0? '+11 ,/.%*+2M )-'&+%2)-7 *(+ A$B! 10%.M H,* 90,1. *(+- -++. *0 H+

/%7+. )- >,1*)/1+ '+112 )- '%2+ 0? .09-1)-480&)7)-%*+. %'*)6)*D@ AAB 2*%*+2 %&+ )11,2*&%*+.

)- O)7,&+ K@QQ@

G- ).1+ >0.+ *(+&+ %&+ -0 !";#$a!"=#$82/+')W' )22,+2M *(+ 0/+&%*)0- %7%)- ,2+2 *(+

;B!@ A+1+%2+ ^ 2/+')W'%*)0-2 )-.)'%*+ *(+ /02)*)0- )- *(+ H&0%.'%2* )-?0&>%*)0- %*

9()'( *(+ -+*90&4 9)11 )-?0&> 9(+*(+& *(+&+ )2 !"=#$a!";#$ %6%)1%H1+M H,* *()2 )2

0-1D ?0& ,2+& )-?0&>%*)0- %-. -0* *0 )-k,+-'+ *(+ +E)2*)-7 -+*90&4 %-. '+11 2+1+'*)0-

H+(%6)0,&@ 3()2 (%2 H++- .+W-+. )- 2,'( % 9%D )- *(+ 2/+')W'%*)0-2 *(%* +%&1D )>/1+8

>+-*%*)0- :0- *0/ 0? A+1+%2+ e< )2 /022)H1+ %2 9+11@ hH6)0,21DM *(+ AAC &+%20- 9)11

.)'*%*+ 9(+*(+& % ,2+& 7+*2 %110'%*+. !";#$a!"=#$ 0& -0*@ ")>)1%&1D *0 L#A"M )* )2

!"#$ %&'()*+'*,&+ %-. /&0*0'012 29
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,-4-09- H+?0&+ %'*,%1 '0--+'*)0- +2*%H1)2(>+-* (09 >%-D 210*2 N )@+@M 9(%* /&%'*)'%1

.%*% &%*+2 N %&+ %6%)1%H1+@

3.2 References

RQS !@ !01>% %-. $@ 3024%1% :+.2< :\]]d<@ WCDMA for UMTS :K&. +.-<@ 50(- V)1+D _ "0-2@

R\S KL##M 3+'(-)'%1 "/+')W'%*)0- L&0,/ A$Ib C+.),> $''+22 B0-*&01 :C$B< #&0*0'01

"/+')W'%*)0-M KL##M 3" \e@K\QM c+&2)0- ^@j@]M A+1+%2+ ^@ $6%)1%H1+ %* www.3gpp.org

RKS KL##M 3+'(-)'%1 "/+')W'%*)0- L&0,/ A$Ib A%.)0 A+20,&'+ B0-*&01 :AAB< #&0*0'01

"/+')W'%*)0-M KL##M 3" \e@KKQM c+&2)0- ^@g@]M A+1+%2+ ^@ $6%)1%H1+ %* www.3gpp.org

30 !";#$a!"=#$ ?0& =C3"

Idle
mode

Cell DCH

Cell FACH

Cell PCH

URA PCH

Connected mode

DCH and/or
HS-DSCH/E-

DCH allocated

Paging needed
for activity

FACH decoded
continuosly

O$B! .+'0.+.

'0-*)-,0,21D

Figure 3.11 AAB 2*%*+2 9)*( !";#$a!"=#$@
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4

!"#$% &'()*(&+,-

./01 $('-23),) 3)4 %)55( 61-23+3

60(- *03&5,' *17,'- 0(809-&,,4 41:)+()2 &3*2,5 3**,-- ;!"#$%< &'()*(&+,- =1' :(4,9

>3)4 *14, 4(7(-(1) ?/+5(&+, 3**,-- ;@A#B%< C 50, 2,D ),: =,35/', ()*+/4,4 () E,+,3-,

F -&,*(G*35(1)- 3)4 ,)03)*,4 =/'50,' () E,+,3-, H -&,*(G*35(1)-I 60(- *03&5,' =1*/-,- 1)

4,-*'(>()8 01: !"#$% :1'2- 3)4 :035 =,35/',- 3', ()*+/4,4 () E,+,3-, F 3)4 E,+,3-, H

-&,*(G*35(1)-I !"#$% 03- >,,) 4,-(8),4 51 ()*',3-, 41:)+()2 &3*2,5 4353 50'1/80&/5

>D ?,3)- 1= =3-5 &0D-(*3+ +3D,' ;JK< ',5'3)-?(--(1) 3)4 5'3)-?(--(1) *1?>()()8 3- :,++

3- =3-5 +()2 343&535(1) *1)5'1++,4 >D 50, L14, M C (I,IN >3-, 5'3)-*,(7,' -535(1) ;M6"<I

60, -&,*(G*35(1) :1'2 03- ',-/+5,4 () O/(5, 4(P,',)5 -5'/*5/',- 3)4 -1+/5(1)- :0,)

*1?&3',4 :(50 E,+,3-, QQ >3-,4 @A#B%I 60(- *03&5,' (- 1'83)(R,4 3- =1++1:-I S('-5N

!"#$% 2,D 3-&,*5- 3', &',-,)5,4 3)4 3 *1?&3'(-1) :(50 E,+,3-, QQ 4,4(*35,4 *03)),+

;#A!<9>3-,4 41:)+()2 &3*2,5 3**,-- (- ?34,I ",*1)4N 50, 4(P,',)5 5'3)-&1'5 3)4

&0D-(*3+ *03)),+- ),,4,4 51 3*5/3++D (?&+,?,)5 !"#$% =/)*5(1)3+(5D 3', *17,',4I

60('4N 50, =/)*5(1)3+(5(,- 5035 3', 50, >3-(- 1= !"#$% 1&,'35(1)N ',5'3)-?(--(1) 3)4

+()2 343&535(1) 3', *17,',4 () 4,53(+I 60, *03&5,' 50,) *1)5()/,- :(50 50, ?1>(+(5D

&'()*(&+,- 3)4 ?17,- 1) 51 50, 5,'?()3+ *3&3>(+(5D *+3--,-I 61:3'4 50, ,)4N 50, *03&5,'

344',--,- 50, 50,1',5(*3+ 4353 '35,- 3*0(,73>+, :(50 !"#$% 1) 4(P,',)5 +3D,'- 3)4 50,

!"#$%9-&,*(G* &3'3?,5,'- 1) 50, ()5,'=3*, >,5:,,) 50, '34(1 ),5:1'2 *1)5'1++,'

;ELA< 3)4 M6" C T/> C 3', *17,',4I 60, *03&5,' *1)*+/4,- :(50 50, !"#$%

?,4(/? 3**,-- *1)5'1+ ;B%A< +3D,' 4,-*'(&5(1)I

4.1 HSDPA vs Release 99 DCH

T) E,+,3-, QQ 50,', >3-(*3++D ,U(-5- () 50, -&,*(G*35(1)- 50',, 4(P,',)5 ?,5014- =1'

41:)+()2 &3*2,5 4353 1&,'35(1)V #A!N =1':3'4 3**,-- *03)),+ ;S%A!< 3)4 41:)+()2

-03',4 *03)),+ ;#"A!<I "()*, 50, #"A! 03- >,,) !" #$%&' ',&+3*,4 :(50 50, 0(809-&,,4

#"A! 1= !"#$%N (5 (- )15 *17,',4 () ?1', 4,&50 0,',I 60(- 03- >,,) ',*18)(R,4 () 50,

60('4 W,),'35(1) $3'5),'-0(& $'1X,*5 ;YW$$< 3- :,++ 3)4 50, #"A! 03- >,,) ',?17,4

='1? 50, -&,*(G*35(1)- ='1? E,+,3-, F 1):3'4-N -(?&+D 4/, 51 50, +3*2 1= ()5,',-5 =1'
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3*5/3+ (?&+,?,)535(1)I S1' 501-, ()5,',-5,4 () 50, 0(-51'(*3+ ',3-1)- =1' #"A! /-,

&+,3-, ',=,' 51 ^K_ 3)4 50, ',=,',)*,- 50,',() =1' =/'50,' 4,53(+-I

60, S%A! (- /-,4 ,(50,' =1' -?3++ 4353 71+/?,- 1' :0,) -,55()8 /& 50, *1)),*5(1) 3)4

4/'()8 -535, 5'3)-=,'-I T) *1)),*5(1) :(50 !"#$%N 50, S%A! (- /-,4 51 *3''D 50,

-(8)3++()8 :0,) 50, 5,'?()3+ 03- ?17,4N 4/, 51 ()3*5(7(5D ='1? A,++`#A! -535, 51

A,++`S%A!N A,++`$A! 1' aE%`$A! -535,I 60, S%A! (- 1&,'35,4 1) (5- 1:) 3)4N

4,&,)4()8 1) 50, -535, 50, 5,'?()3+ (- ()N S%A! (- 4,*14,4 ,(50,' *1)5()/1/-+D

;A,++`S%A!< 1' >3-,4 1) 50, &38()8 ?,--38,I S1' 50, S%A! 50,', (- ),(50,' =3-5

&1:,' *1)5'1+ )1' -1=5 03)417,'I S1' 50, -&,*(G* *3-, 1= 50, B/+5(?,4(3 M'134*3-5

B/+5(*3-5 ",'7(*, ;BMB"<N -,+,*5(1) *1?>()()8 1' -1=5 *1?>()()8 ?3D >, /-,4 1) 50,

S%A!N >/5 () 3)D *3-, 50,', (- )1 &0D-(*3+ +3D,' =,,4>3*2 =1' 3)D 3*5(7(5D 1) 50, S%A!

3)4 50/- &1:,' *1)5'1+ (- )15 =,3-(>+,I 60, S%A! (- *3''(,4 1) 50, -,*1)43'D *1??1)

*1)5'1+ &0D-(*3+ *03)),+ ;"9AA$A!< :(50 GU,4 -&',34()8 =3*51'I T= 50,', (- 3 ),,4 =1'

-,'7(*, ?(UN +(2, -&,,*0 3)4 4353N 50,) S%A! *3))15 >, /-,4I

60, E,+,3-, QQ >3-,4 #A! (- 50, 2,D &3'5 1= 50, -D-5,? C 4,-&(5, 50, ()5'14/*5(1) 1=

!"#$% C 3)4 E,+,3-, F !"#$% (- 3+:3D- 1&,'35,4 :(50 50, #A! '/))()8 () &3'3++,+

;3- -01:) () S(8/', bIK<I T= 50, -,'7(*, (- 1)+D =1' &3*2,5 4353N 50,) 35 +,3-5 50, -(8)3++()8

'34(1 >,3',' ;"EM< (- *3''(,4 1) 50, #A!I T) *3-, 50, -,'7(*, (- *('*/(59-:(5*0,4 C +(2,

%BE -&,,*0 *3++ 1' 7(4,1 *3++ &3'3++,+ 51 $" 4353 C 50,) 50, -,'7(*, 3+:3D- '/)- 1) 50,

#A!I @(50 E,+,3-, H -(8)3++()8 *3) 3+-1 >, *3''(,4 :(501/5 50, #A!N 3- ,U&+3(),4 ()

*1)),*5(1) :(50 50, ='3*5(1)3+ #A! ;S9#A!<I T) E,+,3-, FN /&+()2 /-,' 4353 3+:3D- 81

1) 50, #A! ;:0,) !"#$% (- 3*5(7,<N :0,',3- () E,+,3-, H 3) 3+5,')35(7, (- &'17(4,4 >D

50, Z)03)*,4 #A! ;Z9#A!< :(50 50, ()5'14/*5(1) 1= 0(809-&,,4 /&+()2 &3*2,5 3**,--

;!"a$%<N 3- *17,',4 () A03&5,' FI

60, #A! *3) >, /-,4 =1' 3)D 2()4 1= -,'7(*, 3)4 (5 03- GU,4 3 -&',34()8 =3*51' () 50,

41:)+()2 :(50 GU,4 3++1*35(1) 4/'()8 50, *1)),*5(1)I 60/-N (5 ',-,'7,- 50, *14, ',-1/'*,-

*1'',-&1)4()8 51 50, &,32 4353 '35, 1= 50, *1)),*5(1)I c= *1/'-,N 0(80,' +3D,' -(8)3++()8

*1/+4 >, /-,4 51 ',*1)G8/', 50, *14, /-,4 =1' 50, #A!N >/5 5035 (- 511 -+1: 51 ',3*5 51

*03)8,- () 50, 5'3d*I T) 50, *3-, 1= ?/+5(&+, -,'7(*,-N 50, ',-,'7,4 *3&3*(5D (- ,O/3+ 51 50,

-/? 1= 50, &,32 4353 '35, 1= 50, -,'7(*,-I 60, 50,1',5(*3+ &,32 '35, (- [ B>&- >/5 (5 -,,?-

5035 Yeb 2>&- (- 50, 0(80,-5 (?&+,?,)5,4 #A! 4353 '35, 1) 50, ?3'2,5 -1 =3'I %)D

32 !"#$%f!"a$% =1' aB6"

TerminalNode B

Figure 4.1 A03)),+- ),,4,4 =1' !"#$% 1&,'35(1) () E,+,3-, FI
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-*0,4/+()8 3)4 ',5'3)-?(--(1) 03)4+()8 (- 41), () 50, ELAI %5 50, >3-, -535(1) ,)4N =3-5

&1:,' *1)5'1+ (- 50, 2,D =/)*5(1)3+(5D =1' 50, #A! () 344(5(1) 51 ,)*14()8 50, 4353

&3*2,5 &'17(4,4 >D 50, ELAI "1=5 03)417,' ;?3*'194(7,'-(5D< (- -/&&1'5,4 =1' 50, #A!N

3)4 () -/*0 3 *3-, 3++ >3-, -535(1)- ),,4 51 5'3)-?(5 ,U3*5+D 50, -3?, *1)5,)5 ;,U*,&5 =1'

&1:,' *1)5'1+ *1??3)4-< :(50 (4,)5(*3+ 5(?()8 51 =3*(+(535, *1?>()()8 () 50, E32,

',*,(7,'I

!"#$%¨- =/)43?,)53+ 1&,'35(1) (- >3-,4 1) 50, /-, 1= +()2 343&535(1)N =3-5 -*0,4/+9

()8 3)4 &0D-(*3+ +3D,' ',5'3)-?(--(1)I %++ 50,-, ?,5014- 037, 50, 3(? 1= (?&'17()8

41:)+()2 &3*2,5 4353 &,'=1'?3)*, >150 () 5,'?- 1= *3&3*(5D 3)4 &'3*5(*3+ >(5 '35,-I

!"#$% 41,- )15 -/&&1'5 #A! =,35/',- +(2, =3-5 &1:,' *1)5'1+ 1' -1=5 03)417,' ;3-

-/??3'(R,4 () 63>+, bIK<I

4.2 Key technologies with HSDPA

",7,'3+ ),: *03)),+- 037, >,,) ()5'14/*,4 =1' !"#$% 1&,'35(1)I S1' /-,' 4353 50,',

(- 50, 0(809-&,,4 41:)+()2 -03',4 *03)),+ ;!"9#"A!< 3)4 50, *1'',-&1)4()8

&0D-(*3+ *03)),+I S1' 50, 3--1*(35,4 -(8)3++()8 ),,4- 50,', 3', 5:1 *03)),+-V 0(809

-&,,4 -03',4 *1)5'1+ *03)),+ ;!"9"AA!< () 50, 41:)+()2 3)4 0(809-&,,4 4,4(*35,4

&0D-(*3+ *1)5'1+ *03)),+ ;!"9#$AA!< () 50, /&+()2 4(',*5(1)I T) 344(5(1) 51 50, >3-(*

!"#$% *03)),+ *17,',4 () E,+,3-, F -&,*(G*35(1)-N 50,', (- )1: 3 ),: *03)),+ ()

E,+,3-, H -&,*(G*35(1)- C 50, ='3*5(1)3+ 4,4(*35,4 &0D-(*3+ *03)),+ ;S9#$A!< C 51 *17,'

=1' 1&,'35(1) :0,) 3++ 41:)+()2 5'3d* (- *3''(,4 1) 50, !"9#"A!I 60, *03)),+- ),,4,4

=1' !"#$% 1&,'35(1) 3', -01:) () S(8/', bIKI 60, *03)),+- ?(--()8 ='1? S(8/', bIK 3',

50, >'134*3-5 *03)),+- ='1? E,+,3-, QQ =1' *03)),+ ,-5(?35(1)N -D-5,? ()=1'?35(1)

>'134*3-5N *,++ -,3'*0N &38()8 ?,--38, 5'3)-?(--(1)N ,5*IN 3- *17,',4 () ^K_ () 4,53(+I

60, 8,),'3+ !"#$% 1&,'35(1) &'()*(&+, (- -01:) () S(8/', bI[N :0,', 50, L14, M

,-5(?35,- 50, *03)),+ O/3+(5D 1= ,3*0 3*5(7, !"#$% /-,' 1) 50, >3-(- 1= 50, &0D-(*3+

+3D,' =,,4>3*2 ',*,(7,4 () 50, /&+()2I "*0,4/+()8 3)4 +()2 343&535(1) 3', 50,) *1)4/*5,4

35 3 =3-5 &3*, 4,&,)4()8 1) 50, -*0,4/+()8 3+81'(50? 3)4 50, /-,' &'(1'(5(R35(1) -*0,?,I

60, 150,' 2,D ),: 5,*0)1+18D (- &0D-(*3+ +3D,' ',5'3)-?(--(1)I @0,',3- () E,+,3-, QQ

1)*, 4353 3', )15 ',*,(7,4 *1'',*5+DN 50,', (- 3 ),,4 =1' ',5'3)-?(--(1) 51 >, -,)5 383()

='1? 50, ELAI T) E,+,3-, QQ 50,', (- )1 4(P,',)*, () &0D-(*3+ +3D,' 1&,'35(1)N ',83'4+,--

1= :0,50,' 50, &3*2,5 (- 3 ',5'3)-?(--(1) 1' 3 ),: &3*2,5I @(50 !"#$% 50, &3*2,5 (-

G'-5 ',*,(7,4 () 50, >/P,' () 50, M6" ;3- (++/-5'35,4 () S(8/', bIY<I 60, M6" 2,,&- 50,

!"#$% &'()*(&+,- 33

Table 4.1 A1?&3'(-1) 1= =/)43?,)53+ &'1&,'5(,- 1= 50, #A! 3)4 !"9#"A!I

2"$&3/" *4( ()5*)4(

©3'(3>+, -&',34()8 =3*51' L1 L1

S3-5 &1:,' *1)5'1+ ª,- L1

%43&5(7, ?14/+35(1) 3)4 *14()8 L1 ª,-

B/+5(9*14, 1&,'35(1) ª,- ª,-N ,U5,)4,4

$0D-(*3+ +3D,' ',5'3)-?(--(1)- L1 ª,-

M6"9>3-,4 -*0,4/+()8 3)4 +()2 343&535(1) L1 ª,-
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&3*2,5 () 50, >/P,' ,7,) (= 03- -,)5 (5 51 50, /-,' 3)4N () *3-, 1= &3*2,5 4,*14()8 =3(+/',N

',5'3)-?(--(1) 3/51?35(*3++D 532,- &+3*,- ='1? 50, >3-, -535(1) :(501/5 ELA ()71+7,9

?,)5I "1N 50, 5,'?()3+ 03- ',-&,*5(7,+D *1?>(),4 50, 5'3)-?(--(1)-N *3&5/'()8 50, ,),'8D

1= >150I "01/+4 &0D-(*3+ +3D,' 1&,'35(1) =3(+ 4/, 51N -3DN -(8)3++()8 ,''1'N 50,) ELA9

>3-,4 ',5'3)-?(--(1) ?3D -5(++ >, 3&&+(,4 1) 51&I %- -01:) () 50, ,U3?&+, () S(8/', bIYN

/-()8 3 '34(1 +()2 *1)5'1+ ;EJA<93*2)1:+,48,4 ?14, 1= 1&,'35(1)N EJA +3D,' 3*2)1:+9

,48,?,)5 (- &'17(4,4 () 50, EJA +3D,' 3- :1/+4 >, 41), =1' E,+,3-, QQ >3-,4 1&,'35(1)I

L1:N 50, /-, 1= EJA ',5'3)-?(--(1)- (- )15 3 7,'D =',O/,)5 ,7,)5 3-N =1' ,U3?&+,N :(50

34 !"#$%f!"a$% =1' aB6"

Terminal 1

Terminal 2

L1 feedback

L1 feedback

Data

Data

Fast Node B 
scheduling based on:

•Quality feedback

•UE capability

•Resource availability

•Buffer status

•QoS and priority

Figure 4.2 !"#$% L14, M -*0,4/+()8 &'()*(&+,I

Terminal

BTS

RNC

5. Retransmission 
combining

1. Packet to 
BTS buffer

4. Retransmission

3. NACK

2. First  
transmission

6. RLC ACK

Figure 4.3 M6" ',5'3)-?(--(1) 03)4+()8I
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=1/' ',5'3)-?(--(1)- 3)4 3) ()(5(3+ >+1*2 ,''1' '35, ;MJZE< 1= K\«N 50, &'1>3>(+(5D =1'

',5'3)-?(--(1)- -01/+4 >, +,-- 503) \IK«I EJA +3D,' ',5'3)-?(--(1)- 3', ?1', +(2,+D ()

*1)),*5(1) :(50 ?1>(+(5D 1&,'35(1)-N 3- (- 4(-*/--,4 () 50, !"#$% ?1>(+(5D -,*5(1)I

4.2.1 High-speed downlink shared channel

60, !"9#"A! (- 50, 5'3)-&1'5 *03)),+ 5035 *3''(,- 50, 3*5/3+ /-,' 4353 :(50 !"#$%I T)

50, &0D-(*3+ +3D,' 50, !"9#"A! (- ?3&&,4 1) 50, 0(809-&,,4 &0D-(*3+ 41:)+()2 -03',4

*03)),+ ;!"9$#"A!<I 60, 2,D 4(P,',)*,- ='1? 50, E,+,3-, QQ #A!9>3-,4 &3*2,5 4353

1&,'35(1) 3', 3- =1++1:-V

. J3*2 1= =3-5 &1:,' *1)5'1+I T)-5,34N +()2 343&535(1) -,+,*5- 50, -/(53>+, *1?>()35(1) 1=

*14,-N *14()8 '35,- 3)4 ?14/+35(1) 51 >, /-,4I

. "/&&1'5 1= 0(80,' 1'4,' ?14/+35(1) 503) 50, #A!I @(50 KH9O/34'35/', 3?&+(5/4,

?14/+35(1) ;KH¬%B< 50, )/?>,' 1= >(5- *3''(,4 &,' -D?>1+ (- 41/>+,4 () =371/'3>+,

*1)4(5(1)- *1?&3',4 :(50 50, O/34'35/', &03-, -0(=5 2,D()8 ;¬$"­< () E,+,3-, QQI

. a-,' 3++1*35(1) :(50 >3-, -535(1) >3-,4 -*0,4/+()8 ,7,'D [ ?-N :(50 =3-5 &0D-(*3+ +3D,'

-(8)3++()8I @(50 #A! 50, 0(80,' +3D,' -(8)3++()8 ='1? 50, ELA 3++1*35,- -,?(9

&,'?3),)5 *14, ;3)4 3 -&',34()8 =3*51'< 51 >, /-,4I 60, 5'3)-?(--(1) 5(?, ()5,'73+

;66T< (- 3+-1 +1)8,' :(50 50, #A!N 3++1:()8 73+/,- -/*0 3- K\N [\N b\ 1' e\ ?-I ;60,

+1)8,-5 (- +(?(5,4 () 50, -&,*(G* *3-, 1= -?3++ 4353 '35,- 5035 037, 3 -&',34()8 =3*51' 1=

FK[<I

. a-, 1= &0D-(*3+ +3D,' ',5'3)-?(--(1)- 3)4 ',5'3)-?(--(1) *1?>()()8N :0(+, :(50 50,

#A! C (= ',5'3)-?(--(1)- 3', /-,4 C 50,D 3', >3-,4 1) EJA +,7,+ ',5'3)-?(--(1)-I

. J3*2 1= -1=5 03)417,'I #353 3', -,)5 ='1? 1), -,'7()8 !"9#"A! *,++ 1)+DI

. J3*2 1= &0D-(*3+ +3D,' *1)5'1+ ()=1'?35(1) 1) 50, !"9$#"A!I 60(- (- *3''(,4 ()-5,34

1) 50, !"9"AA! =1' !"#$% /-, 3)4 1) 50, 3--1*(35,4 #A! ;/&+()2 &1:,' *1)5'1+N

,5*I<

. B/+5(*14, 1&,'35(1) :(50 3 GU,4 -&',34()8 =3*51'I c)+D -&',34()8 =3*51' KH (- /-,4N

:0(+, :(50 50, #A! 50, -&',34()8 =3*51' *1/+4 >, 3 -535(* &3'3?,5,' >,5:,,) b 3)4

FK[I

. @(50 !"#$% 1)+D 5/'>19*14()8 (- /-,4N :0(+, :(50 50, #A! *1)71+/5(1)3+ *14()8

?3D 3+-1 >, /-,4I

. L1 4(-*1)5()/1/- 5'3)-?(--(1) ;#6®< 1) 50, -+15 +,7,+I 60, !"9$#"A! (- ,(50,' =/++D

5'3)-?(55,4 1' )15 5'3)-?(55,4 35 3++ 4/'()8 50, [9?- 66TI

%) (?&1'53)5 &'1&,'5D 1= 50, !"9#"A! (- 50, 4D)3?(* )35/', 1= ',-1/'*, -03'()8

,)3>+,4 >D 50, -01'5 [9?- 3++1*35(1) &,'(14I @0,) 50,', 3', 4353 =1' 3 /-,' 3++1*35,4 1)

50, !"9$#"A!N 50,D 3', -,)5 *1)5()/1/-+D 4/'()8 50, [9?- 66TI 60,', (- )1 4(-*1)9

5()/1/- 5'3)-?(--(1) ;#6®< 1) 50, -+15 +,7,+ 3- :(50 50, #A!N :0(+, *14, ',-1/'*, ;',*3++

3++1*35(1) 1= 3 41:)+()2 *14, :(50 3 GU,4 -&',34()8 =3*51'< :(50 50, #A! (- &3'5(3++D

G++,4 :(50 +1:,' 4353 '35,-I T) +(), :(50 S(8/', bIbN 50, #6® &1-(5(1)- () 50, -+15- ;3)4

4(7(4,4 17,' 50, 66T< 41 ',4/*, 50, 41:)+()2 ()5,'=,',)*, 8,),'35,4 >/5 2,,& 50, *14,

',-1/'*, 1**/&(,4 3**1'4()8 51 50, 0(80,-5 4353 '35, &1--(>+, 1) 50, #A!I S1' ,U3?&+,N

:(50 Yeb 2>&- 41:)+()2N 50, *14, ',-1/'*, ',-,'735(1) (- )15 *03)8,4 :0,) ?17()8 51 3

+1:,' 4353 '35,I 60/-N (= ,)3>+()8 3 &,32 '35, 1= Yeb 2>&-N 50,) 3- 50, 3&&+(*35(1) 81,-

!"#$% &'()*(&+,- 35
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41:) 51N -3DN KH 2>&-N 50, 1)+D :3D 51 ',4/*, ',-1/'*, *1)-/?&5(1) :1/+4 >, 51

',*1)G8/', 50, '34(1 +()2I 60(- 383() 532,- 5(?, >150 :0,) ',*1)G8/'()8 3)4 ¯+1*2()8¨

50, 4353 '35, 51 3 ),: -?3++,' 73+/, /)5(+ 3)150,' ',*1)G8/'35(1) :1/+4 532, &+3*, 51

/&8'34, 50, 4353 '35, 383()I @(50 50, !"9$#"A!N 1)*, 50,', 3', )1 4353 51 >,

5'3)-?(55,4N 50,', (- )1 5'3)-?(--(1) 35 3++ 1) 50, 50, !"9#"A! =1' 50, /-,' ()

O/,-5(1) >/5 50, ',-1/'*, =1' 50, [ ?- (- 3++1*35,4 51 3)150,' /-,' ()-5,34I

60, !"9$#"A! (- 3+:3D- 5'3)-?(55,4 1) *1)),*5(1) :(50 50, !"9"AA! 3)4N

344(5(1)3++DN 50, 5,'?()3+ 3+-1 3+:3D- ',*,(7,- 50, #A! :0(*0 *3''(,- -,'7(*,- +(2,

*('*/(59-:(5*0,4 %BE -&,,*0 1' 7(4,1 3- :,++ 3- 50, "EMI E,+,3-, H ,)03)*,?,)5-

,)3>+, 1&,'35()8 :(50 50, "EM ?3&&,4 1) 50, !"9#"A! 3- :,++N 3- *17,',4 +35,'

() *1)),*5(1) :(50 50, -,*5(1) 1) 50, ='3*5(1)3+ 4,4(*35,4 &0D-(*3+ *03)),+ ;#$A!<I

!"9$#"A! 4,53(+- 3', -&,*(G,4 () ^[_I

4.2.1.1 HS-DSCH coding

%- *17,',4 () 50, ()5'14/*5(1) 1) 50, !"9#"A!N 1)+D 5/'>19*14()8 (- /-,4 =1' 50,

!"9#"A!I 60(- :3- ?15(735,4 >D 50, =3*5 5035 5/'>19*14()8 1/5&,'=1'?- *1)71+/5(1)3+

*14()8 150,':(-, ,U&,*5,4 :(50 50, 7,'D -?3++ 4353 '35,-I 60, *03)),+ *14()8 *03() (-

-(?&+(G,4 ='1? 50, *1'',-&1)4()8 #A! 1),N 3- 50,', (- )1 ),,4 51 03)4+, (--/,- +(2,

#6® 1' *1?&',--,4 ?14, :(50 50, !"9#"A!I %+-1N 50,', (- 1)+D 1), 5'3)-&1'5 *03)),+

3*5(7, 35 3 5(?,N 50/- =,:,' -5,&- () ?/+5(&+,U()8f4,9?/+5(&+,U()8 3', ),,4,4I %) 344(9

5(1)3+ ),: (--/, (- 50, 03)4+()8 1= KH¬%B 3)4 50, ',-/+5()8 73'D()8 )/?>,' 1= >(5-

*3''(,4 >D 50, &0D-(*3+ *03)),+ ,7,) :0,) 50, )/?>,' 1= *14,- /-,4 ',?3()- GU,4I

%)150,' ),: =/)*5(1)3+(5D (- >(5 -*'3?>+()8 1) 50, &0D-(*3+ +3D,' =1' 50, !"9#"A!I

60, !"9#"A! *03)),+ *14()8 *03() (- (++/-5'35,4 () S(8/', bIFI

S1' 50, KH¬%B 50,', (- 50, -&,*(G* =/)*5(1) 1= *1)-5,++35(1) ',3''3)8,?,)5N :0(*0

?3&- 50, >(5- 51 4(P,',)5 -D?>1+- 4,&,)4()8 1) 50, 5'3)-?(--(1) )/?>,'-I 60(- (-

>,),G*(3+ 3- :(50 KH¬%B 3++ 50, -D?>1+- 41 )15 037, ,O/3+ ,''1' &'1>3>(+(5D () 50,

*1)-5,++35(1)I 60(- (- 4/, 51 4(P,',)5 -D?>1+- 037()8 4(P,',)5 )/?>,'- 1= ¯),(80>1/'()8¨

-D?>1+- :0(*0 &+3*,- 50, -D?>1+- *+1-,' 51 50, 3U(-N :(50 3 8',35,' )/?>,' 1= ),(80>1/'9

36 !"#$%f!"a$% =1' aB6"
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Slot 0.667 ms = 2/3 ms
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DPDCH DPDCH

Data

DPCCH DPCCH
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DPDCH DPDCH
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Figure 4.4 #(-*1)5()/1/- 41:)+()2 5'3)-?(--(1) :(50 E,+,3-, QQ #A!I
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()8 -D?>1+- ;3- () S(8/', bIQ< ?1', +(2,+D 51 >, 4,*14,4 ()*1'',*5+D 503) 50, 150,'

-D?>1+- =/'50,' 3:3D ='1? 50, 3U(-I

60, >(5 -*'3?>+()8 =/)*5(1)3+(5D () S(8/', bIF :3- ()5'14/*,4 51 371(4 037()8

-,O/,)*,- :0(*0 ,)4 /& ',&,35()8 50, -3?, -D?>1+ ;+1)8 -,O/,)*,- 1= ¯K-¨ 1' ¯\-¨<I

60,-, *1/+4 1**/' :(50 -1?, 5D&, 1= *1)5,)5N 3)4 ,-&,*(3++D :0,) )15 /-()8 *(&0,'()8 35

0(80,' +3D,'-I T) -/*0 3 *3-, 50, 5,'?()3+ :1/+4 037, 4(d*/+5(,- :(50 !"9#"A! &1:,'

+,7,+ ,-5(?35(1) ;-,, 50, KH¬%B 4,-*'(&5(1) 8(7,) +35,'< 3)4N 50/-N 50, ',3-1) 5035 50,

&0D-(*3+ +3D,' -*'3?>+()8 1&,'35(1) :3- ()5'14/*,4I c&,'35(1) (- 50, -3?, =1' 3++ /-,'-

3)4 (- 50/- &/',+D =1' ,)-/'()8 8114 -(8)3+ &'1&,'5(,- =1' 4,?14/+35(1)I

60, !D>'(49%E¬ ;!%E¬< =/)*5(1)3+(5D -01:) 3- 3 -()8+, >+1*2 () 50, *14()8 *03() ()

S(8/', bIF *3) >, =/'50,' -&+(5 ()51 4(P,',)5 ,+,?,)5- ;3- -01:) () S(8/', bIH<I 60,

!%E¬ =/)*5(1)3+(5D *1)-(-5- 1= 3 5:19-538, '35, ?35*0()8 =/)*5(1)3+(5D :0(*0 3++1:-

!"#$% &'()*(&+,- 37
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5/)()8 50, ',4/)43)*D 7,'-(1) 1= 4(P,',)5 ',5'3)-?(--(1)- :0,) /-()8 )1)9(4,)5(*3+

',5'3)-?(--(1)-I 60, >/P,' -01:) -01/+4 >, *1)-(4,',4 3- 3 7('5/3+ >/P,' 1)+DN 3- 3*5/3+

(?&+,?,)535(1) *3) *1)-(-5 1= 3 -()8+, '35, ?35*0()8 >+1*2 3- :,++I !%E¬ *3) >,

1&,'35,4 () 5:1 4(P,',)5 :3D-N :(50 (4,)5(*3+ 1' :(50 )1)9(4,)5(*3+ ',5'3)-?(--(1)-I

60, /-, 1= (4,)5(*3+ ',5'3)-?(--(1)- (- 1=5,) ',=,'',4 () 50, +(5,'35/', 3- A03-, 1' -1=5

*1?>()()8I T) 50(- *3-, 50, '35, ?35*0()8 =/)*5(1)3+(5D (- (4,)5(*3+ >,5:,,) 5'3)-?(--(1)-

3)4 3+:3D- 50, -3?, >(5- ',?3() 3=5,' '35, ?35*0()8 1&,'35(1) 3', -,)5I 60(- &'()*(&+, (-

(++/-5'35,4 () S(8/', bI°I E,83'4+,-- 1= 50, )/?>,' 1= ',5'3)-?(--(1)-N 50, '35, ?35*0()8

1&,'35(1) (- 3+:3D- /)*03)8,4 =1' ,7,'D 5'3)-?(--(1) 1= 50, -3?, &3*2,5I

60, 5,'?()3+ ',*,(7,' 03- 51 -51', ',*,(7,4 -3?&+,- 3- -1=5 73+/,-I 60(- ),,4- ?1',

?,?1'D 503) >/P,'()8 X/-5 50, 1/5&/5 1= 50, 5/'>194,*14,'I %- 50(- (- 3+-1 =3-5 ?,?1'D

50,', 3', +(?(5- 51 01: ?/*0 1= -/*0 ?,?1'D (- ',3-1)3>+, 51 037, () 3 5,'?()3+I 60, =3*5

5035 ',5'3)-?(--(1)- 3', 03)4+,4 >D 50, >3-, -535(1) ?32,- 50, :01+, -1+/5(1) =,3-(>+,

='1? 50, 5,'?()3+ &1()5 1= 7(,:I @(50 ',5'3)-?(--(1) 03)4+()8 ='1? 50, ELA 50,',

:1/+4 >, 511 ?/*0 4,+3D 3)4 -1=5 *1?>()()8 :(50 +3'8, 4353 '35,- :1/+4 -(?&+D 037,

',O/(',4 511 ?/*0 ?,?1'DI

L1)9(4,)5(*3+ ',5'3)-?(--(1)- 1' -19*3++,4 ¯()*',?,)53+ ',4/)43)*D¨ /-,- 3 4(P,',)5

'35, ?35*0()8 >,5:,,) ',5'3)-?(--(1)-I 60, ',+35(7, )/?>,' 1= &3'(5D >(5- 51 -D-5,?35(*

>(5- 73'(,- >,5:,,) ',5'3)-?(--(1)-I 60(- -1+/5(1) ',O/(',- ?1', ?,?1'D () 50, ',*,(7,'

3)4 03- >,,) 3**1??1435,4 () /-,' ,O/(&?,)5 ;aZ< *3&3>(+(5(,-I 60, 5,'?()3+ C :(50

(4,)5(*3+ &3'3?,5,'- >/5 +3'8,' -1=5 ?,?1'D *3&3>(+(5D C *3) 150,':(-, ?3)38, :(50

()*',?,)53+ ',4/)43)*D ,7,) 35 50, ?3U(?/? 4353 '35,I 60, &'()*(&+, (- (++/-5'35,4 ()

S(8/', bIeI 60, '35, ?35*0()8 =/)*5(1) (- 73'(,4 >,5:,,) 4(P,',)5 ',5'3)-?(--(1)- 3)4 ()

50, 3*5/3+ (?&+,?,)535(1) *03)),+ ,)*14()8 *3) >, 41), =1' ,3*0 5'3)-?(--(1) 1' 50,

4353 *3) 50,) >, 2,&5 () 50, 7('5/3+ >/P,' ;3- -01:) () S(8/', bIH<I

38 !"#$%f!"a$% =1' aB6"

Systematic
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Parity 2
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Systematic
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T= &0D-(*3+ +3D,' ',5'3)-?(--(1)- =3(+ 1' ,U*,,4 50, ?3U(?/? )/?>,' 1= ',5'3)-?(-9

-(1)- 50,) 50, '34(1 +()2 +3D,' ;EJA< :(++ 03)4+, =/'50,' ',5'3)-?(--(1)-I 60(- 5D&(*3++D

03&&,)- :(50 -,'7()8 !"9#"A! *,++ *03)8, 1' -1?,5(?,- 4/, 51 &11' *17,'38, 1' 4/, 51

3 -(8)3++()8 ,''1' 5035 *1/+4 G++ 50, >/P,' :(50 /)4,-(',4 4353I 60, +355,' '3', ,7,)5 (- 4/,

51 50, ,''1' *0,*2- () 50, -(8)3++()8N 3- *17,',4 () *1)),*5(1) :(50 50, !"9"AA! 4,53(+-I

60, &0D-(*3+ *03)),+ -,8?,)535(1) () S(8/', bIF ?3&- 50, 4353 51 &0D-(*3+ *03)),+

()5,'+,37,'-I 60, 5:1 ()5,'+,37,'- 3', (4,)5(*3+ 51 E,+,3-, QQ ()5,'+,37,'- () 50, ¬$"­

*3-, 3)4 () 50, KH¬%B *3-, :0,) 5:1 ()5,'+,37,'- 3', /-,4I L15, 5035 3- &3'5 1= 5/'>19

*14()8 50,', (- 3 -,&3'35, 5/'>19*14, ()5,')3+ ()5,'+,37,' () /-,I #,53(+- 1= 50, 1),950('4

'35, 5/'>19*14,' () /-, 3', /)*03)8,4 ='1? E,+,3-, QQN >3-,4 1) 50, /-, 1= 5:1 &3'3++,+

*1)*35,)35,4 *1)71+/5(1)3+ *14, ;$AAA< :(50 5:1 ,(8059-535, *1)-5(5/,)5 ,)*14,'- 3)4

1), 5/'>19*14, ()5,')3+ ()5,'+,37,'I

!"9#"A! *03)),+ *14()8 (- -&,*(G,4 () E,+,3-, F 3)4 () ),:,' 7,'-(1)- 1= ^Y_I

4.2.1.2 HS-DSCH modulation

@0(+, 50, #A! 1)+D /-,- ¬$"­ ?14/+35(1)N 50, !"9#"A! ?3D 344(5(1)3++D /-, 50,

0(80,' 1'4,' ?14/+35(1)V KH¬%BI #/'()8 50, 1'(8()3+ !"#$% =,3-(>(+(5D -5/4D 150,'

3+5,')35(7,- C -/*0 3- e9$"­ 1' Hb¬%B C :,', 3+-1 4(-*/--,4 >/5 )15 *1)-(4,',4 :1'50

344()8 51 50, -D-5,? () 344(5(1) 51 50, +()2 343&535(1) '3)8, 3+',34D 373(+3>+, :(50

¬$"­ 3)4 KH¬%B 3)4 50, 4(P,',)5 ',&,5(5(1)f&/)*5/'()8 '35,- =1' 5/'>19*14()8I 60,

KH¬%B 3)4 ¬$"­ *1)-5,++35(1)- 3', -01:) () S(8/', bIQI MD 037()8 ?1', *1)-5,++35(1)

&1()5- C KH ()-5,34 1= b C )1: b >(5- *3) >, *3''(,4 &,' -D?>1+ ()-5,34 1= [ >(5- &,' -D?>1+

:(50 ¬$"­I

!"#$% &'()*(&+,- 39

Rate matching (puncturing)

Incremental redundancy combining (at receiver side)

Original transmission Retransmission

Systematic

Parity 1

Parity 2
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Systematic

Parity 1
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Systematic
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%- -01:) () S(8/', bIQN 50, /-, 1= 0(80,' 1'4,' ?14/+35(1) ()5'14/*,- 344(5(1)3+

4,*(-(1) >1/)43'(,-I @(50 KH¬%BN (5 (- )1 +1)8,' -/d*(,)5 51 )15 1)+D 037, &03-,

G8/',4 1/5 *1'',*5+D >/5 3+-1 3?&+(5/4, ),,4- 51 >, ,-5(?35,4 =1' ?1', 3**/'35, &03-,

,-5(?35,I 60(- ,U&+3()- :0D -(8)3+ O/3+(5D ),,4- 51 >, >,55,' :0,) /-()8 KH¬%B ()-5,34

1= ¬$"­I T) 50, 41:)+()2N 3 81149O/3+(5D *1??1) &(+15 *03)),+ ;A$TA!< 3++1:-

,-5(?35(1) 1= 50, 1&5(?/? *03)),+ :(501/5 ,U*,--(7, /-,'9-&,*(G* &(+15 17,'0,34I

60, A$TA! 1P,'- 50, &03-, ()=1'?35(1) 4(',*5+DN >/5 50,', (- 50, ),,4 51 ,-5(?35,

50, &1:,' 4(P,',)*, >,5:,,) 50, A$TA! 3)4 !"9#"A! &1:,' +,7,+ 51 ,-5(?35, 50,

3?&+(5/4, ()=1'?35(1) 3**/'35,+D 3- :,++I 60(- -/88,-5- 5035 35 50, >3-, -535(1) ,)4 50,',

3', 3+-1 &1:,' *03)8,- 5035 C 4/'()8 50, [9?- 5'3)-?(--(1) C -01/+4 >, 371(4,4I

60, !"9#"A! *3) /-, 3 )/?>,' 1= ?/+5(*14,-N :(50 3 -&',34()8 =3*51' 1= KHI 60,

50,1',5(*3+ ?3U(?/? )/?>,' 1= *14,- 373(+3>+, () 3 *14, 5',, :(50 -/*0 3 -&',34()8

=3*51' (- KHN >/5 3- 50, *1??1) *03)),+- 3)4 3--1*(35,4 #A!- ),,4 -1?, '11?N 50,

?3U(?/? =,3-(>+, )/?>,' (- KFI @0,50,' 3 -()8+, 5,'?()3+ *3) ',*,(7, /& 51 KF *14,-

4/'()8 50, [9?- 66T 4,&,)4- 1) 50, 5,'?()3+¨- *3&3>(+(5(,-N 3- 4,-*'(>,4 () ",*5(1) bIFI

T) 50, -D-5,? 50,', *3) >, 150,' 5'3d* 5035 3', *1)-/?()8 *14, -&3*, 3- :,++ C -/*0 3-

A" -&,,*0 1' 7(4,1 *3++- C :0(*0 *3))15 >, ?3&&,4 1) !"#$%I 60/-N '34(1 ',-1/'*,

?3)38,?,)5 :(++ 50,) 4,5,'?(), 50, 373(+3>+, *14, -&3*, =1' 50, -*0,4/+,' 35 50, M6"I

T) &'()*(&+,N 1), *1/+4 *',35, ?1', *14, -&3*, :(50 -,*1)43'D -*'3?>+()8 *14,-N >/5 3-

50,D 3', )15 1'50181)3+ 51 50, *14,- /)4,' 50, &'(?3'D -*'3?>+()8 *14,-N 50, ',-/+5()8

5153+ *3&3*(5D (- )15 ,U&,*5,4 51 ()*',3-,I 60/-N 50, /-, 1= 150,' -*'3?>+()8 *14,- 03-

>,,) ',-5'(*5,4 51 *1?&',--,4 ?14,I !"9#"A! -&',34()8 3)4 ?14/+35(1) (- -&,*(G,4

() ^b_I

4.2.2 High-speed shared control channel

60, !"9"AA! 03- 5:1 -+15- 1P-,5 *1?&3',4 :(50 50, !"9#"A! ;3- -01:) ()

S(8/', bIK\<I 60(- ,)3>+,- 50, !"9"AA! 51 *3''D 5(?,9*'(5(*3+ -(8)3++()8 ()=1'?35(1)

:0(*0 3++1:- 50, 5,'?()3+ 51 4,?14/+35, 50, *1'',*5 *14,-I % -&',34()8 =3*51' 1= K[e

3++1:- b\ >(5- &,' -+15 51 >, *3''(,4 ;:(50 ¬$"­ ?14/+35(1)<I 60,', 3', )1 &(+15- 1'

&1:,' *1)5'1+ >(5- 1) 50, !"9"AA! 3)4N 50/-N 50, &03-, ',=,',)*, (- 3+:3D- 50, -3?, 3-

40 !"#$%f!"a$% =1' aB6"

QPSK 16QAM

Minimum
constellation
point distance

Figure 4.9 ¬$"­ 3)4 KH¬%B *1)-5,++35(1)-I

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 58 of 260



=1' 50, !"9#"A!I %- &3'5 1= 50, ()=1'?35(1) C +(2, :0(*0 *14,- 51 4,9-&',34 () 50,

!"9#"A! C ),,4- 51 >, 373(+3>+, >,=1', >,8())()8 51 /-, 50, !"9#"A!N 50, !"9"AA!

(- 4(7(4,4 ()51 5:1 &3'5-V

. 60, G'-5 &3'5 *3''(,- 50, ()=1'?35(1) ),,4,4 51 >, 373(+3>+, 51 ,)3>+, 4,9-&',34()8 1=

*1'',*5 *14,- 3)4 *1)53()- 50, ?14/+35(1) ()=1'?35(1) 3- :,++ ;3- ()4(*35,4 ()

S(8/', bIK\<I 60(- ,)3>+,- 037()8 5,'?()3+- -/&&1'5()8 X/-5 F 1' K\ *14,-N ,7,)

:(50 3 *14, -&3*, 3++1*35(1) /& 51 KF *14,-I 60/-N :(50 3 5,'?()3+ -/&&1'5()8 3

-?3++,' )/?>,' 1= *14,-N 50, *14,- () /-, 3', 4,*14,4 ='1? 50, !"9"AA! 3)4

50, ),,4 =1' 4,9-&',34()8 (- +(?(5,4 51 X/-5 501-, *14,- ()5,)4,4 =1' 50, 5,'?()3+I

60, -*0,4/+,' :(++ )15 ,U*,,4 50, +(?(5- -,5 >D 50, 5,'?()3+¨- *3&3>(+(5DI

. 60, -,*1)4 &3'5 *1)53()- +,-- /'8,)5 ()=1'?35(1) C -/*0 3- :0(*0 %E¬ &'1*,-- (- >,()8

5'3)-?(55,4I %) ()4(*35(1) :0,50,' 50, 5'3)-?(--(1) (- ),: 1' ',+35,4 51 3) ,3'+(,'

5'3)-?(55,4 &3*2,5 (- 3+-1 ()*+/4,4I Z7,) (= 50, &',7(1/- 5'3)-?(--(1)- =1' 3 &3*2,5

037, )15 >,,) ',*,(7,4 *1'',*5+DN 50, ),: 4353 ()4(*351' 5,++- 50, 5,'?()3+ 5035 50, 1+4,'

5'3)-?(--(1)- *3) >, ±/-0,4 ='1? 50, >/P,'I 60(- ?,3)- C 4,&,)4()8 1) 50, -,'7(*, C

5035 ,(50,' 50,', :(++ >, 3) EJA +,7,+ ',5'3)-?(--(1) ;3*2)1:+,48,4 ?14, EJA< +35,'N

1' 5035 50, 4353 3', -(?&+D 51 >, 4(-*3'4,4 3)4 50, 3&&+(*35(1) (- ,U&,*5,4 51 037, ,''1'

51+,'3)*, ;EJA /)3*2)1:+,48,4 ?14,<I T)=1'?35(1) 1) 50, ',4/)43)*D 7,'-(1) 3)4

*1)-5,++35(1) (- 3+-1 *3''(,4 () 50, -,*1)4 &3'5N 3- (- 5'3)-&1'5 >+1*2 -(R,I

60, 5(?()8 >,5:,,) 50, !"9"AA! 3)4 50, !"9#"A! 3++1:- 50, 5,'?()3+ 51 037, 1),

-+15 5(?, 51 G8/', 1/5 :0(*0 *14,- 51 4,9-&',34 3)4 3-*,'53() 50, ?14/+35(1)I S1' 50,

',?3()()8 &3'3?,5,'-N -+15 &'1*,--()8 5(?, 03- 51 >, *1)-(4,',4 >,=1', 50, 5'3)-?(--(1)

(- 17,' 3)4 3 ),: [9?- 66T ?3D -53'5I

@0,) !"#$% (- 1&,'35,4 /-()8 50, 5(?, ?/+5(&+,U()8 &'()*(&+,N 50,) 1)+D 1), !"9

"AA! *3) >, *1)G8/',4I T) 50(- *3-, 1)+D 1), /-,' ',*,(7,- 4353 35 3 5(?,I S(8/', bIKK

(++/-5'35,- 50, *3-, :(50 3 -()8+, !"9"AA!I

@0,) 50,', (- 3 ),,4 51 037, *14, ?/+5(&+,U()8N 50,) ?1', 503) 1), !"9"AA! ),,4-

51 >, ()*+/4,4N 3- -01:) () S(8/', bIK[I % -()8+, 5,'?()3+ ?3D *1)-(4,' 35 ?1-5 =1/' !"9

"AA!-² 50, -D-5,? (5-,+= *1/+4 *1)G8/', ,7,) ?1',I T) &'3*5(*3+ -*,)3'(1- (5 (- )15 +(2,+D

5035 ?1', 503) =1/' :1/+4 >, ),,4,4I c), 1= 50, ?15(735(1)- =1' *14, ?/+5(&+,U()8 (- 50,

*3-, :0,) ?1', 503) G7, *14,- *3) >, 4,715,4 51 !"#$% /-,I 60,)N ,-&,*(3++D :0,)

*1)-(4,'()8 50, ,U&,*5,4 G'-59&03-, 4,7(*,-N 50,', 3', 81()8 51 >, 5,'?()3+- 5035 *3)

!"#$% &'()*(&+,- 41

1 slot

HS-SCCH

HS-DSCH
Part 1

Codes

to receive

Downlink DCH

…

(DPCCH/DPDCH)

1 slot

Part 2

Figure 4.10 E,+35(7, 5(?()8 >,5:,,) !"9"AA! 3)4 !"9#"A!I
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',*,(7, 1)+D G7, ;1' 5,)< *14,- 1= 50, ?3U(?/? C (I,IN KFI 60, 0(80,' 50, 4353 '35,- 3)4

5,'?()3+ *3&3>(+(5(,- 50, -?3++,' 50, ),,4 =1' *14, ?/+5(&+,U()8I 60, /-, 1= *14, ?/+5(9

&+,U()8 (- )15 ),*,--3'(+D ),,4,4 ,(50,' :0,) 50, *3''(,' (- -03',4 :(50 #A! 5'3d*N 1'

:0,) 50,', (- 3 4,-(', 51 037, !"#$% 4353 /-,'- 1&,'35()8 :(50 ',3-1)3>+, 4353 '35,- C

() 50, 1'4,' 1= Yeb 2>&- 1' ?1',I T) 8,),'3+N 50, 4353 '35, 373(+3>+, =1' ,3*0 /-,' ()

4(P,',)5 *3-,- :(++ 4,&,)4 >150 1) &1:,' 3++1*35(1) 3)4 50, ,)7('1)?,)5 3)4 50, 5D&, 1=

5,'?()3+ >,()8 /-,4N 3- 4(-*/--,4 () A03&5,' °

60, *03)),+ *14()8 (- 1),950('4 *1)71+/5(1)3+ *14()8 ;3- 5/'>19*14()8 41,- )15 ?32,

-,)-, :(50 -/*0 3 -?3++ 3?1/)5 1= ()=1'?35(1)<I T) 50, -,*1)4 &3'5 50,', (- 3 *D*+(*

',4/)43)*D *0,*2 ;AEA< 51 ?32, -/', 5035 50,', (- )1 *1''/&5(1) 1= 50, ()=1'?35(1)I

% -(8)3++()8 ,''1' :(50N -3DN 3) !%E¬ &'1*,-- )/?>,' :1/+4 *3/-, &'1>+,?- 3- (5 :1/+4

*3/-, >/P,' *1''/&5(1)² 50/-N 3 KH9>(5 AEA (- /-,4 51 ,)-/', -/d*(,)5 ',+(3>(+(5DI S1' 50,

G'-5 &3'5 50,', (- )1 AEA 3)4 50, 344(5(1)3+ *03++,)8, (- 51 (-1+35, ='1? 50, ?/+5(&+,

4(P,',)5 !"9"AA!- :0(*0 1), :3- ()5,)4,4 =1' 50, aZ () O/,-5(1)I 60(- (- ,)3>+,4 >D 3

5,'?()3+9-&,*(G* ?3-2()8 1&,'35(1) :0(*0 3++1:- 4,5,*5()8 50, !"9"AA! 5035 :3-

()5,)4,4 =1' 50, 5,'?()3+ () O/,-5(1) :0(+, -5(++ 2,,&()8 50, 5(?,9*'(5(*3+ ()=1'?35(1)

() *1?&3*5 =1'? () 1), -+15I

4.3 High-speed dedicated physical control channel

!"#$% 1&,'35(1) ),,4- /&+()2 &0D-(*3+ +3D,' =,,4>3*2 ()=1'?35(1) ='1? 50, 5,'?()3+

51 50, >3-, -535(1) 51 ,)3>+, 50, +()2 343&535(1) 3)4 &0D-(*3+ +3D,' ',5'3)-?(--(1)-I 60,

42 !"#$%f!"a$% =1' aB6"

2 ms

HS-SCCH

HS-DSCH

…
…

Demodulation information

Figure 4.11 c&,'35(1) () 50, *3-, 1= -()8+, !"9"AA! 3)4 5(?, ?/+5(&+,U()8I

2 ms

HS-SCCHs

HS-DSCH

…
…

Demodulation information

User dataUser data

Control dataControl data

Figure 4.12 c&,'35(1) () *3-, 1= 5:1 !"9"AA!- 3)4 *14, ?/+5(&+,U()8
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-(8)3++()8 (- &'17(4,4 1) 3 &3'3++,+ *14, *03)),+N +,37()8 50, #A! 1&,'35(1) /)*03)8,4²

50(- ,)3>+,- 1&,'35(1) () -1=5 03)417,' 3- :,++ () *3-,- :0,) 3++ M6"- () 50, 3*5(7, -,5

037, )15 >,,) /&8'34,4 51 -/&&1'5 !"#$%I 60(- (- =,3-(>+,N 3- 1)+D 50, 50, -,'7()8

!"9#"A! *,++ :(++ -,)4 50, !"9"AA! 3)4 !"9#"A! *03)),+- 3)4N ',-&,*5(7,+DN 1)+D

50, -,'7()8 !"9#"A! *,++ ),,4- 51 4,*14, 50, /&+()2 =,,4>3*2I MD 2,,&()8 50, ,U(-5()8

/&+()2 #$AA! 3)4 #$#A! /)*03)8,4 50, 3*5(7, -,5 *3) 3+-1 3**1??1435, E,+,3-,

QQ >3-,4 >3-, -535(1)-I c>7(1/-+DN :0,) -/*0 3 M6" >,*1?,- 41?()3)5 1), ?/-5 -:(5*0

51 50, #A! ()-5,34I 60, ',-/+5()8 &,)3+5D =1' 344()8 3 &3'3++,+ *14, *03)),+ (- 50,

()*',3-,4 &,32951937,'38, '35(1 ;$%E< 1= 50, /&+()2 -(8)3+ :37,=1'?N :0(*0 ',-/+5- ()

+1:,' 5153+ 5'3)-?(--(1) &1:,' () *,'53() *3-,-N 3- 4(-*/--,4 () 8',35,' 4,&50 ()

A03&5,' KKI

60, /&+()2 =,,4>3*2 ()=1'?35(1) (- *3''(,4 1) 50, !"9#$AA!I 60, !%E¬ =,,4>3*2

()=1'?- 50, >3-, -535(1) :0,50,' 50, &3*2,5 :3- 4,*14,4 *1'',*5+D 1' )15I A03)),+

O/3+(5D ()=1'?35(1) ;A¬T<N ',-&,*5(7,+DN 5,++- 50, >3-, -535(1) -*0,4/+,' 50, 4353 '35, 50,

5,'?()3+ ,U&,*5- 51 >, 3>+, 51 ',*,(7, 35 3 8(7,) &1()5 () 5(?,I

60, !"9#$AA! /-,- 3 GU,4 -&',34()8 =3*51' 1= [FH 3)4 03- 3 [9?-f50',,9-+15

-5'/*5/',I 60, G'-5 -+15 (- /-,4 =1' 50, !%E¬ ()=1'?35(1) ;3- -01:) () S(8/', bIKb<I

60, 5:1 ',?3()()8 -+15- 3', =1' A¬T /-,I 60, !%E¬ ()=1'?35(1) (- 3+:3D- -,)5 :0,)

50,', 03- >,,) 3 *1'',*5+D 4,*14,4 !"9"AA! ',*,(7,4 () 50, 41:)+()2 4(',*5(1) :0(+,

50, ¬AT 5'3)-?(--(1) =',O/,)*D (- *1)5'1++,4 >D 50, -D-5,? &3'3?,5,' 6I S1' >150 -+15-

50,', (- 3+-1 3 -,&3'35, &3'3?,5,' 51 *1)5'1+ ',&,5(5(1)I E,&,5(5(1) 17,' ?/+5(&+, [9?-

&,'(14- (- ),,4,4 () -1?, *3-,- C =1' ,U3?&+,N =1' *,++ ,48, 1&,'35(1) :0,) 50, 373(+3>+,

&1:,' :1/+4 )15 ,)-/', -/d*(,)5 O/3+(5D =1' =,,4>3*2 ',*,&5(1)I 60, &1:,' *1)5'1+

='1? )1)9-,'7()8 !"#$% *,++- ?3D 3+-1 ',4/*, 50, ',*,(7,4 !"9#$AA! &1:,' +,7,+ ()

50, -1=5 03)417,' ',8(1) 3- 50, 5,'?()3+ 03- 51 ',4/*, 50, /&+()2 5'3)-?(--(1) &1:,'

+,7,+ (= 3)D 1= 50, *,++- () 50, 3*5(7, -,5 -,)4- 3 &1:,'941:) *1??3)4I

!"#$% &'()*(&+,- 43

Channel coding 
and rate matching

Channel coding 
and rate matching

Channelization codes
Modulation

Transport block size
HARQ process
Redundancy and 
constellation version
New data indicator

UE specific 
masking

UE specific 
CRC attachment

Physical channel 
mapping

HS-SCCH

Figure 4.13 !"9"AA! *03)),+ *14()8 3)4 ?/+5(&+,U()8 *03()I
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60, !"9#$AA! (- 1)+D -D?>1+ 3+(8),4 :(50 #$AA!f#$#A!I 60(- :3- *1)-(4,',4

),*,--3'D () 1'4,' 51 371(4 511 +3'8, 73'(35(1)- () 50, 5(?()8 3- >150 5,'?()3+ 3)4 L14,

M &'1*,--()8 (- 4(?,)-(1),4 =1' 50, ?1-5 4,?3)4()8 *3-,I 60, ',+35(7, 5(?()8 (-

(++/-5'35,4 () S(8/', bIKbI 60, 41:)+()2 !"9"AA!f!"9#"A! 5(?()8 :(++ 4,5,'?(),

50, !"9#$AA! 5'3)-?(--(1) ()-53)5N 3- *17,',4 () ",*5(1) bIYI[IKI

!"9#$AA! 1&,'35(1) 03- >,,) ,)03)*,4 () E,+,3-, H 51 (?&'17, *,++ ,48, 1&,'35(1)I

T?&'17,?,)5 (- ,P,*5,4 >D ()5'14/*()8 &',9f&1-593?>+,- =1' 50, #$AA! *03)),+I @0,)

50, !"9"AA! 03- >,,) ',*,(7,4N 50, 5,'?()3+ :(++ -,)4 3 -,O/,)*, () &+3*, 1= 50, %A­f

L%A­ -(8)3++()8 () 50, &',7(1/- [9?- !"9$#AA! ='3?,N /)+,-- 50,', 03- >,,) 3 &3*2,5

() 50, &',7(1/- 66TI #1()8 50(- :(++ *3/-, 50, 5,'?()3+ )15 1)+D 51 5'3)-?(5 ?1', 1=5,)N

>/5 (5 3+-1 3++1:- 50, M6" ',*,(7,' 51 037, &'(1' 2)1:+,48, 3- 51 :0,50,' %A­ 1' L%A­

:(++ >, 5'3)-?(55,4I 60/-N >D 371(4()8 4,5,*5(1) 1= ¯)1 5'3)-?(--(1)¨ C 1=5,) 4,)15,4 3-

¯#6®¨ C 50,', (- )1 ),,4 51 *011-, >,5:,,) 50, 50',, 73+/,- C >/5 1)+D >,5:,,) %A­ 3)4

L%A­I 60, >,),G5 (- >(88,-5 :0,) 50,', (- 3 *1)5()/1/- ±1: 1= &3*2,5-N >/5 ,7,) () 50,

*3-, 1= ()=',O/,)5 &3*2,5- 50,', (- 3 ',4/*,4 &,32 &1:,' ',O/(',?,)5I 60/-N 50, 83()

=3*51' -,55()8- =1' 50, !"9#$AA! 41,- )15 ),,4 51 /-, -/*0 0(80 73+/,-N 3)4 50,

5'3)-?(--(1) &1:,' *1)-/?,4 =1' #$AA!f#$#A! 1&,'35(1) (- ',4/*,4I

60, *14()8 =1' 50, !%E¬ (- -(?&+,I T) E,+,3-, F 50,', (- ,(50,' 3 -,O/,)*, 1= ¯K-¨ -,)5

=1' 50, %A­ 3)4 ¯\-¨ =1' 50, L%A­I T) E,+,3-, H 4(P,',)5 -,O/,)*,- 3', 344,4 51 50,

&',93?>+, 3)4 &1-593?>+,N >/5 %A­fL%A­ ',?3() /)*03)8,4I

S1' A¬TN ;[\IF< *14()8 (- 3&&+(,4 C -(?(+3' 51 6SAT *14()8 C :0(*0 *3''(,- A¬T

()=1'?35(1) ='1? 50, 5,'?()3+ 51 50, >3-, -535(1)I 60, A¬T 73+/, 5035 50, 5,'?()3+

',&1'5- 41,- )15 X/-5 *1'',-&1)4 51 50, 7%=8
\

1' 50, -(8)3+ 51 ()5,'=,',)*, '35(1 ;"TE< 50,

5,'?()3+ (- ,U&,'(,)*()8I T)-5,34N 50, 73+/, ',&1'5,4 (- 50, =/)*5(1) 1= 50, ?/+5(&350

,)7('1)?,)5N 5,'?()3+ ',*,(7,' 5D&,N '35(1 1= 50, ()5,'=,',)*, 1= 50, 1:) >3-, -535(1)

*1?&3',4 :(50 150,'- 3)4 ,U&,*5,4 M6" !"#$% &1:,' 373(+3>(+(5DI

60, *+,3' >,),G5 1= 50, 3&&'13*0 (- 5035 50, -1+/5(1) 4,G),4 :(++ 3/51?35(*3++D

3**1??1435, 50, 73'(1/- &1--(>+, ',*,(7,' (?&+,?,)535(1)- 3)4 ,)7('1)?,)5 73'(35(1)-

3)4N 50/-N 8(7,- 3) ()4(*35(1) 1= 50, >,-5 4353 '35,- ),,4,4 >D 50, 5,'?()3+ 51 *1&, :(50

50, ,)7('1)?,)5 () O/,-5(1)I 60(- ',?17,- 50, ),,4 ='1? 50, ),5:1'2 ,)4 51 037, 51

*1)-(4,'N -3DN 50, 4,+3D &'1G+, *03'3*5,'(-5(*- 1= 50, *,++f-,*51' () O/,-5(1)I 60, 1)+D

()&/5 73+/, ='1? 50, ),5:1'2 (- 50, !"9#"A! &1:,' 3++1*35(1) 73+/, 50, 5,'?()3+ ?3D

44 !"#$%f!"a$% =1' aB6"

DPCCH

DPDCH

HS-DPCCH

TFCI FBI TPC

DATA

PILOT

2560 chips

ACK/NACK

TFCI FBI TPC

DATA

PILOT

2560 chips

CQI feedback

TFCI FBI TPC

DATA

PILOT

2560 chips

2560 chips 5120 chips

…

…

Figure 4.14 !"9#$AA! -5'/*5/',I
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3--/?, 51 >, /-,4 () 50, ),5:1'2I "01/+4 50(- *03)8,N 50,) 50, ),5:1'2 *3) ,3-(+D

*1?&,)-35, =1' 50(- 3- 50, 5,'?()3+¨- 3--/?&5(1) (- 2)1:) 51 50, >3-, -535(1)I A¬T

',&1'5()8 (- (++/-5'35,4 () S(8/', bIKFN -01:()8 5035 :0,) 50, 5,'?()3+ (- *+1-, 51 50,

>3-, -535(1) 3)4 3--/?,- 0(80 !"9#"A! &1:,' 3++1*35(1) ;>3-,4 1) 50, 73+/, 8(7,) >D

50, ),5:1'2<N 3 0(80 A¬T 73+/, (- ',&1'5,4I E,-&,*5(7,+DN :0,) 50, 5,'?()3+ (- *+1-,' 51

50, *,++ ,48, ;50, +1:,-5 */'7,< 50,) 50, ',&1'5,4 A¬T (- ?/*0 +1:,'N ,-&,*(3++D (= 50,

,U&,*5,4 !"#$% L14, M &1:,' 3++1*35(1) (- +1: 3- :,++I @0,) 35 1' *+1-, 51 50, *,++

,48,N ?1-5 1= 50, ()5,'=,',)*, *1?,- ='1? 150,' *,++- 3)4N 50/-N 50, ',&',-,)535(7,

8,1?,5'D 73+/, (- +1: C 3'1/)4 \ 4M C 1' () -1?, *3-,- 50, 73+/, (- ),835(7,I

4.3.1 Fractional DPCH

S1' E,+,3-, HN =/'50,' 1&5(?(R35(1) 5112 &+3*, =1' 50, -(5/35(1) :0,', 1)+D &3*2,5

-,'7(*,- 3', 3*5(7, () 50, 41:)+()2 150,' 503) 50, "EMI T) -/*0 3 *3-,N ,-&,*(3++D :(50

+1:,' 4353 '35,-N (5 :3- =,+5 5035 50, 41:)+()2 #A! ()5'14/*,- 511 ?/*0 17,'0,34 3)4

*3) 3+-1 *1)-/?, 511 ?/*0 *14, -&3*, (= +112()8 =1' 3 +3'8, )/?>,' 1= /-,'- /-()8 3 +1:

4353 '35, -,'7(*, C +(2, ©1T$I 60, -1+/5(1) :3- 51 /-, () -/*0 *3-,- 3) S9#$A!N :0(*0 (-

>3-(*3++D 3 -5'(&&,4941:) 7,'-(1) 1= #$A! 5035 03)4+,- 50, &1:,' *1)5'1+I @0,)

*1?&3'()8 50, S9#$A! :(50 50, E,+,3-, QQ #$A!N 1)+D 50, 5'3)-?(--(1) &1:,'

*1)5'1+ ;6$A< G,+4 (- 2,&5 ;3- -01:) () S(8/', bIKH<I T) 344(5(1)N 50, 1'(8()3+ 5(?()8

(- ',53(),4 :0(*0 371(4- 50, ),,4 51 34X/-5 5(?()8- >3-,4 1) E,+,3-, QQ &1:,' *1)5'1+

+11& (?&+,?,)535(1)I

60, *14, ',-1/'*, (- 5(?,9-03',4N 50/- -,7,'3+ /-,'- *3) -03', 50, -3?, *14, -&3*, =1'

&1:,' *1)5'1+ ()=1'?35(1)I Z3*0 /-,' -,,- 1)+D 50, *03)),+ :0(*0 03- 1), -D?>1+ &,'

-+15 =1' 5'3)-?(--(1) &1:,' *1)5'1+ ;6$A< ()=1'?35(1) 3)4 3--/?,- 50,', (- )1 5'3)-?(-9

-(1) () 50, ',-5 1= 50, -D?>1+-I @(50 -,7,'3+ /-,'-N 50, ),5:1'2 *1)G8/',- ,3*0 /-,'

037()8 50, -3?, *14, >/5 4(P,',)5 ='3?, 5(?()8 3)4N 50/-N /-,'- *3) >, 5'3)-?(55,4 1)

50, -()8+, *14, -1/'*,I a& 51 5,) /-,'- *3) -03', 1), "S [FH *14,N 50/- ',4/*()8

!"#$% &'()*(&+,- 45
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*14, -&3*, /5(+(R35(1) =1' 50, 3--1*(35,4 #A! =1' /-,'- :(50 3++ -,'7(*,- ?3&&,4 51 50,

!"9#"A!I 60, &'()*(&+, (- 3- (++/-5'35,4 () S(8/', bIK°N :0,', 5:1 /-,'- -03', 50, -3?,

*14, -&3*, () 50, 41:)+()2 4(',*5(1)I 60, /&+()2 #A! (- )15 (?&3*5,4I T) 50(- *3-, 50,

"EM ?/-5 >, 1) 50, !"9#"A! 3- 50,', (- )1 '11? =1' 4353 >(5- ;)1 #$#A!< 1) 50,

S9#$A!I

60, S9#$A! 03- -1?, ',-5'(*5(1)- =1' /-,I c>7(1/-+D (5 (- )15 /-3>+, :(50 -,'7(*,-

',O/('()8 4353 51 >, ?3&&,4 51 50, #A!N -/*0 3- %BE -&,,*0 *3++- 3)4 A" 7(4,1I

S/'50,'N 50, +3*2 1= &(+15 ()=1'?35(1) ?,3)- 5035 3 ?,5014 +(2, =,,4>3*29>3-,4 5'3)-?(5

4(7,'-(5D ;*+1-,4 +11& ?14,< (- )15 /-3>+,I 60, /-, 1= *+1-,4 +11& 4(7,'-(5D (- >3-,4 1)

/-,'9-&,*(G* &03-, ?14(G*35(1)N :0,',() &(+15 -D?>1+- :1/+4 >, ),,4,4 =1' 7,'(G*35(1)

1= 50, &03-, '1535(1) 3&&+(,4I c) 50, 150,' 03)4N :0,) /5(+(R()8 50, S9#$A!N "EM- *3)

>,),G5 ='1? 0(80 4353 '35,- 1= !"#$% 3)4 ',4/*, -,'7(*, -,5/& 5(?,- ',?3'23>+D ;3-

4(-*/--,4 () A03&5,' Q<I

46 !"#$%f!"a$% =1' aB6"

Slot 0.667 ms = 2/3 ms

TPC

DPCCH

PilotData TPC

DPDCH DPDCH

Data

DPCCH DPCCH

TFCI

DPCH slot

F-DPCH slot

TX OFF
TX OFF

Figure 4.16 S9#$A! -+15 -5'/*5/', *1?&3',4 :(50 #$A! -5'/*5/',I
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%- 50, "EM- 3', ?3&&,4 51 50, !"9#"A! /-()8 50, S9#$A!N 50, +()2 O/3+(5D ='1?

50, -,'7()8 !"9#"A! *,++ (- ?1-5 *'(5(*3+I 61 ,)-/', 5035 50,', 3', 3&&'1&'(35, *'(5,'(3 51

4,5,*5 '34(1 +()2 =3(+/',N 50, 5,'?()3+ >,037(1/' =1' -,55()8 50, 41:)+()2 &1:,' *1)5'1+

*1??3)4- () 50, /&+()2 #$AA! :3- ?14(G,4 -1 5035 50, S9#$A! *3) >, ',+(3>+D

4,5,*5,4 ='1? 50, -,'7()8 !"9#"A! *,++I 60/-N '34(1 +()2 =3(+/', (- 4,5,*5,4 () 50,

5,'?()3+ 1)+D ='1? 50, S9#$A! 1= 50, -,'7()8 !"9#"A! *,++N 3)4 )15 ='1? 50, -1=5

*1?>(),4 #$AA! 3- () E,+,3-, QQI

4.3.2 HS-DSCH link adaptation

J()2 343&535(1) (- 7,'D 4D)3?(* 3- (5 1&,'35,- :(50 [9?- 8'3)/+3'(5D :(50 50, !"9#"A!I

T) 344(5(1) 51 50, -*0,4/+()8 4,*(-(1)N 50, B%A90- () 50, M6" :(++ 3+-1 4,*(4, ,7,'D [ ?-

:0(*0 *14()8 3)4 ?14/+35(1) *1?>()35(1) 51 5'3)-?(5I J()2 343&535(1) (- >3-,4 1)

&0D-(*3+ +3D,' A¬T >,()8 &'17(4,4 >D 50, 5,'?()3+I

a-()8 +()2 343&535(1)N 50, ),5:1'2 :(++ 3+-1 83() ='1? 50, +(?(535(1) 1= &1:,' *1)5'1+

4D)3?(*- () 50, 41:)+()2I %- -(8)3+- () 50, 41:)+()2 *3))15 /-, 511 +3'8, 3 4D)3?(*

'3)8, 51 371(4 50, ),3'C=3' &'1>+,? >,5:,,) -(8)3+- ='1? 50, -3?, -1/'*,N 50, 41:)+()2

&1:,' *1)5'1+ 4D)3?(*- (- ?/*0 ?1', +(?(5,4I @0(+, () 50, /&+()2 3 °K94M 1' ?1',

4D)3?(* '3)8, (- /-,4N () 50, 41:)+()2 1)+D 3'1/)4 K\ 51 KF 4M- *3) >, /5(+(R,4I

60, ,U3*5 )/?>,' 4,&,)4- 1) 50, (?&+,?,)535(1)N *03)),+ ,)7('1)?,)5 3)4 -&',349

()8 =3*51'- 3&&+(,4I 60(- ?,3)- 5035 =1' /-,'- *+1-, 51 50, >3-, -535(1) 50, &1:,' +,7,+

5'3)-?(55,4 (- 0(80,' 503) ),*,--3'D =1' ',+(3>+, -(8)3+ 4,5,*5(1)I J()2 343&535(1) 532,-

50(- ,U5'3 ?3'8() ()51 /-, >D -,+,*5()8 5'3)-?(--(1) &3'3?,5,'- () -/*0 3 :3D 5035 50,

',O/(',4 -D?>1+ ,),'8D *1'',-&1)4- ?1', 3**/'35,+D 51 50, 373(+3>+, -D?>1+ &1:,'I 60(-

(- (++/-5'35,4 () S(8/', bIKeN :0,', +()2 343&535(1) 3- 3 =/)*5(1) 1= 50, *3''(,'9519

()5,'=,',)*, '35(1 ;AfT< (- (++/-5'35,4I %- 4(-*/--,4 &',7(1/-+DN +()2 343&535(1) (5-,+= (-

>3-,4 1) A¬T ()=1'?35(1) 5035 3+-1 532,- 150,' 3-&,*5- ()51 3**1/)5 >,-(4,- X/-5 50,

!"#$% &'()*(&+,- 47
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-(8)3+ -5',)850 1' AfTI MD X/-5 *03)8()8 ='1? ¬$"­ 51 KH¬%B 50,', (- 3 4(P,',)*, 1= 3

=,: 4,*(>,+- C 4,&,)4()8 1) 50, ,)7('1)?,)5 C 3)4 >D &+3D()8 :(50 50, *14()8 '35,- 3)4

50, )/?>,' 1= *14,- 50, 5153+ 4D)3?(* '3)8, *3) ',3*0 Y\ 4MI

60, 5,'?()3+ *3&3>(+(5D (?&3*5- 50, ',&1'5()8 3- 3++ 4,7(*,-N ,-&,*(3++D () 50, ,3'+D

&03-,N :(++ )15 ),*,--3'(+D -/&&1'5N -3DN KH¬%B ?14/+35(1) 1' ?1', 503) G7, &3'3++,+

*14,-I @0,) ,U*,,4()8 50, '3)8, 1= 4353 '35,- 50, 5,'?()3+ *3) -/&&1'5N 50, 5,'?()3+ :(++

',&1'5 1)+D 3) 1P-,5 '350,' 503) 50, 0(80,-5 *14,f?14/+35(1) &1()5 (5 *3) -/&&1'5I 60,

A¬T 53>+, 03- 3 ?1', 1' +,-- ,7,)+D -&3*,4 *1?>()35(1) 1= ?14/+35(1)N )/?>,' 1=

*14,-N *14()8 3)4 5'3)-&1'5 >+1*2 -(R,-I 60, -+(805+D -(?&+(G,4 A¬T ,U3?&+, 53>+,- ()

S(8/', bIKQ ',&',-,)5 4(P,',)5 5,'?()3+ *3&3>(+(5(,-I 60, '(805?1-5 53>+, ()

S(8/', bIKQ (- =1' 5,'?()3+ *35,81'(,- KK 3)4 K[ ;¬$"­ 1)+D< 3)4N 50/-N 3=5,' G7,

*14,- 1)+D 3 KIe9B>&- 4353 '35, 1P-,5 =1' 50, -(5/35(1) (- -(8)3++,4I E,-&,*5(7,+DN 50,

A¬T 53>+, =1' *35,81'D ° ;°I[ B>&-< 81,- 3++ 50, :3D 51 5,) *14,- ;:(50 KH¬%B< >,=1',

/-()8 50, 1P-,5 1) 51& 1= 5035I S1' 3++ 150,' *35,81'(,- 50, 1P-,5 (- /-,4 3=5,' -1?, &1()5N

,U*,&5 *35,81'D K\ :0(*0 81,- 3++ 50, :3D 51 KbIb B>&- 3)4 50/- 41,- )15 ),,4 1P-,5- 1)

51& 1= 5035I 60, ()5,'966T ()5,'73+ &3'3?,5,' () 50, 5,'?()3+¨- *3&3>(+(5(,- 41,- )15 037,

3) (?&3*5 1) :0(*0 ¬AT 53>+, 51 /-,N 1)+D 50, )/?>,' 1= *14,- 3)4 -/&&1'5,4 ?14/+39

5(1) ?32,- 50, 4(P,',)*,I 60, ,U*,&5(1) (- 50, KbIb9B>&- *+3-- :0,', 50, 1)+D 4(P,',)*,

(- 50, ?3U(?/? 5'3)-&1'5 >+1*2 -(R, -/&&1'5,4 :0,) *1?&3',4 :(50 3 5,'?()3+

*3&3>(+(5D 1= K\ B>&-I %- *3) >, -,,) ='1? A03&5,' °N 50, A¬T 73+/,- *1'',-&1)4()8

51 3 *3-, :0,) KbIb B>&- *3) >, ',*,(7,4 3', )15 ,U&,*5,4 51 1**/' 7,'D =',O/,)5+D () ',3+

),5:1'2-I

48 !"#$%f!"a$% =1' aB6"
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4.3.2.1 HSDPA physical layer operation procedure

!"#$% &0D-(*3+ +3D,' 1&,'35(1) 81,- 50'1/80 50, =1++1:()8 -5,&- 1)*, 1), 1' ?1',

/-,'- 037, >,,) *1)G8/',4 3- /-()8 50, !"9#"A! 3)4 4353 -53'5 51 ',3*0 50, >/P,' ()

50, L14, MI

. 60, -*0,4/+,' () 50, L14, M ,73+/35,- C ,7,'D [ ?- C =1' ,3*0 /-,' :(50 4353 () 50,

>/P,'V 50, *03)),+ *1)4(5(1)N >/P,' -535/-N 5(?, ='1? +3-5 5'3)-?(--(1)N ',5'3)-?(-9

-(1)- &,)4()8 3)4 -1 =1'50I 60, ,U3*5 *'(5,'(3 () 50, -*0,4/+,' 3', )35/'3++D 3 7,)41'9

-&,*(G* (?&+,?,)535(1) (--/, 3)4 )15 &3'5 1= YW$$ -&,*(G*35(1)-I $3'3?,5,'- 51

*1)5'1+ -*0,4/+,' >,037(1/' 037, >,,) -&,*(G,4 3)4 3', *17,',4 () ",*5(1) bIFI[I

. c)*, 3 5,'?()3+ 03- >,,) 4,5,'?(),4 3- -,'7()8 () 3 &3'5(*/+3' 66TN 50, L14, M

(4,)5(G,- 50, ),*,--3'D !"9#"A! &3'3?,5,'-N ()*+/4()8 )/?>,' 1= *14,-N KH¬%B

/-3>(+(5D 3)4 5,'?()3+ *3&3>(+(5D +(?(535(1)-I

. 60, L14, M -53'5- 51 5'3)-?(5 50, !"9"AA! 5:1 -+15- >,=1', 50, *1'',-&1)4()8 !"9

#"A! 66TI !"9"AA! -,+,*5(1) (- =',, ;='1? 3 -,5 1= 35 ?1-5 =1/' *03)),+-< 3--/?()8

50,', :,', )1 4353 =1' 50, 5,'?()3+ () 50, &',7(1/- !"9#"A! ='3?,I !34 50,', >,,)

4353 () 50, &',7(1/- ='3?,N 50,) 50, -3?, !"9"AA! ),,4- 51 >, /-,4I

. 60, 5,'?()3+ ?1)(51'- 50, 5,'?()3+9-&,*(G* -,5 1= 35 ?1-5 =1/' !"9"AA!- 8(7,) >D 50,

),5:1'2I c)*, 50, 5,'?()3+ 03- 4,*14,4 $3'5 K ='1? 3) !"9"AA! ()5,)4,4 =1' 5035

5,'?()3+N (5 :(++ -53'5 51 4,*14, 50, ',?3()()8 &3'5- 1= 5035 !"9"AA! 3)4 :(++ >/P,'

50, ),*,--3'D *14,- ='1? 50, !"9#"A!I

. %=5,' 4,*14()8 50, !"9"AA! &3'3?,5,'- ='1? $3'5 [N 50, 5,'?()3+ *3) 4,5,'?(), 51

:0(*0 %E¬ &'1*,-- 50, 4353 >,+1)8 3)4 :0,50,' 50,D ),,4 51 >, *1?>(),4 :(50 4353

3+',34D () 50, -1=5 >/P,'I

. T) 50, E,+,3-, H 7,'-(1)N 3 &',93?>+, (- -,)5 () 50, %A­fL%A­ G,+4 (= 50, =,35/', (-

*1)G8/',4 51 >, /-,4 >D 50, ),5:1'2 ;3)4 (= 50,', :3- )1 &3*2,5 () 50, &',7(1/- 66T<I

",)4()8 1= 50, &',93?>+, (- >3-,4 1) !"9"AA! 4,*14()8N )15 1) 50, !"9#"A! (5-,+=I

. a&1) 4,*14()8 50, &15,)5(3++D *1?>(),4 4353N 50, 5,'?()3+ -,)4- () 50, /&+()2

4(',*5(1) 3) %A­fL%A­ ()4(*351'N 4,&,)4()8 1) 50, 1/5*1?, 1= 50, AEA *1)4/*5,4

1) 50, !"9#"A! 4353 ;3) %A­ =1++1:- 50, *1'',*5 AEA 1/5*1?,<I

. T= 50, ),5:1'2 *1)5()/,- 51 5'3)-?(5 4353 =1' 50, -3?, 5,'?()3+ () *1)-,*/5(7, 66T-N

50, 5,'?()3+ :(++ -53D 1) 50, -3?, !"9"AA! 5035 :3- /-,4 4/'()8 50, &',7(1/- 66TI

. T) E,+,3-, HN :0,) 50, 4353 ±1:- ,)4N 50, 5,'?()3+ -,)4- 3 &1-593?>+, () 50, %A­f

L%A­ G,+4N 3--/?()8 50, =,35/', :3- 3*5(735,4N 1= *1/'-,I

!"#$% 1&,'35(1) (- -D)*0'1)1/- () 5,'?- 1= 50, 5,'?()3+ ',-&1)-, =1' 3 &3*2,5

5'3)-?(55,4 () 50, 41:)+()2I 60, ),5:1'2 -(4,N 01:,7,'N (- 3-D)*0'1)1/- () 5,'?- 1=

:0,) 3 &3*2,5 1' 3 ',5'3)-?(--(1) =1' 3) ,3'+(,' 5'3)-?(--(1) (- -,)5I 60(- 3++1:- 50,

),*,--3'D =',,41? =1' M6" -*0,4/+,' (?&+,?,)535(1) 3)4 (- ,)3>+,4 >D %E¬ &'1*,--

()=1'?35(1) 1) 50, !"9"AA!I 60, &0D-(*3+ +3D,' 1&,'35(1) &'1*,4/', =1' !"#$% (-

*17,',4 () ^F_I

60, 5,'?()3+ 1&,'35(1) 5(?,- >,5:,,) 4(P,',)5 ,7,)5- 3', -&,*(G,4 3**/'35,+D ='1? 50,

!"9"AA! ',*,&5(1)N =1++1:,4 >D !"9#"A! 4,*14()8 3)4 ,)4()8 :(50 50, /&+()2 %A­f

L%A­ 5'3)-?(--(1)I %- ()4(*35,4 () S(8/', bI[\N 50,', (- 3 °IF9-+15 ',3*5(1) 5(?, ='1?

50, ,)4 1= 50, !"9#"A! 66T 51 50, -53'5 1= %A­fL%A­ 5'3)-?(--(1) () 50,

!"#$% &'()*(&+,- 49
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!"9#$AA! () 50, /&+()2I 60, 73+/, 1= °IF -+15- (- 3**/'35, C 3)D 73'(35(1) (- 4/, 51 50,

),,4 =1' -D?>1+ 3+(8)?,)5 >,5:,,) 50, /&+()2 !"9#$AA! 3)4 50, /&+()2 #$AA!f

#$#A!N 50/- 50, 5(?()8 73+/, (- :(50() 50, [FH9*0(& :()41:I

T) E,+,3-, HN :(50 50, &',9f&1-593?>+, () /-, 50, 5(?()8 (- 150,':(-, /)*03)8,4N >/5 =1'

50, G'-5 &3*2,5 50, &',7(1/- %A­fL%A­ -+15 (- /-,4 =1' 50, &',93?>+,N 3- -01:) ()

S(8/', bI[KI E,-&,*5(7,+DN :0,) 50, 5'3)-?(--(1) ,)4- ;1' 35 +,3-5 50, 5,'?()3+ 41,- )15

4,5,*5 50, !"9"AA!<N 50, &1-593?>+, (- 5'3)-?(55,4 () 50, &1-(5(1) :0,', 3) %A­f

L%A­ :1/+4 )1'?3++D 1**/'I

4.3.3 Mobility

@0,) *1?&3',4 :50 50, #A! 50, >(8 4(P,',)*, () ?1>(+(5D 03)4+()8 (- 50, +3*2 1=

-1=5 03)417,' =1' 50, !"9#"A!I @0(+, 50,', (- 1)+D 1), -,'7()8 !"9#"A! *,++N 50,

3--1*(35,4 #A! (5-,+= *3) >, () -1=5 03)417,' 3)4 ?3()53() 50, 3*5(7, -,5 3- () E,+,3-,

QQI 60, ',O/(',?,)5 =1' 50, 5,'?()3+ (- 51 >, 3>+, 51 *1&, :(50 /& 51 -(U *,++- () 50, #A!

3*5(7, -,5I @0,) 1&,'35()8 () -1=5 03)417,' :(50 !"#$% () /-,N 50,', :3- 3 ),,4 51

50 !"#$%f!"a$% =1' aB6"

HS-SCCH

HS-DSCH

HS-DPCCH (ACK/NACK + feedback)

7.5 slots (approx.)

…

HS-SCCH

N slots

Uplink transmission 

Downlink transmission 

CRC result 

Figure 4.20 6,'?()3+ 5(?()8 :(50 ',-&,*5 51 1), !%E¬ &'1*,--I
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?14(=D ?,3-/',?,)5 ,7,)5- 51 8,5 ()=1'?35(1) 3>1/5 *03)8,- () 50, ',+35(7, -5',)850- 1=

50, *,++- () 50, 3*5(7, -,5 ;3- (++/-5'35,4 () S(8/', bI[[<I 60(- ()=1'?35(1) ;:0,) 0,+4

:(50() 50, 3*5(7, -,5 :()41:< 41,- )15 5'(88,' 3*5(1)- =1' 50, #A! >/5 ?3D 5'(88,' 3

*03)8, () 50, -,'7()8 !"9#"A! *,++ :(50 !"#$% 1&,'35(1)I 61 ,)3>+, 50(- ()=1'?35(1)

51 >, 373(+3>+, =1' 50, ELAN 50, ?,3-/',?,)5 ,7,)5 K# :3- ?14(G,4 51 ,)3>+, ,7,)59

>3-,4 ',&1'5()8 :0,) 50, ',+35(7, -5',)850 1= 50, *,++- () 50, 3*5(7, -,5 *03)8,-N 1' ?1',

,U3*5+D :0,) 50, *,++ :(50 50, 1&5(?/? A$TA! -5',)850 () 50, 3*5(7, -,5 *03)8,-I @0,)

50, *'(5,'(3 =1' ',&1'5()8 3', =/+G++,4N 50, 5,'?()3+ :(++ -,)4 C 3- &3'5 1= /&+()2 '34(1

',-1/'*, *1)5'1+ ;EEA< -(8)3++()8 C 3 ?,3-/',?,)5 ',&1'5 51 50, ELAI

T) E,+,3-, F 50, -,'7()8 !"9#"A! *,++ *3) 1)+D >, *03)8,4 ()-(4, 50, 5,'?()3+¨- 3*5(7,

-,5 >D /-()8 3 &0D-(*3+ *03)),+ ',*1)G8/'35(1) &'1*,4/',I 60,',=1',N :0,) 50, 5,'?()3+

4,5,*5- 5035 3 ),(80>1/'()8 *,++ =/+G++- 50, *'(5,'(3 =1' 344()8 50, *,++ 51 50, 3*5(7, -,5

;?,3-/',?,)5 ,7,)5 K%<N 50, *,++ G'-5 ),,4- 51 >, 344,4 51 50, 3*5(7, -,5 >,=1', 50,

-,'7()8 !"9#"A! 1&,'35(1) *3) >, *03)8,4 51 5035 *,++I T) E,+,3-, H 50, -(5/35(1) :3-

*03)8,4 -1 5035 50, 3*5(7, -,5 /&435, &'1*,4/', *1/+4 3+-1 *3''D 1/5 3 -,'7()8 !"9#"A!

*,++ *03)8, ;3- (++/-5'35,4 () S(8/', bI[Y<I

@0,) 3 *03)8, 1= -,'7()8 !"9#"A! *,++ 03&&,)-N 50, 5,'?()3+ :(++ ±/-0 3++ 50, >/P,'-

35 50, 03)417,' 5(?, 3)4 ?17, 1) 51 +(-5,) 51 50, ),: >3-, -535(1) 3- ()-5'/*5,4 () 50,

41:)+()2 EEA -(8)3++()8I E,-&,*5(7,+DN 35 50, ?1?,)5 50, 03)417,' 532,- &+3*, 50,

L14, M 3+-1 ±/-0,- &3*2,5- -5(++ () (5- >/P,'-N ()*+/4()8 &1--(>+D /)G)(-0,4 !%E¬

&'1*,--,-I 60, ),5:1'2 :(++ 037, 51 -1'5 1/5 50, /)-,)5 &3*2,5- ;:0,) /-()8 EJA

3*2)1:+,48,4 ?14,<I T) /)3*2)1:+,48,4 ?14, 50, &3*2,5- 3', )15 51 >, 5'3)-?(55,4

(= -1?, 1= 50,? 3', +1-5 4/'()8 50, *,++ *03)8, 1&,'35(1)N >/5 &3*2,5 +1-- *3) >,

?()(?(R,4 >D 50, ELA *3+*/+35()8 *3',=/++D :0,) 50, 03)417,' :(++ 532, &+3*, 3)4

)15 -,)4()8 C 35 50, 7,'D +3-5 ?1?,)5 C &3*2,5- 51 50, -,'7()8 !"9#"A! *,++ >,()8

',&+3*,4I #/'()8 -D)*0'1)(R,4 -,'7()8 !"9#"A! *,++ *03)8,N 3)D ()5,''/&5(1) 51 &3*2,5

5'3)-?(--(1) *3) >, ?()(?(R,4 3- >150 50, 5,'?()3+ 3)4 ),5:1'2 ,+,?,)5- 2)1: ,U3*5+D

:0,) 50, 03)417,' 532,- &+3*,I 61 ?()(?(R, &1--(>+, 4353 +1-- =/'50,'N 50, -/&&1'5 1=

1/591=9-,O/,)*, &3D+134 4353 /)(5- ;$#a-< :3- ()5'14/*,4 () /)3*2)1:+,48,4 ?14,

!"#$% &'()*(&+,- 51

Terminal

Node B part of DCH active set

DCH

HSDPA serving cell

Node B part of DCH active set

DCH

Comparison of 
relative CPICH levels 

inside the active set

Figure 4.22 !"#$% 1&,'35(1) :(50 #A! 3*5(7, -,5 1= YI
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EJA () E,+,3-, HN 3++1:()8 50, aB6" 6,'',-5'(3+ E34(1 %**,-- L,5:1'2 ;a6E%L< 51

/-, >(9*3-5()8 4/'()8 -,'7()8 !"9#"A! *,++ *03)8,N :0(*0 ,)-/',- 5035 &3*2,5- &15,)9

5(3++D +1-5 35 50, -1/'*, L14, M 3', 373(+3>+, 35 50, 53'8,5 L14, MI

60, !"9#"A! -/&&1'5- 50, /-, 1= *1?&',--,4 ?14, =1' 5,'?()3+ ()5,'9-D-5,? 3)4

()5,'9=',O/,)*D ?,3-/',?,)5-I %+501/80 50, !"9#"A! (5-,+= :(++ )15 (?&+,?,)5 3)D

*1?&',--,4 ?14,N 3*5/3+ 4353 5'3)-?(--(1) 3)4 *1)5'1+ -(8)3++()8 3', -/-&,)4,4 ;3-

-01:) () S(8/', bI[b< :0,) 50,', (- 3 83& () 50, 41:)+()2 5035 17,'+3&- 3)D &3'5 1=

!"9"AA! 1' !"9#"A! 5'3)-?(--(1)I T) -/*0 3 *3-, 50, 5,'?()3+ :(++ (8)1', 50, :01+,

5'3)-?(--(1)I E,-&,*5(7,+DN /&+()2 -(8)3++()8 :(++ 1>7(1/-+D )15 532, &+3*, :0,) 50,', (- 3

83& -*0,4/+,4 () 50, /&+()2I %- >150 *1?&',--,4 ?14, &355,') ()=1'?35(1) 3)4 50,

-*0,4/+,' 3', +1*35,4 () 50, L14, MN (5 (- &1--(>+, 51 *1?>(), 50, ()=1'?35(1)I %)

3+5,')35(7, (- 51 /-, #A! 5'3)-?(--(1) =1' 50, 4353 :0(+, 037()8 *1?&',--,4 ?14,

3*5(7,I @0,) &3'3?,5,'(R,4 *1'',*5+DN *1?&',--,4 ?14, (- )15 ,U&,*5,4 51 >, /-,4 () 3)D

*3-, *+1-, 51 50, >3-, -535(1)N >/5 41,- -1 :0,) @A#B% *17,'38, (- 8,55()8 &11' 1'

:0,) 50, !"#$% *,++ +3D,' C =1' ,U3?&+,N () 50, ?(*'19*,++ +3D,' C ),,4- 51 *03)8, :0,)

,)5,'()8 50, 3',3 1= ?3*'19*,++ 1)+D *17,'38,I A03)8()8 51 50, W+1>3+ "D-5,? =1' B1>(+,

52 !"#$%f!"a$% =1' aB6"

Figure 4.23 ",'7()8 !"9#"A! *,++ *03)8, >D /-()8 3*5(7, -,5 /&435, &'1*,4/',I
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A1??/)(*35(1)- ;W"B< 1>7(1/-+D *3/-,- 3 4'1& () 50, /-,' 4353 '35,N 50, 3*5/3+

4(P,',)*, 4,&,)4()8 1) W"B ),5:1'2 *3&3>(+(5(,-I 60, 373(+3>+, 4353 '35, 73'(,- 50,19

',5(*3++D /& 51 Yeb 2>&- 4,&,)4()8 :0,50,' 50,', (- 1)+D 3 >3-(* ;W$E"< -,'7(*, 373(+3>+,

1' :0,50,' 50, ,)03)*,4 4353 '35, =1' 8+1>3+ ,71+/5(1) ;Z#WZ< (- 3+-1 -/&&1'5,4I 60,

*03)),+ *1)4(5(1)- 3)4 )/?>,' 1= -+15- -/&&1'5,4 () 50, ?/+5(?14, 5,'?()3+ +(?(5 50,

&'3*5(*3+ 4353 '35,- 51 3'1/)4 [\\ 51 Y\\ 2>&- ;3- 4(-*/--,4 () A03&5,' K\<I

S1' 50, 03)417,' 51f='1? W"B ),5:1'2-N 50, E,+,3-, H -&,*(G*35(1)- *1)53() -/&&1'5

=1' &3*2,5 03)417,'I 60(- 3++1:- ',4/*()8 50, 03)417,' ()5,''/&5(1) 5(?, 51 -(?(+3' +,7,+

3*0(,7,4 >D E,+,3-, QQ >3-,4 71(*, *3++ 03)417,'-N :0,', 50, ,)4 /-,' () 3 &'1&,'+D

&3'3?,5,'(R,4 ),5:1'2 41,- )15 4,5,*5 50, *03)8, 1= -D-5,?I T) E,+,3-, F 50,', (-

),5:1'293--(-5,4 *,++ *03)8, :0,) *03)8()8 51 W"B 51 -&,,4 /& 50, &'1*,--N :0(+,

() E,+,3-, QQ >3-,4 ),5:1'2- 1)+D *,++ ',-,+,*5(1) ='1? @A#B% (- 373(+3>+, 51 W"BI

4.4 BTS measurements for HSDPA operation

60,', 3', 50',, ),: M6" ?,3-/',?,)5- -&,*(G,4 () E,+,3-, F 5035 =3*(+(535, ',*,(&5 1= 50,

),*,--3'D ()=1'?35(1) 3>1/5 !"#$% 1&,'35(1) () 50, ELAI T) 50, &0D-(*3+ +3D,' 50,', (-

50, =1++1:()8 ?,3-/',?,)5 ;4,G),4 () ^H_<V

. L1)9!"$#% &1:,'N :0(*0 >3-(*3++D ',7,3+- 50, &1:,' >,()8 /-,4 =1' 3++ *03)),+-

150,' 503) !"#$% ;!"9#"A! 3)4 !"9"AA!<I T) 50, E,+,3-, H 7,'-(1) 50(- ?,3-9

/',?,)5 *17,'- 3++ 41:)+()2 *03)),+- )15 /-,4 =1' !"#$% 1' !"a$% &/'&1-,-I

60,', (- )1 &1()5 () ?,3-/'()8 3*5/3+ !"#$% &1:,' 3- 5035 (- ,(50,' 50, 4(P,',)*,

>,5:,,) )1)9!"#$% &1:,' 3)4 50, ?3U(?/? M6" 5'3)-?(--(1) &1:,'N 1' !"#$%

&1:,' 3++1*35(1) 03- >,,) &'17(4,4 >D 50, ELAI

T5 (- () 50, -*0,4/+,' C 50(- &3'5 1= 50, B%A +3D,' (- *17,',4 () ^°_ C 5035 50, !"9#"A!

&'17(4,- 3 >(5 '35, ?,3-/',?,)5I 60(- ?,3-/',?,)5 8(7,- ()=1'?35(1) 1) 50, 37,'38,

4353 '35, &,' ,3*0 &'(1'(5D *+3-- 17,' 50, ?,3-/',?,)5 &,'(14I

!"#$% &'()*(&+,- 53

2 ms

HS-SCCH

HS-DSCH

DL DCH for Terminal 1

…

…

Compressed frame

Not permitted HS-DSCH TTI for Terminal 1

Figure 4.24 !"#$% 1&,'35(1) :(50 *1?&',--,4 ?14,I
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S/'50,'N 3 *1??1) ?,3-/',?,)5 () T/> ^e_ (- 4,G)(5(1) 1= 50, ',O/(',4 &1:,' =1' 50,

!"9#"A!I 60(- 8(7,- ()=1'?35(1) 3>1/5 50, ,-5(?35,4 &1:,' &,' &'(1'(5D *+3-- ',O/(',4

51 ?,,5 50, 8/3'3)5,,4 >(5 '35, 73+/,I %44(5(1)3++DN 50, L14, M *1/+4 +(-5 50, 5,'?()3+-

:0(*0 ',O/(', 7,'D 0(80 &1:,' =1' ?,,5()8 50,(' 8/3'3)5,,4 >(5 '35, =1' *1)),*5(1)I

4.5 Terminal capabilities

"/&&1'5 1= 50, !"#$% =,35/', (5-,+= (- 1&5(1)3+ =1' 5,'?()3+-I @0,) -/&&1'5()8 !"#$%

1&,'35(1)N 50, 5,'?()3+ :(++ ()4(*35, 1), 1= 50, K[ 4(P,',)5 *35,81'(,- -&,*(G,4I #,&,)49

()8 1) 50, *35,81'D -/&&1'5,4N 50, ',-/+5()8 ?3U(?/? 41:)+()2 4353 '35,- 73'D >,5:,,)

\IQ 3)4 KbIb B>&-I !"#$% *3&3>(+(5D (- 150,':(-, ()4,&,)4,)5 1= E,+,3-, QQ >3-,4

*3&3>(+(5(,-N >/5 (= 50, !"9#"A! 03- >,,) *1)G8/',4 =1' 50, 5,'?()3+N 50,) #A!

*3&3>(+(5D () 50, 41:)+()2 (- +(?(5,4 51 50, 73+/, 8(7,) >D 50, 5,'?()3+I % 5,'?()3+

*3) ()4(*35, 3 Y[N HbN K[e 1' Yeb92>&- #A! *3&3>(+(5D² 50/-N 3 5,'?()3+ )1'?3++D *3&3>+,

1= '/))()8 35 Yeb 2>&- 1) 50, #A! ?3D ()4(*35, 5035 C 1)*, !"#$% (- *1)G8/',4 C 50,

#A! -01/+4 >, ',*1)G8/',4 41:) 51 Hb 2>&-I

60, G'-5 5,) !"#$% 5,'?()3+ *3&3>(+(5D *35,81'(,- () 63>+, bI[ ),,4 51 -/&&1'5

KH¬%BN >/5 50, +3-5 5:1N *35,81'(,- KK 3)4 K[N 1)+D -/&&1'5 ¬$"­ ?14/+35(1)I 60,

150,' 2,D 4(P,',)*, >,5:,,) 50, *+3--,- (- 50, ?3U(?/? )/?>,' 1= &3'3++,+ *14,- 5035

?/-5 >, -/&&1'5,4I %)150,' 73+/, ()4(*35()8 50, *3&3>(+(5D 51 -/-53() 50, &,32 '35, 17,'

?/+5(&+, *1)5()/1/- 66T- (- 50, ()5,'966T &3'3?,5,'I A35,81'(,- :(50 3 73+/, 1= K

*1'',-&1)4 51 4,7(*,- 5035 *3) 3+-1 -/-53() 50, &,32 '35, 4/'()8 [ ?- 17,' ?/+5(&+,

66T-N :0(+, 5,'?()3+- :(50 3) ()5,'966T 73+/, 8',35,' 503) K ?/-5 ¯',-5¨ =1' [ 1' b ?- 3=5,'

,3*0 ',*,(7,4 66TI %44(5(1)3++DN 50,', (- 3 -1=5 >/P,' *3&3>(+(5D :0(*0 /-,- 5:1 &'()*(&+,-

=1' 4,5,'?()()8 (5- 73+/,I

54 !"#$%f!"a$% =1' aB6"

Table 4.2 !"#$% 5,'?()3+ *3&3>(+(5D *35,81'(,-I

4$&"9'/: 0$;<=3= 0<><=3= 1/$>?@'/& ,AB &:@" $& ,%C<"D$EF"

>3=E"/ '# <>&"/511G %C$>>"F E<&? =$;<=3= =$;<=3=

@$/$FF"F %'!"? <>&"/D$F @"/ 11G !$&$ /$&" !$&$ /$&"

@"/ ()5*)4( ;B>&-<

K F Y ° [Qe "1=5 KI[

[ F Y ° [Qe TE KI[

Y F [ ° [Qe "1=5 KIe

b F [ ° [Qe TE KIe

F F K ° [Qe "1=5 YIH

H F K ° [Qe TE YIH

° K\ K Kb bKK "1=5 °I[

e K\ K Kb bKK TE °I[

Q KF K [\ [FK "1=5 K\I[

K\ KF K [° QF[ TE KbIb

KK F [ Y HY\ "1=5 \IQ

K[ F K Y HY\ "1=5 KIe
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6,'?()3+- :(50 3 -?3++,' -1=5 >/P,' 73+/, C =1' ,U3?&+,N *35,81'D F C *3))15 4,3+ :(50

()*',?,)53+ ',4/)43)*D 35 50, 0(80,' 4353 '35,- ;*+1-,' 51 50, YIH9B>&- &,32 '35,<N -1 50,

),5:1'2 03- 51 /-, -1=5f*03-, *1?>()()8 ()-5,34I @0,50,' 50(- (- 50, *3-, 4,&,)4- 3+-1 1)

50, 5153+ )/?>,' 1= %E¬ &'1*,--,- *1)G8/',4 3)4 1) ',+35(7, ?,?1'D &3'5(5(1)()8I

60, 0(80,-5 *3&3>(+(5D (- &'17(4,4 :(50 *35,81'D K\N :0(*0 3++1:- 50, 50,1',5(*3+

?3U(?/? 4353 '35, 1= KbIb B>&-I 60(- '35, (- 3*0(,73>+, :(50 1),950('4 '35, 5/'>19

*14()8 3)4 -(8)(G*3)5 &/)*5/'()8 ',-/+5()8 () 3 *14, '35, *+1-, 51 K C 5035 (-N 03'4+D 3)D

*14()8I S1' *35,81'D QN 50, ?3U(?/? 5/'>19,)*14()8 >+1*2 -(R, ;='1? E,+,3-, QQ< 03-

>,,) 532,) ()51 3**1/)5 :0,) *3+*/+35()8 50, 73+/,-N 3)4 50/- ',-/+5- () 50, K\I[9B>&-

?3U(?/? /-,' 4353 '35, 73+/, :(50 =1/' 5/'>19,)*14()8 >+1*2-I

M,-(4,- 50, &0D-(*3+ *35,81'D 51 >, ',&1'5,4 51 50, ),5:1'2 50,', 3', 150,' &3'3?,5,'-

(?&1'53)5 =1' !"#$% 1&,'35(1)I 60, -(R, 1= 50, EJA ',1'4,'()8 >/P,' 4,5,'?(),- 50,

:()41: +,)850 1= 50, &3*2,5- 5035 *3) >, ¯() 50, &(&,+(),¨ 51 ,)-/', ()9-,O/,)*, 4,+(7,'D

1= 4353 51 0(80,' +3D,'- () 50, 5,'?()3+I 60, ?()(?/? 73+/,- '3)8, ='1? F\ 51 KF\ 2M

4,&,)4()8 1) 50, aZ *35,81'D ;3- *3) >, -,,) ='1? 63>+, bIY<I 60, >/P,' -(R, 03- >,,)

4,'(7,4 -1 5035 50,', -01/+4 >, )1 +(?(535(1)- 51 50, 4353 '35, 4/, 51 50(-N 3--/?()8

a6E%L ,)4 4,+3D- ;()*+/4()8 EJA ',5'3)-?(--(1) 03)4+()8< 3', ',3-1)3>+, 3)4N 50/-N

50, ?,?1'D ),,4,4 =1' 50, EJA >/P,' 41,- )15 8,5 511 +3'8,I

60,', (- 3 +()2 () 50, 5,'?()3+ *3&3>(+(5D :(50 E,+,3-, H !"a$%I 60, -/&&1'5 1=

!"#$% (- ?3)4351'D =1' 3 5,'?()3+ 5035 -/&&1'5- 0(809-&,,4 /&+()2 &3*2,5 3**,--

;!"a$%< () E,+,3-, HN >/5 50, !"#$% *35,81'D *3) >, *01-,) =',,+DI E,+,3-, H !"#$%

344(5(1)- C +(2, S9#$A! 1' 50, &',f&1-5 -*0,?, C 3', ?3)4351'D =1' E,+,3-, H !"#$%

*3&3>+, 5,'?()3+-N :0(+, -/&&1'5 =1' =,35/',- +(2, 3473)*,4 ',*,(7,'- 1' ',*,(7,' 3)5,))3

4(7,'-(5D 4,&,)4- 1) 3 &3'5(*/+3' (?&+,?,)535(1) 3)4 (- )15 &3'5 1= 5,'?()3+ *3&3>(+(5D

-(8)3++()8I 60, 5,'?()3+ *3&3>(+(5(,- =1' !"#$% 1&,'35(1) 3', -&,*(G,4 () ^Q_I

4.5.1 L1 and RLC throughputs

60, &0D-(*3+ +3D,' 4353 '35, (- *1)-5'/*5,4 ='1? 50, =1++1:()8 &3'3?,5,'-V

. )/?>,' 1= *14,- () /-,²

. ?14/+35(1)²

. ,P,*5(7, *14()8 '35, C 5035 (-N 50, 3?1/)5 1= ',&,5(5(1) 1' &/)*5/'()8 1) 51& 1= 50,

5/'>19,)*14,' 1/5&/5I

!"#$% &'()*(&+,- 55

Table 4.3 EJA &3'3?,5,'- =1' 4(P,',)5 aZ *35,81'(,-I

.7 %$&"9'/: 0$;<=3= >3=E"/ 0<><=3= &'&$F AH4 ,0

,0 AH4 ">&<&<"? $>! 0,45C? ="='/:

KCHN KK 3)4 K[ H F\ 2>D5,-

°Ce e K\\ 2>D5,-

QCK\ e KF\ 2>D5,-

%B ¼ 3*2)1:+,48,4 ?14,I
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60, ,U3?&+, >(5 '35,- =1' 4(P,',)5 &3'3?,5,' *1?>()35(1)- :(501/5 17,'0,34 *1)-(4,'39

5(1)- =1' 4(P,',)5 5'3)-&1'5 =1'?35 3)4 ',-1/'*, *1?>()35(1)- ;6SEA-< (- -01:) ()

63>+, bIbI

60, M6" -*0,4/+,' *3) 3++1*35, 50, 4353 '35,- =1' 3 -()8+, /-,' 51 1>53() 3 *1)5()/1/-

0(80 >(5 '35, *1)),*5(1) 1' 51 ?/+5(&+, /-,'- :0,) 50, 37,'38, /-,' 4353 '35, (- 4(7(4,4

>,5:,,) 50, )/?>,' 1= /-,'- -03'()8 50, ',-1/'*,-I c>7(1/-+DN 35 *,++ ,48, 50, 4353 '35,-

3', ?1', ',-5'(*5,4 503) +1*35(1)- *+1-, 51 50, >3-, -535(1) -(5,I

T5 (- 3+-1 (?&1'53)5 51 /)4,'-53)4 5035 50,-, 4353 '35,- 3', )15 5D&(*3++D ,)49519,)4

4353 '35,-I 60, *1', ),5:1'2 ?3D 3-2 =1'N -3DN 3 K9B>&- &,32 '35, :0(*0 50,) ?1?,)9

53'(+D 17,' 3 [9?- 66T ?3D >,N -3DN YIH B>&-I 60(- (- 0(44,) ='1? 50, *1', ),5:1'2 >D

',-/+5()8 4353 '35, 37,'38()8 :0,) -03'()8 !"9#"A! ',-1/'*,- 3?1)8 -,7,'3+ /-,'- ;3-

:3- 4(-*/--,4 () A03&5,' Y<I

@0,) :, 532, ()51 3**1/)5 EJAfB%A 0,34,'- 3)4 GU 50, $#a -(R, 51 >, Y[\ >(5-N

50,) :, 8,5 50, EJA +3D,' 4353 '35,- =1' 4(P,',)5 5,'?()3+ *35,81'(,- ;-,, 63>+, bIF<I S1'

50, 3&&+(*35(1) +,7,+ 50, 4(P,',)*, (- 50,) +,-- 503) F« 4/, 51 50, T)5,'),5 $'151*1+ ;T$<

0,34,' 17,'0,34I

4.5.2 Iub parameters

!"#$% 1&,'35(1) ),,4- 3 +3'8, )/?>,' 1= &3'3?,5,'- 5035 037, 51 >, 3+(8),4 >,5:,,)

50, 5,'?()3+ 3)4 50, L14, MI 60,-, 3', &'17(4,4 ;3- -01:) () S(8/', bI[F< 51 50, L14, M

='1? 50, ELA >3-,4 1) 7,)41'9-&,*(G* 3+81'(50?- 3)4 1) 50, 5,'?()3+ *3&3>(+(5D

-(8)3++,4 >D 50, 5,'?()3+ 51 50, ELA /-()8 EEA -(8)3++()8 4/'()8 *1)),*5(1) -,5/&I

56 !"#$%f!"a$% =1' aB6"

Table 4.4 60,1',5(*3+ >(5 '35,- :(50 KF ?/+5(*14,- =1' 4(P,',)5 6SEA-I

12A4 0'!3F$&<'> 7I"%&<D" %'!" /$&" 0$;J &C/'39C@3&

;B>&-<

K ¬$"­ K
b

KIe

[ ¬$"­ [
b

YIH

Y ¬$"­ Y
b

FIY

b KH¬%B [
b

°I[

F KH¬%B Y
b

K\I°

Table 4.5 EJA +,7,+ 4353 '35,- =1' 4(P,',)5 aZ *35,81'(,- 3)4 Y[\9>(5 $#a -(R,I

.7 %$&"9'/: 8'J '# %'!"? 0'!3F$&<'> AH4 EF'%6? 1/$>?@'/& 0$;J AH4

@"/ K =? 11G EF'%6 !$&$ /$&"

K[ F ¬$"­ K\ Y[\ Y bb\ KIH B>&-

FfH F KH¬%B [K Y[\ ° KHe YIYH B>&-

°fe K\ KH¬%B b[ Y[\ Kb KFF HI°[ B>&-

Q KF KH¬%B H\ Y[\ [\ [FK QIH B>&-

K\ KF KH¬%B eY Y[\ [° QF[ KYIY B>&-
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60,-, &3'3?,5,'- *3) >, 4(7(4,4 ()51 50, =1++1:()8 *35,81'(,-V

. $3'3?,5,'- =1' L14, M ',-1/'*, 3++1*35(1) C 51 ()4(*35,N =1' ,U3?&+,N :0(*0

!"9"AA! 51 /-, 3)4 :0(*0 *14,- 3', 373(+3>+, =1' 50, !"9#"A! 3- :,++ 3- 01:

?/*0 &1:,' 51 /-, =1' !"#$%I

. "*0,4/+,' &3'3?,5,'- C 51 *1)5'1+ -*0,4/+,' >,037(1/' +(2, -*0,4/+()8 &'(1'(5D ()4(9

*351' 1' 8/3'3)5,,4 >(5 '35,I

. 6,'?()3+ -&,*(G* &3'3?,5,'- C -/*0 3- 5,'?()3+ *3&3>(+(5D 3)4 5,'?()3+9-&,*(G*

!"#$% &3'3?,5,'- ;+(2, 50, -,5 1= !"9"AA! *14,- 50, 5,'?()3+ (- ?1)(51'()8<I

60, L14, M ),,4- 51 >, 3:3', 1= 50, 5,'?()3+¨- *3&3>(+(5DI 60(- ?,3)- 532()8 ()51

3**1/)5 50, +(?(535(1)- () 5,'?- 1= )/?>,' 1= -/&&1'5,4 *14,- 3)4 ?14/+35(1) 3- :,++ 3-

50, &15,)5(3+ ()5,'966T ',-5'(*5(1)I @,', 50,', 3 ),,4 =1' 50, /-, 1= 3 +3'8,' -,5 1=

!"9"AA! *14,- 503) =1/'N 50,) 50, 4(P,',)5 5,'?()3+- :1/+4 ?1)(51' &3'5+D 4(P,',)5

-,5 1= !"9"AA!-I

"*0,4/+,' *1)5'1+ 3++1:- O/3+(5D 1= -,'7(*, ;¬1"< ?3)38,?,)5 () 50, L14, M

-*0,4/+,'I #(P,',)5 -*0,4/+()8 &'(1'(5D ()4(*35(1)- *3) >, /-,4 &,' /-,' 3)4 &,' -,'7(*,I

S1' ,U3?&+,N 50, ©1(*,917,'9T$ ;©1T$< -,'7(*, *3) 037, 3 0(80,' -*0,4/+()8 &'(1'(5D 503)

50, >3*28'1/)495D&, 4353 -,'7(*, ',83'4+,-- 1= :0,50,' 50,-, -,'7(*,- 3', =1' 50, -3?,

/-,' 1' )15I S/'50,'N -*0,4/+,' >/P,' ?3)38,?,)5 *3) >, *1)5'1++,4 >D 3 4(-*3'4 5(?,'

:0(*0 ()4(*35,- 50, ?3U(?/? 5(?, &3*2,5- -01/+4 >, 2,&5 () 50, >/P,' 3)4 C /&1)

,U&('35(1) 1= 50, 5(?,' C 01: ?3)D 3', 51 >, 4(-*3'4,4I

6,'?()3+9-&,*(G* &3'3?,5,'- >,*1?, &3'5 1= 50, T/' ()5,'=3*, 3- :,++ :,', 50,', 3 ),,4

51 '/) !"#$% 17,' 50, T/'I L1'?3++DN 5035 (- )15 ),,4,4 -()*, 50,', (- )1 -1=5 03)417,'

3)4N 50/-N ',+1*35(1) *3) 3+:3D- >, ?34, 51 50, ELA 4(',*5+D *1)),*5,4 51 50, -,'7()8

!"9#"A! *,++I

4.6 HSDPA MAC layer operation

60, !"#$% B%A +3D,' 03- 3- 2,D =/)*5(1)3+(5(,- 50, -*0,4/+()8 () 50, M6" 3)4 50,

03)4+()8 1= 50, !%E¬ &'1*,-- >,5:,,) 50, 5,'?()3+ 3)4 50, M6"I 60, -&,*(G*35(1)- 41

)15 *1)53() 4,53(+- =1' -*0,4/+,' 1&,'35(1) 3- 50, -*0,4/+,' (- +,=5 =1' ()4(7(4/3+ ),5:1'2

7,)41' (?&+,?,)535(1) ;4(P,',)5 -*0,4/+,' 5D&,- 3', *17,',4 () A03&5,' °<I %- :3-

!"#$% &'()*(&+,- 57

Iub Iu-ps

PS
core

Data + QoS
parameters 
(larger data 
rates than 
Release 99)

Data + UE capability,
scheduling priority, 

discard timer, 
resources, CQI 
parameters…

RNCTerminal Node B

Figure 4.25 !"#$% &3'3?,5,'- 17,' 50, T/> ()5,'=3*,I
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4(-*/--,4 () ",*5(1) bIFI[N 50, -&,*(G*35(1)- 41 *1)53() &3'3?,5,'- 51 *1)5'1+ -*0,4/+,'

>,037(1/'² >/5N 51 ',(5,'35,N :(50 ?1-5 &3'3?,5,'- 50, ,U3*5 ',3*5(1) 51 50,? :(++ 4,&,)4

1) 50, 3*5/3+ -*0,4/+,' (?&+,?,)5,4I

60, 5,'?()3+ (- 3+-1 8(7,) -1?, B%A +3D,' &3'3?,5,'-I %- 50, &3*2,5- 3', )15 3''(7()8

() -,O/,)*, 3=5,' !"#$% !%E¬ 1&,'35(1)N 50, 5,'?()3+ B%A +3D,' 03- 51 *1&, :(50

&3*2,5 ',1'4,'()8 3- &3'5 1= B%A +3D,' 1&,'35(1)I S1' 50(- &/'&1-,N 50, 5,'?()3+ (-

8(7,) 3 &3'3?,5,' 5035 ',1'4,'- &3*2,5 ',+,3-,I T= 50, 5(?,' ,U&(',-N 50, 5,'?()3+ 8(7,- 50,

&3*2,5- 51 50, /&&,' +3D,' ;?,3)()8 EJA () 50(- *3-,< ,7,) (= 50,', 3', &3*2,5- ?(--()8 ()

50, -,O/,)*,I 60(- (- ),,4,4 51 371(4 -53++()8 50, &'1*,-- (= 1), &3*2,5 ,)4- )15 >,()8

-/**,--=/++D 4,+(7,',4 >D 50, &0D-(*3+ +3D,' 1&,'35(1)I #,&,)4()8 1) 50, EJA *1)9

G8/'35(1)N =/'50,' ',5'3)-?(--(1) ?3D 1**/' 1) 50, EJA +3D,'I

60, 4353 -,)5 1) 50, !"9#"A! 3+-1 037, 3 B%A +3D,' 0,34,' ;3- -01:) () S(8/',

bI[H<I 60, B%A90- $#a *1)-(-5- 1= 50, B%A90- 0,34,' 3)4 B%A90- &3D+134I 60,

&3D+134 *1)-(-5- 1= 1), 1' ?1', B%A90- -,'7(*, 4353 /)(5- ;"#a-< 3)4 &15,)5(3+

&344()8 (= 50,D 41 )15 G5 50, -(R,- 373(+3>+,I

60, B%A 0,34,' 03- 50, =1++1:()8 G,+4-V

. % 7,'-(1) ±38 ;©S< 51 ,)3>+, =/5/', &'151*1+ ,U5,)-(1) C 50(- 03- )15 >,,) /5(+(R,4 -1

=3' () YW$$I

. ¬/,/, T# 51 3++1: 4(P,',)5 ',1'4,'()8 O/,/,- 35 50, 5,'?()3+ ,)4 C 50(- (- /-,4N =1'

,U3?&+,N :0,) ?3&&()8 >150 50, "EM ;() E,+,3-, H< 3)4 /-,' 4353 51 50, !"9#"A!I

L15, 5035 1)+D 1), 5'3)-&1'5 *03)),+ ?3D ,U(-5 () 3 -()8+, 66T 3)4N 50/-N () 3 -()8+,

B%A90- $#aI

. % 5'3)-?(--(1) -,O/,)*, )/?>,' ;6"L< :0(*0 3++1:- 50, ',1'4,'()8 1&,'35(1) 35 50,

5,'?()3+ ,)4I

. % -(R, ()4,U (4,)5(G,' ;"T#< ',7,3+- 50, B%A94 $#a -(R,N :0(+, 50, &3'3?,5,' L

',7,3+- 50, )/?>,' 1= B%A $#a- 1= 50, -(R, ()4(*35,4 () 50, "T#I

. 60, S G,+4 ()4(*35,- :0,50,' 50,', 3', 344(5(1)3+ "T# 3)4 L G,+4- () 50, B%A90-

0,34,' 1' )15I

T) 50, B%A +3D,' 1), *3) ?/+5(&+,U 4(P,',)5 -,'7(*,- 518,50,' ()51 3 -()8+, 5'3)-&1'5

*03)),+I 60(- ',O/(',- 5035 >150 -,'7(*,- 037, -(?(+3' ¬1" *03'3*5,'(-5(*-N 3- (5 (- )15

&1--(>+, 50,) =1' 50, M6" -*0,4/+,' 51 -,&3'35, 50,? =1' 4(P,',)5 03)4+()8I T) 50(- *3-,

50, ?/+5(&+,U()8 532,- &+3*, () 50, ELA () B%A94 ;3- -01:) () S(8/', bI[°< C 50(- (-

41), >D ?/+5(&+,U()8 -,7,'3+ +18(*3+ *03)),+- ()51 3 -()8+, B%A94 ±1:I T) 50(- *3-, 3

58 !"#$%f!"a$% =1' aB6"

Header SDU SDU… Padding

MAC-hs payload

Header fields

VF Queue ID …

Figure 4.26 B%A90- $#aI
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-,&3'35, B%A94 0,34,' (- 344,4² 150,':(-,N 50,', (- )1 ),,4 51 037, 3 B%A94 0,34,'

:(50 !"#$% 3)4N 50/-N )1 3*5/3+ 1&,'35(1) 532,- &+3*, () B%A94I

60,', 3', 5:1 +18(*3+ *03)),+- ',+,73)5 =1' !"#$% 1&,'35(1)I 60,-, *03)),+- 3',

?3&&,4 () 50, B%A +3D,' 51 5'3)-&1'5 *03)),+- 3)4 50,) =/'50,' () 50, &0D-(*3+ +3D,' 51

&0D-(*3+ *03)),+-I 60, 4,4(*35,4 5'3d* *03)),+ ;#6A!< *3''(,- /-,' 4353N :0(+, 50,

4,4(*35,4 *1)5'1+ *03)),+ ;#AA!< *3''(,- 50, *1)5'1+ ()=1'?35(1) C +(2, EEA -(8)3+9

+()8I 60, #AA! *3))15 >, ?3&&,4 51 50, B%A94 ±1: () E,+,3-, FN >/5 () E,+,3-, H 50,

344(5(1)3+ =/)*5(1)3+(5D (- 4,G),4 51 ,)-/', &'1&,' 5,'?()3+ >,037(1/' X/-5 () *3-, 50,

*1)),*5(1) 51 50, -,'7()8 !"9#"A! *,++ (- +1-5I !"$#% B%A +3D,' 1&,'35(1) (-

-&,*(G,4 () ^°_I

!"#$% &'()*(&+,- 59

MAC-hs in BTS

Physical layer HS-DSCH

Multiplexing (MAC-d in RNC)

HS-DSCH

HS-PDSCH

DTCHs

MAC-d flow

Figure 4.27 B%A94 ?/+5(&+,U()8 1= +18(*3+ *03)),+- ()51 3 -()8+, B%A94 ±1:I

Terminal
Node B

DTCH with PS 
domain service

DCCH & DTCH with CS
or PS domain service

Figure 4.28 J18(*3+ *03)),+ ?3&&()8 :(50 E,+,3-, F !"#$%I
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%+-1N 50, ,3'+(,' 4,-*'(>,4 S9#$A! ,)3>+,- >,),G5()8 ='1? ',4/*,4 *14, ',-1/'*,

),,4- (= 50,', 3', )1 -,'7(*,- ',O/('()8 3 E,+,3-, QQ 5D&, #A! 51 >, 3++1*35,4I S1' 50,

#6A!N 3++1*35(1) 4,&,)4- 1) 50, 5D&, 1= -,'7(*, () O/,-5(1)I S1' 50, *('*/(59-:(5*0,4

;A"< 41?3() -,'7(*,N 1>7(1/-+D 50, #A! (- 3+:3D- 51 >, /-,4 ;3- -01:) () S(8/', bI[e<N

:0(+, =1' &3*2,59-:(5*0,4 ;$"< 41?3() 3++1*35(1) 50, *01(*, (- ()±/,)*,4 >D -,7,'3+

-,'7(*, &3'3?,5,'- 3- :,++ 3- 50, '34(1 ',-1/'*, -(5/35(1)I

60, &'1&,'5(,- 1= 50, -*0,4/+,' 037, 3) (?&3*5 1) :035 2()4 1= -,'7(*, -01/+4 >,

*3''(,4 1) !"9#"A!I %+-1 (= 50, 4,+3D ',O/(',?,)5- 3', 7,'D 5(805N 50,', (- +,-- 83() ()

037()8 501-, 3++1*35,4 1) !"#$% 3- 50,', (- )15 ?/*0 50, -*0,4/+,' *3) 41I 60,

!"#$% '34(1 ',-1/'*, ?3)38,?,)5 (--/,- 3', *17,',4 () A03&5,' HI

4.7 References

^K_ !I !1+?3 3)4 %I 61-23+3 ;,4-< ;[\\b<N L4*0, #'/ .01) ;Y'4 ,4)<N .10) @(+,D ] "1)-N

A0(*0,-5,'N a­I

^[_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN $0D-(*3+ *03)),+- 3)4 ?3&&()8 1= 5'3)-&1'5

*03)),+- 1)51 &0D-(*3+ *03)),+- ;S##<N YW$$ 6" [FI[KK 7,'-(1) HI°I\N E,+,3-, HN 373(+3>+,

35 MMMJN9@@J'/9

^Y_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN B/+5(&+,U()8 3)4 *03)),+ *14()8 ;S##<N

YW$$ 6" [FI[K[ 7,'-(1) HI°I\N E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

^b_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN "&',34()8 3)4 ?14/+35(1) ;S##<N YW$$ 6"

[FI[KY 7,'-(1) HIbI\N E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

^F_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN $0D-(*3+ +3D,' &'1*,4/',- ;S##<N YW$$ 6"

[FI[Kb 7,'-(1) HI°IKN E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

^H_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN $0D-(*3+ +3D,' C ?,3-/',?,)5- ;S##<N YW$$

6" [FI[KF 7,'-(1) HIbI\N E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

^°_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN B,4(/? %**,-- A1)5'1+ ;B%A< &'151*1+

-&,*(G*35(1)N YW$$ 6" [FIY[K 7,'-(1) HI°I\N E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

^e_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN T/>N YW$$ 6" [FIbYY 7,'-(1) HIeI\N E,+,3-, HN

373(+3>+, 35 MMMJN9@@J'/9

^Q_ YW$$N 6,*0)(*3+ "&,*(G*35(1) W'1/& E%LN aZ '34(1 3**,-- *3&3>(+(5(,- 4,G)(5(1)N YW$$

6" [FIY\H 7,'-(1) HI°I\N E,+,3-, HN 373(+3>+, 35 MMMJN9@@J'/9

60 !"#$%f!"a$% =1' aB6"
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!

!"#$% &'()*(&+,-

./''( 0/)1/2%34 /)5 %)11( 64-7/+/

63(- *3/&1,' *48,'- 13, 3(932-&,,5 :&+()7 &/*7,1 /**,-- ;!"#$%< &'()*(&+,- =4'

>(5,?/)5 *45, 5(8(-(4) @:+1(&+, /**,-- ;ABCD%< =4' 0,+,/-, E -&,*(F*/1(4)-G %-

5(-*:--,5 () B3/&1,' HI 13, 63('5 J,),'/1(4) $/'1),'-3(& $'4K,*1 ;LJ$$< 1,'@ >/-

)41 !"#$%I ?:1 ,)3/)*,5 5,5(*/1,5 *3/)),+ ;M2CB!<G #-/9, 4= 13, 1,'@ N!"#$%O

()-1,/5 4= M2CB! =4++4>- 13, 1',)5 13/1 ?,9/) >(13 ,@&+4P@,)1 4= 13, 1,'@ N!"C$%OQ

/)5 :-()9 13, 1,'@ N!"#$%O -P)4)P@4:-+P =4' *4'',-&4)5()9 N:&+()7 (@&'48,@,)1O 3/-

?,,) >(5,+P /54&1,5 () 13, >(',+,-- ()5:-1'PI 134:93 )41 4R*(/++P *48,',5 () LJ$$

-&,*(F*/1(4)-G

63(- *3/&1,' ()1'45:*,- 13, 7,P 1,*3)4+49(,- /- >,++ /- 13, *3/)),+- /)5 7,P &'4*,2

5:',- ),,5,5 14 (@&+,@,)1 !"#$% =:)*1(4)/+(1PG 64>/'5- 13, ,)5 4= 13, *3/&1,' 13,

@,5(:@ /**,-- *4)1'4+ ;D%B< +/P,' /)5 @4?(+(1P @/)/9,@,)1 /- /-&,*1- /', /+-4

*48,',5G 63(- *3/&1,' *4)*+:5,- >(13 5(-*:--(4)- 4) 1,'@()/+ */&/?(+(1(,- /)5 ',-:+1()9

5/1/ '/1,- =4' 13, /&&+(*/1(4) +/P,'G

!"# $%&'( )* +,-,.*, // 01$

!"#$% -&,*(F*/1(4) >4'7 -1/'1,5 /=1,' 13, -:**,--=:+ F)/+(S/1(4) 4= 13, F'-1 ',+,/-, 4=

13, 3(932-&,,5 54>)+()7 &/*7,1 /**,-- ;!"C$%< -&,*(F*/1(4)- =4' LJ$$ 0,+,/-, T ()

@(52HUUHG !"C$% 3/5 ,)3/)*,5 54>)+()7 */&/?(+(1(,- ?:1 13, :&+()7 */&/?(+(1(,- 5(5

)41 @/1*3 13, !"C$% 54>)+()7G 63:-I >4'7 4) (@&'48()9 :&+()7 &,'=4'@/)*, -1/'1,5

() LJ$$G 63, 4?8(4:- *34(*,- >,', 14 ()8,-1(9/1, 13, 1,*3)(V:,- :-,5 =4' !"C$% /)5I

(= &4--(?+,I /54&1 13,@ =4' 13, :&+()7 /- >,++G 63, *4)*,&1 4= !"#$% >/- ?4') /)5 () 13,

*4:'-, 4= L P,/'- 13, *4)*,&1 @/1,'(/+(S,5 ()14 -&,*(F*/1(4)-G

!"#$% (- )41 / -1/)5/+4), =,/1:',I ?:1 :-,- @4-1 4= 13, ?/-(* =,/1:',- 4= 13,

ABCD% 0,+,/-, WW () 4'5,' 14 >4'7G B,++ -,+,*1(4) /)5 -P)*3'4)(S/1(4)I '/)54@

/**,--I ?/-(* @4?(+(1P &'4*,5:',-I ,1*GI /', ),,5,5 /)5 ',@/() :)*3/)9,5 >(13 !"#$%

4&,'/1(4)G 63, 4)+P *3/)9, (- / ),> >/P 4= 5,+(8,'()9 :-,' 5/1/ ='4@ 13, :-,' ,V:(&@,)1

;#M< 14 13, X45, YI /++ 413,' &/'1- 4= 13, -&,*(F*/1(4)- ',@/() :)14:*3,5G Z4' ,[/@&+,I
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13, ?/-(* &4>,' *4)1'4+ +44& =:)*1(4)- () 0,+,/-, WW /', K:-1 /- ,--,)1(/+ =4' !"#$%

4&,'/1(4)G

!"#$% &'48(5,- / _,[(?+, &/13 ?,P4)5 13, L`a27?&- :&+()7 >3(*3 */) ?, -,,) /- 13,

',/+(-1(* @/[(@:@ =4' ABCD% ?,=4', !"#$%G % -(@(+/' 1,*3)4+49P 14 13/1 4=

!"C$% (- ?,()9 :-,5 ?P ()1'45:*()9 =/-1 :&+()7 3P?'(52%0b ;!%0b<I X45, Y

?/-,5 :&+()7 -*3,5:+()9 ;/- -34>) () Z(9:', TGc< /)5 ,/-(,' @:+1(*45, 1'/)-@(--(4)

13/) >(13 0,+,/-, WWG

63, =4*:- () 13(- *3/&1,' (- 4) 13, /55(1(4)- 14 13, 0,+,/-, E -&,*(F*/1(4)- 13/1 13,

!"#$% =,/1:', ,)1/(+-I /)5 13, =:)*1(4)/+(1P 4= 13, 0,+,/-, WW :&+()7 (- 5,-*'(?,5 /- /

',=,',)*, () 13, @4-1 ',+,8/)1 */-,-G %)P>/PI (1 (- >4'13 7,,&()9 () @()5 13/1 )4), 4= 13,

4+5 =,/1:',- >,', ',&+/*,5 ?P !"#$% /)5 13/1 (1 >/- @4', 4= /) /5524) 13/) /

',&+/*,@,)1G 63, *4@&+,1, 5,-*'(&1(4) 4= /++ 13, =,/1:',- ),,5,5 =4'I -/PI -P)*3'4)(S/2

1(4) /)5 *,++ -,/'*3 */) ?, =4:)5 () dceG

!"2 3,4 5,6789-9:;,* <;57 $%&'(

!"#"$ %&'()*+,'-)&

63, !"#$% =,/1:', 4= 13, LJ$$ ABCD% -P-1,@ (- () =/*1 / ),> :&+()7 1'/)-&4'1

*3/)),+ f M2CB! f 13/1 ?'4:931 -4@, 4= 13, -/@, =,/1:',- 14 13, :&+()7 /- 13, !"C$%

>(13 (1- ),> 1'/)-&4'1 *3/)),+ f 3(932-&,,5 54>)+()7 -3/',5 *3/)),+ ;!"2C"B!< f

&'48(5,5 =4' 13, 54>)+()7G 63, M2CB! 1'/)-&4'1 *3/)),+ -:&&4'1- =/-1 X45, Y ?/-,5

-*3,5:+()9I =/-1 &3P-(*/+ +/P,' !%0b >(13 ()*',@,)1/+ ',5:)5/)*P /)5I 4&1(4)/++PI /

-34'1,' H2@- 1'/)-@(--(4) 1(@, ()1,'8/+ ;66g<G 634:93 f :)+(7, !"C$% f !"#$% (- )41

/ -3/',5 *3/)),+I ?:1 / 5,5(*/1,5 4),I ?P -1':*1:', 13, M2CB! (- @4', +(7, 13, CB! 4=

0,+,/-, WW ?:1 >(13 =/-1 -*3,5:+()9 /)5 !%0b 13/) /) :&+()7 !"C$%h 13/1 (-I ,/*3 #M

3/- (1- 4>) 5,5(*/1,5 M2CB! 5/1/ &/13 14 13, X45, Y 13/1 (- *4)1():4:- /)5 ()5,2

&,)5,)1 ='4@ 13, CB!- /)5 M2CB!- 4= 413,' #M-G 6/?+, TGc +(-1- 13, /&&+(*/?(+(1P 4=

13, 7,P =,/1:',- =4' CB!I !"C$% /)5 !"#$%G

=2 !"C$%i!"#$% =4' #D6"

Terminal 1

Terminal 2

Data + Feedback (L1/MAC)

Data + Feedback

Scheduler control

Scheduler control

Fast Node B uplink 
scheduling control 
based on:

•Resource feedback

•UE capability

•Resource availability

•Terminal buffer status

•QoS and Priority

>;:?@, !"# !"#$% X45, Y ;Y6"< -*3,5:+()9 &'()*(&+,G

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 80 of 260



0,-&,*1(8,+PI ),> -(9)/++()9 *3/)),+- /', ),,5,5 ;/- -34>) () Z(9:', TGH<Q /++ 13,

*3/)),+- ;,[*+:5()9 ?'4/5*/-1 4),-< -34>) () 13, F9:', /', ),*,--/'P =4' !"#$%

4&,'/1(4)G g) Z(9:', TGH (1 (- /--:@,5 13/1 54>)+()7 (- 4) 13, CB! >3(+, () @4-1

*/-,- (1 (- =4',-,,) 13/1 !"C$% *4:+5 ?, :-,5I ?:1 =4' *+/'(1P 4)+P 13, 54>)+()7 CB! (-

-34>) () /55(1(4) 14 !"#$%2',+/1,5 *3/)),+-G

63, *3/)),+- =4' -*3,5:+()9 *4)1'4+ f M2CB! /?-4+:1, 9'/)1 *3/)),+ ;M2%JB!< /)5

M2CB! ',+/1(8, 9'/)1 *3/)),+ ;M20JB!< f /- >,++ /- ',1'/)-@(--(4) -:&&4'1 4) 13,

M2CB! !%0b ()5(*/14' *3/)),+ ;M2!gB!< /', *48,',5 () 5,1/(+ () +/1,' -,*1(4)-G 63,

:-,' 5/1/ (- */''(,5 4) 13, ,)3/)*,5 5,5(*/1,5 &3P-(*/+ 5/1/ *3/)),+ ;M2C$CB!< >3(+,

),> *4)1'4+ ()=4'@/1(4) (- 4) 13, M2C$BB!I /- >(++ ?, *48,',5 () +/1,' -,*1(4)-G Z'4@

13, 0,+,/-, WW CB!I 13, 5,5(*/1,5 &3P-(*/+ *4)1'4+ *3/)),+ ;C$BB!< (- :)*3/)9,5 /)5

13, ),,5 =4' 13, C$CB! 5,&,)5- 4) &4--(?+, :&+()7 -,'8(*,- @/&&,5 14 13, CB!G

#)+(7, !"C$%I !"#$% 54,- )41 -:&&4'1 /5/&1(8, @45:+/1(4) ?,*/:-, (1 54,- )41

-:&&4'1 /)P 3(93,' 4'5,' @45:+/1(4) -*3,@,-G 63(- (- 5:, 14 13, =/*1 13/1 @4', *4@&+,[

@45:+/1(4) -*3,@,- ',V:(', @4', ,),'9P &,' ?(1 14 ?, 1'/)-@(11,5 13/) -(@&+P 94()9 =4'

1'/)-@(--(4) >(13 @:+1(&+, &/'/++,+ *45, *3/)),+- :-()9 -(@&+, ?()/'P &3/-, -3(=1 7,P()9

;Y$".< @45:+/1(4)G

g) 13, 54>)+()7 f 5:, 14 13, -@/++,' 5P)/@(* '/)9, 4= 1'/)-@(11,5 *3/)),+ &4>,' f

13,', /', */-,- >3,', 13, 54>)+()7 -(9)/+ (- 1'/)-@(11,5 () /)P */-, >(13 @4', ,),'9P

!"#$% &'()*(&+,- =A

B.C-, !"# !"C$%I !"#$% /)5 CB! *4@&/'(-4) 1/?+,G

Feature DCH HSDPA (HS-DSCH) HSUPA (E-DCH)

j/'(/?+, -&',/5()9 =/*14' k,- X4 k,-

Z/-1 &4>,' *4)1'4+ k,- X4 k,-

%5/&1(8, @45:+/1(4) X4 k,- X4

Y6" ?/-,5 -*3,5:+()9 X4 k,- k,-

Z/-1 ^c !%0b X4 k,- k,-

"4=1 3/)548,' k,- X4 k,-

66g +,)913 d@-e `UI aUI HUI cU H cUI H

Terminal
Node B

>;:?@, !"2 B3/)),+- ),,5,5 =4' !"#$% 4&,'/1(4) >3,) 54>)+()7 (- 4) 13, 0,+,/-, WW CB!G
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13/) (- ),*,--/'P =4' 9445 V:/+(1P ',*,&1(4)G 63:-I 13, :-/9, 4= 3(93,' 4'5,' @45:+/1(4)

*/) -4@,1(@,- &'48(5, 3(93,' 5/1/ '/1,- >(13 )4 ,[1'/ 1'/)-@(11,5 &4>,' =4' !"C$%G g)

13, :&+()7 13, -(1:/1(4) (- 5(l,',)1 /)5 5/1/ '/1,- 3(93 ,)4:93 14 ',V:(', /++ 13, #M

1'/)-@(11,5 &4>,' ,8,) ',+/1(8,+P *+4-, 14 13, X45, Y /', /8/(+/?+, >(13 Y$". @45:+/2

1(4) /)5 @:+1(*45, 1'/)-@(--(4)G

!"#"# ./0' 1$ 2345 6)( 27893

63, ?/-(* &'()*(&+, ?,3()5 !%0b =4' !"#$% (- 13, -/@, /- 13/1 =4' !"C$%G %=1,'

,/*3 1'/)-@(11,5 66g 13, X45, Y ()5(*/1,- 14 13, 1'/)-@(11()9 #M >3,13,' 13, &/*7,1

>/- ',*,(8,5 *4'',*1+P 4' )41G g) 13, ,8,)1 4= ()*4'',*1 ',*,&1(4) 13, #M >(++ ',1'/)-@(1

13, &/*7,1G 63, X45, Y 1'(,- 14 ',*48,' 13, &/*7,1 ?P *4@?()()9 13, ,),'9P 4= 13,

',1'/)-@(--(4) >(13 &',8(4:- 1'/)-@(--(4)- :)1(+ 13, &/*7,1 (- ',*,(8,5 *4'',*1+P 4' 13,

@/[(@:@ ):@?,' 4= ',1'/)-@(--(4)- (- ',/*3,5G 63, !"#$% !%0b @/P ,(13,' :-,

B3/-, *4@?()()9 >3,', ,/*3 ',1'/)-@(--(4) (- /) ,[/*1 *4&P 4= 13, ()(1(/+ 1'/)-@(--(4)I

4' ()*',@,)1/+ ',5:)5/)*P >3,', ',1'/)-@(--(4)- *4)1/() /55(1(4)/+ ',5:)5/)*P ?(1- =4'

13, ()(1(/++P 1'/)-@(11,5 ?(1-G

63, @/() 5(l,',)*,- ?,1>,,) !%0b >(13 !"#$% /)5 !%0b >(13 !"C$% /', 13/1

!"#$% !%0b (- =:++P -P)*3'4)4:- /)5I >(13 ()*',@,)1/+ ',5:)5/)*PI ,8,) 1'/)-2

@(11,5 ',5:)5/)*P 8,'-(4)- */) ?, &',5,1,'@(),5Q (1 /+-4 4&,'/1,- () -4=1 3/)548,'G

!%0b =4' !"#$% (- 5(-*:--,5 () @4', 5,1/(+ +/1,' () 13(- *3/&1,'G

!"#": 7,;<*+=-&> 6)( 27893

g) 0,+,/-, TI !"C$% @48,5 54>)+()7 -*3,5:+()9 ='4@ 13, 0XB 14 13, X45, Y () 4'5,'

14 ?, /?+, 14 @/7, -*3,5:+()9 5,*(-(4)- >(13 @()(@:@ +/1,)*P /- *+4-, 14 13, '/5(4

()1,'=/*, /- &4--(?+,G !"#$% -*3,5:+()9 54,- 13, -/@, 13()9 =4' 13, :&+()7 /)5 @48,-

13, -*3,5:+()9 14 13, X45, YI ?:1 13, -(@(+/'(1(,- ?,1>,,) !"C$% /)5 !"#$%

-*3,5:+()9 ,)5 13,',G A(13 !"C$% /++ 13, *,++ &4>,' */) ?, 5(',*1,5 14 / -()9+, :-,'

=4' / -34'1 &,'(45 4= 1(@,I /)5 () 13(- >/P */) ',/*3 8,'P 3(93 &,/7 5/1/ '/1,- =4' 13/1

&/'1(*:+/' #MI ?:1 -(@:+1/),4:-+P +,/8()9 /++ 13, 413,'- >(13 / S,'4 5/1/ '/1,G g) 13,

),[1 1(@, ()-1/)1 13, X45, Y ',-4:'*,- /', :-,5 14 -,'8, -4@, 413,' #M /)5 -4 4)G

m?8(4:-+PI >(13 !"#$% 13(- (- )41 &4--(?+,I ?,*/:-, >3,) !"C$% (- / 4),2142@/)P

1P&, 4= -*3,5:+()9 !"#$% (- / @/)P21424), -*3,5:+()9G 63, :&+()7 1'/)-@(--(4) &4>,'

',-4:'*,- 4= / *,++ /', 5(-1'(?:1,5 ,8,)+P 14 13, :-,'- 4'I 14 &:1 (1 -(@&+PI ,/*3 #M 3/- (1-

4>) 1'/)-@(11,' /)5 */) 4)+P 1'/)-@(1 5/1/ ='4@ 13/1 &/'1(*:+/' #MG "4I 4?8(4:-+PI ()

13, :&+()7 13, *,++O- 1'/)-@(--(4) &4>,' ',-4:'*,- K:-1 */))41 ?, 9(8,) 14 / -()9+, #M /1

4), 1(@, /)5 14 /)413,' #M /1 -4@, 413,' 1(@,I ?:1 :-,'- 3/8, 13,(' 4>) 1'/)-@(11,'

&4>,' ',-4:'*, >3(*3 *+,/'+P */))41 ?, -3/',5G 63(- =/*1 /+4), +,/5- 14 / ),,5 14 3/8, /

9',/1 +,8,+ 4= &/'/++,+(-@ () :&+()7 -*3,5:+()9 /)5I 13:-I 13, 5,5(*/1,5 *3/)),+ /&&'4/*3

>/- -,,) /- 13, 4)+P =,/-(?+, 4), >(13 !"#$%I *4)1'/'P 14 13, -3/',5 *3/)),+ /&&'4/*3

4= !"C$%G

%- -1/1,5 /?48,I >3,) *4)-(5,'()9 !"#$% -*3,5:+()9 4), -34:+5 =4'9,1 /?4:1

!"C$% -*3,5:+()9 /)5I ()-1,/5I 13()7 4= 8,'P =/-1 CB! -*3,5:+()9G 63, -3/',5

',-4:'*, 4= 13, :&+()7 (- 13, :&+()7 )4(-, '(-,I 4' 13, 141/+ ',*,(8,5 &4>,' -,,) () 13,

X45, Y ',*,(8,'G 6P&(*/++PI 4), #M f ,8,) >3,) 1'/)-@(11()9 >(13 =:++ &4>,' f (- :)/?+,

=D !"C$%i!"#$% =4' #D6"
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14 *4)-:@, 13/1 ',-4:'*, /+4), *4@&+,1,+PI ?:1 (1 (- 8,'P ?,),F*(/+ =4' 13, -*3,5:+,' 14

7)4> /1 ,/*3 1(@, ()-1/)1 34> @:*3 4= 13/1 ',-4:'*, ,/*3 #M >(++ *4)-:@, /)5 14 1'P 14

@/()1/() 13, ()1,'=,',)*, +,8,+ ,[&,'(,)*,5 *+4-, 14 13, @/[(@:@G

g= >, /--:@, 13/1 /++ 13, /*1(8, #M- >/)1 14 1'/)-@(1 /++ 13, 1(@, >(13 /- 3(93 / 5/1/

'/1, /- &4--(?+,I 13,) 13, -*3,5:+,' 3/- 8,'P +(11+, 14 54 () 13, :&+()7G g1- 1/-7 (- -(@&+P 14

/5@(1 ),> :-,'- /)5 >3(+, 54()9 -4 54>)9'/5, 13, /++4*/1(4)- 4= 4+5 :-,'-G 63(- (-I 4=

*4:'-,I 8,'P 5(l,',)1 ='4@ 13, !"C$% -*3,5:+,'I ?:1 /*1:/++P 8,'P @:*3 >3/1 13,

-*3,5:+,' 4= / 0,+,/-, WW -P-1,@ 54,-G %- (1 (- )41 ',/++P &4--(?+, =4' 13, 0XB 14 -*3,5:+,

5P)/@(*/++P /**4'5()9 14 #M-O ),,5- /)5 *3/)*,- 14 1'/)-@(1I (1 -(@&+P &'48(-(4)- /++ 13,

:-,'- >(13 / *,'1/() @/[(@:@ 5/1/ '/1, 13/1 13,P /', /++4>,5 14 :-, >3,),8,' 13,P */)G g=

:1(+(S/1(4) 4= 13, @/[(@:@ (- 8,'P +4> 4' *4@&+,1,+P )4)2,[(-1,)1I (= :&+()7 +4/5()9 (-

'(-()9 144 3(93I 4' (= ),> :-,'- /', /5@(11,5 14 13, *,++I 13,) 13, /++4*/1(4) (- +4>,',5G

Z(9:', TGL -34>- 13, >,++27)4>) +4/5 *:'8, 4= 13, :&+()7 >3,', 13, ',+/1(4)-3(& 4= *,++

13'4:93&:1 14 :&+()7 ()1,'=,',)*, &4>,' (- -34>)G %?48, / *,'1/() &4()1 13, *,++ ?,*4@,-

:)-1/?+, /- /++ 13, :-,'- ,[&,'(,)*, -4 @:*3 ()1,'=,',)*, ='4@ 13, 413,' :-,'- 13/1 13,P

@:-1 ()*',/-, 13,(' 1'/)-@(--(4) &4>,' 14 ?, 3,/'5 /)5 -1/'1 9,),'/1()9 3(93,' ()1,'2

=,',)*, 14 13, *,++I /l,*1()9 /9/() 413,' :-,'- /)5 -4 4)G 63(- (- 7)4>) /- / &/'1P ,l,*1I

>3,', () 13, ,)5 (1 54,- )41 @/11,' 34> +4:5 P4: -34:1I P4: -1(++ >(++ )41 ?, 3,/'5G

m?8(4:-+PI 13(- -(1:/1(4) (- 3(93+P :)5,-('/?+, () 13, ABCD% -P-1,@ /)5 13, :&+()7

-*3,5:+,'O- &'(@/'P 1/-7 (- 14 ,)-:', 13/1 48,'+4/5 54,- )41 4**:'G 63, -,*4)5/'PI ?:1 =4'

13, ,)5 :-,' K:-1 /- (@&4'1/)1I 1/-7 (- 14 1'P /)5 :-, /- @:*3 4= 13, :&+()7 */&/*(1P /-

&4--(?+, >(134:1 ':))()9 13, '(-7 4= 13, *,++ ?,*4@()9 48,'+4/5,5G

A(13 !"#$% 13, -*3,5:+,' (- @:*3 *+4-,' 14 13, '/5(4 ()1,'=/*,I 3/- @4', ()-1/)1/2

),4:- ()=4'@/1(4) /?4:1 13, :&+()7 ()1,'=,',)*, -(1:/1(4)I /)5 */) *4)1'4+ :&+()7 5/1/

'/1,- () / '/&(5 @/)),'G

!"#$% &'()*(&+,- =!

Target load

Received uplink 
interference power

Maximum load

Cell throughput 

Max planned load

Overload area

Marginal load area

Planned load area

>;:?@, !"A #&+()7 +4/5 *:'8,G
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!"A EF01$ 5@.8*G9@5 67.88,- .8H G74*;6.- 67.88,-*

!":"$ %&'()*+,'-)&

%- -/(5 () &',8(4:- *3/&1,'-I !"#$% (- / ),> :&+()7 1'/)-&4'1 *3/)),+I M2CB!I >3(*3

-:&&4'1- ,)3/)*,5 =,/1:',- 14 134-, 4= 13, :&+()7 1'/)-&4'1 *3/)),+- 4= 0,+,/-, WWG

#&+()7 1'/)-&4'1 *3/)),+ &'4*,--()9 =4' M2CB! (- -(@(+/' 14 13, &'4*,--()9 4= 13, :&+()7

CB! >(13 1>4 ,[*,&1(4)-G 63,', */) ?, 4)+P 4), M2CB! 1'/)-&4'1 *3/)),+ () 13, #M /-

13,', @/P ?, @:+1(&+, &/'/++,+ CB!- 13/1 /', @:+1(&+,[,5 149,13,' 14 / -()9+, *45,5

*4@&4-(1, 1'/)-&4'1 *3/)),+ ;BB6'B!< 4= CB! 1P&,G X,8,'13,+,--I 13, D%B +/P,' */)

@:+1(&+,[ @:+1(&+, &/'/++,+ -,'8(*,- 14 13, -()9+, M2CB!G 63, 413,' -(9)(F*/)1 5(l,',)*,

(- !%0b -:&&4'1 =4' 13, M2CB! >3(*3 (- &'48(5,5 () 13, 1'/)-&4'1 *3/)),+ &'4*,--()9

*3/() /)5 (-I 4= *4:'-,I -4@,13()9 141/++P ),>G

%=1,' 1'/)-&4'1 *3/)),+ &'4*,--()9I 13, M2CB! @/&- 14 4), 4' @:+1(&+, &/'/++,+ ),>

5,5(*/1,5 &3P-(*/+ 5/1/ *3/)),+- f M2C$CB!- f =4' &3P-(*/+ +/P,' 1'/)-@(--(4)G 63(-

(- *4@&+,1,+P &/'/++,+ 14 :&+()7 CB! &'4*,--()9 *3/() /)5 &3P-(*/+ *3/)),+-I -4 ?413

M2CB! /)5 CB! */) *4,[(-1 () 13, -/@, #M >(13 13, ',-1'(*1(4) 13/1 13, @/[(@:@

CB! 5/1/ '/1, (- Ea 7?&- >3,) 13, M2CB! (- *4)F9:',5G

#-()9 M2C$CB! 1'/)-@(--(4)- / -(@:+1/),4:- /)5 &/'/++,+ *4)1'4+ *3/)),+ (- -,)1 /

-,&/'/1, *45, *3/)),+ f M2C$BB!G 63(- M2C$BB! 1'/)-@(1- /++ 13, ),*,--/'P ()=4'@/2

1(4) /?4:1 13, M2C$CB! 13/1 (- ),,5,5 () 4'5,' 14 7)4> 34> 14 ',*,(8, 13, 5/1/

*3/)),+G

g) 13, 54>)+()7 13',, ),> &3P-(*/+ *3/)),+- >,', ()1'45:*,5 14 &'48(5, !%0b

=,,5?/*7 /)5 =/*(+(1/1, :&+()7 -*3,5:+()9G 63, M2CB! !%0b ()5(*/14' *3/)),+ ;M2

!gB!< -,)5- 13, !%0b /*7)4>+,59,@,)1 ()=4'@/1(4) ?/*7 14 13, #MG 63, M20JB!

&'48(5,- ',+/1(8, -1,&2:&i54>) -*3,5:+()9 *4@@/)5- /)5 13, M2%JB! &'48(5,- /)

/?-4+:1, -*3,5:+()9 8/+:, =4' 13, #MG %++ 13, ),> &3P-(*/+ *3/)),+- /', 5,-*'(?,5 ()

5,1/(+ () dHe /)5 *48,',5 () 13, =4++4>()9 -,*1(4)-G

!":"# ?@AB2 '(/&0C)(' ,;/&&<= C(),<00-&>

6'/)-&4'1 *3/)),+ &'4*,--()9 (- 13, =:)*1(4)/+(1P 13/1 1'/)-=4'@- 13, 1'/)-&4'1 ?+4*7-

5,+(8,',5 ?P 13, D%B +/P,' 14 ?(1- 1'/)-@(11,5 4) &3P-(*/+ *3/)),+-G Z(9:', TGa -34>-

13, 48,'8(,> 4= CB! /)5 M2CB! 1'/)-&4'1 *3/)),+ &'4*,--()9 ='4@ 13, D%B +/P,' 14

13, &3P-(*/+ *3/)),+-G 6'/)-&4'1 *3/)),+ &'4*,--()9 =4' ?413 13, CB! /)5 M2CB! /',

5,-*'(?,5 () 5,1/(+ () dLeG

% -()9+, M2CB! 1'/)-&4'1 *3/)),+ &'4*,--()9 *3/() /+>/P- 9,1- 4), 1'/)-&4'1 ?+4*7

14 &'4*,-- =4' 1'/)-@(--(4) () 4), 66gI ?,*/:-, f =4' 13, CB! f / -,1 4= 1'/)-&4'1 ?+4*7-

=4' ,/*3 *4)F9:',5 CB! >(++ ?, 5,+(8,',5 14 13, &'4*,--()9 *3/()G g) Z(9:', TGT 13,

5(l,',)*,- ?,1>,,) 13, ,+,@,)1- 4= 1'/)-&4'1 *3/)),+ &'4*,--()9 *3/()- =4' 13, M2CB!

/)5 CB! /', (++:-1'/1,5h

. CRC attachment =4' 13, M2CB! /+>/P- /11/*3,- / Ha2?(1 B0B 14 13, 1'/)-&4'1 ?+4*7

',*,(8,5 ='4@ 13, D%B +/P,'G g) *4@&/'(-4)I 13, B0B +,)913 =4' 13, CB! (-

*4)F9:'/?+, /)5 */) ?, UI `I cHI cEI 4' Ha ?(1-G

== !"C$%i!"#$% =4' #D6"
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!"#$% &'()*(&+,- =I

E-DCH

TrCH

processing

TrCH

CCTrCH processing

DCH #1 transport block setE-DCH transport block

Mapping of CCTrCHs to dedicated physical channels

DCH

TrCH

processing

TrCH#1 - TrCH#n

CCTrCH of E-DCH type CCTrCH of DCH type

E-DPDCH DPDCH

MAC

Layer

>;:?@, !"D 6'/)-&4'1 *3/)),+ &'4*,--()9G

CRC attachment

Code block segmentation

Channel coding

Physical layer

HARQ functionality/ 

rate matching

Physical channel segmentation

E-DPDCH#1 E-DPDCH#n

Transport channel multiplexing

Radio frame equalization

First interleaving (20, 40, 80 ms)

Radio frame segmentation

Rate matching

Transport block setTransport block

Channel coding

Physical channel segmentation

DCHE-DCH

Interleaving and 

physical channel mapping

DPDCH#1 DPDCH#n

Second interleaving (10 ms) and 

physical channel mapping

CRC attachment

Transport block concatenation/           

Code block segmentation

>;:?@, !"! 6'/)-&4'1 *3/)),+ &'4*,--()9 5,1/(+-G
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. Code block segmentation =4' 13, M2CB! -&+(1- (1- ()&:1 ()14 ,V:/+ -(S, *45, ?+4*7- -4

13/1 13, +,)913 4= 13, ?+4*7 54,- )41 ,[*,,5 Tcca ?(1-G Z4' 13, CB! 13, -/@, ?+4*7 F'-1

*4)*/1,)/1,- 13, 1'/)-&4'1 ?+4*7 -,1 14 / -()9+, ?+4*7 4= 5/1/ ?,=4', -&+(11()9G %+-4 13,

-(S, 4= 13, @/[(@:@ *45, ?+4*7 >(13 13, CB! 5,&,)5- 4) 13, *45()9 () :-, ;Tcca =4'

1:'?42*45()9 /)5 TUa =4' *4)84+:1(4)/+ *45()9<G

. Channel coding =4' 13, M2CB! (- /+>/P- 1:'?42*45()9 >(13 / *45, '/1, 4= ciLG CB!

*3/)),+ *45()9 @/P ?, ,(13,' *4)84+:1(4)/+ *45()9 >(13 *45, '/1,- ciH 4' ciL 4' 1:'?42

*45()9 >(13 / *45, '/1, 4= ciLG

. Physical layer HARQ funtionality/rate matching =4' 13, M2CB! @/1*3,- 13, *3/)),+

*45,- 4:1&:1 ?(1- 14 13, /8/(+/?+, &3P-(*/+ *3/)),+ ?(1- /)5 &'45:*,- 13, 5(l,',)1

',5:)5/)*P 8,'-(4)- ),,5,5 =4' ()*',@,)1/+ ',5:)5/)*P !%0bG

. Physical channel segmentation =4' 13, M2CB! 5(-1'(?:1,- 13, *3/)),+ ?(1- /@4)9 13,

@:+1(&+, M2C$CB!- (= @4', 13/) 4), M2C$CB! (- ),,5,5G 63, =:)*1(4)/+(1P (- /+-4

13, -/@, () 13, *4'',-&4)5()9 ?+4*7 () 13, CB! &'4*,--()9 *3/()G

. Interleaving and physical channel mapping =4' 13, M2CB!I /- >,++ /- =4' 13, CB!I

()1,'+,/8,- 13, ?(1- () 13, '/5(4 ='/@, /)5 @/&- 13, ?(1- 14 ?, 1'/)-@(11,5 14 13,(' F)/+

&4-(1(4)- () 13, &3P-(*/+ *3/)),+G

!":": ?@AB2 *<*-,/'<* C;D0-,/= */'/ ,;/&&<=

63, M2C$CB! (- / ),> :&+()7 &3P-(*/+ *3/)),+ :-,5 =4' 1'/)-@(11()9 ?(1- f /- / ',-:+1 4=

M2CB! 1'/)-&4'1 *3/)),+ &'4*,--()9 f ='4@ 13, @4?(+, 14 13, ?/-, -1/1(4)G g1 (- / ),>

*3/)),+ 13/1 ,[(-1- &/'/++,+ 14 /++ 13, :&+()7 5,5(*/1,5 *3/)),+- 4= 13, LJ$$ 0,+,/-, T

;C$CB! /)5 C$BB! :-,5 =4' :&+()7 5/1/ 1'/)-@(--(4) /)5 !"2C$BB! :-,5 =4'

!"C$% =,,5?/*7 5,+(8,'P<G 63:-I >(13 13, ()1'45:*1(4) 4= !"#$% 13,', @/P ?, :& 14

F8, 5(l,',)1 1P&,- 4= 5,5(*/1,5 *3/)),+- 1'/)-@(11,5 -(@:+1/),4:-+P () 13, :&+()7G

63, M2C$CB! 3/- / 8,'P -(@(+/' -1':*1:', 14 13, C$CB! 4= 0,+,/-, WW >(13 / =,>

,[*,&1(4)-G 63,P ?413 -:&&4'1 4'13494)/+ 8/'(/?+, -&',/5()9 =/*14'- ;mj"Z-< 14 /5K:-1

13, ):@?,' 4= *3/)),+ ?(1- 14 13, /@4:)1 4= 5/1/ /*1:/++P ?,()9 1'/)-@(11,5G 63,P ?413

*4:+5 94 ?,P4)5 13, 5/1/ '/1, 13/1 4), &3P-(*/+ 5/1/ *3/)),+ */) -:&&4'1 ?P 1'/)-@(11()9

@:+1(&+, *3/)),+- () &/'/++,+ daeG 63,P ?413 :-, Y$". @45:+/1(4) /)5 =4++4> 13, -/@,

=/-1 &4>,' *4)1'4+ +44&G

63, @4-1 )41/?+, &'4&,'1(,- 4= 13, M2C$CB! 13/1 13, C$CB! 54,- )41 3/8, /', 13,

4),- 13/1 @/7, !"#$% >3/1 (1 (-h 13, M2C$CB! -:&&4'1- =/-1 &3P-(*/+ +/P,' +,8,+

!%0b /)5 =/-1 X45, Y ?/-,5 -*3,5:+()9G !4>,8,'I 13,-, /', )41 ',/++P &'4&,'1(,- 4= 13,

&3P-(*/+ 5/1/ *3/)),+ /- -:*3I ?:1 13, !%0b (- 8(-(?+, () 13, 1'/)-&4'1 *3/)),+

&'4*,--()9 *3/() /)5 13, -*3,5:+()9 (- 8(-(?+, () 13, D%B +/P,'G 63, 5(l,',)*,- ()

13, /*1:/+ &3P-(*/+ 5/1/ *3/)),+- /', / ?(1 @4', -:?1+,G

63, ?(99,-1 5(l,',)*, =4' M2C$CB! (- 13, -:&&4'1 4= / -&',/5()9 =/*14' ;"Z< 4= HI

>3(*3 /++4>- 5,+(8,'()9 1>(*, /- @/)P *3/)),+ ?(1- &,' *45, 13/) 13, @()(@:@ -&',/5()9

=/*14' 4= a 13/1 13, C$CB! -:&&4'1-G !4>,8,'I 13(- (- )41 13, >34+, 1':13 /- 13,

C$CB! *4:+5 -:&&4'1 -([ &/'/++,+ "Za *45,- /- 13, M2C$CB! -:&&4'1- -(@:+1/),4:-

1'/)-@(--(4) 4= 1>4 "ZH /)5 1>4 "Za *45,- >3(*3 ?413 +,/5 14 13, @/[(@:@ &3P-(*/+

+/P,' ?(1 '/1, 4= TGnE D?&-G

63, -1,&- =4' -:&&4'1()9 13, 5/1/ '/1,- (- 5(l,',)1G Y413 C$CB! /)5 M2C$CB!

-:&&4'1 -&',/5()9 =/*14'- HTEI cH`I EaI LHI cEI `I /)5 a /)5 ',-&,*1(8, &3P-(*/+ *3/)),+

=J !"C$%i!"#$% =4' #D6"
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?(1 '/1,- 4= cTI HUI EUI cHUI HaUI a`UI /)5 WEU 7&?- >(13 / -()9+, mj"Z *45, 1'/)-@(--(4)G

g= 13, WEU27?&- *3/)),+ ?(1 '/1, &'48(5,5 ?P -&',/5()9 =/*14' a (- ()-:R*(,)1 14 1'/)-@(1

/++ 13, 5/1/ ='4@ 1'/)-&4'1 *3/)),+ &'4*,--()9I 13,) ?413 @48, 14 :-()9 1>4 "Za *45,- ()

&/'/++,+ /)5 /*3(,8, / cWHU27&?- &3P-(*/+ *3/)),+ ?(1 '/1,G 63()9- 4)+P 94 5(l,',)1+P =4'

13, 1>4 1P&,- 4= 5,5(*/1,5 5/1/ *3/)),+- ?,P4)5 13(- &4()1G %=1,' 1>4 &/'/++,+ "Za *45,-

13, C$CB! 3/- -1,&- =4' 13',,I =4:'I F8,I /)5 -([ &/'/++,+ "Za *45,- :& 14 / TGnE2D?&-

*3/)),+ ?(1 '/1,G 63, M2C$CB! 3/- =,>,' -1,&- /)5 :-,- / -&',/5()9 =/*14' 4= HG %=1,'

1>4 "Za *45,-I 13, M2C$CB! 94,- 5(',*1+P 14 1>4 "ZH *45,-G 63,-, -1,&- /', -34>)

() 6/?+, TGHG #-/9, 4= 1>4 "ZH *45,- &'48(5,- -4@, 9/()- 48,' :-()9 13',, 4' =4:'

&/'/++,+ "Za *45,- =4' 13, 1'/)-@(11,'O- &,/7 14 /8,'/9, &4>,' '/1(4 /)5 ,)/?+,-

(@&+,@,)1()9 / @4', &4>,'2,R*(,)1 /@&+(F,' =4' #M- -:&&4'1()9 8,'P 3(93 5/1/

'/1, 1'/)-@(--(4)G

63, @4-1 )41/?+, &3P-(*/+ +/P,' 5(l,',)*, ?,1>,,) 13, 1>4 5/1/ *3/)),+- (- 13, ),>

66g +,)913 4= H @- -:&&4'1,5 ?P 13, M2C$CB!G 63(- (- /*3(,8,5 ?P @/()1/()()9 13,

cU2@- '/5(4 ='/@, -1':*1:', /+',/5P =/@(+(/' >(13 13, C$CB!I ?:1 >3,) / H2@- 66g (- ()

:-, 13, cU2@- '/5(4 ='/@, (- 5(8(5,5 ()14 F8, ()5,&,)5,)1 -:?2='/@,-G 63, 5(l,',)*,-

?,1>,,) 13, C$CB! /)5 M2C$CB! /', +(-1,5 () 6/?+, TGLG 6/?+, TGa -34>- 13, &3P-(*/+

*3/)),+ 5/1/ '/1,- =4' 5(l,',)1 -&',/5()9 =/*14'- =4' ?413 13, C$CB! /)5 M2C$CB!G

!"#$% &'()*(&+,- =/

B.C-, !"2 $3P-(*/+ *3/)),+ ?(1 '/1, -1,&- =4' C$CB! /)5 M2C$CB!G

Channel bit rates DPDCH E-DPDCH

cTfWEU 7?&- "ZHTEf"Za "ZHTEf"Za

cGWH D?&- H "Zac H "Za

H``U D?&- L "Zac o

L`aU D?&- a "Zac H "ZH

a`UU D?&- T "Zac o

TnEU D?&- E "Zac H "Za þ H "ZH

c D:+1(*45, )41 -:&&4'1,5 () &'/*1(*, >(13 C$CB!G

B.C-, !"A C$CB! /)5 M2C$CB! *4@&/'(-4) 1/?+,G

Feature DPDCH E-DPDCH

D/[(@:@ "Z HTE HTE

D()(@:@ *3/)),+ 5/1/ '/1, cT 7?&- cT 7?&-

D()(@:@ "Z a H

D/[(@:@ *3/)),+ 5/1/ '/1, WEU 7?&- cWHU 7?&-

Z/-1 &4>,' *4)1'4+ k,- k,-

D45:+/1(4) Y$". Y$".

"4=1 3/)548,' k,- k,-

66g +,)913 d@-e `UI aUI HUI cU cUI H

D/[(@:@ )4G 4= &/'/++,+ *45,- E "Zac H "ZH þ H "Za

c $'/*1(*/+ @/[(@:@ =4' C$CB! (- c "ZaG
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A3,) / cU2@- 66g (- () :-, /++ 13, cT -+41- 4= 13, M2C$CB! '/5(4 ='/@, /', :-,5 14

5,+(8,' 13, 1'/)-&4'1 ?+4*7 &'4*,--,5 ?P 13, M2CB! 1'/)-&4'1 *3/)),+ &'4*,--()9 *3/()G

g) 13, */-, 4= / H2@- 66gI ,/*3 H2@- -:?2='/@, 5,+(8,'- 4), M2CB! 1'/)-&4'1 ?+4*7G

Z(9:', TGE 5,&(*1- 13, M2C$CB! ='/@, -1':*1:',G

63, M2C$CB! (- )41 / -1/)5/+4), *3/)),+I ?:1 ',V:(',- -(@:+1/),4:- 1'/)-@(--(4) 4=

13, C$BB!G 63, C$BB! &(+41 ?(1- /', ),,5,5 =4' *3/)),+ ,-1(@/1(4) /)5 -(9)/+ 14

()1,'=,',)*, '/1(4 ;"g0< ,-1(@/1(4) &:'&4-,- () 13, ',*,(8,'I /)5 13, &4>,' *4)1'4+ ?(1

5,+(8,',5 ?P 13, C$BB! (- ),,5,5 =4' 54>)+()7 &4>,' *4)1'4+G g) /55(1(4) 14 13(-I

/)413,' *4)1'4+ *3/)),+ (- ),,5,5 () &/'/++,+ >(13 13, M2C$CB! 14 5,+(8,' 13, ()=4'@/2

1(4) 13, ',*,(8,' ),,5- () 4'5,' 14 7)4> >3/1 =4'@/1 4= M2C$CB! 1'/)-@(--(4) 14

,[&,*1G 63(- ),> *4)1'4+ *3/)),+ (- )/@,5 13, M2C$BB!Q 13, M2C$CB! */))41 ,[(-1

>(134:1 / -(@:+1/),4:- M2C$BB! 1'/)-@(--(4)G

!":"E ?@AB2 *<*-,/'<* C;D0-,/= ,)&'()= ,;/&&<=

63, M2C$BB! (- / ),> :&+()7 &3P-(*/+ *3/)),+ :-,5 =4' 1'/)-@(11()9 4:124=2?/)5

()=4'@/1(4) /?4:1 M2C$CB! 1'/)-@(--(4) ='4@ 13, @4?(+, 14 13, ?/-, -1/1(4)G

63, M2C$BB! f +(7, 13, M2C$CB! f (- / ),> *3/)),+ 13/1 ,[(-1- &/'/++,+ 14 /++

IK !"C$%i!"#$% =4' #D6"

B.C-, !"D C/1/ '/1,- 4= / -()9+, C$CB! /)5 M2C$CB! *45,G

Spreading factor Bit rate Bits/slot Bits/radio frame Bits/sub-frameH

;7?&-<

HTE cT cU cTU LU

cH` LU HU LUU EU

Ea EU aU EUU cHU

LH cHU `U c HUU HaU

cE HaU cEU H aUU a`U

` a`U LHU a `UU WEU

a WEU EaU W EUU cWHU

Hc cWHU cH`U cW HUU L`aU

c "ZH 4)+P -:&&4'1,5 ?P M2C$CB!G
H B4)*,&1 4= 13',,2-+41 -:?2='/@, /&&+(,- 14 M2C$CB! 4)+PG

Data: 2560/SF bitsE-DPDCH

1 slot, 2560 chips, 2560/SF bits

2 ms sub-frame

Slot#i Slot#14

10ms radio frame

Slot#0 Slot#1 Slot#2

>;:?@, !"= M2C$CB! ='/@, -1':*1:',G
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:&+()7 5,5(*/1,5 *3/)),+- 4= LJ$$ 0,+,/-, TI /)5 /+>/P- /**4@&/)(,- M2C$CB!

1'/)-@(--(4)G

64 -4@, ,[1,)1 13, M2C$BB! 54,- 13, -/@, =4' M2C$CB! 1'/)-@(--(4) /- 13,

C$BB! 54,- =4' C$CB! 1'/)-@(--(4) f 13/1 (-I 13, *4)1'4+ *3/)),+ 5,+(8,'- 13,

()=4'@/1(4) ),,5,5 14 5,*45, 13, *4'',-&4)5()9 5/1/ *3/)),+ 1'/)-@(--(4)G 63,

&'()*(&/+ 5(l,',)*, ?,1>,,) 13, 1>4 (- 13/1 f () /55(1(4) 14 ()=4'@/1(4) /?4:1 13,

C$CB! f 13, C$BB! /+-4 &'48(5,- *4@@4) ()=4'@/1(4) ',+/1,5 14I =4' ,[/@&+,I

*3/)),+ ,-1(@/1(4) /)5 &4>,' *4)1'4+I >3(+, 13, M2C$CB! 4)+P *4)1/()- ()=4'@/1(4)

/?4:1 13, M2C$CB!G

63, M2C$BB! 3/- 4)+P 4), &4--(?+, -+41 =4'@/1 ;/- -34>) () 6/?+, TGT<I >3(*3 :-,-

/ -&',/5()9 =/*14' 4= HTE /)5 (- */&/?+, 4= 5,+(8,'()9 LU *3/)),+ ?(1- () / H2@- -:?2='/@,G

g1 (- 5,-(9),5 14 5,+(8,' cU ?(1- 4= ()=4'@/1(4) =4' ,/*3 M2C$CB! 66g 1'/)-@(11,5G 63,

M2C$BB! :-,- 13, -/@, ;LUI cU< -,*4)524'5,' 0,,5fD:++,' *45()9 /- :-,5 =4' 1'/)-&4'1

=4'@/1 *4@?()/1(4) ()5(*/14' ;6ZBg< *45()9 () 13, C$BB!G 63(- @,/)- 13/1 13, cU

()=4'@/1(4) ?(1- ',-:+1 () LU ?(1- 14 ?, 1'/)-@(11,5 () 13, &3P-(*/+ *3/)),+G 63(- ):@?,'

4= ?(1- */) ?, */''(,5 ?P 13, M2C$BB! () H @-G g= 13, 66g +,)913 4= 13, M2C$CB! (-

cU @-I 13,) 13, LU2?(1 M2C$BB! -:?2='/@, (- ',&,/1,5 F8, 1(@,- /++4>()9 ',5:*,5

&4>,' +,8,+G A(13 13(- &'4*,5:', 13, -/@, M2C$BB! -1':*1:', */) ?, ,@&+4P,5

',9/'5+,-- 4= 13, 66g :-,5 =4' M2C$CB! 1'/)-@(--(4)G 63, M2C$BB! ='/@, -1':*1:',

(- (++:-1'/1,5 () Z(9:', TGn /)5 13, *45()9 /)5 @/&&()9 4= M2C$BB! ?(1- /', 5,-*'(?,5 ()

5,1/(+ () dLeG

63, cU ()=4'@/1(4) ?(1- 4) 13, M2C$BB! *4)-(-1 4= 13',, 5(l,',)1 -,9@,)1-h

. E-TFCII 13, M2CB! 1'/)-&4'1 =4'@/1 *4@?()/1(4) ()5(*/14' 4= n ?(1- ()5(*/1()9

13, 1'/)-&4'1 =4'@/1 ?,()9 1'/)-@(11,5 -(@:+1/),4:-+P 4) M2C$CB!-G g) ,--,)*,I

13, M26ZBg 1,++- 13, ',*,(8,' 13, 1'/)-&4'1 ?+4*7 -(S, *45,5 4) 13, M2C$CB!G Z'4@

13(- ()=4'@/1(4) 13, ',*,(8,' */) 5,'(8, 34> @/)P M2C$CB!- /', 1'/)-@(11,5 ()

&/'/++,+ /)5 >3/1 -&',/5()9 =/*14' (- :-,5G

!"#$% &'()*(&+,- I#

B.C-, !"! "+41 =4'@/1 4= M2C$BB!G

Spreading factor Bit rate Bits/slot Bits/radio frame Bits/sub-frame

;7?&-<

HTE cT cU cTU LU

Data: 10 info bits coded to 30 channel bits E-DPCCH

3 slots, 7680 chips

2 ms sub-frame

Slot#i Slot#14

10ms radio frame

Slot#0 Slot#1 Slot#2

>;:?@, !"I M2C$BB! ='/@, -1':*1:',G
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. RSNI 13, ',1'/)-@(--(4) -,V:,)*, ):@?,' 4= H ?(1- ()=4'@()9 13, !%0b -,V:,)*,

):@?,' 4= 13, 1'/)-&4'1 ?+4*7 *:'',)1+P ?,()9 -,)1 4) M2C$CB!-G 63, ()(1(/+

1'/)-@(--(4) 4= / 1'/)-&4'1 ?+4*7 (- -,)1 >(13 0"X ¼ UI 13, F'-1 >(13 0"X ¼ cI 13,

-,*4)5 >(13 0"X ¼ HI /)5 /++ -:?-,V:,)1 1'/)-@(--(4)- >(13 0"X ¼ LG

. Happy bit f /- ()=,'',5 ='4@ 13, )/@, f (- c ?(1 4)+PG g1 ()5(*/1,- >3,13,' 13, #M

(- *4)1,)1 >(13 13, *:'',)1 5/1/ '/1, ;4' ',+/1(8, &4>,' /++4>,5 14 ?, :-,5 =4'

M2C$CB!-< 4' >3,13,' (1 *4:+5 :-, 3(93,' &4>,' /++4*/1(4)G

!":"! ?@AB2 2345 -&*-,/')( ,;/&&<=

63, M2!gB! (- / ),> 54>)+()7 &3P-(*/+ *3/)),+ :-,5 =4' 1'/)-@(11()9 &4-(1(8, /)5

),9/1(8, /*7)4>+,59,@,)1- =4' :&+()7 &/*7,1 1'/)-@(--(4)G g= 13, X45, Y ',*,(8,5 13,

1'/)-@(11,5 M2C$CB! 66g *4'',*1+P (1 >(++ ',-&4)5 >(13 / &4-(1(8, /*7)4>+,59,@,)1

;%B.< /)5 (= (1 ',*,(8,5 13, 66g ()*4'',*1+P (1 >(++ ',-&4)5 >(13 / ),9/1(8, /*7)4>+2

,59,@,)1 ;X%B.<G

M2!gB! ()=4'@/1(4) (- Y$".2@45:+/1,5 >(13 4)i4l 7,P()9 /)5 13, @45:+/1(4)

5,&,)5- 4) >3(*3 *,++ (- 1'/)-@(11()9 13, M2!gB!G g= 13, M2!gB! (- *4@()9 ='4@ 13,

'/5(4 +()7 -,1 *4)1/(),5 () 13, -,'8()9 M2CB! '/5(4 +()7 ;1'/)-@(11,5 ='4@ 13, ?/-,

-1/1(4) 13/1 3/- 13, -,'8()9 M2CB! *,++<I 13,) ?413 %B.- /)5 X%B.- /', 1'/)-@(11,5G

63, M2!gB!- 1'/)-@(11,5 ?P X45, Y- 13/1 54 )41 *4)1/() 13, -,'8()9 M2CB! *,++ 4)+P

1'/)-@(1 %B.-G g= -:*3 / *,++ 54,- )41 ',*,(8, 13, M2C$CB! 66g *4'',*1+PI 13,) (1 54,-

)413()9G 63, #M >(++ *4)1():, ',1'/)-@(11()9 :)1(+ /1 +,/-1 4), *,++ ',-&4)5- >(13 /)

%B.G

63, &:'&4-, 4= 13(- /''/)9,@,)1 (- 14 -/8, 54>)+()7 1'/)-@(--(4) &4>,'G 63,

/--:@&1(4) ?,3()5 13, 5(l,',)1 @45:+/1(4)- (- 13/1 134-, X45, Y- 13/1 54 )41 3/8,

13, -,'8()9 M2CB! *,++ /', 1P&(*/++P 13, 4),- 13/1 54 )41 3/8, 13, ?,-1 *4)),*1(4) 14 13,

#M /)5 /', @4', +(7,+P )41 14 ',*,(8, 13, M2C$CB! 66g *4'',*1+P /)5 3/8, /

-(9)(F*/)1+P +/'9,' &4'1(4) 4= X%B.- 13/) %B.- 14 ?, 1'/)-@(11,5G g) 13(- >/P

4)+P 13, %B.- /*1:/++P *4)-:@, 54>)+()7 */&/*(1PG %- =4' 13, -,'8()9 M2CB!

'/5(4 +()7 -,1 13, /--:@&1(4) (- 13/1 1P&(*/++P @4', %B.- 13/) X%B.- /', 1'/)-@(11,5G

A3,) ?413 %B. /)5 X%B. /*1:/++P ',-:+1 () Y$". ?(1 1'/)-@(--(4) ;þc /)5 cI

',-&,*1(8,+P< 13, &,/7 &4>,' ',V:(',5 14 1'/)-@(1 / ',+(/?+, %B. (- -@/++,' >3,) 13,

',*,(8,' ),,5- 14 -,&/'/1, pc ='4@ c 13/) >4:+5 ?, 13, */-, (= (1 ),,5,5 14 -,&/'/1, þc

='4@ U ;/- )4 1'/)-@(--(4)<G %B.iX%B. @/&&()9- 14 /*1:/+ M2!gB! 1'/)-@(--(4)-

='4@ 5(l,',)1 1P&,- 4= *,++- /', +(-1,5 () 6/?+, TGEG

I2 !"C$%i!"#$% =4' #D6"

B.C-, !"= %B.iX%B. @/&&()9 14 M2!gB!G

E-DCH TTI reception Logical response Transmission on E-HICH

Cells in the same RLS with Other cells

the serving HSUPA cell

66g ',*,(8,5 *4'',*1+P %B. þc þc

66g ',*,(8,5 ()*4'',*1+P X%B. c C6q

66g )41 5,1,*1,5 o C6q C6q
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%++ 13, *,++- () 13, -/@, X45, Y /', /--:@,5 14 ',*,(8, :&+()7 M2C$CB! 1'/)-@(--(4)

() *44&,'/1(4) /)5I 13:-I ,8,) (= 13,', /', @:+1(&+, *,++- () 13, X45, Y &/'1(*(&/1()9 () /

-4=1,' 3/)548,' 13, 66g ',*,&1(4) ,(13,' -:**,,5- 4' =/(+- 4)+P 4)*,I )41 -,&/'/1,+P ()

/++ 13, *,++-G C:, 14 13(- /++ M2!gB!- 1'/)-@(11,5 ='4@ 13, X45, Y *4)1/()()9 13, -,'8()9

M2CB! *,++ 1'/)-@(1 ?413 %B.- /)5 X%B.-I ,l,*1(8,+P ,)/?+()9 13, #M 14 *4@?(),

13, '/5(4 +()7- =4' @4', ',+(/?+, %B.iX%B. 5,1,*1(4)G

M2!gB! /)5 M20JB! *3/)),+ -1':*1:',- /', ,[/*1+P 13, -/@,I /)5 13,P /', (++:-2

1'/1,5 () Z(9:', TG`G M/*3 5,+(8,'- c ?(1 4= ()=4'@/1(4) () 13',, -+41-G g) 13, */-, 4= /

cU2@- 66g 13, 13',, -+41- /', ',&,/1,5 =4:' 1(@,- ',-:+1()9 () /) `2@-2+4)9 @,--/9,G

63, ,[*,&1(4) (- 13, M20JB! 1'/)-@(11,5 ='4@ *,++- )41 ?,+4)9()9 14 13, -,'8()9

M2CB! '/5(4 +()7 -,1G 63/1 *3/)),+ /+>/P- f ',9/'5+,-- 4= 13, M2CB! 66g f 1'/)-@(1-

/ cU2@-2+4)9 @,--/9, ;(G,GI 13, 13',, -+41- /', /+>/P- ',&,/1,5 F8, 1(@,-<G

63, M2!gB!iM20JB! ?/-(* ?:(+5()9 ?+4*7 (- / aU2?(12+4)9 4'13494)/+ -,V:,)*,

>3(*3 /++4>- 13, 4'13494)/+ @:+1(&+,[()9 4= aU ?(1- () 4), -+41 4) / -()9+, -&',/5()9

=/*14' cH`2*45, *3/)),+G 63, -/@, M2!gB!iM20JB! ?(1 (- ',&,/1,5 13',, 1(@,- 48,'

13',, -+41-I ?:1 :-,- / 5(l,',)1 -(9)/1:', () ,/*3 4= 13, 13',, -+41- =4++4>()9 / 5,1,'2

@()(-1(* *45, 34&&()9 &/11,')G 63(- (- ?,*/:-, 5(l,',)1 -(9)/1:', &/('- 3/8, 5(l,',)1

(-4+/1(4)- () / ',/+ '/5(4 ,)8('4)@,)1 /)5I 13:-I 13, ,l,*1 (- /8,'/9,5 13(- >/PG "(9)/1:',

-,V:,)*,- /)5 34&&()9 &/11,')- /', 5,F),5 () dHeG

M2!gB!- /)5 M20JB!- :1(+(S, aU2?(12+4)9 4'13494)/+ -,V:,)*,- =4' @:+1(&+,[()9

@:+1(&+, M2!gB!- /)5 M20JB!- ;aU () 141/+< 14 / -()9+, 54>)+()7 *45, *3/)),+ 4=

-&',/5()9 =/*14' cH`G

m), *,++ */) :-, @:+1(&+, *3/)),+(S/1(4) *45,- 14 ,[*,,5 13, +(@(1 4= aU -(9)/1:',-

;,G9GI HU M2!gB!- /)5 HU M20JB!- () / *45,< >(13 13, *4)-1'/()1 13/1 13, M2!gB! /)5

M20JB! ()1,)5,5 =4' 13, -/@, #M @:-1 ?, 1'/)-@(11,5 >(13 13, -/@, *3/)),+(S/1(4)

*45,G Z(9:', TGW (++:-1'/1,- 13, X45, Y 4&,'/1(4) =4' *4@?()()9 :& 14 aU -(9)/1:',- 4) /

-()9+, 54>)+()7 *3/)),+(S/1(4) *45,G

!":"F ?@AB2 (<=/'-G< >(/&' ,;/&&<=

63, M20JB! (- / ),> 54>)+()7 &3P-(*/+ *3/)),+ :-,5 =4' 1'/)-@(11()9 -()9+, -1,&2:&i

54>) -*3,5:+()9 *4@@/)5- 13/1 /l,*1 13, ',+/1(8, 1'/)-@(--(4) &4>,' 13, #M (- /++4>,5

!"#$% &'()*(&+,- IA

40-bit long signature sequence

E-HICH/E-RGCH

1 slot, 2560 chips, 40 bits

2 ms sub-frame

Slot#i Slot#14

10ms radio frame

Slot#0 Slot#1 Slot#2

1-bit of information

3 slot, 7680 chips, 120 channel bits

>;:?@, !"J M2!gB!iM20JB! ='/@, -1':*1:',G
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14 :-, =4' 5/1/ *3/)),+ 1'/)-@(--(4) ;M2C$CB!<I 13:- ,l,*1(8,+P /5K:-1()9 13, :&+()7

5/1/ '/1, :&i54>)G

M[/*1+P +(7, 13, M2!gB!I M20JB! ()=4'@/1(4) (- Y$".2@45:+/1,5 >(13 4)i4l

7,P()9 /)5 13, /++4>,5 1'/)-@(--(4) 5,&,)5- 4) >3(*3 *,++ (- 1'/)-@(11()9 13,

M20JB!G 63, *,++- ?,+4)9()9 14 13, -,'8()9 M2CB! '/5(4 +()7 -,1 4= / #M ?P 5,F)(1(4)

1'/)-@(1 13, -/@, M20JB! *4)1,)1 /)5I 13:-I ,)/?+, 13, #M 14 -4=12*4@?(), 13,-,

*3/)),+-G 63, *,++- )41 ?,+4)9()9 14 13, M2CB! -,'8()9 '/5(4 +()7 -,1 @/P 4)+P 1'/)-@(1

54>) ;413,'>(-, 13,', (- )4 1'/)-@(--(4)< /)5 13:- 4)+P 13, -,'8()9 *,++ /)5 13, 413,'

*,++- ?,+4)9()9 14 13, -/@, M2CB! '/5(4 +()7 -,1 */) ()*',/-, 13, #MO- /++4>,5

@/[(@:@ ',+/1(8, 1'/)-@(--(4) &4>,' 4= 13, 5/1/ *3/)),+G 63, :&i54>)i34+5

@/&&()9 14 M20JB! (- +(-1,5 () 6/?+, TGnG

63, 4), 5(l,',)*, ?,1>,,) 13, M20JB! /)5 M2!gB! (- () -4=12*4@?()()9G %++

M2!gB!- 1'/)-@(11,5 ?P 13, -/@, '/5(4 +()7 -,1 ;(G,GI '/5(4 +()7- 1'/)-@(11,5 ='4@

13, -/@, X45, Y /)5 *4)1/()()9 13, -/@, &4>,' *4)1'4+ *4@@/)5< @:-1 */''P 13,

-/@, *4)1,)1 /)5 13:- /', -4=12*4@?()/?+,G M20JB!- 13/1 /', 1'/)-@(11,5 ='4@ 13,

-,'8()9 M2CB! '/5(4 +()7 -,1 @:-1 */''P 13, -/@, *4)1,)1 /)5 /', -4=12*4@?()/?+,G 63,

&:'&4-, 4= 13, -,'8()9 M2CB! '/5(4 +()7 -,1 (- -4+,+P 14 ',8,/+ >3,13,' 13, M20JB!- */)

?, -4=12*4@?(),5 4' )41G 63, &:'&4-, 4= 13(- /''/)9,@,)1 (- 14 +,/8, 13, ),1>4'7 13,

=',,54@ 14 ,(13,' 9,1 / -4=12*4@?()()9 9/() =4' 13, M20JB!- 1'/)-@(11,5 ='4@ >3(*32

,8,' X45, Y /+-4 3/- / -,'8()9 M2CB! '/5(4 +()7I 4' 14 3/8, 4)+P / #M2-&,*(F* M2

0JB! ='4@ 13, -,'8()9 M2CB! *,++ /)5 :-, / *4@@4) M20JB! =4' /++ 413,' #M-G

ID !"C$%i!"#$% =4' #D6"

E-HICH

(+1, 0, -1)

E-RGCH

(+1, 0, -1)
X

X

! X

Channelization with

SF128 code

40-bit long

orthogonal sequence

E-HICH

(+1, 0, -1)
X

To summing with other 

downlink channels

>;:?@, !"/ D:+1(&+,[()9 :& 14 aU M2!gB!-iM20JB!- 4) / -()9+, *45, *3/)),+G

B.C-, !"I D,--/9, @/&&()9 14 M20JB!G

Scheduler decision Transmitted message Transmission on E-RGCH

Cells in the serving Other cells

E-DCH RLS

g)*',/-, #MO- /++4*/1(4) #$ þc X41 /++4>,5

C,*',/-, #MO- /++4*/1(4) CmAX c c

.,,& 13, *:'',)1 /++4*/1(4) !m^C C6q C6q
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%- @,)1(4),5 /?48,I M20JB! ='/@, -1':*1:', /)5 -(9)/1:', 9,),'/1(4) (- ,[/*1+P

13, -/@, /- =4' 13, M2!gB! ;Z(9:',- TG` /)5 TGW<G C(l,',)1(/1(4) (- () 13, 3(93,' +/P,'- f

13/1 (-I 13, ),1>4'7 ()=4'@- 13, #M ?P @,/)- 4= 00B -(9)/++()9 13/1 -(9)/1:', x 4)

*3/)),+(S/1(4) *45, k (- 13, M2!gB! /)5 -(9)/1:', y 4) 13, -/@, *3/)),+(S/1(4) *45,

(- 13, M20JB!G

!":"H ?@AB2 /I0)=+'< >(/&' ,;/&&<=

63, M2%JB! (- / ),> 54>)+()7 &3P-(*/+ *3/)),+ :-,5 =4' 1'/)-@(11()9 /) /?-4+:1,

8/+:, 4= 13, X45, Y -*3,5:+,'O- 5,*(-(4) 13/1 +,1- 13, #M 7)4> 13, ',+/1(8, 1'/)-@(--(4)

&4>,' (1 (- /++4>,5 14 :-, =4' 5/1/ *3/)),+ 1'/)-@(--(4) ;M2C$CB!<I 13:- ,l,*1(8,+P

1,++()9 13, #M 13, @/[(@:@ 1'/)-@(--(4) 5/1/ '/1, (1 @/P :-,G

63, M2%JB! 5,+(8,'- T ?(1- 14 13, #M =4' 13, /?-4+:1, 9'/)1 8/+:,I ()5(*/1()9 13,

,[/*1 &4>,' +,8,+ 13, M2C$CB! @/P :-, () ',+/1(4) 14 13, C$BB!G g) /55(1(4)I 13, M2

%JB! */''(,- / c2?(1 ()5(*/1(4) =4' 13, /?-4+:1, 9'/)1 -*4&,G A(13 13(- ?(1 13, X45, Y

-*3,5:+,' */) /++4>i5(-/++4> #M 1'/)-@(--(4) () / &/'1(*:+/' !%0b &'4*,--G 63(- ?(1 (-

4)+P /&&+(*/?+, =4' H2@- 66g M2CB! 4&,'/1(4)G g) /55(1(4) 14 13(- 13, M2%JB! :-,- /

&'(@/'P /)5 / -,*4)5/'P #M2(5 =4' (5,)1(=P()9 13, ()1,)5,5 ',*,(8,' /)5 5,+(8,'()9 4),

/55(1(4)/+ ?(1 4= ()=4'@/1(4)G 63, M2%JB! *45()9 *3/() (- (++:-1'/1,5 () Z(9:', TGcU /)5

13, 5,1/(+,5 -&,*(F*/1(4) =4' ,/*3 -1,& */) ?, =4:)5 () dLeh

. Absolute grant value (- / T2?(1 ()1,9,' ):@?,' '/)9()9 ='4@ U 14 Lc 13/1 3/- / -&,*(F*

@/&&()9 dLe 14 13, M2C$CB!iC$BB! &4>,' '/1(4 13, #M @/P :-,G

. Absolute grant scope */) ?, :-,5 14 /*1(8/1,i5,2/*1(8/1, / &/'1(*:+/' !%0b &'4*,--

;(5,)1(F,5 ?P 13, M2%JB! 1(@()9< 4' /++ !%0b &'4*,--,-G 63, /?-4+:1, 9'/)1 -*4&,

*/) 4)+P ?, :-,5 >(13 / H2@- M2CB! 66gG

!"#$% &'()*(&+,- I!

UE-id 16-bit CRC addition

(primary/secondary id)

Rate matching

(puncturing 30 bits)

Physical channel mapping

E-AGCH

1/3 convolutional coding

AG value and scope (5+1 bits)

22 bits

90 bits

60 bits

>;:?@, !"#K M2%JB! *45()9 *3/()G
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. Primary/Secondary UE-id 4' &'(@/'Pi-,*4)5/'P M2CB! '/5(4 ),1>4'7 1,@&4'/'P

(5,)1(1P ;M20X6g< (- :-,5 14 @/-7 13, B0B 4= 13, M2%JB!G M/*3 #M @/P 3/8, :& 14

1>4 #M2(5- >3(*3 (1 *3,*7- ='4@ ,/*3 M2%JB! /)5 (= (1 5,1,*1- 4), 4' 13, 413,' /-

@/1*3()9 13, 1'/)-@(--(4) (1 7)4>- 13/1 13, M2%JB! 1'/)-@(--(4) >/- 5,-1(),5 =4' (1G

63, -1':*1:', 4= /) M2%JB! (- 8,'P -(@(+/' 14 /) !"2"BB! =4' !"C$%G % cE2?(1 B0B

(- */+*:+/1,5 48,' 13, E ()=4'@/1(4) ?(1- /)5 @/-7,5 >(13 ,(13,' / &'(@/'P 4' / -,*4)5/'P

#M2(5G A(13 13,-, (5- 13, #M 7)4>- >3,13,' 13, M2%JB! 1'/)-@(--(4) >/- @,/)1 =4' (1

4' )41G 63, &/*7/9, (- 13,) *45,5 /)5 '/1,2@/1*3,5 14 F1 13, 13',,2-+412+4)9 ;H2@-<

"Z HTE *3/)),+G g= / cU2@- M2CB! 66g (- :-,5 13, 13',, -+41- /', ',&,/1,5 F8, 1(@,- 14

F++ 13, >34+, '/5(4 ='/@,G Z(9:', TGcc 5,&(*1- 13, M2%JB! ='/@, -1':*1:',G

!":"J K)'-G/'-)& /&* -LC/,' )6 'M) NN% =<&>';0

A3(+, !"C$% 4)+P -:&&4'1- / -()9+, 66g ;H @-<I >(13 !"#$% 13,', /', 1>4 66g

+,)913- f H /)5 cU @- f 13/1 */) ?, *34-,)G 63, @41(8/1(4) =4' 13, H2@- +,)913 >/-

13, &41,)1(/+ 5,+/P ?,),F1 >3(+, cU @- >/- ),,5,5 =4' '/)9, &:'&4-,- 14 ,)-:', *,++ ,59,

4&,'/1(4)G

% &41,)1(/+ 5,+/P ?,),F1 *4:+5 ?, 4?1/(),5 (= 13,', /', )41 144 @/)P ',1'/)-@(--(4)-

:-()9 / H2@- 66gI /- 13, 5,+/P ?,1>,,) ',1'/)-@(--(4)- (- -34'1,' *4@&/',5 >(13 13, cU2

@- */-,G % &'4?+,@ 4**:'- >3,) /&&'4/*3()9 /) /',/ 4= +4> 9,4@,1'P ;*+4-,' 14 13, *,++

,59,< >3,', -(9)/++()9 :-()9 / H2@- &,'(45 -1/'1- 14 *4)-:@, / +41 4= 1'/)-@(--(4) &4>,'I

,-&,*(/++P /1 13, Y6" ,)5G 63(- (- (++:-1'/1,5 () Z(9:', TGcHG 63, 5(l,',)*, ='4@ !"C$%

(- 13/1 )4> &41,)1(/++P / @:*3 +/'9,' ):@?,' 4= :-,'- /', ,[&,*1,5 14 ?, /*1(8, -(@:+2

1/),4:-+P /)5I 13:-I /(@()9 14 /+-4 &'48(5, 54>)+()7 -(9)/++()9 14 -:*3 / +/'9, ):@?,' 4=

:-,'- :-()9 / H2@- &,'(45 >4:+5 ?,*4@, (@&4--(?+,G

%- */) ?, -,,) ='4@ B3/&1,' `I >(13 5/1/ '/1,- ?,+4> H D?&- 13,', /', )4 @/K4'

5(l,',)*,- ='4@ 13, */&/*(1P &4()1 4= 8(,> ',9/'5+,-- 4= 13, 66g :-,5G A3,) 94()9 /?48,

H D?&- &,' :-,'I 13,) 13, ?+4*7 -(S, :-()9 cU @- >4:+5 9,1 144 ?(9 /)5I 13:-I 5/1/ '/1,-

/?48, H D?&- /', 4)+P &'48(5,5 :-()9 / H2@- 66gG %- >(13 @/*'42*,++-I &'/*1(*/+ 5/1/

'/1,- () 13, :&+()7 3/8, +(@(1/1(4)- 5:, 14 1'/)-@(--(4) &4>,' +(@(1/1(4)-G 63(- @,/)-

I= !"C$%i!"#$% =4' #D6"

6 info bits + 16-bit CRC masked with a

16-bit UE-id and coded to 60 channel bits E-AGCH

3 slots, 7680 chips

2-ms sub-frame

Slot#i Slot#14

10-ms radio frame

Slot#0 Slot#1 Slot#2

>;:?@, !"## M2%JB! ='/@, -1':*1:',G
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13, cU2@- 66g (- ,[&,*1,5 /- 13, -1/'1()9 8/+:, =4' -P-1,@ 5,&+4P@,)1Q 13(- 3/- /+-4 ?,,)

',_,*1,5 () 1,'@()/+ */&/?(+(1(,- ;>3,', / H2@- 66g (- 4&1(4)/+ =4' @4-1 */1,94'(,-<G

!"D '74*;6.- -.4,@ G@96,H?@,*

63, &3P-(*/+ +/P,' 4&,'/1(4) &'4*,5:', 4= !"#$% 3/- =,>,' ,+,@,)1- -&,*(F,5 () 13,

&3P-(*/+ +/P,' -&,*(F*/1(4)- *4@&/',5 >(13 !"C$%G m), 4= 13, 7,P ',/-4)- (- 13/1 @4',

4= 13, =:)*1(4)/+(1P ',9/'5()9 1,'@()/+ 1'/)-@(--(4) *4)1'4+ (- +4*/1,5 () 13, D%B

-&,*(F*/1(4)- dWeG $3P-(*/+ +/P,' &'4*,5:',- *48,' 13, 3/)5+()9 4= &3P-(*/+ +/P,' -(9)/+2

+()9 ='4@ 13, X45, Y /)5 !"#$% 4&,'/1(4) () *4@&',--,5 @45,G Z:'13,'I 13, !%0b

4&,'/1(4) &'4*,5:', (- *48,',5 () 5(l,',)1 &/'1- 4= 13, -&,*(F*/1(4) () 5(l,',)1 *3/)),+

5,-*'(&1(4)- /- >,++ /- 5(l,',)1 1(@()9 -,*1(4)-G

!"E"$ 2345

63, =:)5/@,)1/+ &'()*(&+, :)5,'+P()9 !"#$% !%0b 4&,'/1(4) 3/- / +41 4= -(@(+/'(1(,-

14 !"C$% () 1,'@- 4= ',1'/)-@(--(4) *4@?()()9G X4>I /- 13, +()7 5(',*1(4) (- 5(l,',)1I

13, -4=1 ?:l,' (- @/()1/(),5 ?P 13, X45, Y ()-1,/5 4= 13, 1,'@()/+G 63, 1,'@()/+ >(++ 7,,&

:)/*7)4>+,59,5 5/1/ () @,@4'PI /)5 13, D%B +/P,'- 1'(99,' ',1'/)-@(--(4) (= 13,

&3P-(*/+ +/P,' &'48(5,- / X%B. /- ',*,(8,5 ='4@ 13, X45, Y- () 13, M2CB! /*1(8, -,1G

Y413 -4=1 ;B3/-,< *4@?()()9 /)5 ()*',@,)1/+ ',5:)5/)*P /', /8/(+/?+, >(13 !"#$% /-

>,++ ;:-()9 13, &'()*(&+,- ?,3()5 13, *4@?()()9 @,1345- *48,',5 () B3/&1,' a<G 63,

=:)5/@,)1/+ 5(l,',)*, () 4&,'/1(4) &'4*,5:', (- 13, -P)*3'4)4:- )/1:', 4= 13, !"#$%

!%0b &'4*,--G %- / =:)*1(4) 4= 13, 66g ?,()9 :-,5 f H @- 4' cU @- f /++ 13, ',@/()()9

1(@()9 ,8,)1- /', 5,F),5I ()*+:5()9 13, ):@?,' 4= !%0b &'4*,--,-G A(13 / cU2@- 66gI

13,', /', =4:' !%0b &'4*,--,-I /)5 13, &'4*,--()9 1(@,- /', F[,5 >(13() / H2@- >()54>G

63, >()54> ',-:+1- ='4@ 13, 1(@()9 ':+, -,1 =4' 54>)+()7 -(9)/++()9 *3/)),+ /--4*(/1(4)

>(13 :&+()7 5/1/ 1'/)-@(--(4)-G C,&,)5()9 4) 13, :&+()7 1(@()9I 54>)+()7 -(9)/++()9

*3/)),+- /', -,1 >(13 13, H2@- ',-4+:1(4) =4' 13, &4--(?+, -1/'1()9 &4()1G !%0b &'4*,--

!"#$% &'()*(&+,- II

Terminal

E-DCH/HSDPA serving cellArea where only a 10ms 
TTI is feasible

Area where both a 2ms and 
a 10 ms TTI are feasible

>;:?@, !"#2 H2@- /)5 cU2@- 66g /&&+(*/?(+(1P () / *,++G
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1(@()9 >(13 / cU2@- 66g (- -34>) () Z(9:', TGcLI >3,', 13, ',-:+1()9 =4:' !%0b

&'4*,--,- /', 5,-*'(?,5G

63,', (- )4 ),,5 14 *4)F9:', 13, ):@?,' 4= !%0b &'4*,--,-I >3(*3 9(8,- *+,/'

(@&+,@,)1/1(4) 9:(5/)*, 14 X45, Y (@&+,@,)1/1(4) () 1,'@- 4= >3(*3 &'4*,--()9 1(@,

),,5- 14 ?, @,1 () /++ */-,-G 63, X45, Y &'4*,--()9 1(@, ',V:(',@,)1 (- 13:- /&&'4[(2

@/1,+P ca @-I :-()9 13, ,[/*1 5,F)(1(4) 9(8,) () dHe /)5 () dTeG 63, '/)9, :& 14 cE @-

*/))41 ?, ,/-(+P :1(+(S,5 /- 13, ',-:+1()9 1(@, /8/(+/?+, 5,&,)5- 4) 1,'@()/+ :&+()7

1(@()9I >3(*3 (- 5(R*:+1 14 *4)1'4+ () / ),1>4'7 >(13 @4?(+(1P ()*+:5,5G 63, ,[1'/

5,+/P =4' / -()9+, ',1'/)-@(--(4) (- aU @- ;()*+:5()9 13, >/(1()9i&'4*,--()9i-(9)/++()9

1(@, þ 13, /55(1(4)/+ 66g =4' ',1'/)-@(--(4)<G A(13 / H2@- 66g 13,', /', ',-&,*1(8,+P

,(931 !%0b &'4*,--,- () :-, ;/- -34>) () Z(9:', TGca<G

63, :-, 4= / -P)*3'4)4:- !%0b &'4*,-- ',@48,- 13, ),,5 14 7)4> /- &/'1 4= 13, 5/1/

-1',/@ >3(*3 !%0b &'4*,-- (- ?,()9 :-,5 f /- (- 13, */-, =4' !"C$% 14 ,)/?+, 54>)+()7

-*3,5:+()9 _,[(?(+(1PG A(13 !"#$% 13, 1(@()9 1,++- ,[/*1+P >3(*3 !%0b &'4*,-- (- ()

V:,-1(4)I /)5 13, 4)+P ()5(*/1(4) ),,5,5 (- >3,13,' 13, 5/1/ /', ),> 4' / ',1'/)-@(--(4)G

63(- (- ),,5,5 14 /84(5 ?:l,' *4'':&1(4) f ,(13,' 5:, 14 / -(9)/++()9 ,''4' ;1,'@()/+

@(--()9 13, %B.< 4'I ,-&,*(/++P () 13, */-, 4= -4=1 3/)548,'I 5:, 14 / X45, Y )41 ?,()9

/>/', 4= 13, &4--(?+, %B. -,)1 ?P /)413,' X45, Y () 13, /*1(8, -,1G

IJ !"C$%i!"#$% =4' #D6"

10 ms

E-DPCCH

30 ms (3 TTIs)

E-HICH

ACK/NACK

First retransmission

E-DPCCH

E-DCHUL

DL

E-DCH

14–16 ms 5.5–7.5 ms

8 ms

>;:?@, !"#A !"#$% !%0b &'4*,-- 1(@()9 >(13 / cU2@- 66gG

2 ms

E-DPCCH

14 ms (7 TTIs)

E-HICH

ACK/NACK

First retransmission

E-DPCCH

E-DCHUL

DL

E-DCH

6.1–8.1 ms 3.5–5.5 ms

…

…

2 ms

>;:?@, !"#D !"#$% !%0b &'4*,-- 1(@()9 >(13 / H2@- 66gG
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!"E"# 2345 /&* 0)6' ;/&*)G<(

m&,'/1(4) >(13 /) /*1(8, -,1 +/'9,' 13/) c */:-,- /55(1(4)/+ (@&+(*/1(4)- =4' !%0b

4&,'/1(4)G A3(+, >(13 !"C$% 4)+P 4), X45, Y >/- ()84+8,5 () !%0b 3/)5+()9I >(13

!"#$% /++ 13, X45, Y- () 13, /*1(8, -,1 /', ()84+8,5G !%0b 4&,'/1(4) (- 54), :-()9

-(@(+/' ':+,- 14 134-, =4' :&+()7 &4>,' *4)1'4+G g= 13, -()9+, X45, Y &/'1 4= 13, /*1(8, -,1

-,)5- /) %B.I 13,) 13, ()=4'@/1(4) 9(8,) 14 13, D%B +/P,' (- 13/1 /) %B. 3/- ?,,)

',*,(8,5 /)5 13, D%B +/P,' >(++ *4)-(5,' 13, 1'/)-@(--(4) -:**,--=:+ /)5 @48, 4) 14 13,

),[1 &/*7,1G 63, &'()*(&+, :)5,'+P()9 !%0b 4&,'/1(4) () -4=1 3/)548,' (- -34>) ()

Z(9:', TGcTG %- 13, 5(l,',)1 X45, Y- 3/)5+, 13, &'4*,-- ()5,&,)5,)1+PI &/*7,1 4'5,'()9

*/))41 ?, &',-,'8,5 ?P 13,@ /)5I 13:-I 3/- 14 ?, /5K:-1,5 () 13, 0XBG 63(- (- /+-4

',_,*1,5 () 13, &'414*4+ /'*3(1,*1:', f () 13, =4'@ 4= /) /55(1(4)/+ D%B ,)1(1P () 13,

0XBG

Z4' X%B.- ='4@ 13, )4)2-,'8()9 *,++- @/&&()9 (- 5,F),5 /- / S,'42-,V:,)*, /)5I

13:-I X%B.- /', )41 ',/++P 1'/)-@(11,5 ='4@ *,++- 413,' 13/) -,'8()9 *,++-G g= 13, -,'8()9

*,++ (- () -4=1,' 3/)548,' >(13 413,' *,++- 5,F),5 /- ?,+4)9()9 14 13, -/@, M2CB! '/5(4

+()7 -,1I 13,) X%B.- /', 1'/)-@(11,5 ='4@ /++ 4= 13,-, *,++- () 4'5,' 14 ,)/?+, *4@?()()9

() 13, ',*,(8,' -(@(+/' 14 13/1 4= 13, &4>,' *4)1'4+ *4@@/)5- ',*,(8,5 () 13, -4=1,'

3/)548,' */-,G %B.iX%B. @/&&()9 (- 5,-*'(?,5 () 5,1/(+ () ",*1(4) TGLGTG

!"E": K</0+(<L<&'0 M-'; 27893

A3(+, !"C$% 54,- )41 5(',*1+P ()1'45:*, ),> 1,'@()/+ &3P-(*/+ +/P,' @,/-:',@,)1-

13/1 ),,5 14 ?, ',&4'1,5 14 13, ),1>4'7I :)+,-- P4: *4:)1 *3/)),+ V:/+(1P ()=4'@/1(4)

;Bbg< /- 4),I >(13 !"#$% / ),> &3P-(*/+ +/P,' @,/-:',@,)1 (- /55,5 13/1 ',+/1,- 14

1,'@()/+ &4>,' 3,/5'44@G #M 1'/)-@(--(4) &4>,' 3,/5'44@ ;#$!< (- 5,F),5 () dEe /-

?,()9 13, '/1(4 4= 13, @/[(@:@ #M 1'/)-@(--(4) &4>,' /)5 13, *4'',-&4)5()9 C$BB!

*45, &4>,'G 63, @/[(@:@ &4>,' (- ,(13,' /**4'5()9 14 13, &4>,' +,8,+ 4= 13, 1,'@()/+

&4>,' *+/-- 4' / +4>,' +,8,+ (= 13, @/[(@:@ &4>,' (- ',-1'(*1,5 ?P 13, #D6" 6,'',-1'(/+

0/5(4 %**,-- X,1>4'7 ;#60%X<G #$! ',&4'1()9 (- (++:-1'/1,5 () Z(9:', TGcEG

#$! ()5(*/1,- 13, /8/(+/?+, &4>,' ',-4:'*,- f 13/1 (-I >3,13,' 4' )41 /)5 ?P 34>

@:*3 13, 1,'@()/+ *4:+5 ()*',/-, 13, 5/1/ '/1, ='4@ 13, *:'',)1 -(1:/1(4)G g= 13, ',&4'1,5

!"#$% &'()*(&+,- I/

TerminalNode BRNC Correctly
received packet

HARQ control and 
soft combining

ACK/NACK

E-DCH data

Packet
reordering

>;:?@, !"#! !"#$% %0b 4&,'/1(4) () -4=1 3/)548,'G
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#$! 8/+:, (- +4> 13,) 13, 1,'@()/+ (- () / &4>,'2+(@(1,5 -(1:/1(4)I /)5 (= 13, ',&4'1,5

#$! (- 3(93 13,) 13,', (- '44@ 14 ()*',/-, 13, 5/1/ '/1,G 63, ',-:+1()9 #$! (- /

*4@?()/1(4) 4= 13, *4)-,V:,)1 &/13 +4-- -(1:/1(4) 14 13, X45, Y >(13 13, ?,-1 :&+()7

/)5 / 8/'P()9 :&+()7 *3/)),+ *4)5(1(4)G 63, @,/-:',@,)1 54,- )41 1'P 14 *48,'

!"2C$BB! /*1(8(1P ;>3(*3 (- )41 *4)1():4:-< 4' C$B! /*1(8(1P /- 134-, >4:+5

4)+P /55 ()/**:'/*P () 13, @,/-:',@,)1G C:, 14 13, ()3,',)1 5,+/P- /)5 @,/-:',@,)1

/**:'/*PI #$! @,/-:',@,)1 */))41 ?, :-,5 () 13, -/@, >/P /- Bbg (- >(13 !"C$%G

%1 13, X45, Y ,)5I !"C$% @,/-:',@,)1- =4' )4)2!"C$% &4>,' /', /+-4 ,[1,)5,5

14 *48,' !"#$% 54>)+()7 *3/)),+-I @/7()9 (1 N)4)2!"C$%i!"#$%O &4>,' f 13(-

9(8,- /) (5,/ 4= 34> @:*3 4= 13, X45, Y &4>,' ',-4:'*, (- :-,5 =4' &:'&4-,- 413,' 13/)

!"C$%i!"#$%G !"C$%i!"#$% X45, Y 1'/)-@(--(4) &4>,' :-, */) ?, ?/-,5 ,(13,'

4) 13, &'()*(&+, 4= :-()9 /++ &4>,'I 4' 4= :-()9 &4>,' /**4'5()9 14 0XB /++4*/1(4)G g) 13,

+/11,' */-, 13, ',&4'1()9 4= !"C$%i!"#$% &4>,' >4:+5 4)+P /55 +(11+, 8/+:,I /)5 ()

13, =4'@,' */-, 13, @/[(@:@ &4>,' (- 7)4>) () /)P ,8,)1G g)=4'@/1(4) /?4:1 )4)2

!"C$%i!"#$% &4>,' /++4>- 5,'(8/1(4) 4= 13, 413,' -(5,O- 1'/)-@(--(4) &4>,'G

%1 13, :&+()7 ,)5I ,[(-1()9 X45, Y @,/-:',@,)1- */) ?, :-,5 =4' !"#$% &:'&4-,-G

0,*,(8,5 141/+ >(5,?/)5 &4>,' ;06A$< ()*+:5,- 13, (@&/*1 4= /++ 1'/)-@(--(4)- () 13,

),1>4'7 4) 13, &/'1(*:+/' X45, Y ',*,(8,'G %)413,' ),> =,/1:', (- 13, &'48(-(4) 4= ?(1

'/1, @,/-:',@,)1G 63(- (- )41 / &3P-(*/+ +/P,' @,/-:',@,)1 ?:1 (- '/13,' 5,1,'@(),5 ()

13, D%B +/P,' ;D%B2,<G 63(- 9(8,- /) ()5(*/1(4) 4= 1,'@()/+2-&,*(F* 13'4:93&:1 () 13,

:&+()7 5(',*1(4)G

!"! L(1 -.4,@

!"!"$ 80<( C=/&<

63, !"#$% D%B +/P,' 3/- @4', =:)*1(4)/+(1P () 13, -&,*(F*/1(4)- 13/) !"C$%G 63(-

(- 5:, 14 13, =/*1 13/1 -*3,5:+()9 *4)1'4+ (- */''(,5 4:1 ?P 13, ?/-, -1/1(4)I ?:1 13,

-*3,5:+()9 (1-,+= /*1:/++P *4)1'4+- 13, :&+()7 5/1/ 1'/)-@(--(4) 4= 13, M2CB!G 63,

5,1/(+,5 /+94'(13@ 4) 34> 13, ?/-, -1/1(4) -34:+5 5,F), >3/1 7()5 4= *4)1'4+ ()=4'2

JK !"C$%i!"#$% =4' #D6"

12 dB 9 dB 6 dB 0 dB

Geometry

R
e
p

o
r
te

d
 U

P
H

High

Low

Low UPH
High UPH

3 dB

>;:?@, !"#= !"#$% #$! @,/-:',@,)1G
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@/1(4) 14 -,)5 14 13, @4?(+, -1/1(4) (- )41 -&,*(F,5I ?:1 D%B +/P,' 4&,'/1(4) =4'

*4)1'4++()9 13, 1,'@()/+ /- >,++ /- /55(1(4)/+ =,,5?/*7 4) 14& 4= &3P-(*/+ +/P,'

=,,5?/*7 ;13, 3/&&P ?(1< 3/- ?,,) 5,F),5 =4' 13, #MG !%0b 4&,'/1(4) f 5,-*'(?,5

() ",*1(4) TGaGc f ()*+:5()9 13, -4=1 3/)548,' ?,3/8(4:' 1P&(*/+ 4= !%0b /+-4 ?,+4)9- 14

D%B +/P,' -&,*(F*/1(4)-G

%- >/- -34>) () B3/&1,' LI 13, !"#$% D%B +/P,' >/- 5(8(5,5 ?,1>,,) 13, 0XB

/)5 Y6"G D%B2, 3/)5+,- 13, 413,' 1/-7-I /)5 D%B2,- () 13, 0XB 9:/'/)1,,- ()2

-,V:,)*, 5,+(8,'P 14 13, 0^B +/P,' ()-(5, 13, 0XBG 63, _4> 4= :-,' 5/1/ 13'4:93 13,

D%B +/P,' >(13 !"#$% (- (++:-1'/1,5 () Z(9:', TGcnG 63, +49(*/+ *3/)),+- ;CBB! /)5

C6B!< /', 13,) &'48(5,5 14 13, 0^B +/P,'G

A3,) 13, +49(*/+ *3/)),+ (- ?,()9 @/&&,5 14 :-, !"#$% ;M2CB!< 13,', (- )4 ),,5 =4'

13, D%B25 3,/5,'I 13:- D%B25 1/7,- )4 &/'1 () 13, 5/1/ _4>G 63, D%B2,- 3,/5,' 3/-

13, ),*,--/'P 1'/)-@(--(4) -,V:,)*, ):@?,' ;6"X< 14 ,)/?+, ',4'5,'()9 () 13, 0XBG

63, D%B2, 3,/5,' 3/- / 5/1/ 5,-*'(&1(4) ()5(*/14' ;CCg< >3(*3 (5,)1(F,- 13, +49(*/+

*3/)),+ /- >,++ /- ()=4'@/1(4) /?4:1 13, D%B25 _4> /)5 13, D%B25 $C# -(S,G 63, X

&/'/@,1,' () 13, 3,/5,' ',8,/+- 13, ):@?,' 4= *4)-,*:1(8, D%B25 $C#- ?,+4)9()9 14

13, -/@, CCgG 63, D%B2, $C# -1':*1:', (- (++:-1'/1,5 () Z(9:', TGc`I ()5(*/1()9 34>

4), 4' @:+1(&+, D%B2,- $C#- /', *4)-1':*1,5G

!"!"# K3B@< ,)&'()= L<00/>< O 0,;<*+=-&> -&6)(L/'-)&

63, -*3,5:+()9 ()=4'@/1(4) ;"g< () 13, D%B2, $C# () Z(9:', TGc` -1/)5- =4' 13, D%B

+,8,+ "g @,--/9, 13, #M &'48(5,- 14 13, -,'8()9 !"#$% X45, YG 63, "g *4)-(-1- 4= =4:'

()=4'@/1(4) ,+,@,)1- 141/++()9 c` ?(1-h

cG 641/+ M2CB! ?:l,' -1/1:- ;6MY"I T ?(1-< ',8,/+- 13, 141/+ /@4:)1 4= 5/1/ () 13, #MO-

1'/)-@(--(4) ?:l,'G 63(- ()=4'@/1(4) */) ?, :-,5 ?P 13, -*3,5:+,' =4' 5,*(5()9 13,

5/1/ '/1, 13, #M *4:+5 /*1:/++P :-,G

!"#$% &'()*(&+,- J#

MAC-e in BTS

Physical layer E-DCH in BTS

Reordering (MAC-es in RNC)

E-DCH

E-DPDCHs

MAC-d flows

MAC-d flows

DCCH/DTCHs

MAC-d in RNC

>;:?@, !"#I #-,' 5/1/ _4> 13'4:93 D%B +/P,' >(13 !"#$%G
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HG !(93,-1 &'(4'(1P +49(*/+ *3/)),+ gC ;!^gCI a ?(1-< ()5(*/1,- 13, 3(93,-1 &'(4'(1P +49(*/+

*3/)),+ 13/1 3/- 5/1/ () 13, #MO- 1'/)-@(--(4) ?:l,'G

LG !(93,-1 &'(4'(1P +49(*/+ *3/)),+ ?:l,' -1/1:- ;!^Y"I a ?(1-< ',8,/+- 13, /@4:)1 4=

5/1/ () 13, ?:l,' =4' 13, +49(*/+ *3/)),+ ()5(*/1,5 ?P 13, !^gCG 63, !^gC /)5 !^Y"

*/) ?, :-,5 ?P 13, X45, Y -*3,5:+,' =4' 5,*(5()9 >3(*3 #M- -34:+5 ?, -,'8,5 F'-1 4'

-,'8,5 >(13 3(93,' 5/1/ '/1,-G

aG #$! ;T ?(1-< ()5(*/1,- 13, X45, Y 4= 13, &4>,' '/1(4 4= @/[(@:@ /++4>,5 #M

1'/)-@(1 &4>,' 14 C$BB! &(+41 ?(1 1'/)-@(1 &4>,'G g) ,--,)*,I 13, '/1(4 1,++- 13,

X45, Y -*3,5:+,' 34> @:*3 ',+/1(8, &4>,' 13, #M */) :-, =4' (1- 5/1/ 1'/)-@(--(4)G

63(- ()=4'@/1(4) */) ?, :-,5 ?P 13, X45, Y )41 14 -*3,5:+, /)P 9(8,) #M / 3(93,'

&4>,' /++4*/1(4) 13/) (1 (- /*1:/++P */&/?+, 4= 1'/)-@(11()9 5:, 14 1'/)-@(1 &4>,'

+(@(1/1(4)G

"g (- ,(13,' 1'/)-@(11,5 &,'(45(*/++P 4' 1'(99,',5 ?P 5/1/ /''(8()9 /1 /) ,@&1P ?:l,' >(13

13, *4)5(1(4) 13/1 13, #M 3/5 )4 &,'@(--(4) 14 1'/)-@(1 /1 /)P 5/1/ '/1,G 63, X45, Y

-*3,5:+,' @/P :-, "g () /55(1(4) 14 13, 3/&&P ?(1 () 13, M2C$BB! /)5 13, 4?-,'8,5

/++4*/1(4) :1(+(S/1(4) -,,) =4' / -&,*(F* #MG

!"!": 7<=<,'-)& )6 / '(/&0C)(' 6)(L/' 6)( ?@AB2

"*3,5:+,' *4@@/)5- 1/7, ,l,*1 () 13, #MO- -,+,*1(4) 4= 1'/)-&4'1 =4'@/1 ;):@?,' 4=

?(1- 14 ?, 1'/)-@(11,5 () / 66g< =4' 13, M2CB! 1'/)-&4'1 *3/)),+G 63(- M2CB! 1'/)-&4'1

=4'@/1 *4@?()/1(4) ;M26ZB< -,+,*1(4) &'4*,-- (- / &/'1 4= 13, D%B +/P,'G %- 5,-*'(?,5

,/'+(,'I 13, ',+/1(8, 9'/)1 /)5 /?-4+:1, 9'/)1 *4@@/)5- 4) 13, M20JB! /)5 M2%JB!

/5K:-1 13, @/[(@:@ /++4>,5 M2C$CB! 14 C$BB! &4>,' '/1(4 13, #M @/P 1'/)-@(1G

63(- 1/7,- ,l,*1 () 13, M26ZB -,+,*1(4) &'4*,-- () 13, =4++4>()9 >/PG

J2 !"C$%i!"#$% =4' #D6"

Header MAC-es PDU 1 MAC-es PDU N… SI

MAC-e payload

Header fields

DDI 1 N 1 …

Padding

SDU SDU

MAC-d PDU MAC-d PDU

TSN …

…

MAC-es payload

DDI N

MAC-es PDU 1

DDI N N N

Header + MAC-es PDU N

>;:?@, !"#J !"#$% D%B2, $C# -1':*1:',G
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g)(1(/++PI 13, #M 3/- / +(-1 4= 1'/)-&4'1 ?+4*7 -(S,- /)5 13, ',+/1(8, &4>,'- 13/1 /

1'/)-@(--(4) 4= / -&,*(F* 1'/)-&4'1 ?+4*7 ',V:(',-G g1 /+-4 3/- / D%B25 _4>2-&,*(F*

&4>,' 4l-,1 =4' ,/*3 /--(9),5 D%B25 _4> ;-,'8(*,<G A(13 13(- 13, #M */) 3/8,

5(l,',)1 ',1'/)-@(--(4) &'4?/?(+(1(,- =4' -/@,2-(S,5 1'/)-&4'1 ?+4*7- 5,&,)5()9 4)

>3(*3 D%B25 _4> (1 (- 1'/)-@(11()9h =4' ,[/@&+,I / 3(93+P 5,+/P2*'(1(*/+ -,'8(*,

*4:+5 3/8, / 3(93,' D%B25 _4>2-&,*(F* &4>,' 4l-,1 /)5I 13:-I / 3(93,' &'4?/?(+(1P

4= 9,11()9 13'4:93 >(134:1 ',V:('()9 / ',1'/)-@(--(4)G

63, #M -1/'1- &',&/'()9 14 1'/)-@(1 /) M2CB! 1'/)-&4'1 ?+4*7 () / 66g ?P ,8/+:/1()9

34> @:*3 &4>,' (1 */) /1 @4-1 :-, () 13, 1'/)-@(--(4) 4= M2C$CB!-G %1 13(- -1/9, 13,

C$BB!I M2C$BB! /)5I &41,)1(/++PI 13, C$CB! 1'/)-@(--(4) &4>,' +,8,+- 4= 13, 66g

14 ?, 1'/)-@(11,5 /', /+',/5P 7)4>)G 63,)I (1 *3,*7- 13, &4>,' 4l-,1 4= 13, 3(93,-1

&'(4'(1P D%B25 _4> 13/1 3/- 5/1/ () 13, ?:l,'I /- 13(- >(++ ?, 13, &4>,' 4l-,1 14 ?, :-,5

4) 14& 4= 13, 1'/)-&4'1 ?+4*7 -(S, -&,*(F* &4>,' 4l-,1 >3,) /*1:/++P 1'/)-@(11()9

M2C$CB!-G % 1'/)-&4'1 ?+4*7 -(S, >(13 / D%B25 _4>2-&,*(F* &4>,' 4l-,1 -,+,*1,5

(- */++,5I /- /+',/5P @,)1(4),5I /) NM2CB! 1'/)-&4'1 =4'@/1 *4@?()/1(4)O ;M26ZB<G

63,)I 13, #M *3,*7- 13, *:'',)1 @/[(@:@ &4>,' 4l-,1 (1 @/P :-, =4' M2C$CB!

1'/)-@(--(4)G 63(- (- 13, &/'/@,1,' *4)1'4++,5 ?P 13, ',+/1(8, 9'/)1 /)5 /?-4+:1,

9'/)1 1'/)-@(--(4)-G 63, #M -,+,*1- 13, +/'9,-1 1'/)-&4'1 ?+4*7 13/1 (1 */) F++ >(13

5/1/ /)5 13/1 =:+F++- 13, *4)5(1(4) 13/1 13, &4>,' 4l-,1 4= 13, 1'/)-&4'1 ?+4*7 þ 13,

-,+,*1,5 D%B25 _4>2-&,*(F* &4>,' 4l-,1 (- +4>,' 13/) 4' ,V:/+ 14 13, @/[(@:@

/++4>,5 &4>,' 4l-,1 f 13/1 (-I (1 -,+,*1- 13, 3(93,-1 M26ZB 13/1 -*3,5:+()9 3/-

/++4>,5 (1 14 :-,G g= 1'/)-@(--(4) 4= 13(- M26ZB (- )41 ?+4*7,5 5:, 14 13, @/[(@:@

1'/)-@(1 &4>,' 4= 13, #MI 13, #M &'4*,--,- 13, 1'/)-&4'1 ?+4*7 /)5 1'/)-@(1- (1 4) 13,

M2C$CB!- >(13 13, 9/() =/*14' -,+,*1,5G g= 13, 1'/)-@(--(4) 4= 13/1 M26ZB (- )41

&4--(?+, 5:, 14 #M &4>,' +(@(1/1(4)I 13,) 13, #M -,+,*1- 13, +/'9,-1 M26ZB (1 3/-

-:R*(,)1 &4>,' 14 1'/)-@(1 /)5 94,- =4'>/'5 >(13 13/1G 63, M26ZB -,+,*1(4) &'4*,5:',

(- (++:-1'/1,5 () Z(9:', TGcWG

!"#$% &'()*(&+,- JA

Estimate the DPCCH power level

Select the power offset of the highest

priority MAC-d flow with data

Select the largest TrBlk that fulfills

PO(TrBlk) + PO(MAC-d)  PO(scheduled)

Select the TFC for DCH if DCH exists

At the start of the connection:

Reference power offset calculated

for each E-DCH transport block;

Power offset signalled for each MAC-d flow.   

Enough power

available to transmit with 

PO(TrBlk) + PO(MAC-d)?

Selected E-TFC:

Transmit the # of bits indicated by the TrBlk size,

Transmit E-DPDCH with offset PO(TrBlk) + PO(MAC-d)

Select the largest TrBlk that

can be transmitted with

PO(TrBlk) + PO(MAC-d) without

exceeding the maximum 

transmission power

YES

NO

>;:?@, !"#/ !"#$% M26ZB -,+,*1(4)G
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!"!"E ?@AB2 ,)<P-0'<&,< M-'; AB2

%- 5,-*'(?,5 ,/'+(,'I 1'/)-&4'1 ?+4*7 &'4*,--()9 =4' 13, M2CB! /)5 CB! (- *4@&+,1,+P

5(l,',)1 /)5 (- */''(,5 48,' 13, /(' ()1,'=/*, ?P *4@&+,1,+P -,&/'/1, &3P-(*/+ *3/)),+-I

144G %&/'1 ='4@ 4), 8,'P (@&4'1/)1 =/*1 f 13/1 (-I 13, -3/',5 &4>,' /@&+(F,' 4= 13, #M f

-(@:+1/),4:- 1'/)-@(--(4) 4= 13, M2CB! /)5 CB! *4:+5 ?, *4)-(5,',5 14 ?, *4@()9

='4@ 1>4 5(l,',)1 #M-G 63,', (- 4)+P -4 @:*3 &4>,' 13, #M (- */&/?+, 4= 1'/)-@(11()9

/)5 (= 13, CB! (- :-()9 -4@, 4= (1 13,', (- +,-- =4' 13, M2CB!G

63, ()1,'/*1(4) ?,1>,,) 13, CB! /)5 13, M2CB! () -(@:+1/),4:- 1'/)-@(--(4) ='4@

13, -/@, #M (- -(@&+P -4 13/1 6ZB -,+,*1(4) (- F'-1 54), =4' 13, CB! /)5 13, &4>,' :-,5

?P 54()9 13(- (-I 4= *4:'-,I )4 +4)9,' /8/(+/?+, =4' 13, M26ZB -,+,*1(4) &'4*,--G 63(-

@,/)- 13/1 13, CB! 3/- /) /?-4+:1, F'-1 1/7, '(931 14 13, #M &4>,' ',-4:'*,I 4' 13,

CB! 3/- /?-4+:1, &'(4'(1P 48,' 13, M2CB!G 63, ',/-4) =4' 13(- (- 13/1 13, M2CB! (-

5,5,-(9),5 =4' :&+()7 &/*7,1 /**,-- /)5I 13:-I (= 13,', /', /)P *('*:(12->(1*3,5 -,'8(*,- 13,P

@:-1 ?, @/&&,5 14 13, CB!G %- *('*:(12->(1*3,5 -,'8(*,- /', )41 8,'P 14+,'/)1 4= -:55,)

/)5 =',V:,)1 5/1/ '/1, *3/)9,- (1 @/7,- -,)-, 14 +,1I -/PI / )4'@/+ %D0 84(*, */++ 14 1/7,

13, &4>,' (1 ),,5- /)5 -,)5 (1 >(13 13/1 4) CB! /)5 :-, >3/1,8,' (- +,=1 =4' &/*7,1 5/1/

1'/)-@(--(4) 4) 13, M2CB!G 63, &4>,' /++4*/1(4) 4= 13, 6ZB /)5 M26ZB -,+,*1(4)

&'4*,--,- 4= 13, #M (- (++:-1'/1,5 () Z(9:', TGHUG 63, 6ZB /)5 M26ZB -,+,*1(4) &'4*,--,-

/', 5,F),5 () dWeG g1 -34:+5 ?, )41,5 134:93 13/1 13, @/[(@:@ CB! 5/1/ '/1, /++4>,5 ?P

13, -&,*(F*/1(4) (- Ea 7?&- >3,) *4)F9:',5 &/'/++,+ 14 13, M2CB!G

%++ 4= 13(- 3/- 4), )41/?+, (@&/*1 4) '/5(4 ?,/',' @/&&()9G g= / CB! (- *4)F9:',5

&/'/++,+ 14 /) M2CB! =4' / -()9+, #MI 13,) 13, -(9)/++()9 '/5(4 ?,/',' @:-1 /+-4 ?,

@/&&,5 14 13, CB!G 63(- (- 5:, 14 13, =/*1 13/1 13, -(9)/++()9 '/5(4 ?,/',' (- 13, @4-1

(@&4'1/)1 ?,/','I /)5 (1 >4:+5 )41 ?, /**,&1/?+, 14 +,1 13, &4>,' ',V:(',5 14 1'/)-@(1 /

84(*, ='/@, &',8,)1 13, 1'/)-@(--(4) 4= / -(9)/++()9 @,--/9, f 13/1 (-I 13, "0Y @/P 4)+P

?, @/&&,5 14 13, M2CB! (= 13,', /', )4 CB!- *4)F9:',5 =4' 13, #MG

JDJD !"C$%i!"#$% =4' #D6"

DPCCH + DPDCH 

power

Max UE TX power

Power available

for

E-DPCCH/E-DPDCH

UE TX power

Estimated DPCCH

TX power

Power available for 

DCH+E-DCH transmission

TFC selection allocates all 

the power it needs to 

transmit the DPDCH at a 

selected data rate

E-TFC selection can use the 

power left after TFC 

selection, limited by 

available power and 

scheduled maximum

Node B scheduler controls the 

maximum relative power

E-TFC selection may use

>;:?@, !"2K M2CB! /)5 CB! &4>,' ',-4:'*, -3/'()9G
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%- 5,-*'(?,5 ,/'+(,'I 1'/)-&4'1 ?+4*7 &'4*,--()9 =4' 13, M2CB! /)5 CB! (- *4@&+,1,+P

5(l,',)1 /)5 (- */''(,5 48,' 13, /(' ()1,'=/*, ?P *4@&+,1,+P -,&/'/1, &3P-(*/+ *3/)),+-I

13, -3/',5 &4>,' /@&+(F,' 4= 13, #M f

-(@:+1/),4:- 1'/)-@(--(4) 4= 13, M2CB! /)5 CB! *4:+5 ?, *4)-(5,',5 14 ?, *4@()9

='4@ 1>4 5(l,',)1 #M-G

g= / CB! (- *4)F9:',5

&/'/++,+ 14 /) M2CB! =4' / -()9+, #MI

(= 13,', /', )4 CB!- *4)F9:',5 =4' 13, #MG

63, ',/-4) =4' 13(- (- 13/1 13, M2CB! (-

5,5,-(9),5 =4' :&+()7 &/*7,1 /**,-- /)5I 13:-I (= 13,', /', /)P *('*:(12->(1*3,5 -,'8(*,- 13,P

@:-1 ?, @/&&,5 14 13, CB!G



!"!"! K3B@* Q)M@0C<,-R, 2345 C/(/L<'<(0

m), =:)5/@,)1/+ 5(l,',)*, ?,1>,,) :&+()7 CB!- /)5 13, 1'/)-&4'1 *3/)),+ 4=

!"#$%I M2CB!I (- 13/1 13,', */) ?, @:+1(&+, CB!- ?:1 13,', */) 4)+P ?, 4),

M2CB! *4)F9:',5 =4' 13, #MG 63, &4--(?(+(1P 4= *4)F9:'()9 @:+1(&+, CB!- -(@:+2

1/),4:-+P /++4>- =4' V:/+(1P 4= -,'8(*, ;b4"< 5(l,',)1(/1(4) 4= 13, 5(l,',)1 1'/)-&4'1

*3/)),+- () 13, 0,+,/-, WW :&+()7G %- 13,', (- 4)+P 4), M2CB!I b4" 5(l,',)1(/1(4) 3/- 14

?, 54), () / 5(l,',)1 >/PG

C(l,',)1 -,'8(*,- */) ?, @/&&,5 14 5(l,',)1 D%B25 _4>- /)5 ,/*3 D%B25 _4> */)

3/8, -&,*(F* /11'(?:1,-h

. % @/[(@:@ ):@?,' 4= !%0b ',1'/)-@(--(4)- ?,=4', 13, #M 5'4&- 13, &/*7,1G

. % D%B25 _4>2-&,*(F* &4>,' 4l-,1 13/1 (- /55,5 4) 14& 4= 13, 1'/)-&4'1 ?+4*7 -&,*(F*

&4>,' 4l-,1G % +/'9,' &4>,' 4l-,1 @,/)- / +4>,' &'4?/?(+(1P 4= ),,5()9 / ',1'/)-@(-2

-(4) /)5I 13:-I +4>,' +/1,)*PG

63:-I 13, 1>4 &/'/@,1,'- (@&/*1 4) !%0b 4&,'/1(4) /)5I =4' ,[/@&+,I 5,+/P214+,'/)1

?/*79'4:)5 -,'8(*,- */) 3/8, / +4>,' &4>,' 4l-,1 /)5 3(93,' ',1'/)-@(--(4) &'4?/?(+(1P

>3(+, -1',/@()9 -,'8(*,- */) 3/8, / +4>,' @/[(@:@ ',1'/)-@(--(4) *4:)1 /- 13,P 14+,'/1,

/ =,> +4-1 &/*7,1- ?,=4', 13,', (- /) (@&/*1 4) 13, -,'8(*,G

63, ),1>4'7 */) *4)F9:', >3(*3 D%B25 _4>- */) ?, @:+1(&+,[,5 149,13,' /)5 13,

3(93,-1 &'(4'(1P D%B25 _4> ?,()9 1'/)-@(11,5 5(*1/1,- 13, b4" &/'/@,1'(S/1(4) 4= /

1'/)-@(--(4)G

!"!"F 27893 0,;<*+=-&>

!"#$% -*3,5:+()9 >4'7- ?P /5K:-1()9 13, +(@(1/1(4)- 4= 13, #MO- M26ZB -,+,*1(4)

&'4*,--G 63(- &'4*,-- /)5 (1- ()1,'/*1(4) >(13 13, 6ZB -,+,*1(4) 4= 0,+,/-, WW CB!

*3/)),+- (- 5,-*'(?,5 () @4', 5,1/(+ () ",*1(4) TGTGLG 63, ?/-(* &/'/@,1,' 13/1 X45, Y

-*3,5:+()9 /5K:-1- (- 13, @/[(@:@ 9/() =/*14' 13, #M @/P :-, =4' M2C$CB! 1'/)-@(-2

-(4)G 63, 9/() =/*14' @,/)- 13, 1'/)-@(11,5 M2C$CB! &4>,' +,8,+ () ',+/1(4) 14 13,

C$BB! &4>,' +,8,+G %- =/-1 &4>,' *4)1'4+ 7,,&- 13, ',*,(8,5 C$BB! &4>,' +,8,+ =/('+P

*4)-1/)1I 13, -*3,5:+()9 /*1:/++P /5K:-1- 13, @/[(@:@ /++4>,5 ',*,(8,5 M2C$CB!

&4>,' +,8,+ 4= / 9(8,) #MI 4' 13, -3/', 4= 13, :&+()7 )4(-, '(-, / 9(8,) #M @/P :-,G

!"#$% -*3,5:+()9 (- =/*(+(1/1,5 :-()9 13',, &3P-(*/+ *3/)),+-I M2%JB! /)5

M20JB! () 13, 54>)+()7 /)5 / 3/&&P ?(1 */''P()9 M2C$BB! () 13, :&+()7G g)

/55(1(4) 14 13(- 13, M2C$CB! 5,+(8,'- /) "g @,--/9, () 13, D%B2, 3,/5,' =4'

/55(1(4)/+ 5,1/(+- =4' 13, X45, Y -*3,5:+,'G "g */) ?, :-,5 () 13, X45, Y -*3,5:+,'

() /55(1(4) 14 13, 3/&&P ?(1 ',*,(8,5 4) 13, M2C$BB! /)5 13, 4?-,'8,5 &4>,' /++42

*/1(4) :-/9, / 9(8,) #M (- :-()9G g1 -34:+5 ?, )41,5I 134:93I 13/1 "g (- 4)+P /8/(+/?+,

>3,) (1 (- /*1:/++P 1'(99,',5 =4' 1'/)-@(--(4) ,(13,' /- / ',-:+1 4= ()*',/-,5 5/1/ +,8,+- ()

13, ?:l,' 4' /- / ',-:+1 4= 1(@,' ,+/&-,I /)5 >3,) 13, -*3,5:+()9 !"#$% *,++ ',*,(8,- 13,

1'/)-@(11,5 &/*7,1 *4'',*1+PG 63, *3/)),+- :-,5 =4' !"#$% -*3,5:+()9 /- >,++ /- 13,

()=4'@/1(4) */''(,5 ?P 13,@ /', -34>) () Z(9:', TGHcG

!"#$% &'()*(&+,- J!
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63, D%B +/P,' 5,F),- 13, ':+,- =4' -,11()9 13, 3/&&P ?(1 1'/)-@(11,5 4) 13,

M2C$BB!G 63, ?/-(* ()=4'@/1(4) 13, 3/&&P ?(1 5,+(8,'- (- >3,13,' 4' )41 13, #M

*/) ,@&1P (1- ?:l,'- >(13 13, *:'',)1 /++4*/1(4) () X 66g-I >3,', X (- / &/'/@,1,'

-(9)/++,5 ?P 13, ),1>4'7G g= 13, #M ,-1(@/1,- 13/1 /++ 13, 5/1/ () (1- M2CB! 1'/)-@(--(4)

?:l,' */) ?, 1'/)-@(11,5 () X 66g- >(134:1 ()*',/-()9 (1- *:'',)1 @/[(@:@I 13,) 13,

#M ()5(*/1,- 13/1 (1 (- 3/&&PG m13,'>(-,I (1 ()=4'@- 13, X45, Y 13/1 (1 (- :)3/&&PG

"(@&+P ?/-,5 4) 13, -()9+, ?(1 4) 13, M2C$BB! /)5 7)4>+,59, 4= >3,13,' 13, #M (-

/*1:/++P 1'/)-@(11()9 >(13 13, @/[(@:@ /++4*/1(4) 4' ?,+4> (1 I13, X45, Y -*3,5:+,' */)

@/7, 5,*(-(4)- 4) :&9'/5()9I 54>)9'/5()9 4' 7,,&()9 / 9(8,) #MO- /++4*/1(4)

:)*3/)9,5G g=I -/PI 13, #M (- 1'/)-@(11()9 ?,+4> (1- *:'',)1 @/[(@:@ =4' @:+1(&+,

66g- () / '4>I (1 @/7,- -,)-, 14 54>)9'/5, (1- /++4*/1(4) /)5 &,'3/&- :&9'/5, -4@,

413,' #M ()5(*/1()9 13/1 (1 (- :)3/&&PG

63:-I 13, X45, Y ',*,(8,- ()=4'@/1(4) () 13, :&+()7 4= 13, #MO- *:'',)1 -(1:/1(4)

;3/&&P ?(1I "gI *:'',)1+P :-,5 5/1/ '/1,< /)5 /5K:-1- 13, @/[(@:@ /++4>,5 ',+/1(8,

1'/)-@(1 &4>,' 4= / #MO- M2C$CB!- () 13, :&+()7 ?P (--:()9 ',+/1(8, 9'/)1 ;:&i

54>)i34+5< /)5 /?-4+:1, 9'/)1 @,--/9,- ;:-, ',+/1(8, &4>,' q< () 13, 54>)+()7G

M26ZB -,+,*1(4) 1'/)-+/1,- 13, @/[(@:@ /++4>,5 ',+/1(8, &4>,' 14 / 1'/)-&4'1

=4'@/1 ;(G,GI 13, ):@?,' 4= ?(1- 14 ?, 1'/)-@(11,5 () / 66g<G Z(9:', TGHH (++:-1'/1,-

13, *3/)9, () @/[(@:@ M2C$CB!iC$BB! &4>,' '/1(4 /)5 13, #M :1(+(S()9 13,

3(93,' /++4>,5 ',+/1(8, &4>,' ?P 1'/)-@(11()9 >(13 / 3(93,' 5/1/ '/1,G

!"!"H 27893 0,;<*+=-&> -& 0)6' ;/&*)G<(

A(13 !"#$%I :&+()7 -4=1 3/)548,' (@&/*1- 13, -*3,5:+()9 4&,'/1(4)G A3(+, !"C$%

-,)5- 5/1/ ='4@ 4), ?/-, -1/1(4) 4)+PI >(13 !"#$% /++ 13, ?/-, -1/1(4)- () 13, M2CB!

/*1(8, -,1 ',*,(8, 13, 1'/)-@(--(4) ='4@ 13, 1,'@()/+G 63:-I /++ 13, ?/-, -1/1(4)- /',

(@&/*1,5 ?P 13, 1'/)-@(--(4) () 1,'@- 4= )4(-, '(-,I /- -,,) ?P 13, ?/-, -1/1(4) ',*,(8,'G

M8,) (= 13,', /', @:+1(&+, ?/-, -1/1(4)- ',*,(8()9 13, 5/1/ ;/- /+-4 5(-*:--,5 ()

",*1(4) TGn<I 13,', (- 4)+P 4), ?/-, -1/1(4) 13/1 /*1- /- 13, -,'8()9 M2CB! *,++G 63,

-,'8()9 M2CB! *,++ :-,- /++ 13, /8/(+/?+, -*3,5:+()9 @,1345- f 13/1 (-I ?413 ',+/1(8, /)5

J= !"C$%i!"#$% =4' #D6"

E-DPCCH: E-DPDCH data rate in use,

indication whether the UE is happy with used data rate

E-DPDCH MAC header: 

Available power, buffer occupancy, priority

E-AGCH: AG; set the maximum allowed

E-DPDCH power to a specific level

E-RGCH: RG; change the maximum allowed E-DCH 

power one step up/down relative to the current transmission

Node B UE

>;:?@, !"2# !"#$% f -*3,5:+()92',+/1,5 ()=4'@/1(4) ,[*3/)9,5 48,' 13, /('G
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/?-4+:1, 9'/)1-G m13,' ?/-, -1/1(4)- 13/1 /', &/'1 4= 13, /*1(8, -,1 :-, 4)+P 13, ',+/1(8,

9'/)1 /)5 4)+P -,)5 ,(13,' N34+5O 4' N54>)O *4@@/)5- ;/- -34>) () Z(9:', TGHL<G

63, -*3,5:+()9 4&,'/1(4) 4= / *,++ 13/1 (- )41 &/'1 4= 13, M2CB! /*1(8, -,1 -34:+5 ?,

-,,) /- &/'1 4= 13, 48,'+4/5 *4)1'4+ @,*3/)(-@ =4' 13, -P-1,@G %- -,)5()9 ()5(8(5:/+

54>) *4@@/)5- *4:+5 ?, ',-4:'*,2*4)-:@()9I 13, -P-1,@ @/P *4)F9:', -,8,'/+

!"#$% &'()*(&+,- JI

DPCCH power level

E-DPDCH power level

Node B has granted a larger 

E-DPDCH/DPCCH power ratio 

and the UE starts using a larger 

portion of power for E-DCH

Closed loop power control adjusts 

the DPCCH power in every 

slot.E-DPDCH power relative to 

DPCCH remains unchanged

The maximum allowed 

E-DPDCH/DPCCH power 

ratio is under the Node B 

scheduler’s control

TX power

>;:?@, !"22 X45, Y -*3,5:+,' *4)1'4+- 13, @/[(@:@ /++4>,5 M2C$CB!2142C$BB! &4>,'

'/1(4G

TerminalNode B part of E-DCH active setRNC

Hold/Down

E-DCH data

E-DCH serving cell

Scheduling control

>;:?@, !"2A !"#$% -*3,5:+()9 () -4=1 3/)548,'G
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1,'@()/+- 14 +(-1,) =4' 13, -/@, -,V:,)*, ='4@ 13, )4)2-,'8()9 !"#$% *,++-G 63(- ,)/?+,-

/ -@/++,' -(9)/++()9 48,'3,/5 /)5 '/&(5 ',/*1(4) =4' 13, 48,'+4/5 *4)5(1(4)G 63, 1,'@()/+

@/P 4)+P ()*',/-, 13, 5/1/ '/1, >3,) 13,', (- /) :& *4@@/)5 ='4@ 13, -,'8()9 !"#$%

*,++ /)5 )4 54>) *4@@/)5- ='4@ /)P 4= 13, 413,' *,++- () 13, M2CB! /*1(8, -,1G

!"!"J 3*G/&,<* 27893 0,;<*+=-&>

63, -1/)5/'5 /++4>- -4@, /58/)*,5 @,*3/)(-@- =4' 13, ),1>4'7 14 *4)1'4+ 13, #MO-

M26ZB -,+,*1(4) &'4*,-- () *44&,'/1(4) >(13 :&+()7 !%0bG

Y413 13, '/5(4 ),1>4'7 *4)1'4++,' ;0XB< >(13 '/5(4 ',-4:'*, *4)1'4+ ;00B< -(9)/+2

+()9 /)5 13, X45, Y >(13 M2%JB! -(9)/++()9 */) 1:') 4l -&,*(F* !%0b &'4*,--,-G

63(- =,/1:', (- 4)+P /&&+(*/?+, =4' / H2@- 66g /- 13, ?/-(* ',/-4) ?,3()5 &'4*,-- *4)1'4+

(- 14 /++4> / ',5:*1(4) () 13, @()(@:@ 5/1/ '/1, 4= / H2@- 66g ='4@ 13, ',+/1(8,+P

3(93 @()(@:@ &,/7 '/1, /)5 14 3/8, ?,11,' 9'/):+/'(1P =4' 13, #MO- 1'/)-@(11,5 '/1,-G

% cU2@- 66g 54,- )41 -:l,' ='4@ 13(- &'4?+,@ /- 13, @()(@:@ 5/1/ '/1, /)5I 13:-I 13,

@()(@:@ 5/1/ '/1, -1,& (- ciT 13/1 4= / H2@- 66gG %1 +,/-1 4), '/5(4 +()7 *4)1'4+ ;0^B<

&/P+4/5 5/1/ :)(1 ;$C#< @:-1 ?, 1'/)-@(11,5 () / 66g /)5I 13:- f >(13 / 1P&(*/+ 0^B

$C# -(S, 4= LHU ?(1- f 13, @()(@:@ 0^B +/P,' 5/1/ '/1, (- cEU 7?&- >(13 / H2@- 66g /)5

LH 7?&- >(13 / cU2@- 66gG YP /++4>()9I -/PI 4)+P 4), !%0b &'4*,-- 14 1'/)-@(1 () /

H2@- 66g 13, )4@()/+ /8,'/9, 0^B +/P,' 5/1/ '/1, (- ',5:*,5 14 HU 7?&- ,8,) 134:93 13,

()-1/)1/),4:- 5/1/ '/1, ',@/()- 13, -/@,G

%) #M */) ?, /++4*/1,5 1>4 5(l,',)1 #M2(5- ;M20X6g-< 13/1 (1 ),,5- 14 +(-1,) 14 4)

13, M2%JB!G 63, #M /+>/P- =4++4>- 13, /?-4+:1, 9'/)1- 1'/)-@(11,5 :-()9 13,

&'(@/'P #M2(5 /)5 */) ?, *4@@/)5,5 14 =4++4> 13, /?-4+:1, 9'/)1- 1'/)-@(11,5

:-()9 13, -,*4)5/'P #M2(5 /- >,++G 63, @41(8/1(4) ?,3()5 13(- @,*3/)(-@ (- 14 :-,

13, &'(@/'P #M2(5 /- / *4@@4) #M2(5 =4' @:+1(&+, #M- /)5 -*3,5:+, / 9'4:& 4= #M-

>(13 / 5/1/ '/1, 13,P */) -1/'1 :-()9 >3,),8,' 5/1/ /''(8, /1 13, #M ?:l,' f 13/1 (-I 13,

*4@@4) #M2(5 *4:+5 ?, :-,5 14 *4)1'4+ 13, 5/1/ '/1, :-,5 =4' ()(1(/+ /**,-- >3,) 13, #M

@48,- ='4@ )4 1'/)-@(--(4) 14 1'/)-@(--(4) /)5 13, 5,5(*/1,5 #M2(5 */) ?, :-,5 14

*4)1'4+ 13, /*1(8, #M-G

!"!"S T)&@0,;<*+=<* '(/&0L-00-)&0

g) /55(1(4) 14 -*3,5:+,5 5/1/I !"#$% /+-4 -:&&4'1- -4@,13()9 */++,5 N)4)2-*3,5:+,5

1'/)-@(--(4)OG 63(- /++4>- 13, 0XB 14 *4)F9:', / -&,*(F* D%B25 _4> ;/ -&,*(F*

-,'8(*,< 14 3/8, / 9:/'/)1,,5 &3P-(*/+ +/P,' 5/1/ '/1, ,l,*1(8,+P 5(-/?+()9 X45, Y

-*3,5:+,' *4)1'4+ 4= 13(- &/'1(*:+/' -,'8(*,G % )4)2-*3,5:+,5 !"#$% D%B25 _4> (-

?,-1 *3/'/*1,'(S,5 /- / 0,+,/-, WW CB! >(13 / &3P-(*/+ +/P,' !%0bG

g= / H2@- 66g (- :-,5I 13, )4)2-*3,5:+,5 D%B25 _4> */) ?, ',-1'(*1,5 14 -&,*(F*

!%0b &'4*,--,- 4)+PG g) 13(- >/P 13, @()(@:@ 5/1/ '/1, /++4*/1(4) =4' -:*3 / D%B25

_4> */) ?, ',5:*,5 ='4@ 13, ',+/1(8,+P 3(93 @()(@:@ 5/1/ '/1, /&&+(*/?+, >(13 / H2@-

66gG

JJ !"C$%i!"#$% =4' #D6"
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!"= M?C G.@.N,5,@*

"(@(+/' 14 !"C$% 4&,'/1(4)I !"#$% /+-4 ),,5- / +/'9, ):@?,' 4= &/'/@,1,'- 14 ?,

/+(9),5 ?,1>,,) 13, 1,'@()/+ /)5 13, X45, YG 63,-, /', &'48(5,5 ;/- -34>) () Z(9:',

TGHa< 14 13, X45, Y ='4@ 13, 0XBI ?/-,5 4) 8,)54'2-&,*(F* /+94'(13@- () 13, 0XB /)5

4) 13, 1,'@()/+O- */&/?(+(1PG 63,-, &/'/@,1,'- */) ?, ?'47,) 54>) ()14 13, =4++4>()9

*/1,94'(,-h

. $/'/@,1,'- =4' X45, Y ',-4:'*, /++4*/1(4)I 14 ()5(*/1,I -/PI >3(*3 *45,- /', /8/(+/?+,

=4' 13, M2!gB!iM2%JB!iM20JB!G

. "*3,5:+,' &/'/@,1,'-I 14 *4)1'4+ -*3,5:+,' ?,3/8(4:'I -:*3 /- -*3,5:+()9 &'(4'(1P

()5(*/14'I @/[(@:@ 5/1/ '/1,I @/[(@:@ 06A$ 8/+:,I 4' 9:/'/)1,,5 ?(1 '/1,G

. 6,'@()/+2-&,*(F* &/'/@,1,'-I -:*3 /- 13, 1,'@()/+O- */&/?(+(1PI @/[(@:@ ?(1 '/1,I

&:)*1:'()9 +(@(1I >3(*3 *45, >4'5 4) 13, !gB!iM2%JB!iM20JB! 1,'@()/+ (-

+(-1,)()9 14I 4' 13, 66g 14 ?, :-,5G % cU2@- 66g *4:+5 ?, :-,5 =4' /++ 1,'@()/+-I

?:1 >(13 / H2@- 66g 13,', >(++ ?, / ),,5 14 *3,*7 13, 1,'@()/+O- */&/?(+(1P /)5 ',1:')

13, ',*4)F9:'/1(4) 14 / cU2@- 66g >3,) *+4-,' 14 13, *,++ ,59,G

0,-&,*1(8,+PI 1,'@()/+2-&,*(F* &/'/@,1,'- /', 13,) *4@@:)(*/1,5 ?P 13, 00B -(9)/+2

+()9 13, 1,'@()/+ 14 3/8, 13,@ /+(9),5 ?,1>,,) 13, 1,'@()/+ /)5 13, X45, Y dWI cUeG Z'4@

13, *4', ),1>4'7 &4()1 4= 8(,>I )413()9 ,+-, 3/- *3/)9,5 ='4@ 0,+,/-, WWI ,[*,&1 13/1

3(93,' 5/1/ '/1,- /', /+-4 ,)/?+,5 () 13, :&+()7 5(',*1(4) *4@&/',5 >(13 13, 13,4',1(*/+ H2

D?&- 4' 13, &'/*1(*/+ L`a27?&- :&+()7 ?,()9 :-,5 ?P !"C$% 1,'@()/+-G

63,', /', / =,> &/'/@,1,'- >3(*3 /', -,)1 ='4@ 13, X45, Y 14>/'5- 13, 0XB 13/1

',+/1, 14 X45, Y !"#$% */&/?(+(1PG 63, X45, Y */) ',-&4)5 14 /) /:5(1 @,--/9,I

-/PI ='4@ 13, 0XB /?4:1 !"#$% ',-4:'*, /8/(+/?(+(1P -1/1:-G 63(- (- :-,=:+ (= X45, Y

',-4:'*,- 5,&,)5 4) 13, 413,' =,/1:',- ?,()9 :-,5 4' 14 -,, >3,) 13, X45, Y @(931 ?,

48,'+4/5,5 ='4@ 13, !"#$% ',-4:'*, &4()1 4= 8(,>G

Z4' 13, CB! */-,I 13,', /', -4@, 7,P 5(l,',)*,- >(13 g:? ()1,'=/*, :-/9,G Z('-1 4= /++I

4)+P 13, -42*/++,5 N-(+,)1 @45,O (- :-,5 f 13/1 (-I 13, X45, Y >(++ -,)5 / ',*,(8,5 5/1/

&/*7,1 14 13, 0XB 4)+P /=1,' -:**,--=:++P 5,*45()9 13, &/*7,1G M@&1P ='/@,- ()5(*/1()9

=/(+,5 5,*45()9 4' / S,'4 5/1/ '/1, >(++ )41 ?, 1'/)-@(11,5 /- (- 54), >(13 13, CB!I >(13

13, ,[*,&1(4) 4= 13, -,'8()9 M2CB! *,++ >3,) 13, @/[(@:@ ):@?,' 4= !%0b ',1'/)-2

@(--(4)- (- ,[*,,5,5G 63, M2CB! -,'8()9 *,++ >(++ ()5(*/1, / =/(+,5 !%0b &'4*,-- >3,)

!"#$% &'()*(&+,- J/

Iub Iu-ps

PS
core

QoS
parameters

UE capability,
scheduling 
priority, resources, 
data rates …

RNCTerminal Node B

Control

Data

>;:?@, !"2D !"#$% &/'/@,1,'- 48,' 13, g:? ()1,'=/*,G
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13, @/[(@:@ ):@?,' 4= ',1'/)-@(--(4)- (- ',/*3,5 >(134:1 -:**,-- /)5I 13:-I 13, #M

>(++ &'49',-- 14 / ),> &/*7,1G g= 13, @/[(@:@ ):@?,' 4= !%0b ',1'/)-@(--(4)- (- )41

,[*,,5,5I 13,) 13, -,'8()9 X45, Y /--:@,- 13/1 -4@, 413,' Y6" 3/- &(*7,5 :& 13,

&/*7,1G

g) 4'5,' 14 /++4> @()(@:@ ,)52142,)5 5,+/P /- >,++I 13, *4)*,&1 ?,3()5 13, 66g >/-

-+(931+P *3/)9,5 () 13, g:?G A(13 / H2@- 66g (1 (- &4--(?+, ,(13,' 14 -,)5 5/1/ ,8,'P H @- 4'

14 :-, / cU2@- 66g /)5 ?:)5+, -,8,'/+ H2@- 66g- 149,13,'G M/*3 D%B25 _4> 3/- /

-,&/'/1, 1'/)-&4'1 *4)),*1(4) 4) 13, g:? ()1,'=/*,G g) */-, 4= g:? 48,'+4/5I 13,', /',

144+- 13, 0XB */) :-, 14 *4)1'4+ X45, Y @/[(@:@ 5/1/ '/1,-G

!"I L9C;-;54

!"H"$ 7)6' ;/&*)G<(

!"#$% */) ?, 4&,'/1,5 () -4=1 3/)548,' ;/- >/- 5(-*:--,5 &',8(4:-+P<G Z4' !"#$%

13,', */) 34>,8,' ?, 5(l,',)1 /*1(8, -,1- () :-, f /- (- 13, */-, =4' 13, 0,+,/-, WW CB!G

g) 0,+,/-, WW 13, 7,P @41(8/1(4) >/- 14 ,)-:', 13/1 :&+()7 &4>,' *4)1'4+ >/- 3/)5+,5

() -:*3 / >/P 13/1 13, ),/'f=/' &'4?+,@ *4:+5 )41 4**:'I 13:- 13, /*1(8, -,1 -(S, >/-

5,F),5 14 ?, :& 14 EG A(13 !"#$% 13,', (- )4 -(@(+/' @41(8/1(4) =4' :&+()7 5/1/I 13:-

-*3,5:+()9 /)5 !%0b =:)*1(4)/+(1(,- 54 )41 ),,5 14 4&,'/1, >(13 /- @/)P ?/-, -1/1(4)- f

/- (- 13, */-, =4' 13, 0,+,/-, WW CB!G LJ$$ -&,*(F*/1(4)- ',V:(', 13, 1,'@()/+ 14 3/)5+,

=,>,' *,++- f / @/[(@:@ 4= =4:' f =4' !"#$% 4&,'/1(4)G %) ,[/@&+, 4= / @([,5

5,&+4P@,)1 (- -34>) () Z(9:', TGHTG

63, &4--(?(+(1P 4= 5(l,',)1 /*1(8, -,1- @/P 1P&(*/++P /'(-, () 13, =4++4>()9 */-,-G g= 13,

/*1(8, -,1 *4)1/()- ?/-, -1/1(4)- 13/1 54 )41 3/8, !"#$% */&/?(+(1PI 13,) /1 +,/-1 13,

C$BB! (- ',*,(8,5 ?P /++ 13, ?/-, -1/1(4)- () 13, CB! /*1(8, -,1 /)5 4)+P !"#$%2

*/&/?+, ?/-, -1/1(4)- ':) 13, -*3,5:+()9 /)5 !%0b 4&,'/1(4) ;:-()9 -,&/'/1, ':+,-I /-

*48,',5 ,/'+(,'<I 3/)5+()9 13, -*3,5:+()9 *4@@/)5- /)5 !%0b =,,5?/*7 ='4@ @:+1(&+,

*,++-G %+-4I (= 13, /*1(8, -,1 f /- / ',-:+1 4= ),1>4'7 *4)5(1(4)- f ),,5- 14 ?, +/'9,' 13/) a

=4' &4>,' *4)1'4+ &:'&4-,-I 13,) 13, /55(1(4)/+ *,++- /*1 +(7, 0,+,/-, WW *,++- /)5 54 )41

/K !"C$%i!"#$% =4' #D6"

Terminal

Node B part of E-DCH active set

E-DCH control

E-DCH/DCH

E-DCH/HSDPA serving cell

Node B part of DCH active set

DCH

>;:?@, !"2! CB! /)5 M2CB! /*1(8, -,1-G
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1/7, &/'1 () !%0b /)5 -*3,5:+()9 4&,'/1(4)G 63(- /++4>- 13, 141/+ ):@?,' 4= /55(1(4)/+

-(9)/++()9 *3/)),+- 13, 1,'@()/+ 3/- 14 +(-1,) 14 () -4=1 3/)548,' 14 ?, +(@(1,5G m?8(4:-+PI

/++ 13, *,++- () 13, M2CB! /*1(8, -,1 @:-1 ?, () 13, CB! /*1(8, -,1 /- >,++I ?:1 13, CB!

/*1(8, -,1 @/P /+-4 *4)1/() *,++- 13/1 54 )41 ?,+4)9 14 13, M2CB! /*1(8, -,1 (= 13(- (- -,,)

:-,=:+ ?P 13, ),1>4'7G

63, *3/)9, () -,'8()9 M2CB! *,++ */) ?, ?/-,5 4) 13, -/@, *'(1,'(/ /- 13, *3/)9, ()

-,'8()9 !"C$% *,++G Z4' 13(- 13, @,/-:',@,)1 ,8,)1 f cC f 3/- /+',/5P ?,,) @45(F,5 ()

0,+,/-, T 14 /++4> ',&4'1()9 >3,) 13, ?,-1 -,'8()9 *,++ *3/)9,-G 63,', (- )4 4?8(4:-

',/-4) >3P 13, -,'8()9 M2CB! *,++ >4:+5 )41 ?, 13, -/@, /- 13, -,'8()9 !"C$% *,++I

/)5 13(- (- /+-4 ',V:(',5 14 ?, 13, */-, () 13, -&,*(F*/1(4)-G 63, ),1>4'7 @/P *4)F9:',

13, #M :&+()7i54>)+()7 4&,'/1(4) -4 13/1 !"C$% >4:+5 )41 ?, :-,5 () 13, 54>)+()7

,8,) (= !"#$% (- ?,()9 :-,5 () 13, :&+()7G Z'4@ 13, 1,'@()/+ */&/?(+(1P &4()1 4= 8(,> /++

!"#$%2*/&/?+, 5,8(*,- /', ',V:(',5 14 -:&&4'1 !"C$% /- >,++ d`eG % ),> @,/-:',@,)1

,8,)1 c\ */) ?, :-,5 =4' /*1(8, -,1 @/)/9,@,)1G

!"H"# B)LC(<00<* L)*<

B4@&',--,5 @45, 3/)5+()9 :-()9 !"#$% 5,&,)5- 4) 13, 66g +,)913G A(13 / H2@- 66g

13, -4+:1(4) (- -(@&+,I /- 13, :&+()7 M2C$CB! (- )41 1'/)-@(11,5 /1 /++ (= *4@&',--,5

@45, 48,'+/&- &/'1+P 4' =:++P >(13 13, 66gI 13, -4+:1(4) ?,()9 13, -/@, /- >(13 !"C$%G

":?2*3/)),+ 1(@()9 (- @/()1/(),5 /)5 13, ',1'/)-@(--(4) (- 13,) &4-1&4),5 14 13, ),[1

/8/(+/?+, 66g 4= 13, -/@, !%0b -:?2*3/)),+I &',8,)1()9 /)P -+(5()9 4= !%0b &'4*,--

1(@()9G A(13 / cU2@- 66g 13, -4+:1(4) 3/- 14 ?, 5(l,',)1I /- 413,'>(-, / =',V:,)1

*4@&',--,5 @45, &/11,' *4:+5 3/8, -:-&,)5,5 13, 5/1/ _4> 144 *'(1(*/++PI ,8,) =:++P

4) -4@, !%0b &'4*,--,-G g) 13, cU2@- 66g */-,I 1,'@()/+ ?,3/8(4:' 5,&,)5- 4) -:*3

*/-,- /- =4++4>-h

. g= 13, ()(1(/+ 1'/)-@(--(4) ,[&,'(,)*,- / *4@&',--,5 @45, 1'/)-@(1 9/& ;6q J%$<I 13,

',1'/)-@(--(4) >(++ 1'/)-@(1 13, -/@, ):@?,' 4= -+41- () 13, 66g /- -34>) () */-, % ()

Z(9:', TGHEG m)+P 13, -/@, ):@?,' 4= -+41- /- 13, ()(1(/+ 1'/)-@(--(4) >(++ ?, :1(+(S,5

/)5 13, 1,'@()/+ >(++ :-, 5(-*4)1():4:- 1'/)-@(--(4) ;C6q< =4' 13, M2C$CB! =4' 13,

,[1'/ -+41- ;5:'()9 >3(*3 *4)1'4+ *3/)),+- /', -1(++ 1'/)-@(11,5<G

!"#$% &'()*(&+,- /#

Slot 20 1 Slot 22 3 Slot 24 5 6 11 Slot 2121314

10 ms first transmission

30 ms 

First retransmission

Slot 20 1 Slot 22 3 Slot 24 5 76 7 Slot 28 9 Slot 21011 Slot 2121314

Slot 20 1 Slot 22 3 Slot 24 5 76 7 8 9 DTX

Case B) Only retransmission is compressed

Slot 20 1 Slot 22 3 Slot 24 5 76 7 8 131430 ms 

10 ms first transmission
First retransmission

TX GAP

TX GAP

A

B

>;:?@, !"2= !"#$% 4&,'/1(4) >(13 *4@&',--,5 @45,h () */-, % 4)+P 13, F'-1 6q (-

*4@&',--,5Q () */-, Y K:-1 13, ',1'/)-@(--(4) (- *4@&',--,5G
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. g= / 6q J%$ 4**:'- =4' 13, ',1'/)-@(--(4)I 13,) f /- -34>) () */-, Y () Z(9:', TGHE f

4)+P /- @/)P -+41- /- /8/(+/?+, >(++ ?, :-,5G 63, '/1, @/1*3()9 =:)*1(4)/+(1P >(++

/--:@, =4' -&',/5()9 =/*14' -,+,*1(4) /)5 '/1, @/1*3()9 13, -/@, ):@?,' 4= -+41- /-

() 13, ()(1(/+ 1'/)-@(--(4)I ?:1 >(++ 4)+P 1'/)-@(1 /- @/)P -+41- /- /*1:/++P /8/(+/?+, ()

13, ='/@, dLeG

63, 4&,'/1(4) (- -(@&+(F,5 >(13 13, 5,F)(1(4) 13/1 13, ',1'/)-@(--(4) >(++ /+>/P- /--:@,

13, -/@, ):@?,' 4= -+41- =4' '/1, @/1*3()9 /)5 -&',/5()9 =/*14' -,+,*1(4)G Z'4@ /

&'/*1(*/+ 4&,'/1(4) &4()1 4= 8(,>I -,)5()9 -+41- >(13 ',/-4)/?+, ,),'9P &,' ?(1 (- /+-4

&',=,'/?+, 14 -,)5()9 /1 8,'P 3(93 5/1/ '/1,- ;>3(*3 >4:+5 ?, -:?K,*1 14 1,'@()/+

*/&/?(+(1(,- /- >,++< =4' K:-1 / =,> -+41-G A(13 54>)+()7 !"#$% -(9)/++()9 *3/)),+-

;M20JB!iM2%JB!iM2!gB!<I 5,-&(1, 13, 1,'@()/+ 1'P()9 14 9'/? @4-1 4= 13, ,),'9P (1

(- /++4>,5 14 (9)4', 134-, -+41- 13/1 48,'+/& >(13 / 54>)+()7 6q J%$G

"(@(+/'+P 14 !"C$%I 13, :-, 4= *4@&',--,5 @45, 4) M2C$CB! */) ?, /84(5,5G

63,', (- / &4--(?(+(1P 14 ',*4)F9:', 14 13, CB! >3,) &,'=4'@()9 ()1,'2-P-1,@ 4' ()1,'2

=',V:,)*P @,/-:',@,)1-G Z'4@ 13, ),1>4'7 &4()1 4= 8(,>I *4)F9:'()9 ='4@ / cU2@- 14 /

H2@- 66g f 14 /84(5 5,/+()9 >(13 *4@&',--,5 @45, f (- )41 1P&(*/++P / -,)-(?+, 13()9 14 54

/- ()1,'2-P-1,@ /)5 ()1,'2=',V:,)*P @,/-:',@,)1- /', 4=1,) ),,5,5 /1 13, &4()1 >3,) 13,

1,'@()/+ (- *+4-,' 14 13, *48,'/9, +(@(1 /)5I 13:-I (- 3/8()9 (1- 1'/)-@(--(4) &4>,' +(@(1,5G

%- 5(-*:--,5 () ",*1(4) TGLG`I 13, +()7 ?:59,1 >(13 -(9)/++()9 :-()9 / H2@- 66g (- >4'-,

/)5I 13:-I 54,- )41 -:99,-1 :-()9 H @- =4' 1P&(*/+ */-,- 4= *4@&',--,5 @45,G

!"J &E 6.G.C;-;5;,* .8H H.5. @.5,*

63, -/@, /&&'4/*3 >/- *34-,) =4' !"#$% 1,'@()/+ */&/?(+(1(,- /- >(13 !"C$%G 63,

1,'@()/+ ()=4'@- 13, ),1>4'7 4= 4), ='4@ -([ &4--(?+, 1,'@()/+ */1,94'(,- ()-1,/5 4=

-(9)/++()9 ()5(8(5:/+ */&/?(+(1(,-G 63, 7,P 5(l,',)*,- ?,1>,,) 5(l,',)1 */1,94'(,- /',

',+/1,5 14 13, 1,'@()/+O- @:+1(*45, */&/?(+(1P /)5 14 13, -:&&4'1 4= / H2@- 66gG %++

1,'@()/+ */1,94'(,- -:&&4'1 13, cU2@- 66gG 63, */1,94'(,- /', -34>) () 6/?+, TG`G

/2 !"C$%i!"#$% =4' #D6"

B.C-, !"J !"#$% 1,'@()/+ */1,94'(,-G

Category Maximum number Supported TTIs Maximum data rate Maximum data rate

of E-DPDCHs and with a 10-ms TTI c with a 2-ms TTI H

smallest spreading

factor

c c "Za cU @- UGnH D?&- Xi%

H H "Za H /)5 cU @- cGaT D?&- cGaT D?&-

L H "Za cU @- cGaT D?&- Xi%

a H "ZH H /)5 cU @- H D?&- HGWc D?&-

T H "ZH cU @- H D?&- Xi%

E H "ZH þ H "Za H /)5 cU @- H D?&- TGnE D?&-

c $3P-(*/+ +/P,' 5/1/ '/1,-G
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%- -34>) () 6/?+, TGWI /++ */1,94'(,- ,[*,&1 */1,94'P c */) */''P 4:1 @:+1(*45,

1'/)-@(--(4)G A(13 */1,94'P E 13, )41/1(4) () 6/?+, TG` @,/)- 13/1 1>4 M2C$CB!-

/', 1'/)-@(11,5 >(13 / -&',/5()9 =/*14' 4= a /)5 1>4 >(13 / -&',/5()9 =/*14' 4= HG

%55(1(4)/++PI dne 5,F),- 13, @()(@:@ 141/+ 1,'@()/+ 0^BiD%B ?:l,' -(S, =4' *4@?(),5

!"C$% /)5 !"#$% 4&,'/1(4)G 63, 8/+:,- '/)9, ='4@ TU 7?P1,- ;!"$C% */1,94'P cH

/)5 !"#$% */1,94'P c< 14 aUU 7?P1,- ;!"C$% */1,94'P cU /)5 !"#$% */1,94'P E<G

63, @/[(@:@ :&+()7 CB! */&/?(+(1P >3,) *4)F9:',5 -(@:+1/),4:-+P >(13 !"#$%

(- Ea 7?&- =4' /++ 13, #M */1,94'(,-G

63,', (- / -(@(+/' (@&/*1 4) ?(1 '/1,- /?48, 13, &3P-(*/+ +/P,' 5:, 14 13, 48,'3,/5 4)

13, D%B /)5 0^B +/P,'-I /- (- 13, */-, >(13 !"C$%G 63:-I 5/1/ '/1,- /?48, 13, 0^B

+/P,' /', ',5:*,5 *4@&/',5 >(13 @/[(@:@ &3P-(*/+ +/P,' 5/1/ '/1,-G 63, ',-:+1()9 0^B

+/P,'- =4' 5(l,',)1 */1,94'(,- /', -34>) () 6/?+, TGWG g) / =,> */-,-I / H2@- 66g -:l,'- /

?(1 @4', /- ()5(8(5:/+ 66g 3/- -@/++,' &/P+4/5 /)5 ',+/1(8, 48,'3,/5 (- -+(931+P 3(93,'G

!"/ +,O,@,86,* .8H -;*5 9O @,-.5,H AP'' *G,6;Q6.5;98*

dce !G !4+@/ /)5 %G 64-7/+/ ;,5-< ;HUUa<I WCDMA for UMTS ;L'5 ,5)<I \43) A(+,P ]

"4)-G

dHe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI $3P-(*/+ *3/)),+- /)5 @/&&()9 4= 1'/)-&4'1

*3/)),+- 4)14 &3P-(*/+ *3/)),+- ;ZCC<I LJ$$ 6" HTGHcc 8,'-(4) EGnGUI 0,+,/-, EI /8/(+/?+,

/1 www.3gpp.org

dLe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI D:+1(&+,[()9 /)5 *3/)),+ *45()9 ;ZCC<I

LJ$$ 6" HTGHcH 8,'-(4) EGnGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dae LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI "&',/5()9 /)5 @45:+/1(4) ;ZCC<I LJ$$ 6"

HTGHcL 8,'-(4) EGaGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dTe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI $3P-(*/+ +/P,' &'4*,5:',- ;ZCC<I LJ$$ 6"

HTGHca 8,'-(4) EGnGcI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dEe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI $3P-(*/+ +/P,' f @,/-:',@,)1- ;ZCC<I LJ$$

6" HTGHcT 8,'-(4) EGaGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dne LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI #M '/5(4 /**,-- */&/?(+(1(,- 5,F)(1(4)I LJ$$

6" HTGLUE 8,'-(4) EGnGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

d`e LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI ZCC ,)3/)*,5 :&+()7Q m8,'/++ 5,-*'(&1(4)Q

"1/9, HI LJ$$ 6" HTGLUW 8,'-(4) EGaGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

!"#$% &'()*(&+,- /A

B.C-, !"/ 0^B +/P,' 5/1/ '/1,- >(13 LHU2?(1 $C# -(S,G

Category Maximum data rate with a 10-ms TTI c Maximum data rate with a 2-ms TTI c

c UGEnH D?&- Xi%

H cGLnE D?&- cGH`U D?&-

L cGLnE D?&- Xi%

a cG``` D?&- HGnHU D?&-

T cG``` D?&- Xi%

E cG``` D?&- TGaaU D?&-

c C/1/ '/1,- 4l,',5 ?P 13, 0^B +/P,' /--:@()9 LHU2?(1 $C# -(S, /)5 1P&(*/+ D%B 3,/5,'G
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dWe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI D,5(:@ %**,-- B4)1'4+ ;D%B< &'414*4+

-&,*(F*/1(4)I LJ$$ 6" HTGLHc 8,'-(4) EGnGUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dcUe LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI 0/5(4 0,-4:'*, B4)1'4+ ;00B< &'414*4+

-&,*(F*/1(4)I LJ$$ 6" HTGLLc 8,'-(4) EG`GUI 0,+,/-, EI /8/(+/?+, /1 www.3gpp.org

dcce LJ$$I 6,*3)(*/+ "&,*(F*/1(4) J'4:& 0%XI g:?I LJ$$ 6" HTGaLL 8,'-(4) EG`GUI 0,+,/-, EI

/8/(+/?+, /1 www.3gpp.org

/D !"C$%i!"#$% =4' #D6"
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6

!"#$% &'(%)&*' +","-'+',.

/"&&$ /%0+"1 2&%'0( 3%0#$,-1 30")( 4'#'&(',1 ",# 5'&%', 6$-"&#

27' &"#$% &'(%)&*' +","-'+',. 8!!9: "0-%&$.7+( "&' &'(;%,($<0' =%& +";;$,-

;7>($*"0 0">'& ',7",*'+',.( $,.&%#)*'# <> <%.7 7$-7?(;''# #%@,0$,A ;"*A'. "**'((

8/BC4D: ",# 7$-7?(;''# );0$,A ;"*A'. "**'(( 8/BE4D: .% " *";"*$.> -"$, @7$0'

;&%F$#$,- "..&"*.$F' ',# )('& ;'&=%&+",*' ",# (>(.'+ (."<$0$.>G 27$( *7";.'& ;&'(',.(

.7' !!9 "0-%&$.7+( =%& /BC4D $, B'*.$%, HGI ",# =%& /BE4D $, B'*.$%, HGJG K%.7

&"#$% ,'.@%&A *%,.&%00'& 8!LM: <"('# "0-%&$.7+( ",# L%#' K <"('# "0-%&$.7+( "&'

#'(*&$<'#G 27' &'()0.$,- ;'&=%&+",*' %= .7' "0-%&$.7+( $( ;&'(',.'# $, M7";.'&( N ",# OG

6.1 HSDPA radio resource management

P$-)&' HGI (7%@( " (*7'+".$* %F'&F$'@ %= .7' +%(. '((',.$"0 /BC4D !!9 "0-%&$.7+(

". .7' !LM ",# .7' L%#' KG D. .7' !LM1 .7' ,'@ /BC4D "0-%&$.7+( $,*0)#' /BC4D

&'(%)&*' "00%*".$%,1 "#+$(($%, *%,.&%01 ",# +%<$0$.> +","-'+',.G Q, .7$( *%,.'R.1

/BC4D &'(%)&*' "00%*".$%, &'='&( .% .7' =),*.$%,"0$.> .7". "00%*".'( ;%@'& ",# *7",,'0?

$S".$%, *%#'( .% .7' L%#'?K =%& /BC4D .&",(+$(($%, $, '"*7 *'00G /BC4D "#+$(($%,

*%,.&%0 $( #$T'&',. =&%+ .7' !'0'"(' UU #'#$*".'# *7",,'0 8CM/: "#+$(($%, *%,.&%0

"0-%&$.7+(1 ($,*' /BC4D &'0$'( %, " (7"&'# *7",,'0 *%,*';.G 9%<$0$.> +","-'+',. =%&

/BC4D $( "0(% " ,'@ =),*.$%,"0$.>1 ($,*' #"." "&' %,0> .&",(+$..'# =&%+ %,' *'00 .% .7'

)('& 'V)$;+',. 8EW: ". " .$+'1 ",# 'T'*.$F' L%#' K <)T'& +","-'+',. $( ,''#'# #)&$,-

7",#%F'&( #)' .% .7' #$(.&$<).'# "&*7$.'*.)&'G 27' ,'@ /BC4D !!9 "0-%&$.7+( ". .7'

!LM "&' =)&.7'& #'(*&$<'# $, B'*.$%, HGIGIG D. .7' L%#' K1 " ,'@ 7$-7?(;''# #%@,0$,A

(7"&'# *7",,'0 8/B?CBM/: 0$,A "#";.".$%, =),*.$%,"0$.> $( ,''#'# .% "#X)(. .7'

/B?CBM/ <$. &".' 'F'&> .&",(+$(($%, .$+' $,.'&F"0 822Q:1 #';',#$,- %, .7' )('&Y(

&'*';.$%, V)"0$.>G /$-7?(;''# (7"&'# *%,.&%0 *7",,'0 8/B?BMM/: ;%@'& *%,.&%0 $(

,''#'# .% +$,$+$S' .7' ;%@'& %F'&7'"# @7$0' -)"&",.''$,- &'0$"<0' &'*';.$%,G P$,"00>1

.7' 7$-7?(;''# +'#$)+ "**'(( *%,.&%0 89DM?7(: ;"*A'. (*7'#)0'& $, .7' L%#' K

*%,.&%0( 7%@ %=.', "#+$..'# /BC4D )('&( "&' ('&F'# %, .7' /B?CBM/G D @'00?

#'($-,'# 9DM?7( ;"*A'. (*7'#)0'& $( "<0' .% +"R$+$S' *'00 *";"*$.> @7$0' ',()&$,-
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", "..&"*.$F' ',# )('& 'R;'&$',*'G 27' ,'@ /BC4D !!9 "0-%&$.7+( ". .7' L%#' K "&'

#$(*)(('# $, B'*.$%, HGIGJG L%.' .7". .7' 27$&# ]','&".$%, 4"&.,'&(7$; 4&%X'*. 8^]44:

%,0> #'_,'( .7' $,.'&="*'( ",# +$,$+)+ EW ;'&=%&+",*' &'V)$&'+',.(G /',*'1 ,'.@%&A

'V)$;+',. +",)="*.)&'&( *", $,#$F$#)"00> #'($-, .7'$& L%#' K ",# !LM !!9 "0-%?

&$.7+( "**%&#$,- .% +"&A'. #'+",#(G

6.1.1 RNC algorithms

6.1.1.1 Resource allocation

K'=%&' .7' L%#' K *", (."&. .&",(+$..$,- #"." %, .7' /B?CBM/1 .7' *%,.&%00$,- !LM

,''#( .% "00%*".' *7",,'0$S".$%, *%#'( ",# ;%@'& =%& .7' .&",(+$(($%, %= /BC4DG D( "

+$,$+)+1 %,' /B?BMM/ *%#' @$.7 " (;&'"#$,- ="*.%& 8BP: %= IJO ",# %,' /B?4CBM/

*%#' @$.7 BPIH (7%)0# <' "00%*".'# .% .7' L%#' KG 27' !LM ",# L%#' K ($-,"0 .% %,'

",%.7'& )($,- .7' L%#' K D;;0$*".$%, 4"&. 8LKD4: ;&%.%*%0 (;'*$_'# <> ^]44 $, `IaG

27' &'(%)&*'( "&' "00%*".'# <> (',#$,- ", bLKD4c 47>($*"0 (7"&'# *7",,'0 &'*%,_-)&"?

.$%, &'V)'(.Y +'(("-' =&%+ .7' *%,.&%00$,- !LM .% .7' L%#' K 8"( (7%@, $, P$-)&' HGJ:G

/',*'1 .7' "00%*".$%, %= *7",,'0$S".$%, *%#'( =%& /BC4D .&",(+$(($%, %,0> &'V)$&'(

($-,"00$,- <'.@'', .7' !LM ",# .7' L%#' KG Q, -','&"01 $. $( "#F",."-'%)( .% "00%*".' "(

+",> 7$-7?(;''# ;7>($*"0 #%@,0$,A (7"&'# *7",,'0 8/B?4CBM/: *%#'( .% .7' L%#' K

"( ;%(($<0'1 ($,*' .7' (;'*.&"0 'd*$',*> %= .7' /B?CBM/ $( .7'&'<> $+;&%F'#G e, .7'

%.7'& 7",#1 *7",,'0$S".$%, *%#'( &'('&F'# =%& /B?4CBM/ .&",(+$(($%, *",,%. <'

($+)0.",'%)(0> )('# =%& .&",(+$(($%, %= !'0'"(' UU *7",,'0(1 (% "00%*".$%, %= +",>

/B?4CBM/ *%#'( +$-7. 'F',.)"00> &'()0. $, *"00 <0%*A$,- %= !'0'"(' UU )('&(G P%&?

.),".'0>1 $= *7",,'0$S".$%, *%#' *%,-'(.$%, $( #'.'*.'#1 .7' *%,.&%00$,- !LM *", V)$*A0>

96 /BC4Df/BE4D =%& E92B

Resource 
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control
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management

RNC Node-B

HS-DSCH link 

adaptation

Packet 

scheduling

HS-SCCH 

power control

Iub

Figure 6.1 eF'&F$'@ %= .7' +%(. &'0'F",. /BC4D !!9 "0-%&$.7+(G
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&'0'"(' (%+' %= .7' "00%*".'# /B?4CBM/ *%#'( .% ;&'F',. <0%*A$,- %= !'0'"(' UU F%$*'

%& F$#'% *%,,'*.$%,(G

/B?CBM/ .&",(+$(($%, .% +)0.$;0' )('&( $, ;"&"00'0 #)&$,- " ($,-0' 22Q &'V)$&'(

+)0.$;0' /B?BMM/ *%#'( ",# +)0.$;0' /B?4CBM/ *%#'(G M%#' +)0.$;0'R$,- $( .>;$*"00>

=%),# )('=)0 =%& (*',"&$%( @7'&' " L%#' K 7"( +%&' /B?4CBM/ *%#'( "00%*".'# .7",

@7". $( ();;%&.'# <> /BC4D +%<$0'(g .7' L%#' K +"> ();;%&. IZhIi /B?4CBM/

*%#'( @7$0' .7' /BC4D .'&+$,"0 ();;%&.( %,0> i /B?4CBM/ *%#'(G 27' "0-%&$.7+ =%&

"00%*".$%, %= /B?BMM/ *%#'( .% .7' L%#' K *", .7'&'=%&' <' #'&$F'# "( " =),*.$%, %=

"00%*".'# /B?4CBM/ *%#'( ",# /BC4D EW *".'-%&$'( $, .7' *'00G 27' ;'&=%&+",*'

&'()0.( "&' ;&'(',.'# $, M7";.'& N "( " =),*.$%, %= .7' ,)+<'& %= *7",,'0$S".$%, *%#'(

&'('&F'# =%& /BC4DG

Q, +%(. *"('(1 .7' +%(. (*"&*' #%@,0$,A .&",(+$(($%, &'(%)&*' $( ;%@'&G P$-)&' HG^

(7%@( .7' #%@,0$,A ;%@'& <)#-'. =%& " *'00 @$.7 .&",(+$(($%, %, <%.7 /BC4D ",#

!'0'"(' UU *7",,'0(G 27' ;%@'& <)#-'. *%,($(.( %= .7' ;%@'& ,''#'# =%& *%++%,

*7",,'0( ()*7 "( .7' 4?M4QM/1 ;%@'& =%& !'0'"(' UU CM/ .&",(+$(($%,(1 ",# ;%@'&

=%& /BC4D .&",(+$(($%,G D( #$(*)(('# $, `Ja1 .7' ;%@'& =%& &'"0 .$+' CM/( $( +","-'#

<> !LM "#+$(($%, *%,.&%01 @7$0' ,%,?&'"0 .$+' CM/( "&' *%,.&%00'# <> .7' !LM ;"*A'.

(*7'#)0'&G 27' ;%@'& =%& ,%,?&'"0 .$+' CM/ $( *7"&"*.'&$S'# "( *%,.&%00"<0' ;%@'& ($,*'

$. *", <' "#X)(.'# F$" <$. &".' +%#$_*".$%,(1 @7$0' .7' ;%@'& =%& *%++%, *7",,'0( ",#

&'"0 .$+' CM/ $( *%,($#'&'# .% <' ,%,?*%,.&%00"<0'G D, 'R"+;0' ;%@'& "00%*".$%, *"(' $(

$00)(.&".'# $, P$-)&' HG^G D(()+$,- " ;%@'&?<"('# !!9 ;"&"#$-+1 .7' !LM !!9

"0-%&$.7+ "$+( ". A'';$,- .7' .%."0 ;%@'& =%& "00 !'0'"(' UU *7",,'0( <'0%@ PtxTarget

`JaG Q, %&#'& .% "00%@ $+;0'+',.".$%, %= ()*7 (*7'+'( @$.7 /BC4D "( @'001 .7' L%#' K

*", <' *%,_-)&'# .% &';%&. "F'&"-' +'"()&'+',.( %= ,%,?/BC4D ;%@'& ;'& *"&&$'& 8"(

$00)(.&".'# $, P$-)&' HG^:G K"('# %, .7'(' +'"()&'+',.(1 .7' !LM $( "<0' .% *%,#)*.

"#+$(($%, *%,.&%0 ",# ;"*A'. (*7'#)0$,- =%& !'0'"(' UU *7",,'0( $, *'00( @$.7 ($+)0?

.",'%)( /BC4D .&",(+$(($%, 8(''1 'G-G1 .7' (.)#$'( $, `Ha ",# `Oa:G

!"#$% &'(%)&*' +","-'+',. 97

Common channels
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27'&' "&' .@% +"$, %;.$%,( =%& "00%*".$,- /BC4D .&",(+$(($%, ;%@'& .% '"*7 L%#' K

*'00c

. e;.$%, 0I h .7' *%,.&%00$,- !LM "00%*".'( " _R'# "+%),. %= /BC4D .&",(+$(($%,

;%@'& ;'& *'00G 27' L%#' K *", "=.'&@"&#( )(' .7$( ;%@'& =%& .&",(+$(($%, %=

/B?BMM/8(: ",# /B?4CBM/8(:G 27' *%,.&%00$,- !LM +"> );#".' /BC4D .&",(?

+$(($%, ;%@'& "00%*".$%, ",> .$+' 0".'&G

. e;.$%, 0J h $= .7' *%,.&%00$,- !LM #%'( ,%. 'R;0$*$.0> "00%*".' /BC4D .&",(+$(($%,

;%@'& .% .7' L%#' K1 .7' L%#' K $( "00%@'# .% )(' ",> ),)('# ;%@'& $, .7' *'00 =%&

/BC4D .&",(+$(($%,G 27$( +'",( .7". .7' L%#' K *", "#X)(. /BC4D .&",(+$(($%,

;%@'&1 (% $. 'V)"0( .7' +"R$+)+ .&",(+$. ;%@'& +$,)( .7' ;%@'& )('# =%& .&",(+$(?

($%, %= ,%,?/BC4D *7",,'0(G

27' <'7"F$%)& %= e;.$%, 0I ",# e;.$%, 0J $( $00)(.&".'# $, P$-)&' HGjG L%.' .7". ,%,?

/BC4D ;%@'& $( .$+'?F"&$",. #)' .% 8$: .7' ="(. ;%@'& *%,.&%0 %= CM/(1 8$$: ,'@

$,*%+$,- &'"0 .$+' CM/ *"00( $, .7' *'001 8$$$: .'&+$,".$%, %= CM/ *"00(1 ",# 8$F: <$.

&".' +%#$_*".$%,( %= ;"*A'. *"00( %, .7' CM/G E($,- e;.$%, 0J1 .7' .%."0 "F"$0"<0'

*"&&$'& .&",(+$(($%, ;%@'& *", <' <'..'& ).$0$S'#1 ($,*' .7' L%#' K *", V)$*A0> "#X)(.

/BC4D .&",(+$(($%, ;%@'& <"('# %, (7%&.?.'&+ +'"()&'+',.( %= .7' *)&&',. ;%@'&

)('# <> "00 ,%,?/BC4D *7",,'0(G e;.$%, 0J $( .7'&'=%&' *%,($#'&'# .% <' +%&'

"..&"*.$F' .7", e;.$%, 0IG 27$( $( '(;'*$"00> .&)' $, *%F'&"-'?0$+$.'# (*',"&$%( @7'&'

", $,*&'"(' $, .%."0 *"&&$'& .&",(+$(($%, ;%@'& +";( #$&'*.0> .% $,*&'"('# *'00 *";"*$.>G

/%@'F'&1 $, *";"*$.>?0$+$.'# (*',"&$%( .7'&' $( ,% *'00 *";"*$.> -"$, =&%+ =)&.7'&

$,*&'"($,- L%#' K .&",(+$. ;%@'& =%& "00 *'00( $, .7' ,'.@%&AG

!'-"&#0'(( %= @7'.7'& e;.$%, 0I %& e;.$%, 0J $( )('# =%& /BC4D ;%@'& "00%*".$%,1

.7' !LM $( (.$00 $, *%,.&%0 %= %F'&"00 ;%@'& (7"&$,- <'.@'', /BC4D ",# %.7'& *7",,'0(G

Q= .7' !LM "00%@( " ;%@'& $,*&'"(' $, .7' ,%,?/BC4D *7",,'0( <>1 =%& $,(.",*'1

$,*&'"($,- PtxTarget1 .7', 0'(( ;%@'& @$00 <'*%+' "F"$0"<0' =%& /BC4D .&",(+$(($%,G
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*";"*$.> ;'&=%&+",*' &'()0.( =%& /BC4D ",# .7' CM/ "&' ;&'(',.'# $, M7";.'& N =%&

#$T'&',. ;%@'& "00%*".$%,( <'.@'', .7%(' .@% *7",,'0 .>;'(G

6.1.1.2 QoS parametrization

k%B =%& !'0'"(' UU CM/( $( *%,#)*.'# "( " =),*.$%, %= .7' )('&Y( .&"d* *0"(( 82M:1 .&"d*

7",#0$,- ;&$%&$.> 82/4:1 "00%*".$%, &'.',.$%, ;&$%&$.> 8D!4:1 ",# ;%.',.$"00> "0(% %.7'&

E,$F'&("0 9%<$0' 2'0'*%++),$*".$%,( B>(.'+ 8E92B: <'"&'& "..&$<).'( 8"( #$(*)(('#

$, `Ja1 `^a:G 27'(' k%B ;"&"+'.'&( =&%+ .7' Q) $,.'&="*' "&' ,%. "F"$0"<0' $, .7' L%#' K =%&

9DM?7( ;"*A'. (*7'#)0$,-G L'@ k%B ;"&"+'.'&( 7"F' <'', #'_,'# =%& .7' Q)< $,.'&="*'

<'.@'', .7' !LM ",# .7' L%#' KG /BC4D k%B ;"&"+'.'&( $, .7' Q)< "&'c

. -)"&",.''# <$. &".' 8]K!:g

. (*7'#)0$,- ;&$%&$.> $,#$*".%& 8B4Q:g ",#

. #$(*"&# .$+'& 8C2:G

P$-)&' HGi $00)(.&".'( ^]44 k%B ;"&"+'.'&( ",# .7'$& $,.'&="*'(G ^]44 ,'$.7'& #'_,'(

7%@ ;"&"+'.'& +";;$,- $( #'($-,'# $, .7' !LM1 ,%& 7%@ .7' k%B ;"&"+'.'&( "&' )('#

<> .7' 9DM?7( ;"*A'. (*7'#)0'&G

B*7'#)0$,- ;&$%&$.> $,#$*".%& 8B4Q: ."A'( F"0)'( $, .7' &",-' `Z; I; . . . ; Iia1 @7'&' " 7$-7

,)+<'& $,#$*".'( 7$-7 ;&$%&$.> ",# F$*' F'&("G 27' C2 (;'*$_'( .7' +"R$+)+ .$+' .7". "

;"*A'. $( "00%@'# .% <' <)T'&'# $, .7' L%#' KY( 9DM?7( <'=%&' $. (7%)0# <' #$(*"&#'#G

P%& .7' *%,F'&(".$%,"0 ",# (.&'"+$,- .&"d* *0"((1 .7' /BC4D ]K! ;"&"+'.'& *", <'

('. "**%&#$,- .% .7' <$. &".' &'V)$&'+',. (;'*$_'# $, .7' E92B <'"&'& "..&$<).' =%& .7$(

.&"d* *0"((G D 7$-7 B4Q *%)0# <' "00%*".'# .% F$#'% (.&'"+$,- %& %.7'& &'"0 .$+' ('&F$*'(1

@7$0' -','&"0 Q,.'&,'. "**'(( ";;0$*".$%,( *%)0# <' "(($-,'# " 0%@ B4Q F"0)'G ^]44

(;'*$_*".$%,( "0(% "00%@ $+;0'+',.".$%, %= "#F",*'# %;.$%,( @7'&' .7' B4Q $( "#X)(.'#

#>,"+$*"00> #)&$,- " ;"*A'. *"00G D( @$00 <' #$(*)(('# ,'R.1 .7' F"0)' %= .7' ]K! ",# B4Q

=%& ,'@ /BC4D )('&( @7% "&' &'V)'(.$,- "**'(( *", "0(% <' )('# $, .7' /BC4D

"#+$(($%, *%,.&%0 #'*$($%,G

6.1.1.3 Admission control

/BC4D "#+$(($%, *%,.&%0 $( .7' =),*.$%,"0$.> .7". #'.'&+$,'( @7'.7'& ,'@ )('&( @$.7

/BC4D .'&+$,"0( *", <' -&",.'# "**'(( .% .7' *'00 ",# @7'.7'& .7'> @$00 <' ('&F'#

)($,- /BC4D %& .7' CM/G 27' "#+$(($%, *%,.&%0 #'*$($%, $( ."A', <> .7' !LMG Q, *"('

!"#$% &'(%)&*' +","-'+',. 99
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• Traffic handling priority THP
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%= *$&*)$.?(@$.*7'# ('&F$*'(1 0$A' D9! (;''*7 %& F$#'%1 $. $( %<F$%)( .% (.$*A @$.7 .7'

CM/G P%& ;"*A'.?(@$.*7'# ('&F$*'( .7' "0-%&$.7+ $, .7' !LM ,''#( .% *%,($#'& .7'

k%B ;"&"+'.'&( ;&%F$#'# <> .7' *%&' ,'.@%&A "( @'00 "( .7' -','&"0 &'(%)&*' ($.)".$%,

$, .7' ,'.@%&AG Q= %,0> <'(. 'T%&. .&"d* @$.7 ,% (.&$*. k%B &'V)$&'+',.( "&' .&",(+$..'#

%, /BC4D1 .7', .7' "#+$(($%, *%,.&%0 "0-%&$.7+ *", <' +"#' ="$&0> ($+;0' <> %,0>

*7'*A$,- .7' "F"$0"<$0$.> %= !LM ",# L%#' K 7"&#@"&' &'(%)&*'( .% ('&F' " ,'@ /BC4D

)('&G Q= +%&' #'+",#$,- ('&F$*'( @$.7 (.&$*.'& k%B &'V)$&'+',.( "&' *%,($#'&'# =%&

/BC4D1 .7', " +%&' "#F",*'# "#+$(($%, *%,.&%0 "0-%&$.7+ $( ,''#'# .% ',()&' .7".

.7' k%B &'V)$&'+',.( =%& 'R$(.$,- /BC4D )('&( $, .7' *'00 "( @'00 "( .7' &'V)$&'+',.( %=

.7' ,'@ )('& *", <' =)0_00'# "=.'& .7' ;%.',.$"0 "#+$(($%,G WR"+;0'( %= V)"0$.>?<"('#

/BC4D "**'(( *%,.&%0 "0-%&$.7+( "&' (.)#$'# $, `iah`Na1 @7'&' .7' k%B "..&$<).'( %= ,'@

/BC4D )('&( "&' ."A', $,.% "**%),. $, "#+$(($%, *%,.&%0 #'*$($%,(G /',*'1 )($,- .7$(

.>;' %= "0-%&$.7+1 7$-7?;&$%&$.> )('&( .',# .% 'R;'&$',*' " 0%@'& <0%*A$,- ;&%<"<$0$.>

.7", 0%@?;&$%&$.> )('&(G

P$-)&' HGH (7%@( ", 'R"+;0' %= .7' +'"()&'+',.( ",# ;"&"+'.'&( .7". "&' "F"$0"<0'

=%& /BC4D "#+$(($%, *%,.&%0 $, .7' !LMc .7' L%#' K &';%&.( .7' .%."0 "F'&"-' *"&&$'&

.&",(+$. ;%@'& ",# .7' ,%,?/BC4D .&",(+$. ;%@'&G ]$F', .7'(' .@% +'"()&'+',.(1

.7' !LM *", *%+;).' .7' "+%),. %= "F"$0"<0' /BC4D .&",(+$. ;%@'& $, .7' *'00G 27'

L%#' K "0(% &';%&.( .7' /B?CBM/ ;%@'& ,''#'# .% ('&F' "00 .7' 'R$(.$,- /BC4D )('&(

$, .7' *'00 @$.7 .7'$& -)"&",.''# <$. &".'(G P$,"00>1 .7' ,'@ )('& &'V)'(.$,- /BC4D "**'((

(',#( " ;$0%. *%++%, ;$0%. *7",,'0 8M4QM/: Ec=NZ +'"()&'+',. &';%&. .% .7' !LMG

27' 0"..'& +'"()&'+',. *", <' )('# <> .7' !LM .% '(.$+".' .7' /B?CBM/ ($-,"0 V)"0$.>

%= .7' )('&G ]$F', .7'(' +'"()&'+',.( h .%-'.7'& @$.7 .7' )('&Y( k%B "..&$<).'( h .7'

!LM *", '(.$+".' @7'.7'& .7'&' $( /BC4D *";"*$.> "F"$0"<0' .% -&",. .7' ,'@ )('&

"**'(( @$.7%). F$%0".$,- .7' k%B &'V)$&'+',.( =%& .7' 'R$(.$,- )('&( $, .7' *'00 `iaG D(

#$(*)(('# $, `jah`ia1 ()*7 ", /BC4D "#+$(($%, *%,.&%0 "0-%&$.7+ 'd*$',.0> ();;%&.(

7$-7?V)"0$.> (.&'"+$,- ",# m%Q4 ('&F$*'( %, /BC4DG P$,"00>1 ,%.' .7". .7' ,%,?

/BC4D ;%@'& +'"()&'+',. =&%+ .7' L%#' K *", "0(% <' )('# =%& *%,F',.$%,"0

;%@'&?<"('# "#+$(($%, *%,.&%0 %= .7' !'0'"(' UU *7",,'0( .7". *%'R$(.( %, .7' ("+'

*"&&$'& `OaG

6.1.1.4 Mobility management

/BC4D #%'( ,%. )(' (%=. 7",#%F'&1 ($,*' /B?CBM/ ",# /B?BMM/ .&",(+$(($%, ."A'
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('&F$,- /B?CBM/ *'00 =%& .7' "*.$F' /BC4D EWG 27' ('&F$,- /B?CBM/ *'00 $( %,' %=

.7' *'00( $, .7' EWY( "*.$F' ('.G D (>,*7&%,$S'# *7",-' $, .7' ('&F$,- /B?CBM/ *'00 $(

();;%&.'# <'.@'', .7' E2!DL ",# .7' EWG 27$( ='".)&' "00%@( <','_..$,- =&%+ .7'

/BC4D ('&F$*' @$.7 =)00 *%F'&"-' ",# @$.7 =)00 +%<$0$.> `NaG 27' ('&F$,- /B?CBM/ *'00

+"> <' *7",-'# @$.7%). );#".$,- .7' )('&Y( "*.$F' ('. =%& !'0'"(' UU #'#$*".'# *7",,'0(

%& $, *%+<$,".$%, @$.7 '(."<0$(7+',.1 &'0'"('1 %& &'*%,_-)&".$%, %= .7' CM/(G D,

/B?CBM/ ('&F$,- *'00 *7",-' $( .>;$*"00> <"('# %, +'"()&'+',. &';%&.( =&%+ .7'

EWG ^]44 !'0'"(' i $,*0)#'( " ,'@ +'"()&'+',. ;&%*'#)&' .% $,=%&+ .7' !LM %=

.7' <'(. ('&F$,- /B?CBM/ *'00G

Q, .7' =%00%@$,- ()<('*.$%,(1 @' <&$'n> #$(*)(( .7' ,'@ EW +'"()&'+',. 'F',. =%&

();;%&.$,- +%<$0$.> =%& /BC4D )('&(1 "( @'00 "( %).0$,' .7' ;&%*'#)&'( =%& $,.&" ",#

$,.'& L%#' K /B?CBM/ .% /B?CBM/ 7",#%F'&G P$,"00>1 @' "##&'(( 7",#%F'& =&%+

/B?CBM/ .% .7' !'0'"(' UU CM/G Q,.'&?=&'V)',*> 7",#%F'&( @$.7 *%+;&'(('# +%#'

+'"()&'+',.( "&' "0(% ();;%&.'# =%& /BC4D )('&( <). "&' ,%. *%,($#'&'# $, .7$(

('*.$%, `JaG

6.1.1.4.1 Measurement event for best serving HS-DSCH cell

27' ('&F$,- !LM #'.'&+$,'( @7". *'00( "&' $, .7' "*.$F' ('. =%& .&",(+$(($%, %= CM/(G

27' ('&F$,- !LM +"A'( .7' 7",#%F'& #'*$($%,( #$&'*.0> <"('# %, .7' M4QM/ +'"(?

)&'+',. &';%&.( =&%+ .7' EWG D +'"()&'+',. 'F',. bI#Y 7"( <'', #'_,'# =%& /BC4D h

.7". $(1 " *7",-' $, <'(. ('&F$,- /B?CBM/ *'00 `UaG 27$( +'"()&'+',. &';%&.( .7'

M4QM/ Ec=NZ %= .7' <'(. *'001 ",# $( .&$--'&'# @7', .7' <'(. *'00 *7",-'( 8"( $00)(.&".'#

$, P$-)&' HGN:G Q. $( ;%(($<0' .% *%,_-)&' .7$( +'"()&'+',. 'F',. (% .7". "00 *'00( $, .7'
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%,0> .7' *)&&',. *'00( $, .7' )('&Y( "*.$F' ('. =%& CM/( "&' *%,($#'&'#G E("-' %= "

7>(.'&'($( +"&-$, .% "F%$# ="(. *7",-' $, .7' ('&F$,- /B?CBM/ *'00 $( "0(% ;%(($<0'

=%& .7$( +'"()&'+',. 'F',.1 "( @'00 "( (;'*$_*".$%, %= " *'00?$,#$F$#)"0 %T('. .% ="F%)&
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D0.7%)-7 ('&F$,- /B?CBM/ *'00 *7",-'( "&' .>;$*"00> .&$--'&'# <> #%@,0$,A EW

+'"()&'+',.(1 .7'> +"> "0(% <' .&$--'&'# <> (;'*$_* );0$,A L%#' K +'"()&'+',.(G

E;0$,A L%#' K +'"()&'+',.( *", <' )('# .% ',()&' .7". .7' #"." *%,,'*.$%, $( ,%. 0%(.

#)' .% ;%%& );0$,A *%F'&"-' .% .7' ('&F$,- *'00G 27' 7$-7?(;''# #'#$*".'# ;7>($*"0

*%,.&%0 *7",,'0 8/B?C4MM/: +)(. <' &'*'$F'# <> .7' ('&F$,- *'00 ($,*' $. *"&&$'(

*7",,'0 V)"0$.> $,=%&+".$%, 8MkQ: ",# DM3fLDM3 +'(("-'(G 27' /B?C4MM/ *",,%.

)(' +"*&%?#$F'&($.> ",#1 .7'&'=%&'1 7$-7'& ;%@'& 0'F'0 ",# &';'.$.$%, $( .>;$*"00> )('# %,

/B?C4MM/ $, (%=. 7",#%F'& .% $+;&%F' ($-,"00$,- &'0$"<$0$.>G Q= .7' V)"0$.> %= .7' );0$,A

*%,,'*.$%, .% .7' ('&F$,- *'00 <'*%+'( ;%%&1 ", /B?CBM/ *'00 *7",-' +"> <' ,'*'(("&>

.% +"$,."$, &'0$"<0' );0$,A ($-,"00$,-G 27' (.",#"&#$S'# L%#' K +'"()&'+',. %=
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;7>($*"0 *7",,'0 8C4M/: ",# .7' BQ! ."&-'. )('# <> *0%('# 0%%; ;%@'& *%,.&%0G /',*'1
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6.1.1.4.2 Inter Node B HS-DSCH to HS-DSCH handover

/BC4D ();;%&.( +%<$0$.> <%.7 <'.@'', ('*.%&( %= .7' ("+' L%#' K1 ",# <'.@'', .@%
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('&F$*' 0$A' m%$*' %F'& Q4 8m%Q4: "( @'00G

27' ;&%*'#)&"0 #'0"> A $( #'_,'# =&%+ .$+' tI h @7', .7' EW (',#( " +'"()&'+',.

&';%&. h ),.$0 .$+' tj h @7', .7' EW &'*'$F'( #"." =&%+ .7' ,'@ *'00G 27$( #'0"> $( &'0'F",.

$, .7' 'F',. .7". *7",,'0 *%,#$.$%,( ",# ="#$,- *7",-' F'&> &";$#0>G D(()+$,- " 0%@

!\M &'.&",(+$(($%, ;&%<"<$0$.>1 .7' #'0"> $( JZZhJiZ +(G 27' #'0"> t^htJ =%& ,'.@%&A

&'(%)&*' &'('&F".$%, #';',#( %, .7' )("-' %= ;&'?*%,_-)&".$%, ",# %, &"#$% ,'.@%&A

!"#$% &'(%)&*' +","-'+',. 103
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*%,_-)&".$%,G 27' ";;&%R$+".' #'0"> <)#-'. 'V)"0(c

. tJhtI ¼ iZ +(g

. t^htJ ¼ iZhIZZ +(g

. tjht^ ¼ IZZ +(g

. .%."0 ¼ JZZhJiZ +(G

4&$%& .% .7' ('&F$,- /B?CBM/ *'00 *7",-'1 .7'&' +$-7. <' ('F'&"0 4CE( <)T'&'# $, .7'

(%)&*' *'00Y( 9DM?7( =%& .7' )('& h .7". $(1 <%.7 4CE( .7". 7"F' ,'F'& <'', .&",(+$..'#

.% .7' )('& ",# ;',#$,- 4CE( $, .7' 7><&$#?D!k 8/D!k: +","-'& .7". "&' '$.7'&

"@"$.$,- DM3fLDM3 %, .7' );0$,A /B?C4MM/ %& 4CE( .7". "&' @"$.$,- .% <'

&'.&",(+$..'# .% .7' )('&G 27%(' <)T'&'# 4CE( $, .7' (%)&*' *'00 "&' #'0'.'# ",# *",

<' &'*%F'&'# <> &"#$% 0$,A *%,.&%0 8!\M: &'.&",(+$(($%,( $= "*A,%@0'#-'# +%#' !\M $(

)('#G 67', .7' !\M ;&%.%*%0 &'"0$S'( .7". .7' %&$-$,"0 4CE( .% .7' (%)&*' *'00 "&' ,%.

"*A,%@0'#-'#1 $. @$00 $,$.$".' &'.&",(+$(($%,(1 @7$*7 $+;0$'( =%&@"&#$,- .7' ("+' 4CE(

.% .7' ,'@ ."&-'. *'00G Q, %&#'& .% &'#)*' ;%.',.$"0 4CE .&",(+$(($%, #'0">( #)&$,- .7$(

&'*%F'&> ;7"('1 .7' !\M ;&%.%*%0 ". .7' EW *", <' *%,_-)&'# .% (',# ", !\M (.".)(

&';%&. .% .7' !LM $++'#$".'0> "=.'& .7' ('&F$,- /B?CBM/ *'00 7"( <'', *7",-'#G 27$(

$+;0$'( .7". .7' !\M ;&%.%*%0 $, .7' !LM *", $++'#$".'0> (."&. .% =%&@"&# .7' 4CE(

.7". @'&' #'0'.'# $, .7' (%)&*' *'00 ;&$%& .% .7' /B?CBM/ *'00 *7",-'G

27'&' "&' ";;0$*".$%,( .7". #% ,%. $,*0)#' ",> 7$-7'& 0">'& &'.&",(+$(($%, +'*7",?

$(+( h ()*7 "( ";;0$*".$%,( &),,$,- %F'& .7' E('& C"."-&"+ 4&%.%*%0 8EC4: ",# )($,-

!\M .&",(;"&',. %& ),"*A,%@0'#-'# +%#'G B)*7 ";;0$*".$%,( &),,$,- %, !\M .&",(?

;"&',. %& ),"*A,%@0'#-'# +%#' "&' .>;$*"00> 0%@?#'0"> ";;0$*".$%,(1 0$A' m%Q41 ",#

.7'> %,0> )(' F'&> (7%&. <)T'&$,- $, .7' L%#' KG 27'&'=%&'1 .7' ,)+<'& %= 4CE( #'0'.'#

*", <' (+"00 %& 'F', ZG ^]44 (;'*$_*".$%,( "0(% "00%@ #);0$*".$,- .7' 4CE( =&%+ .7'

!LM .% <%.7 L%#' K( #)&$,- .7' *'00 *7",-' .% +"A' ()&' .7'&' "&' ,% ;"*A'. 0%(('(G

6.1.1.4.3 Intra Node B HS-DSCH to HS-DSCH handover

Q,.&" L%#' K /B?CBM/ .% /B?CBM/ 7",#%F'& <'.@'', .@% ('*.%&( %= .7' ("+' L%#'

K $( "0(% ();;%&.'# 8"( $00)(.&".'# $, P$-)&' HGIZ:G 27' 7",#%F'& ;&%*'#)&' $( ($+$0"& .%

.7". %= $,.'& L%#' K1 'R*';. =%& .7' =%&@"&#$,- %= <)T'&'# ;"*A'.( ",# =%& );0$,A

&'*';.$%, %= .7' /B?C4MM/G

D(()+$,- .7". .7' L%#' K ();;%&.( 9DM?7( ;&'('&F".$%,1 "00 .7' 4CE( =%& .7' )('&

"&' +%F'# =&%+ .7' 9DM?7( $, .7' (%)&*' *'00 .% .7' 9DM?7( $, .7' ."&-'. *'00 #)&$,-

.7' /B?CBM/ 7",#%F'&G 27$( +'",( .7". .7' (.".)( %= .7' /D!k +","-'& $( "0(%

;&'('&F'# @$.7%). .&$--'&$,- ",> !\M &'.&",(+$(($%, #)&$,- $,.&" L%#' K /B?CBM/ .%

/B?CBM/ 7",#%F'&G

27' );0$,A C4M/ )('( (%=.'& 7",#%F'& #)&$,- $,.&" L%#' K /B?CBM/ .% /B?CBM/

7",#%F'&G E,#'& ()*7 *%,#$.$%,( .7' );0$,A /B?C4MM/ +"> "0(% <' &'-"&#'# "(

<'$,- $, " .@%?@"> (%=.'& 7",#%F'&1 (% !"A' _,-'&( =%& #'+%#)0".$%, %= .7'

/B?C4MM/ "&' "00%*".'# .% <%.7 *'00( $, .7' )('&Y( "*.$F' ('.G 27$( $+;0$'( .7".

);0$,A *%F'&"-' %= .7' /B?C4MM/ $( $+;&%F'# =%& )('&( $, (%=.'& 7",#%F'&G

6.1.1.4.4 HS-DSCH to DCH handover

/",#%F'& =&%+ ", /B?CBM/ .% " CM/ +"> ;%.',.$"00> <' ,''#'# =%& /BC4D )('&(

.7". "&' +%F$,- =&%+ " *'00 @$.7 /BC4D .% " *'00 @$.7%). /BC4D 8"( $00)(.&".'# $,
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P$-)&' HGII:G e,*' .7' ('&F$,- !LM #'*$#'( .% $,$.$.$".' ()*7 " 7",#%F'&1 " (>,*7&%,$S'#

&"#$% 0$,A !'*%,_-)&".$%, 4&';"&' +'(("-' $( (',. .% .7' L%#' K( $,F%0F'#1 "( @'00 "( ",

!!M ;7>($*"0 *7",,'0 &'*%,_-)&".$%, +'(("-' .% .7' )('&G B$+$0"&0>1 =%& $,.'& L%#' K

/B?CBM/ .% /B?CBM/ 7",#%F'&1 .7' /B?CBM/ .% CM/ 7",#%F'& &'()0.( $, " &'('. %=

.7' 4CE( $, .7' 9DM?7( $, .7' (%)&*' *'001 @7$*7 ()<('V)',.0> &'V)$&'( &'*%F'&> F$"

7$-7'& 0">'& &'.&",(+$(($%,( h ()*7 "( !\M &'.&",(+$(($%,(G

!"#$% &'(%)&*' +","-'+',. 105
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UE is moving from sector #1 to 
sector #2 within a single Node B

Figure 6.10 Q,.&" L%#' K /B?CBM/ .% /B?CBM/ 7",#%F'& <'.@'', ('*.%&(G
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!'0'"(' i (;'*$_*".$%,( "0(% ();;%&. $+;0'+',.".$%, %= 7",#%F'& =&%+ .7' CM/ .%

.7' /B?CBM/G 27$( 7",#%F'& .>;' +">1 =%& $,(.",*'1 <' )('# $= " )('& $( +%F$,- =&%+ "

,%,?/BC4D *";"<0' *'00 .% ", /BC4D?*";"<0' *'00G

6.1.1.4.5 Summary of intra-frequency HSDPA handover characteristics

2"<0' HGI ;&'(',.( " ()++"&> %= .7' #$T'&',. 7",#%F'& +%#'( ",# .7'$& *7"&"*.'&$(.$*(G

m"&$%)( ;'&=%&+",*' &'()0.( =%& /BC4D %F'& .7' !'0'"(' UU CM/ "&' ;&'(',.'# $, `Na

=%& )('&( @$.7 #$T'&',. "*.$F' ('. ($S'(1 ",# =%& #$T'&',. /BC4D 7",#%F'& (.&".'-$'(G

6.1.2 Node B algorithms

6.1.2.1 HS-DSCH link adaptation techniques

27' /B?CBM/ 0$,A "#";.".$%, "0-%&$.7+ ". .7' L%#' K "#X)(.( .7' .&",(+$. <$. &".'

%, .7' /B?CBM/ 'F'&> 22Q @7', " )('& $( (*7'#)0'# =%& .&",(+$(($%,G Q#'"00>1 .7'

/B?CBM/ .&",(+$. <$. &".' (7%)0# <' "#X)(.'# "( " =),*.$%, %= .7' ;'&?22Q /B?CBM/

($-,"0?.%?$,.'&='&',*' ;0)( ,%$(' &".$% 8BQL!: 'R;'&$',*'# ". .7' )('& ',#G 27' -','&"0

;&$,*$;0' ),#'&0>$,- /B?CBM/ 0$,A "#";.".$%, $( $00)(.&".'# $, P$-)&' HGIJG

m"&$%)( (%)&*'( *%,.&$<).' .% F"&$",*' %= /B?CBM/ BQL! 'F', .7%)-7 .7'

/B?CBM/ .&",(+$. ;%@'& $( "(()+'# .% <' *%,(.",.G 27' #$T'&',. ="*.%&( "&' $00)(.&".'#

$, P$-)&' HGI^G 27' .%."0 .&",(+$. ;%@'& =&%+ .7' ('&F$,- /B?CBM/ *'00 $( .$+'?F"&$",.

#)' .% .7' .&",(+$(($%, %= ;%@'&?*%,.&%00'# CM/(1 .7' #%@,0$,A &"#$% *7",,'0 $( .$+'?

F"&$",. $= .7' )('& $( +%F$,-1 ",#1 _,"00>1 .7' %.7'&?*'00 $,.'&='&',*' 'R;'&$',*'# ". .7'

106 /BC4Df/BE4D =%& E92B

Table 6.1 B)++"&> %= /BC4D 7",#%F'& .>;'( ",# .7'$& *7"&"*.'&$(.$*(G

Intra Node B Inter Node B HS-DSCH to DCH

HS-DSCH to HS-DSCH HS-DSCH to HS-DSCH

/",#%F'&
2>;$*"00> <> EW1 <). ;%(($<0> "0(% <> L%#'?K

+'"()&'+',.

/",#%F'&
K> ('&F$,- !LM

#'*$($%,

4"*A'. 4"*A'.( =%&@"&#'# 4"*A'.( ,%. =%&@"&#'#G !\M &'.&",(+$(($%,(

&'.&",(+$(($%,( =&%+ (%)&*' 9DM?7( .% !\M &'.&",(+$(($%,( )('# =&%+ B!LM

."&-'. 9DM?7( )('# =&%+ B!LM

4"*A'. 0%(('( L% L%1 @7', !\M L%1 @7', !\M

"*A,%@0'#-'# +%#' $( "*A,%@0'#-'# +%#'

)('#1 %& @7', #);0$*".' $( )('#

;"*A'.( "&' (',. %,

!\M ),"*A,%@0'#-'#

+%#'

E;0$,A /B?C4MM/ *", )(' /B?C4MM/ &'*'$F'# <>

/B?C4MM/ (%=.'& 7",#%F'& %,' *'00
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)('& ',# $( "0(% .$+'?F"&$",.G P%& .7' ;)&;%(' %= /B?CBM/ 0$,A "#";.".$%,1 .7' EW

;'&$%#$*"00> (',#( " MkQ .% .7' ('&F$,- /B?CBM/ *'00 %, .7' );0$,A /B?C4MM/ 8"(

#'(*&$<'# $, M7";.'& j:G 27' MkQ $,#$*".'( .7' +"R$+)+ .&",(;%&. <0%*A ($S' .7". *", <'

&'*'$F'# *%&&'*.0> @$.7 ". 0'"(. UZo ;&%<"<$0$.>G 27$( $,=%&+".$%, $( ($-,"00'# F$" " MkQ

$,#'R $, .7' &",-' =&%+ Z .% ^I1 @7'&' '"*7 (.'; *%&&'(;%,#( ";;%R$+".'0> .% " I?#K (.';

$, /B?CBM/ BQL! `IZaG
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Figure 6.12 /B?CBM/ 0$,A "#";.".$%, ;&$,*$;0'c 1 ¼ .7' EW &';%&.( 0%@?V)"0$.> *7",,'0

$,=%&+".$%, ",# .7' L%#' K "00%*".'( " 0%@ <$. &".'g 2 ¼ .7' EW &';%&.( 7$-7?V)"0$.> *7",,'0

$,=%&+".$%, ",# .7' L%#' K "00%*".'( " 7$-7 <$. &".'G
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D ($+;0' 0$,A "#";.".$%, "0-%&$.7+ @%)0# #$&'*.0> =%00%@ .7' MkQ F"0)'( &';%&.'# <>

.7' EWG /%@'F'&1 .7'&' +"> <' " ,''# .% "#X)(. .7' EW?&';%&.'# MkQ <> "##$,- ", %T('.

=%& .7' =%00%@$,- &'"(%,(G 27' /B?CBM/ .&",(+$. ;%@'& =&%+ .7' L%#' K .% .7' )('&

+$-7. <' #$T'&',. =&%+ .7' "(()+'# /B?CBM/ .&",(+$. ;%@'& <> .7' EW ". .7' .$+'

$. #'&$F'# .7' MkQ &';%&.G 27' EW "(()+'( .7". /BC4D ;%@'& 'V)"0( .7' ;%@'& %= .7'

;&$+"&> *%++%, ;$0%. *7",,'0 84?M4QM/: ;0)( G1 @7'&' G $( " ;%@'& %T('. ;"&"+'.'&

($-,"00'# .% .7' EW F$" !!M ($-,"00$,- =&%+ .7' !LMG

27' 'T'*. %= =''#<"*A #'0">( %, 0$,A "#";.".$%, ;'&=%&+",*' 7"( ;&'F$%)(0> <'',

"##&'(('# $, `IIa1 `IJaG 27' *%,*0)($%, =&%+ .7%(' (.)#$'( $,#$*".' " ,''# =%& ", %).'&

0%%; /B?CBM/ 0$,A "#";.".$%, "0-%&$.7+ .% =)&.7'& "#X)(. .7' MkQ $,#'R &'*'$F'# =&%+

" )('& <'=%&' ";;0>$,- $. =%& "#X)(.+',. %= .7' /B?CBM/ .&",(+$(($%, =%&+".G

27' %).'& 0%%; "0-%&$.7+ *", <' <"('# %, DM3(fLDM3( =&%+ ;"(. .&",(+$(($%,(G

27' "0-%&$.7+ "#X)(.( .7' %T('. F"0)'( .% "(*'&."$, .7' "F'&"-' ."&-'..'# &'.&",(+$(($%,

;&%<"<$0$.>G 2%% +",> &'.&",(+$(($%,( "## ", ),,'*'(("&> #'0"> @7$0' .%% ='@ $,#$*".'

.7". .7' .&",(;%&. <0%*A ($S'( )('# "&' ,%. 0"&-' ',%)-71 ),,'*'(("&$0> 0%@'&$,- .7&%)-7?

;).G e).'& 0%%; /B?CBM/ 0$,A "#";.".$%, *", <' <"('# %, .7' ("+' ;&$,*$;0' "(

.7' !'0'"(' UU %).'& 0%%; ;%@'& *%,.&%0 "0-%&$.7+( .7". @'&' _&(. ;)<0$(7'# $, `I^aG

WR"+;0'( %= %).'& 0%%; /B?CBM/ 0$,A "#";.".$%, "0-%&$.7+( "&' (.)#$'# $, `Ija1 `IiaG

27' /B?CBM/ 0$,A "#";.".$%, "0-%&$.7+ $( ()++"&$S'# $, .7' ($+;0$_'# <0%*A #$"-&"+

$, P$-)&' HGIjG

6.1.2.2 HS-SCCH power control

!'0$"<0' &'*';.$%, V)"0$.> %= .7' /B?BMM/ $( $+;%&.",. ($,*' .7' .&",(;%&. <0%*A %, .7'

/B?CBM/ *", %,0> <' #'*%#'# $= .7' /B?BMM/ 7"( _&(. <'', *%&&'*.0> &'*'$F'#G

27'&'=%&'1 ()d*$',. ;%@'& (7%)0# <' "00%*".'# .% .&",(+$(($%, %= .7' /B?BMM/ .%

',()&' &'0$"<0' &'*';.$%,G e, .7' %.7'& 7",#1 $. $( "0(% #'($&"<0' .% &'#)*' /B?BMM/

.&",(+$(($%, ;%@'& .% 0'((', $,.'&='&',*' 0'F'0( $, .7' ,'.@%&AG /',*'1 $. $( -','&"00>

&'*%++',#'# .% 7"F' /B?BMM/ ;%@'& *%,.&%00'# 'F'&> 22Q1 $, @7$*7 /B?BMM/

.&",(+$. ;%@'& $( "#X)(.'# ()*7 .7". .7' #'($&'# )('& 7"( " 7$-7 ;&%<"<$0$.> %= *%&&'*.0>

#'*%#$,- .7' *7",,'0 8('' P$-)&' HGIi:G D 0"&-' "+%),. %= /B?BMM/ ;%@'& $( )('# =%&

108 /BC4Df/BE4D =%& E92B
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EWI ". .7' *'00 '#-' @7$0' " (+"00'& "+%),. *", <' )('# =%& EW^ *0%(' .% .7' <"(' (.".$%,G

27' /C?CBM/ )('( 0$,A "#";.".$%, &".7'& .7", ="(. ;%@'& *%,.&%0G

27' ^]44 (;'*$_*".$%,( #% ,%. 'R;0$*$.0> (;'*$=> ",> ;%@'& *%,.&%0 +'*7",$(+ =%& .7'

/B?BMM/G /B?BMM/ ;%@'& *%,.&%0 *", <' <"('# %, .7' =%00%@$,- $,;).(c

IG Associated DPCCH power control commands – /B?BMM/ .&",(+$. ;%@'& $( "#X)(.'#

&'0".$F' .% .7' .&",(+$. ;%@'& %= .7' "((%*$".'# #%@,0$,A C4MM/G 27$( $( ;%(($<0'

<'*")(' .7' C4MM/ $( ()<X'*. .% *0%('# 0%%; ;%@'& *%,.&%01 ",# .7' ;%@'& %T('.

<'.@'', .7' /B?BMM/ ",# .7' C4MM/ *", <' ('. "(()+$,- a priori A,%@0'#-' %= .7'

&'0".$F' BQL! ;'&=%&+",*' <'.@'', .7' .@% *7",,'0(G

JG CQI reports h /B?BMM/ .&",(+$. ;%@'& $( "#X)(.'# "( " =),*.$%, %= .7' MkQ &';%&.

&'*'$F'# =&%+ .7' )('&G 27$( $( ;%(($<0' $= .7'&' $( ", $,.'&,"0 ."<0' ". .7' L%#' K

'R;&'(($,- " ;%@'& %T('. <'.@'', '"*7 MkQ $,#'R ",# .7' &'V)$&'# /B?BMM/ ;%@'&G

27)(1 $, <%.7 *"('( $. $( ;%(($<0' .% $+;0'+',. " ;(')#% *0%('# 0%%; ;%@'& *%,.&%0 (*7'+'

=%& .7' /B?BMM/1 &'0>$,- %, '$.7'& =''#<"*A $,=%&+".$%, =&%+ .7' )('& "<%). .7'

&'*';.$%, V)"0$.> %= .7' "((%*$".'# C4M/ %& .7' /B?CBM/ 8MkQ:G M%++%, .% <%.7

";;&%"*7'( $( .7' L%#' K ,''# =%& a priori A,%@0'#-' %= " ;%@'& %T('. ;"&"+'.'& <'=%&'
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6.1.2.3 Packet scheduler
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6.1.2.3.2 Packet scheduler algorithms
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6.1.2.3.4 Scheduling of control-plane signalling on HS-DSCH
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6.1.2.3.5 Practical scheduling with 3GPP parameters
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6.2.1 RNC algorithms
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6.2.1.2 QoS parameterization
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6.2.2 Node B algorithms
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.7' ;"*A'. (*7'#)0'& $( *%,,'*.'# .% ('F'&"0 9DM?'Y(G W"*7 /BE4D EW 7"( $.( %@,

9DM?' ',.$.> $, .7' L%#' KG 27' +%(. $+;%&.",. =),*.$%, %= .7' 9DM?' $( .% ."A' *"&'

%= .7' &'*';.$%, ",# "*A,%@0'#-'+',. ($#' %= .7' /D!k ;&%*'((G

!"#$% &'(%)&*' +","-'+',. 119

RNC Node B

Cell-specific 
packet 

scheduler

MAC-e

UE

Resources

QoS information

Congestion info

Data

UE 1

MAC-eUE n

UECapacity grants

Data rate requests

Capacity grants

Data rate requests

Figure 6.23 L%#' K <"('# /BE4D ;"*A'. (*7'#)0$,- ',F$&%,+',.G

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 137 of 260



27' L%#' K *", );-&"#' EW *";"*$.> "00%*".$%, <"('# %, 7";;> <$. %& %, EW <)T'&

(.".)( $,=%&+".$%,G 27' EW "0(% &';%&.( .7' "F"$0"<0' .&",(+$(($%, ;%@'& .% $,#$*".'

@7'.7'& $. *", (.$00 ();;%&. 7$-7'& );0$,A #"." =&%+ .7' ;%@'& ;%$,. %= F$'@G 27' L%#' K

*", #%@,-&"#' EW *";"*$.> "00%*".$%, $= "00%*".'# *";"*$.> -&",.( "&' ,%. =)00> ).$0$S'#

",# *7",,'0 ).$0$S".$%, $( 0%@G

27' L%#' K *", -$F' .@% #$T'&',. .>;'( %= *";"*$.> -&",.( .% .7' EW @7', $. @",.( .%

*7",-' $.( "00%*".$%,c "<(%0).' -&",.(1 @7$*7 -$F' ", "<(%0).' ;%@'& &".$% <'.@'', .7' W?

C4CM/ ",# C4MM/ .% .7' EW1 ",# &'0".$F' -&",.(1 @7$*7 *", <' '$.7'& up1 down %&

keepG 67', .7' EW &'*'$F'( ", up %& " down *%++",# $. @$00 "#X)(. .7' "00%*".$%, .% %,'

(.'; "<%F' %& <'0%@ .7' ('0'*.'# "00%*".$%, #)&$,- .7' 0"(. 22Q %= .7' &'0'F",. /D!k

;&%*'((G !'0".$F' -&",.( "&' (',. $, .7' W?!]M/ *7",,'01 @7'&'"( "<(%0).' -&",.( "&'

(',. %, .7' W?D]M/ *7",,'0G D<(%0).' -&",.( *", %,0> (',. <> .7' ('&F$,- *'00 @7$0'

&'0".$F' -&",.( $, .7' down #$&'*.$%, *", "0(% <' (',. <> ,%,?('&F$,- *'00( $, %&#'& .% (%0F'

%F'&0%"#G
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!"#$% &'( )*(+,- .*/*.'(0
*12 .34+)*5+

6)*17 6)+2+)'7,+1- !*))' !389*- :)3+8, ;382'15- *12 ;8*<, $+2+),+1

:=', .=*/(+) /)+,+1(, ='5=>,/++2 23?18'17 /*.7+( *..+,, @!"#$%A /+)B3)9*1.+ )+,<8(,

B)39 (=+ +12 <,+) /+),/+.('4+ *12 B)39 (=+ ,0,(+9 .*/*.'(0 /3'1( 3B 4'+?C 6'),(- (=+ 8'17

/+)B3)9*1.+ 3B (=+ ='5=>,/++2 23?18'17 ,=*)+2 .=*11+8 @!">#"D!A ()*1,/3)( .=*11+8

*12 (=+ ='5=>,/++2 ,=*)+2 .31()38 .=*11+8 @!">"DD!A *12 ='5=>,/++2 2+2'.*(+2

/=0,'.*8 .31()38 .=*11+8 @!">#$DD!A .31()38 .=*11+8, *)+ *1*80,+2C E'17 8+4+8 )+,<8(,

*)+ <,+2 *, *1 '1/<( (3 ,0,(+9 8+4+8 ,(<2'+,C "0,(+9 ,'9<8*('31, /)34'2+ (=+ .+88 .*/*.'(0

)+,<8(, B3) 2+2'.*(+2 !"#$% .*))'+), *12 B3) (=+ .*,+, ?=+)+ ?'2+&*12 .32+ 2'4','31

9<8('/8+ *..+,, @FD#G%A *12 !"#$% .3+H',( 31 (=+ ,*9+ .*))'+)C :=+ .=*/(+) *8,3

/)+,+1(, )+,<8(, B3) !"#$% I<& ()*1,9',,'31 +J.'+1.0C %, (=+ +12 <,+) /+)B3)9*1.+ ',

*K+.(+2 &0 &3(= 2*(* )*(+ *12 1+(?3)7 8*(+1.0- (=+,+ (?3 B*.(3), *)+ *22)+,,+2 '1 (=+

.=*/(+)C F+ B<)(=+)93)+ /)34'2+ )+*8 8'B+ !"#$% 9+*,<)+9+1( )+,<8(,C 6'),(- !"#$%

(=)3<5=/<( +,('9*(+, &*,+2 31 L+82 9+*,<)+9+1(, '1 (=+ +H',('15 FD#G% 1+(?3)7, *)+

/)+,+1(+2C "+.312- !"#$% 8*&3)*(3)0 *12 L+82 9+*,<)+9+1(, *)+ /)+,+1(+2 *12

.39/*)+2 ?'(= (=+ ,'9<8*('31 )+,<8(,C 6'1*880- * 1<9&+) 3B ,38<('31, *)+ /)+,+1(+2 (3

&33,( &*,+8'1+ !"#$% /+)B3)9*1.+ B<)(=+) <,'15 *24*1.+2 *1(+11* .31.+/(, *12

)+.+'4+) *853)'(=9,C

!"# $%&%'() *%'+,'-(&.% +(./,'0

I( ', '9/3)(*1( (3 )+.351'M+ (=+ .39/8+H'(0 3B (=+ ,0,(+9 *12 (=+ '9/3)(*1.+ 3B ,0,(+9

*,,<9/('31, '1 (=+ /+)B3)9*1.+ *,,+,,9+1( 3B *24*1.+2 ?')+8+,, ,0,(+9,C :=+ /+)>

B3)9*1.+ 3B * .31.+/( 8'7+ !"#$% 2+/+12, ,'51'L.*1(80 31 2+/8309+1( *12 ,+)4'.+

/*)*9+(+), *12 *&,38<(+ /+)B3)9*1.+ 4*)'+, ,'51'L.*1(80 B)39 ,.+1*)'3 (3 ,.+1*)'3C

"39+ 3B (=+ 93,( +,,+1('*8 .312'('31, B3) !"#$% /+)B3)9*1.+ )+8*(+ (3N
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. -./0)*1 234)*5/678 U !"#$%>,/+.'L. *853)'(=9, ,<.= *, (=+ G%D>=, /*.7+(

,.=+2<8+)- !">#"D! 8'17 *2*/(*('31- !">"DD! /3?+) .31()38 *12 !"#$% ()*1,>

9',,'31 )+,3<).+ *883.*('31C

. #.93):7.;/ 8<.;2*5) U (=+ '1(+)B+)+1.+ 8+4+8, '1 (=+ .+88 2+L1+2 &0 B*.(3), ,<.= *,

/)3/*5*('31 83,,- V6 239'1*1.+ *)+*,- 93&'8'(0 /*((+)1,- *12 9<8('/*(= /)3/*5*('31C

. '= *.<.5>.* 9.*()*72;<. 2;? <292@535/: U /+*7 2*(* )*(+- 1<9&+) 3B ='5=>,/++2 /=0,'.*8

23?18'17 ,=*)+2 .=*11+8 @!">$#"D!A .32+,- 1<9&+) 3B ()*1,9'( *12 )+.+'4+

*1(+11*,- *12 &*,+&*12 )+.+'4+) *853)'(=9,C

. ,*2A< 2;? BC235/: )( 8.*>5<. DE)"F U 9'H(<)+ 3B V+8+*,+ WW 2+2'.*(+2 .=*11+8 @#D!A

*12 !"#$% ,<'(*&8+ ()*J.- 1<9&+) 3B *.('4+ <,+),- *12 (=+') .3))+,/312'15 X3"

)+Y<')+9+1(,C

F+ ?'88 *((+9/( (3 *2=+)+ .83,+80 (3 (=+ &*,'. *,,<9/('31, *5)++2 '1 (=+ :=')2

Z+1+)*('31 $*)(1+),='/ $)3[+.( @\Z$$AC #<)'15 (=+ 2',.<,,'31 3B )+,<8(,- '( ?'88 &+

'12'.*(+2 ?='.= B*.(3), '1 (=+ *&34+ /8*0 (=+ 93,( '9/3)(*1( )38+C

7.1.1 Essential performance metrics

:=+ B<12*9+1(*8 B+*(<)+, 3B !"#$% 8'17 *2*/(*('31 B<1.('31*8'(0 ', *2*/('4+ 932<8*>

('31 *12 .32'15 @%GDA- 9<8('.32+ ()*1,9',,'31 @9<8('/8+ !">$#"D!,A- *12 B*,( E]

=0&)'2 *<(39*('. )+/+*( )+Y<+,( @!%VXAC F'(= (=+,+ 2'K+)+1( 239*'1, B3) *2*/(*('31-

(=+ 13(*('31 B3) !"#$% /+)B3)9*1.+ +4*8<*('31 ', ,8'5=(80 2'K+)+1( B)39 (=*( ()*2'>

('31*880 <,+2 B3) V+8+*,+ WW #D!,C FD#G% V+8+*,+ WW (0/'.*880 <,+, =@=-Q (3 2+13(+

(=+ )+.+'4+2>+1+)50>/+)><,+)>&'(>(3>13',+ )*('3C :=+ =@=-Q .3))+,/312, <1'Y<+80 (3 *

.+)(*'1 &83.7 +))3) )*(+ @^EOVA B3) * 5'4+1 2*(* )*(+ ?=+)+ (=+ 3180 *2*/(*('31 /*)*9>

+(+) ', (=+ ,/)+*2'15 5*'1C !3?+4+)- (=+ =@=-Q 9+()'. ', 13( *1 *(()*.('4+ 9+*,<)+ B3)

!"#$% &+.*<,+ (=+ &'( )*(+ 31 (=+ !">#"D! ', 4*)'+2 +4+)0 ()*1,9',,'31 ('9+ '1(+)4*8

@::IA <,'15 2'K+)+1( 932<8*('31 ,.=+9+,- +K+.('4+ .32+ )*(+,- *12 * 1<9&+) 3B !">

$#"D! .32+,C F+ (=+)+B3)+ 2+L1+ (=+ *4+)*5+ !">#"D! ,'51*8>(3>'1(+)B+)+1.+>/8<,>

13',+ )*('3 @"I_VA *, (=+ 1*))3?&*12 "I_V )*('3 *B(+) 2+>,/)+*2'15 (=+ !">$#"D!C

V+B+))'15 (3 (=+ 13(*('31 '1 6'5<)+ `C]- ?+ .*1 +H/)+,, (=+ *4+)*5+ !">#"D! "I_V B3) *

,'158+>*1(+11* V*7+ )+.+'4+) *,N

"G-H ¼ "I]R

$!">#"J!

ð] Þ  $)0; þ $)/6.* þ $;)58.

ð`:]Þ

?=+)+ "I]R ', (=+ !">$#"D! ,/)+*2'15 B*.(3) 3B ]R- $!">#"J! ', (=+ )+.+'4+2 /3?+) 3B

(=+ !">#"D! ,<99'15 34+) *88 *.('4+ !">$#"D! .32+,- $)0; ', (=+ )+.+'4+2 3?1>.+88

'1(+)B+)+1.+- ', (=+ 23?18'17 3)(=3531*8'(0 B*.(3) aPbUacb- $)/6.* ', (=+ )+.+'4+2 3(=+)>

.+88 '1(+)B+)+1.+- *12 $;)58. ', (=+ )+.+'4+2 13',+ /3?+)C I1 ,39+ \Z$$ 23.<9+1(,- 3?1>

.+88 '1(+)B+)+1.+ ', 2+13(+2 G)* ?='8+ 3(=+)>.+88 '1(+)B+)+1.+ ', +H/)+,,+2 *, G)<C _3(+

B)39 @`C]A (=*( (=+ !">#"D! "I_V ', '12+/+12+1( 3B (=+ 1<9&+) 3B !">$#"D!

.32+, <,+2- (=+ 932<8*('31 ,.=+9+- *12 (=+ +K+.('4+ .32+ )*(+C :=+ !">#"D!

"I_V 9+()'. ', *1 +,,+1('*8 9+*,<)+ B3) !"#$% 8'17 &<25+( /8*11'15 *12 1+(?3)7

2'9+1,'31'15C %13(=+) .3993180 <,+2 *12 )+8*(+2 /*)*9+(+) ', (=+ ?'2+&*12 )*('3 3B

#12 !"#$%d!"e$% B3) eG:"
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3?1>.+88 (3 3(=+)>.+88 /8<, 13',+ '1(+)B+)+1.+ *( (=+ <,+)- 5+39+()0 B*.(3)- 2+L1+2 *,N

K ¼
$)0;

$)/6.* þ $;)58.

ð`:PÞ

F=+1 2',.<,,'15 2+(*'8, *&3<( /+)B3)9*1.+- (=+ B3883?'15 9+*,<)+, *)+ *8,3 .31,'2+)+2N

. G;8/2;/2;.)C8 *.BC5*.? !"L#"J! "G-H U (=', 9+*,<)+ ', (=+ /+)>::I )+Y<')+2 "I_V

31 (=+ !">#"D! (3 3&(*'1 * .+)(*'1 ^EOV (*)5+( B3) * 5'4+1 1<9&+) 3B !">$#"D!

.32+, *12 B3) (=+ 932<8*('31 *12 .32'15 ,.=+9+C

. %>.*24. !"L#"J! "G-H U (=', ', (=+ !">#"D! "I_V +H/+)'+1.+2 &0 * <,+)

*4+)*5+2 34+) B*,( B*2'15C

!"1 34&5)%670%' *%'+,'-(&.%

I1 (=', ,+.('31- (=+ ,'158+><,+) /+)B3)9*1.+ *,/+.(, *)+ 2',.<,,+2C !">#"D! 8'17 /+)>

B3)9*1.+ ', L),( *1*80,+2 *12 )+,<8(, B)39 8'17 *2*/(*('31 *)+ /)+,+1(+2C :=+ /+)B3)9>

*1.+ 3B (=+ .31()38 .=*11+8,- !">"DD! *12 !">#$DD!- ', '88<,()*(+2C _+H(- ,'158+><,+)

(=)3<5=/<( )+,<8(, *)+ /)+,+1(+2 *12 2*(* )*(+ .34+)*5+ ', *1*80,+2C :=+ ,+.('31 .31>

.8<2+, ?'(= ,'9<8*('31, B3) \Z$$ /+)B3)9*1.+ (+,( .*,+,C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #18

Node B #1 Node B #2

Pown

UE connected to Node B #1

Pother

Pnoise = receiver thermal noise

HS-DSCH

Non HS-DSCH

PHSDPA

Pown

! = orthogonality

Other-cell 

interference

9457'% !"# !"#$% /+)B3)9*1.+ B*.(3),C
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7.2.1 Basic modulation and coding performance

!"#$% /)34'2+, *2*/('4+ 932<8*('31 *12 .32'15 (3 *2[<,( (=+ 2*(* )*(+ (3 (=+ *4*'8*&8+

.=*11+8 Y<*8'(0C :3 9*H'9'M+ .34+)*5+ *12 )3&<,(1+,,- Y<*2)*(<)+ /=*,+ ,='B( 7+0'15

@X$";A ', <,+2 (35+(=+) ?'(= )+8*('4+80 83?>)*(+ (<)&3>.32'15 *12 * ,'158+ !">$#"D!

.32+C :=+ +K+.('4+ .32+ )*(+ @ODVA .*1 &+ 83?+)+2 (3 ]d` ¼ ]\`dWRQ 9+*1'15 (=*( ]\`

&'(, *)+ .*))'+2 <,'15 WRQ .=*11+8 &'(, /+) ::I /+) !">$#"D! .32+C ODV 4*8<+, 8+,,

(=*1 ]d\ *)+ *.='+4+2 <,'15 )+/+('('31 .32'15 a]bC F=+1 .=*11+8 .312'('31, *)+ &+((+)-

/3?+) .*1 &+ 2'4'2+2 *9315 ,+4+)*8 !">$#"D!, (3 +1,<)+ (=+ 93,( +K+.('4+ "I_V

3/+)*('15 /3'1( B3) +*.= .32+C 63) 4+)0 ='5= "I_V .312'('31,- ]R>Y<*2)*(<)+ *9/8'(<2+

932<8*('31 @]RX%GA ?'(= 3180 * 8'((8+ .=*11+8 .32'15 ', +9/830+2C :3 '88<,()*(+ (=+

201*9'. )*15+ 3B (=+ ,0,(+9- .31,'2+) (=+ +H*9/8+ 932<8*('31 *12 .32'15 ,+(, '1

:*&8+ `C] (=*( *)+ .*88+2 f()*1,9',,'31 B3)9*( *12 )+,3<).+ .39&'1*('31,g @:6VD,AC

:=+ 4*8<+, <,+2 B3) :6VD, 2+13(+ (=+ ,'51*88'15 4*8<+, 3B (=+ ()*1,/3)( &83.7 ,'M+ (=*( ',

,+1( 34+) (=+ !">"DD!C 63) (=+ +H*.( 2+L1'('31 ,++ acbC

:=+ /+)B3)9*1.+ 3B (=+ *&34+>9+1('31+2 :6VD, =*, &++1 ,'9<8*(+2 <,'15 (=+

B3883?'15 *,,<9/('31,N

. % ,(*12*)2 ,'158+ *1(+11* V*7+ )+.+'4+) *( (=+ eOC

. :=+ <,+) +Y<'/9+1( @eOA ,<//3)(, h- ]Q- ]h !">$#"D! .32+, *12 ]RX%GC

. % G*H>E35>G%$ (<)&3>2+.32+) <,'15 +'5=( '(+)*('31,C

. $)'9*)0 .39931 /'83( .=*11+8 @$>D$ID!A &*,+2 .=*11+8 +,('9*('31 ', <,+2C

. i(=+)>.+88 '1(+)B+)+1.+ ', 932+88+2 <,'15 *22'('4+ ?='(+ Z*<,,'*1 13',+ @%FZ_AC

. :=+ 2+B*<8( eO 4+83.'(0 ', \ 79d=C

:=+ 8'17 &+(?++1 (=+ L),( ()*1,9',,'31 &83.7 +))3) /)3&*&'8'(0 @^EO$A *12 (=+ *4*'8*&8+

!">#"D! "I_V ', ,=3?1 '1 6'5<)+ `CP B3) * j*( V*08+'5= B*2'15 .=*11+8 *( * ,83?

93&'8+ ,/++2C O*.= .<)4+ )+8*(+, (3 (=+ :6VD, 3B :*&8+ `C] ?'(= .<)4+, (3 (=+ )'5=(

#1: !"#$%d!"e$% B3) eG:"

;(<)% !"# OH*9/8+ ()*1,9',,'31 B3)9*( *12 )+,3<).+ .39&'1*('31, @:6VD,AC

,IHJ +)?C32/5); =M.</5>. <)?. *2/. G;8/2;/2;.)C8 ?2/2 *2/.

@ODVA 05/6 N !"L$#"J! <)?.

a7&/,b

0QQ X$"; QC]c RkCh

0]Q X$"; QCP` ]PkCh

0PQ X$"; QC\W ]kkCh

0\Q X$"; QChP PckCh

0cQ X$"; QCRc \QkCQ

0hQ X$"; QC`` \RkCh

0QQ ]RX%G QC\P \QPCh

0]Q ]RX%G QC\k \RPCQ

0PQ ]RX%G QCch c\\CQ

0\Q ]RX%G QChc h]kCQ

0cQ ]RX%G QCRh R]WCh

0hQ ]RX%G QC`` `c]Ch
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5+1+)*880 '12'.*('15 * ='5=+) ()*1,9',,'31 2*(* )*(+C :=+)+ ', * .)3,,34+) /3'1( *)3<12

ODV ¼ \dc ?=+1 '( ', &+1+L.'*8 (3 +9/830 ]RX%G ?'(= ,()315 .32'15 )*(=+) (=*1 <,'15

X$"; ?'(= )+2<.+2 .32'15C

:=+ )+,<8(, /)+,+1(+2 '1 6'5<)+ `CP *)+ B3) (=+ ,'158+ !">$#"D! .*,+ ,=3?'15 (=+

&*,'. 932<8*('31 *12 .32'15 /+)B3)9*1.+ ?'(=3<( 8'17 *2*/(*('31C E'17 *2*/(*('31

,+8+.(, (=+ 932<8*('31 *12 .32'15 ,.=+9+ ,3 (=*( (=)3<5=/<( *12 2+8*0 *)+ 3/('9'M+2 B3)

(=+ '1,(*1(*1+3<, "I_VC 6'5<)+ `C\ ,=3?, (=+ )+Y<')+2 "I_V *, * B<1.('31 3B (=+ 2*(*

)*(+ B3) (=+ L),( ()*1,9',,'31 ?=+1 8'17 *2*/(*('31 ', '1.8<2+2C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #1!

-8 -6 -4 -2

#00

#00

#10
#10#20

#20

#30 #30
#40

#40#50
#50

0 2 4 6 8 10 12 14
0.01

0.10

1.00

Instantaneous required HS-DSCH SINR [dB]

B
L
E

P

QPSK

16QAM

9457'% !"1 $83( 3B &83.7 +))3) /)3&*&'8'(0 @^EO$A *, * B<1.('31 3B (=+ '1,(*1(*1+3<, !">#"D!

"I_VC :=+ ^EO$ ', ,=3?1 B3) (=+ /*)*9+(+), 5'4+1 '1 :*&8+ `C]C :=', ,'9<8*('31 ,+(</ ', B3) *

] ] V%;O )+.+'4+) <,'15 *1 %FZ_ .=*11+8C

AWGN, 1x1 RAKE

5 codes

10 codes

15 codes

1 100.1
-5

0

R
e
q
. 
H

S
-D

S
C

H
 S

IN
R

 @
 1

0
%

 B
L
E

P
 [
d
B

]

Per-TTI data rate [Mbps]

5

10

15

20

25

QPSK region

16QAM region

Dynamic
range (DR)

9457'% !"= I88<,()*('31 3B (=+ )+Y<')+2 !">#"D! "I_V (3 *.='+4+ * .+)(*'1 L),( ()*1,9',,'31

2*(* )*(+ ?'(= (=+ *&34+>9+1('31+2 :6VD,C
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_3(+ (=+ ,(+/, 23?1 *( .+)(*'1 /3'1(, '1 (=+ )+Y<')+2 "I_V '1 6'5<)+ `C\ ?=+1

'1.)+*,'15 (=+ 2*(* )*(+,- +,/+.'*880 (=3,+ &+(?++1 "I_V Q *12 h 2^C :=+,+ ,(+/, '12'.*(+

(=+ /3'1(, ?=+1 (=+ 1<9&+) 3B !">$#"D! .32+, ', '1.)+*,+2 B)39 31+ (3 (?3- (?3 (3

(=)++- +(.C

:=+ .<)4+, ?'(= h- ]Q- *12 ]h .32+, B3883? +*.= 3(=+) </ (3 *//)3H ] G&/,C %( ='5=+)

2*(* )*(+, ]Q *12 ]h .32+, )+Y<')+ 83?+) "I_V (=*1 h .32+,C :=+ )+*,31 ', (=*( h>.32+

()*1,9',,'31 =*, (3 )+2<.+ (=+ *93<1( 3B .=*11+8 .32'15- ?='.= 8+*2, (3 83?+) ,/+.()*8

+J.'+1.0 (=*1 ', (=+ .*,+ ?=+1 +9/830'15 93)+ !">$#"D!,C :=+ ,*9+ ', ()<+ ?=+1

.39/*)'15 (=+ .<)4+, B3) ]Q *12 ]h .32+, B3) 2*(* )*(+, *&34+ PU\ G&/,C

6'5<)+ `C\ *8,3 ,=3?, ?=+1 X$"; 3) ]RX%G 932<8*('31 ', /)+B+))+2C 63) * 83?

"I_V- X$"; ', /)+B+))+2- ?='8+ B3) ='5= "I_V .312'('31,- ]RX%G ', )+Y<')+2 (3

/)34'2+ (=+ ='5=+) 2*(* )*(+,C 63) h>.32+ ()*1,9',,'31- ]RX%G ', /)+B+))+2 ?=+1

(=+ '1,(*1(*1+3<, "I_V ', ='5=+) (=*1 *//)3H'9*(+80 ]Q 2^C

:=+ .<)4+, '12'.*(+ (=*( ?'(= h !">$#"D! .32+, *12 ]RX%G- (=+ !">#"D!

201*9'. )*15+ +Y<*8, PQ 2^ U (=*( ',- B)39 \ 2^ (3 ]` 2^C I1.)+*,'15 (=+ 1<9&+) 3B

!">$#"D! .32+, (3 ]h- (=+ (3(*8 201*9'. )*15+ ', '1.)+*,+2 (3 Pc 2^C #<)'15 !"#$%

1+(?3)7 2'9+1,'31'15 '( ', '9/3)(*1( (3 ,+( (=+ _32+ ^ !">#"D! ()*1,9'( /3?+) ,<.=

(=*( (=+ !">#"D! "I_V +H/+)'+1.+2 &0 (=+ 2'K+)+1( <,+), '1 (=+ .+88 ', ?'(='1 (=+ !">

#"D! 201*9'. )*15+C "+(('15 (=+ !">#"D! ()*1,9'( /3?+) (33 ='5= ?'88 )+,<8( '1

+H.+,,'4+ '1(+)B+)+1.+ '1 (=+ 1+(?3)7 ?'(=3<( *.='+4'15 ='5=+) !"#$% .+88 (=)3<5=/<(

'B 9*10 3B (=+ <,+), 3/+)*(+ *( (=+ ='5= +12 3B (=+ 201*9'. )*15+C "'9'8*)80- 'B (=+

!">#"D! ()*1,9'( /3?+) ', (33 83?- (=+ ='5=+,( 2*(* )*(+, .*113( &+ *.='+4+2 '1 (=+

1+(?3)7C

7.2.2 HS-DSCH performance

:=+ /)+4'3<, ,+.('31 .31,'2+)+2 (=+ /+)B3)9*1.+ 3B 2'K+)+1( 932<8*('31 *12 .32'15

,.=+9+, ?'(=3<( )+()*1,9',,'31 *12 ?'(=3<( 8'17 *2*/(*('31C :=', ,+.('31 /)+,+1(,

!">#"D! /+)B3)9*1.+ ?=+1 8'17 *2*/(*('31 *12 )+()*1,9',,'31 ,.=+9+, *)+ '1.8<2+2C

6'5<)+ `Cc '88<,()*(+, (=+ !">#"D! 8'17 8+4+8 /+)B3)9*1.+ ?'(= ]h .32+, *, * B<1.('31

3B (=+ !">#"D! ?'2+&*12 .*))'+)>(3>'1(+)B+)+1.+ )*('3 @DdIAC :=+ ?'2+&*12 DdI ', (=+

)+.+'4+2 /3?+) 3B !">#"D! 2'4'2+2 &0 13',+ *12 '1(+)B+)+1.+ ?'(=3<( 2+>,/)+*2'15C

:=+ !">#"D! 2*(* )*(+ ', .39/*)+2 ?'(= (=+ (=+3)+('.*8 "=*1131 .*/*.'(0 B3) *

\Ckc>G!M &*12?'2(=C :=+ "=*1131 B3)9<8* 5'4+, (=+ 9*H'9<9 +))3)>B)++ 2*(* )*(+

(=*( .*1 &+ ()*1,9'((+2 ?'(= * ,/+.'L+2 &*12?'2(= '1 (=+ /)+,+1.+ 3B 13',+ *12 '1(+)>

B+)+1.+ ahbC :=+)+ ', 3180 *1 *//)3H'9*(+ P>2^ 2'K+)+1.+ &+(?++1 (=+ "=*1131 8'9'(

*12 (=+ ,'9<8*(+2 !">#"D! /+)B3)9*1.+- 9*'180 2<+ (3 2+.32+) 8'9'(*('31, *12

)+.+'4+) +,('9*('31 '1*..<)*.'+,C "'9<8*('31 )+,<8(, ,=3? (=*( !"#$% 8'17 /+)B3)9*1.+

*//)3*.=+, (=+3)+('.*8 8'9'(,C

:=+ B3883?'15 *,,<9/('31, *)+ <,+2 '1 (=+ 2+(*'8+2 8'17 *2*/(*('31 ,(<2'+, 8*(+) '1 (=',

.=*/(+)N

. :=+ !">#"D! 8'17 *2*/(*('31 *853)'(=9 '1 D=*/(+) R ', <,+2- ?'(= &3(= *1 '11+)

833/ *12 *1 3<(+) 833/ *853)'(=9C

#1> !"#$%d!"e$% B3) eG:"
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. I1.)+9+1(*8 )+2<12*1.0 ?'(= * 9*H'9<9 3B B3<) ()*1,9',,'31,C % .31,(+88*('31

)+*))*15+9+1( B3) ]RX%G ', 932+88+2 B3) )+()*1,9',,'31, @(=+ .31,(+88*('31 )+>

*))*15+9+1( ', 2',.<,,+2 '1 D=*/(+) cAC

. % 835>13)9*880 2',()'&<(+2 .=*11+8 Y<*8'(0 '1B3)9*('31 @DXIA 9+*,<)+9+1( +))3) *(

(=+ eO ?'(= * ,(*12*)2 2+4'*('31 3B ] 2^C

. :=+ 2+8*0 B)39 DXI 9+*,<)+9+1( <1('8 '( ', )+/3)(+2 (3 (=+ _32+ ^ *12 <,+2 B3)

*2*/(*('31 ', *,,<9+2 (3 &+ R 9,C

:=+ /3,,'&8+ '1*..<)*.'+, '1 8'17 *2*/(*('31 *)+ /*)(80 .39/+1,*(+2 &0 (=+ <,+ 3B !%VX

?'(= ,3B( .39&'1'15- ,'1.+ (=+ +1+)50 B)39 +))31+3<, ()*1,9',,'31, =+8/, (3 '9/)34+ (=+

/)3&*&'8'(0 3B .3))+.(80 2+.32'15 )+()*1,9',,'31,C :=+ /+)B3)9*1.+ *,/+.(, 3B !%VX

=*4+ &++1 ,(<2'+2 '1 aRbC !"#$% ,<//3)(, &3(= '1.)+9+1(*8 )+2<12*1.0 *, ?+88 *, ,'9/8+

.=*,+ .39&'1'15C I1.)+9+1(*8 )+2<12*1.0 /)34'2+, *22'('31*8 5*'1 34+) .=*,+ .39&'1>

'15 ?=+1 (=+ +K+.('4+ .32+ )*(+ 3B (=+ L),( ()*1,9',,'31 +H.++2, ]d\ a]b- aRbC :=+ (0/'.*8

8'17 *2*/(*('31 (*)5+( 8+4+8 ', ]Ql ^EOV *B(+) (=+ L),( ()*1,9',,'31C

6'5<)+ `Ch ,=3?, (=+ ,'158+><,+) *4+)*5+ (=)3<5=/<( '1.8<2'15 8'17 *2*/(*('31 *12

!%VX *, * B<1.('31 3B (=+ *4+)*5+ !">#"D! "I_V +H/+)'+1.+2C :=+ )+,<8(, *)+ ,=3?1

B3) h- ]Q *12 ]h .32+,C %1 *4+)*5+ !">#"D! "I_V 3B P\ 2^ ', )+Y<')+2 (3 *.='+4+ (=+

9*H'9<9 2*(* )*(+ 3B \CR G&/, ?'(= h !">$#"D! .32+,- *12 34+) \Q 2^ B3) ]Q G&/,

?'(= ]h .32+,C

:=+ .<)4+, *)+ 4+)0 ,'9'8*) B3) 2'K+)+1( 9<8('/*(= /)3L8+,C _3(+ (=*( ?'(= * 5'4+1

3(=+)>.+88>(3>3?1>.+88>'1(+)B+)+1.+ )*('3- (=+ "I_V ', 13( .31,(*1( &<( 2+/+12, 31 *

1<9&+) 3B B*.(3), '1.8<2'15 3)(=3531*8'(0 *12 eO )+.+'4+) .*/*&'8'('+,C :=+,+ B*.(3),

9<,( &+ .31,'2+)+2 ?=+1 .*8.<8*('15 (=+ 4*8<+ B3) "I_VC :=+ &+1+L( 3B "I_V 932+88'15

', (=*( (=+ 9*//'15 B)39 "I_V (3 (=+ 2*(* )*(+ ', B*')80 .31,(*1( B3) (=+ 2'K+)+1(

+14')319+1(, *12 2'K+)+1( eO )+.+'4+) .*/*&'8'('+,C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #1?

S
u

p
p
o

rt
e

d
 e

ff
e

c
ti
v
e

 d
a

ta
 r

a
te

 [
M

b
p
s
]

0.1

1.0

10.0

-15 -10 -5 0 5 10 15 20

16QAM

0.01

Instantaneous HS-DSCH C/I before processing gain [dB] 

QPSK

HSDPA link
adaptation curve

Shannon limit:
3.84MHz*log (1+C/I)2

15 HS-PDSCH allocation
(Rake, Pedestrian-A, 3km/h)

9457'% !"2 !"#$% 2*(* )*(+ .39/*)+2 ?'(= (=+ "=*1131 8'9'( *, * B<1.('31 3B *1 *4+)*5+

!">#"D! DdIC
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:=+ )+,<8(, '1 6'5<)+ `Ch .*1 &+ <,+2 B3) !"#$% 8'17 &<25+( /8*11'15 *12 !"#$%

1+(?3)7 2'9+1,'31'15- ,'1.+ (=+ )+Y<')+2 !">#"D! "I_V ', 5'4+1 B3) 2'K+)+1( 9*H>

'9<9 1<9&+), 3B !">$#"D! .32+, *12 !">#"D! (=)3<5=/<(,C %, *1 +H*9/8+- (=+

!"#$% ,'158+><,+) (=)3<5=/<( ', +4*8<*(+2 *, * B<1.('31 3B (=+ /*(= 83,, (3?*)2, (=+

,+)4'15 !">#"D! .+88 &0 <,'15 (=+ )+,<8(, '1 6'5<)+ `Ch *12 (=+ +H/)+,,'31 '1 OYC @`C]AC

E+(g, L),( *,,<9+ (=*( (=+ !"#$% <,+) ', ,<&[+.( 3180 (3 3?1>.+88 '1(+)B+)+1.+ *12

(=+)9*8 )+.+'4+) 13',+ U (=*( ',- (=+)+ ', 13 3(=+)>.+88 '1(+)B+)+1.+C i(=+) &*,'. *,,<9/>

('31, *)+ ,<99*)'M+2 '1 :*&8+ `CPC

Z'4+1 (=+,+ *,,<9/('31,- (=+ !">#"D! ,'158+><,+) (=)3<5=/<( ', /83((+2 '1

6'5<)+ `CR 4, (=+ /*(= 83,,C %( * /*(= 83,, 3B ]RQ 2^ (=+ (=)3<5=/<( ', *//)3H'9*(+80

PQQUcQQ 7&/, 2+/+12'15 31 !"#$% /3?+) *883.*('31C 63) ,9*88+) /*(= 83,, 4*8<+,-

#=@ !"#$%d!"e$% B3) eG:"

-10 -5 0 5 10 15 20 25 30 35 40
0

2
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6

8

10

12

5 codes, PedA

5 codes VehA

5 codes fit

10 codes PedA

10 codes VehA
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15 codes PedA
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15 codes fit

Average HS-DSCH SINR [dB]
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e

 s
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g
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t 
[M

b
it
/s

]

9457'% !"8 !"#$% 2*(* )*(+ *, * B<1.('31 3B *4+)*5+ !">#"D! "I_VC _3(+ (=*( (=+ +K+.( 3B

8'17 *2*/(*('31 *12 !%VX ', '1.8<2+2 '1 (=+,+ )+,<8(,C

;(<)% !"1 ^*,'. ,'9<8*('31 /*)*9+(+), <,+2 B3) (=+ )+,<8(,

/)+,+1(+2 '1 6'5<)+ `CRC

$2*27./.* ".//5;48

:3(*8 _32+>^ :H /3?+) ]P F

_32+>^ .*&8+ 83,, c 2^

_32+>^ *1(+11* 5*'1 ]k 2^'

eO *1(+11* 5*'1 Q 2^'

eO (=+)9*8 13',+ /3?+) ]Q] 2^9

%883.*(+2 !">$#"D! .32+, h

%883.*(+2 !">$#"D! /3?+) \ 3) ` F

$>D$ID! :H /3?+) P F
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(=)3<5=/<( '1.)+*,+,C 63) * /*(= 83,, ,9*88+) (=*1 ]cQ 2^- !"#$% (=)3<5=/<( ',

8'9'(+2 &0 '1(+)>/*(= '1(+)B+)+1.+ *12 ',- (=+)+B3)+- 9<.= 83?+) B3) (=+ m+='.<8*) %

(=*1 (=+ $+2+,()'*1 % .=*11+8C 63) * ]cQ>2^ /*(= 83,, '1 (=+ $+2+,()'*1 % .=*11+8

/)3L8+- !"#$% (=)3<5=/<( +Y<*8, \ G&/,- *12 '( .*1 &+ ,++1 (=*(- +4+1 B3) 83?+) /*(=

83,, 4*8<+,- (=)3<5=/<( 23+, 13( '1.)+*,+C

_+H(- ?+ .31,'2+) !"#$% .34+)*5+ '1.8<2'15 (=+ +K+.( 3B 3(=+)>.+88 '1(+)B+)+1.+C

%,,<9'15 (=*( (=+ Z>B*.(3) *( (=+ .+88 +25+ ', 713?1- (=+ )+,<8(, '1 6'5<)+ `Ch .*1 &+ <,+2

*, '1/<( (3 2'9+1,'31 (=+ )+Y<')+2 _32+ ^ !">#"D! ()*1,9'( /3?+) (3 5<*)*1(++ *

9'1'9<9 !">#"D! (=)3<5=/<( *( (=+ .+88 +25+C V+*))*15'15 @`C]A- ?+ .*1 +H/)+,, (=+

*4+)*5+ !">#"D! "_IV *,N

"G-H ¼ "I]R

$!">#"J!

$)0;

]

] þ K ]
ð`:\Þ

*12- =+1.+- ?+ .*1 ?)'(+N

$!">#"J! "G-H½] þ K ] $)0;

"I]R

ð`:cÞ

?=+)+ $!">#"J! *12 $)0; *)+ (=+ _32+ ^ !">#"D! ()*1,9'( /3?+) *12 (=+ (3(*8

.*))'+) ()*1,9'( /3?+)- )+,/+.('4+80C :=<,- B3) * (0/'.*8 9*.)3>.+88 +25+ ?'(= K ¼  \ 2^-

¼ QCh- *12 $)0; ¼ ]P F- ?+ .*1 .*8.<8*(+ (=+ 9'1'9<9 )+Y<')+2 !">#"D! ()*1,9'(

/3?+) (3 *.='+4+ * .+)(*'1 9'1'9<9 ,'158+><,+) !">#"D! 2*(* )*(+ *( (=+ .+88 +25+C %,

*1 +H*9/8+- (=+ !">#"D! ()*1,9'( /3?+) ,=3<82 +Y<*8 hCR F 'B (=+ )+Y<')+2 !">#"D!

(=)3<5=/<( *( (=+ .+88 +25+ 1++2, (3 &+ PQQ 7&/, U (=*( ',- .3))+,/312'15 (3 * )+Y<')+2

!">#"D! "I_V 3B h 2^ *..3)2'15 (3 6'5<)+ `ChC

I1 (=+ B3883?'15 ?+ .*8.<8*(+ (=+ /+).+1(*5+ 3B (=+ .+88 *)+* '1 ?='.= *1 !"#$% ,'158+>

<,+) .*1 &+ ,+)4+2 ?'(= * 5'4+1 9'1'9<9 2*(* )*(+ 31 (=+ !">#"D!C 63) (=+,+

.*8.<8*('31,- ?+ *,,<9+ * (0/'.*8 9*.)3>.+88<8*) ,.+1*)'3 ?'(= (=+ B3883?'15 /*)*9+(+)

,+(('15,N

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #=#
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. % ,(*12*)2 =3935+1+3<, (=)++>,+.(3) 9*.)3>.+88<8*) (3/38350 ?'(= Rh _32+ ^

*1(+11*, *12 * ,'(+>(3>,'(+ 2',(*1.+ 3B PCk 79C

. :=+ Di": P\] !*(* i7<9<)* /*(= 83,, 932+8 ', *//8'+2- /8<, * 835>13)9*8 2',>

()'&<(+2 ,=*23?>B*2'15 .39/31+1( ?'(= k>2^ ,(*12*)2 2+4'*('31C

. %88 .+88, '1 (=+ 1+(?3)7 *)+ *,,<9+2 (3 ()*1,9'( *( ]P F- .3))+,/312'15 (3 * B*')80 ='5=

*')U'1(+)B*.+ 83*2 '1 *88 .+88,C

:=+ )+,<8(, *)+ /83((+2 '1 6'5<)+ `C`C e,'15 ` F *12 L4+ !">$#"D! .32+, B3) !"#$%-

*1 !"#$% ,'158+><,+) .*1 &+ ,+)4+2 ?'(= ]C] G&/, '1 hQl 3B (=+ .+88 *)+* '1 m+='.<8*) %

*12 ?'(= ]CR G&/, '1 $+2+,()'*1 %C _3(+ =+)+ (=*( (=+,+ )+,<8(, *)+ 3&(*'1+2 <12+) (=+

*,,<9/('31 (=*( (=+ )+9*'1'15 /3?+) </ (3 ]P F ', <,+2 &0 V+8+*,+ WW .=*11+8, 31 (=+

,*9+ .*))'+)C

6'1*880- * .3993180 <,+2 9+*,<)+ B3) 1+(?3)7 2'9+1,'31'15 ', (=+ /'83( =<=G)C ^*,+2

31 (=+ ?'2+&*12 *4+)*5+ $>D$ID! =<=G) '( ', /3,,'&8+ (3 +,('9*(+ (=+ *.='+4*&8+ !"#$%

,'158+><,+) (=)3<5=/<(C I( .*1 &+ ,=3?1 (=*( (=+ *4+)*5+ !">#"D! "I_V .*1 &+

+H/)+,,+2 *, * B<1.('31 3B (=+ $>D$ID! ,'158+ =<=G) *,N

"G-H ¼ "I]R

$!"#$%

$953)/

953)/

$)0;

ð`:hÞ

?=+)+ $!"#$%- $)0;- *12 $953)/ *)+ (=+ !"#$% ()*1,9'( /3?+)- (=+ (3(*8 _32+ ^ ()*1,9'(

/3?+)- *12 (=+ $>D$ID! ()*1,9'( /3?+)- )+,/+.('4+80C :=+ /*)*9+(+) 953)/ 2+13(+, (=+

$>D$ID! =<=G) ?=+1 !"#$% /3?+) ', 31C !"#$% ,'158+><,+) (=)3<5=/<( *, * B<1.('31

3B (=+ *4+)*5+ !">#"D! "I_V .*1 &+ ,++1 '1 6'5<)+ `Ch B3) .*,+, ?=+)+ h- ]Q- *12 ]h

!">$#"D!, *)+ *4*'8*&8+C

#=1 !"#$%d!"e$% B3) eG:"
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7.2.3 Impact of QPSK-only UEs in early roll-out

!"#$% eO D*(+53)'+, R *12 ]P &3(= ,<//3)( L4+ !">$#"D! .32+,C :=+ 2'K+)+1.+ ',

'1 (=+ ,<//3)( 3B ]RX%G 932<8*('31N D*(+53)0 ]P 3180 ,<//3)(, X$"; 932<8*('31-

?='8+ D*(+53)0 R *8,3 ,<//3)(, ]RX%GC :=+ eO .*/*&'8'('+, B3) D*(+53)'+, R *12 ]P *)+

,<99*)'M+2 '1 :*&8+ `C\C "'158+><,+) 8'17 /+)B3)9*1.+ ', ,=3?1 '1 6'5<)+ `Ck B3) (=+,+

eO .*(+53)'+,C ]RX%G .*1 .8+*)80 /)34'2+ ='5=+) 2*(* )*(+, ?'(= ='5= "I_V 4*8<+,

+,/+.'*880 '1 (=+ $+2+,()'*1 % .=*11+8C i1 (=+ 3(=+) =*12- *( 83? "I_V 4*8<+, (=+)+ ', 13

2'K+)+1.+ '1 (=)3<5=/<( &+(?++1 ]RX%GdX$"; *12 X$";>3180C 63) 2*(* )*(+, 83?+)

(=*1 ] G&/,- /+)B3)9*1.+ ', /)*.('.*880 '2+1('.*8 B3) (=+ (?3 eO .*(+53)'+, .31,'2+)+2C

:=+ )+*,31 .*1 &+ ,++1 B)39 6'5<)+ `C\- ?=+)+ ]RX%G ', <,+2 3180 B3) ='5=+) "I_V

4*8<+,C

7.2.4 HS-SCCH performance

:=+ +))3) /)3&*&'8'(0 3B !">"DD! ,=3<82 &+ 83? ,'1.+ (=+ !">#"D! .*1 3180 &+

2+.32+2 &0 (=+ eO 'B (=+ !">"DD! ', L),( .3))+.(80 )+.+'4+2C E'17 ,'9<8*('31 )+,<8(,

'88<,()*('15 (=+ !">"DD! ^EO$ 4, (=+ "I_V /+) ::I *)+ ,=3?1 '1 6'5<)+ `CWC :=+

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #==

;(<)% !"= :=+ *22'('31*8 /*)*9+(+), <,+2 (3 '88<,()*(+

(=+ '9/*.( 3B 2',*&8'15 ]RX%GC

'= <2/.4)*: +C3/5<)?.8 2;? 7)?C32/5);

D*(+53)0 R h>.32+ ]RX%G 9*H \CR G&/,

D*(+53)0 ]P h>.32+ X$"; 9*H ]Ck G&/,
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!">"DD! "I_V ', (=+ +K+.('4+ "I_V *B(+) 2+>,/)+*2'15 (=+ !">"DD! '1.8<2'15 (=+

+K+.( 3B (=+ 3)(=3531*8'(0 B*.(3) *12 (=+ /)3.+,,'15 5*'1 3B ]PkC 63) eO 4+83.'('+, </ (3

hQ 79d=- (=+ )+Y<')+2 "I_V (3 *.='+4+ * ^EO$ 3B ]l 4*)'+, &+(?++1 ] *12 \ 2^C

%,,<9'15 * (*)5+( "I_V B3) (=+ !">"DD! 3B ]Ch 2^- (=+ !">"DD! 34+)=+*2 ',

9+*,<)+2 '1 (+)9, 3B (=+ )+Y<')+2 _32+ ^ !">"DD! ()*1,9'( /3?+)- *,,<9'15

!">"DD! /3?+) .31()38 +4+)0 ::I 2+/+12'15 31 (=+ ,.=+2<8+2 <,+) *12 !">"DD!

"I_V '( +H/+)'+1.+, akbC 63) 2+(*'8, ,++ (=+ !">"DD! /3?+) .31()38 2',.<,,'31 '1

D=*/(+) RC :=+ )+,<8(, 3B (=+ ,'9<8*('31 *)+ 5'4+1 '1 6'5<)+ `C]QC I1 (=+ \Z$$

9*.)3>.+88 +14')319+1( (=+ )+Y<')+2 !">"DD! /3?+) *( (=+ .+88 +25+ ', *//)3H'9*(+80

#=2 !"#$%d!"e$% B3) eG:"

Avg. SINR over block [dB]
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(=+ <,+)g, Z>B*.(3)C

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 151 of 260



QCh F *12 31 *4+)*5+ ', QCPUQC\ F 34+) (=+ .+88 *)+*- ?='.= ', nPl 3B *4+)*5+ _32+ ^

()*1,9',,'31 /3?+)C :=+,+ ,'9<8*('31, *,,<9+ )3<12 )3&'1 ,.=+2<8'15- ?='.= 23+, 13(

(*7+ (=+ .<))+1( )*2'3 .=*11+8 .312'('31, '1(3 *..3<1(C :=+ '9/*.( 3B 93)+ *24*1.+2

,.=+2<8'15 31 (=+ !">"DD! 34+)=+*2 =*, &++1 ,(<2'+2 '1 a`bC F=+1 ,.=+2<8'15 (=+

2*(* U /)'9*)'80 ?=+1 (=+ <,+)g, .=*11+8 ', B*43<)*&8+ U * ,'2+>&+1+L( ', (=*( (=+

!">"DD! 34+)=+*2 ', )+2<.+2C

O*.= .32+>9<8('/8+H+2 <,+) )+Y<')+, *1 !">"DD!C IB ?+ .32+>9<8('/8+H (=)++ <,+),-

(=)++ /*)*88+8 !">"DD!, *)+ )+Y<')+2C :=+)+B3)+- (=+ 3/('9'M*('31 3B !">"DD! /3?+)

.31()38 &+.39+, 93)+ )+8+4*1( ?=+1 .32+>9<8('/8+H'15 ', <,+2C

G3)+ 2+(*'8+2 2+,'51 .31,'2+)*('31, *12 /+)B3)9*1.+ L5<)+, B3) (=+ !">"DD! .*1

&+ B3<12 '1 a]QbC

7.2.5 Uplink HS-DPCCH performance

:=+ </8'17 !">#$DD! ', /3?+)>.31()388+2 )+8*('4+ (3 (=+ </8'17 #$DD! '1 +4+)0 ,83(

'1(+)4*8C :=+ /3?+) )+8*('31 &+(?++1 (=+ #$DD! *12 (=+ !">#$DD! ', 5'4+1 &0 (=+

/*)*9+(+), aD%D;o D_%D;o DDXIb- ?='.= *)+ ,+( &0 (=+ )*2'3 1+(?3)7 .31()388+) @V_DA

4'* )*2'3 )+,3<).+ .31()38 @VVDA ,'51*88'15 (3 (=+ eOC :=+ /3?+) 3K,+( .*1 &+ </ (3 R 2^

?'(='1 1'1+ /3,,'&8+ Y<*1('M*('31 ,(+/, a]cbC :=+ /3?+) 3K,+(, aD%D;o D_%D;o DDXIb 9<,(

&+ ,+8+.(+2 (3 B<8L88 (=+ )+Y<')+2 </8'17 !">#$DD! 2+(+.('31 /)3&*&'8'('+,C :=+ 13)9*8

(*)5+( 4*8<+, B3) (=+,+ 3K,+(, *)+ 2+L1+2 '1 (+)9, 3B (=+ /)3&*&'8'(0 3B 9',>2+(+.('15C

:0/'.*8 4*8<+, B3) (=+,+ *)+ $%D; ! _%D; < ]Q P *12 $_%D; ! %D; < ]Q \C :=+ /)3&>

*&'8'(0 3B 2+.32'15 * _%D; *, *1 %D; =*, (3 &+ 4+)0 83? ,'1.+ (=*( .*<,+, 9',,'15 E]

)+()*1,9',,'31 *12 (=+ 2*(* 9<,( &+ )+()*1,9'((+2 &0 (=+ VED 8*0+)C

I1 * /)+4'3<, ,(<20 a]\b- (=+ 2+B*<8( 4*8<+, B3) !">#$DD! /3?+) 3K,+(, =*4+ &++1

+H()*.(+2 (=*( B<8L88 (=+ !">#$DD! 2+(+.('31 /)3&*&'8'('+, *, ,/+.'L+2 &0 \Z$$C I(

,=3<82 &+ 13(+2 (=*( (=+ )+.399+12+2 2+B*<8( !">#$DD! /3?+) 3K,+(, 2+/+12 31

(=+ ,+)4'.+ 31 (=+ </8'17>*,,3.'*(+2 #D!C :=+ #$DD!d#$#D! /3?+) 3K,+( ', ,+( (3

PCRW 2^ B3) (=+ ]P>7&/, ,+)4'.+ a\PbC :=+ )+.399+12+2 4*8<+, *)+ a]\bN D%D; ¼ c 2^-

D_%D; ¼ c 2^- *12 DDXI ¼ P 2^C F'(= *1 '1.)+*,'15 2*(* )*(+ 31 (=+ #D!- (=+ *&34+

3K,+(, 5+1+)*880 2+.)+*,+C

:=+,+ 1<9&+), *)+ 4*8'2 B3) !"#$% <,+), ?'(= *1 *.('4+ ,+( ,'M+ 3B ]C :=+ </8'17

/3?+) .31()38 '1 ,3B( =*1234+) ', &*,+2 31 (=+ &+,( </8'17 .311+.('31 U (=*( ',- 'B 31+

3B (=+ .+88, )+.+'4+, * ='5= +13<5= ,'51*8 8+4+8- 93&'8+ /3?+) .*1 &+ 2+.)+*,+2C :=+

!">#$DD!- =3?+4+)- ', )+.+'4+2 3180 &0 (=+ ,+)4'15 !">#"D! .+88 *12 (=+ )+.+'4+2

/3?+) 8+4+8 3B (=+ !">#$DD! 9*0 &+ (33 83? 'B (=*( .+88 '1,(*1(*1+3<,80 23+, 13( =*4+

(=+ &+,( </8'17 .311+.('31C :=+)+B3)+- * 8*)5+) !">#$DD! /3?+) 3K,+( ', )+Y<')+2

'1 ,3B( =*1234+)C IB (=+ 9*H'9<9 /3?+) 3K,+( 3B R 2^ ', 13( +13<5= (3 9*'1(*'1

!">#$DD! Y<*8'(0- \Z$$ ,/+.'L.*('31, *883? (=+ <,+ 3B %D;d_%D; )+/+('('31 *,

?+88C 63) !"#$% <,+), '1 ,3B( =*1234+)- '( ', )+.399+12+2 (3 <,+ *1 !">#$DD!

/3?+) 3K,+( 3B R 2^ *12 *1 %D;d_%D; )+/+('('31 3B P )+,<8('15 '1 *1 *22'('31*8 5*'1

3B *//)3H'9*(+80 \ 2^C 63) B<)(=+) '1B3)9*('31 31 !">#$DD! </8'17 .34+)*5+ B3)

<,+), '1 ,3B( =*1234+)- (=+ )+*2+) ', )+B+))+2 (3 a]\bC

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #=8
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7.2.6 3GPP test methodology

!"#$% /+)B3)9*1.+ )+Y<')+9+1(, *)+ 2+L1+2 '1 a]]bC I1 (=', (+H(- (=+ B3.<, ', 31 (=+

,'158+ 8'17 /+)B3)9*1.+ 3B (=+ !">#"D! ?'(= * .31,(*1( 932<8*('31 *12 .32'15

,.=+9+C 63) (=+ ,'9<8*('31, ,=3?1 =+)+- '( =*, &++1 *,,<9+2 (=*( (=+ )+(<)1 .=*11+8

B3) !"#$% @!">#$DD!A ', +))3)>B)++ ?=+1 ()*1,9'(('15 %D;,d_%D;, '1 )+,/31,+

(3 * !%VXC

I1 a]]b- 4*)'3<, (+,( .=*11+8, *)+ 2+L1+2 U 2+13(+2 *, !>"+(] (3 !>"+(R U +*.=

2+,.)'&'15 2'K+)+1( eO .*/*&'8'('+,C :=+,+ .=*11+8, *)+ .*88+2 fLH+2 )+B+)+1.+ .=*11+8,g

@6VD,AC !+)+- ?+ ?'88 3180 .31,'2+) (=+ L),( (+,( .=*11+8 @!>"+(]AC :=+ (+,( .=*11+8

2+L1'('31, *)+ ,=3?1 '1 :*&8+ `CcC :=+ 9'1'9<9 /+)B3)9*1.+ )+Y<')+9+1(, B3) X$";

*12 ]RX%G *)+ 8',(+2 '1 :*&8+, `Ch *12 `CR- )+,/+.('4+80C X$"; 932<8*('31 ', (+,(+2

?'(= 3?1>(3>3(=+)>.+88>'1(+)B+)+1.+ )*('3 G)*=G)< 4*8<+, 3B Q 2^ *12 ]Q 2^C :=+ 4*8<+ 3B

Q 2^ .3))+,/312, (3 * 83.*('31 .83,+ (3 (=+ .+88 +25+ ?='8+ ]Q 2^ ', 83.*(+2 '1 * .8+*)

239'1*1.+ *)+* 3B * ,'158+ .+88C ]RX%G 932<8*('31 ', (+,(+2 3180 ?'(= *1 3?1>(3>3(=+)>

.+88>'1(+)B+)+1.+ )*('3 3B ]Q 2^ ,'1.+ ]RX%G ?3<82 13( &+ <,+2 *( * 83? G)*=G)< 4*8<+C

:?3 !">#"D! /3?+) *883.*('31, *)+ .31,'2+)+2N Phl 3B _32+ ^ /3?+) B3) !">#"D!

@=<=G)* ¼  R 2^A *12 hQl /3?+) B3) !">#"D! @=<=G)* ¼  \ 2^AC

F+ .39/*)+ (=+ 8'17 ,'9<8*('31, ?'(= (=+ \Z$$ 9'1'9<9 /+)B3)9*1.+ )+Y<')+9+1(,

5'4+1 '1 6'5<)+ `C]] *, * B<1.('31 3B !">#"D! /3?+) *883.*('31C I:e m+='.<8*) %

9<8('/*(= /)3L8+ *( \Q 79d= ', *,,<9+2 '1 6'5<)+ `C]]C :=+ ,'9<8*(+2 )+,<8(, *)+

#=: !"#$%d!"e$% B3) eG:"

;(<)% !"2 $*)*9+(+) ,+(('15, B3) ,'9<8*('31 3B (=+ LH+2 )+B+)+1.+ .=*11+8 !>"+(]C

$2*27./.* ';5/ O23C.

G32<8*('31 X$"; ]RX%G

I1(+)>::I 2',(*1.+ ::Ig, \ ::I \ ::I

OK+.('4+ .32+ )*(+ QCR` QCR]

_<9&+) 3B /=0,'.*8 .=*11+8 .32+, D32+, h c

;(<)% !"8 G'1'9<9 )+Y<')+9+1( X$";- LH+2 )+B+)+1.+ .=*11+8 @6VDA !>"+(]C

,.8/ $*)9242/5); H.(.*.;<. >23C.

;C7@.* <);?5/5);8

!"L$#"J! =<=G)* #2/2 *2/. 2/ #2/2 *2/. 2/

G)*=G)< ¼ Q 2^ G)*=G)< ¼ ]Q 2^

a2^b a7&/,b a7&/,b

] $+2+,()'*1 % R Rh \QW

\ 79d= \ _d% cP\

P $+2+,()'*1 ^ R P\ ]k]

\ 79d= \ ]\k Pk`

\ m+='.<8*) % R PP ]WQ

\Q 79d= \ ]cP PWh

c m+='.<8*) % R ]\ ]k]

]PQ 79d= \ ]cQ P`h
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*//)3H'9*(+80 ]UP 2^ &+((+) (=*1 \Z$$ /+)B3)9*1.+ )+Y<')+9+1(,C :=+ )+,<8(, /)+>

,+1(+2 '1 6'5<)+ `C]] .*1 &+ 4'+?+2 *, +'(=+) * 9*)5'1 '1 (+)9, 3B (=)3<5=/<( 3) *, *1

'9/8+9+1(*('31 9*)5'1C

!"= A7)/470%' 0B0/%- *%'+,'-(&.%

:=+ B3883?'15 ,<&,+.('31, .31(*'1 9<8('<,+) ,'9<8*('31 )+,<8(,C F+ /)34'2+ &3(= .+88

.*/*.'(0 *12 +12 <,+) /+)B3)9*1.+ )+,<8(,C G3,( 3B (=+ )+,<8(, *)+ 3&(*'1+2 B3) &+,(

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #=!
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G factor=10 dB, simulations
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G factor=10 dB, 16QAM, simulations

G factor=10 dB, 16QAM, requirement

G factor=0 dB, simulations

G factor=0 dB, requirement

9457'% !"## :=)3<5=/<( /+)B3)9*1.+ 3B !>"+(] *, * B<1.('31 3B *883.*(+2 !">#"D! /3?+) B3)

(=+ m+='.<8*) % \Q 79d= .=*11+8 /)3L8+C

;(<)% !": G'1'9<9 )+Y<')+9+1( ]RX%G- LH+2 )+B+)+1.+ .=*11+8 @6VDA !>"+(]C

,.8/ ;C7@.* $*)9242/5); H.(.*.;<. >23C.

<);?5/5);8

!"L$#"J! #2/2 *2/. 2/

=<=G)* G)*=G)< ¼ ]Q 2^

a2^b a7&/,b

] $+2+,()'*1 % R ]Wk

\ 79d= \ \Rk

P $+2+,()'*1 ^ R \c

\ 79d= \ P]W

\ m+='.<8*) % R c`

\Q 79d= \ P]c

c m+='.<8*) % R Pk

]PQ 79d= \ ]R`
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+K3)( ?+& &)3?,'15 *//8'.*('31, ?'(=3<( *10 ,()'.( X3" )+Y<')+9+1(,C "39+ )+,<8(, B3)

.31,(*1( &'( )*(+ ,()+*9'15 *//8'.*('31, *)+ *8,3 /)+,+1(+2C

7.3.1 Simulation methodology

:=+ /+)B3)9*1.+ 3B !"#$% '1 * 9<8('<,+) ,.+1*)'3 ', Y<*1('L+2 &0 .312<.('15

*24*1.+2 201*9'. 1+(?3)7 8+4+8 ,'9<8*('31, ?'(= 9<8('/8+ .+88, *12 <,+), akbC :=+

,'9<8*(3) ,<//3)(, ,.+1*)'3, ?'(= * 9'H(<)+ 3B FD#G% V+8+*,+ WW #D! *12

!"#$% V+8+*,+ h <,+), &+'15 ,+)4+2 &0 (=+ ,*9+ .*))'+)C 63) +*.= V+8+*,+

h !"#$% <,+)- ?+ +H/8'.'(80 ,'9<8*(+ )+.+/('31 3B !">#"D!- !">"DD!- *12 31+

*,,3.'*(+2 #D! *( \Cc 7&/,C :=+ *,,3.'*(+2 #D! ', 3180 *,,<9+2 (3 .*))0 (=+ ,'51*88'15

)*2'3 &+*)+) B3) E*0+) \ ,'51*88'15C V+8+*,+ WW #D!, *)+ ,'9<8*(+2 ?'(= '11+) 833/ *12

3<(+) 833/ /3?+) .31()38- ,3B( =*1234+) B<1.('31*8'(0- *12 /3?+)>&*,+2 *29',,'31

.31()38C :=+ /)'9*)0 2+B*<8( ,'9<8*('31 /*)*9+(+), *)+ ,<99*)'M+2 '1 :*&8+ `C` akbC

7.3.2 Multiuser diversity gain

F+ L),( ,(<20 (=+ 5*'1 3B /)3/3)('31*8 B*') ,.=+2<8'15 34+) )3<12 )3&'1- *8,3 .*88+2

f9<8('<,+) 2'4+),'(0 5*'1gC G<8('<,+) 2'4+),'(0 5*'1 ', )+/3)(+2 '1 6'5<)+ `C]P B3) (=+ .*,+

?=+)+ ` F *12 L4+ !">$#"D! .32+, *)+ *883.*(+2 B3) !"#$% ()*1,9',,'31- ?='8+ (=+

)+9*'1'15 *4*'8*&8+ )+,3<).+, *)+ <,+2 B3) ()*1,9',,'31 3B V+8+*,+ WW .=*11+8, akbC :=+

*4+)*5+ 1<9&+) 3B !"#$% <,+), /+) .+88 +Y<*8, ,'H B3) (=+,+ )+,<8(,C G<8('<,+) 2'4+),'(0

5*'1 .39+, B)39 ,.=+2<8'15 <,+), ?=+1 (=+0 +H/+)'+1.+ )+8*('4+80 5332 "I_V- ?='8+

*43'2'15 ,.=+2<8'15 <,+), (=*( +H/+)'+1.+ 2++/ B*2+,C G<8('<,+) 2'4+),'(0 5*'1 ', 3180

*4*'8*&8+ *( 932+)*(+ eO ,/++2, ?=+)+ (=+ /*.7+( ,.=+2<8+) ', *&8+ (3 ()*.7 B*,( B*2'15

)*2'3 .=*11+8 4*)'*('31,C %( ='5= eO ,/++2, ?=+)+ (=+ /*.7+( ,.=+2<8+) .*1 13 8315+)

()*.7 )*2'3 .=*11+8 4*)'*('31, &0 931'(3)'15 )+.+'4+2 DXI )+/3)(, B)39 eO,- 9<8('<,+)

2'4+),'(0 5*'1 ', 9*)5'1*8C :=+ ,*9+ 3&,+)4*('31 ', ()<+ B3) ,(*('31*)0 <,+), ?=+)+ (=+

.=*11+8 ', .31,(*1(C :=+ /)3/3)('31*8 B*') ,.=+2<8+) .*1 /)34'2+ * 9'13) 5*'1 *( Q 79d=

#=> !"#$%d!"e$% B3) eG:"

;(<)% !"! "<99*)0 3B 2+B*<8( /*)*9+(+) ,+(('15, B3) 1+(?3)7 ,'9<8*('31,C

-./0)*1 /)9)3)4: +2<*)L<.33C32*P /6*..L8.</)* 85/.8P QRSL17 85/.L/)L85/. ?58/2;<.

V*2'3 /)3/*5*('31 Di":P\] i7<9<)*U!*(*- 835>13)9*8 ,=*23?'15 @k 2^ ,(2A- I:e

m+='.<8*) % ?'(= \ 79d=C

G%D>=, B<1.('31*8'('+, $)3/3)('31*8 B*') /*.7+( ,.=+2<8'15- !%VX ?'(= .=*,+ .39&'1'15C

:)*J. 932+8 D83,+2 833/ :D$ ?+& &)3?,'15 932+8- ]hQQ &0(+, :D$ /*.7+( ,'M+-

]QQ 7&0(+, *4+)*5+ /*.7+( .*88 ,'M+- VED *.713?8+25+2 932+C

!*1234+), "01.=)31'M+2 !">#"D! .+88 .=*15+ B3) !"#$%- ,(*12*)2 ,3B(

=*1234+) B3) V+8+*,+ WW ?'(= *1 *22 ?'123? 3B P 2^C

eO )+.+'4+) (0/+ "'158+ *1(+11* V*7+C

_32+ ^ /3?+) ,+(('15, G*H'9<9 ()*1,9'( /3?+) /+) .+88 PQ F- $>D$ID! /3?+) P FC
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*, ?+88 2<+ (3 4*)'*('31, '1 (=+ '1(+)B+)+1.+C :=+ )+,<8(, '1 6'5<)+ `C]P *)+ 3&(*'1+2 B3) *

m+='.<8*) % )*2'3 .=*11+8C

G<8('<,+) 2'4+),'(0 5*'1 *8,3 2+/+12, 31 (=+ 1<9&+) 3B ,'9<8(*1+3<, *.('4+ !"#$%

<,+), '1 (=+ .+88C :=+ 5*'1 3B /)3/3)('31*8 B*') 34+) )3<12 )3&'1 ', )+/3)(+2 '1 6'5<)+ `C]\

4, (=+ 1<9&+) 3B !"#$% <,+),- *,,<9'15 (=*( *88 <,+), *)+ 934'15 ?'(= * 4+83.'(0 3B

\ 79d=C % .8+*) 5*'1 .*1 *8)+*20 &+ *.='+4+2 ?'(= (?3 /*)*88+8 <,+),C G<8('<,+) 2'4+),'(0

5*'1 3180 '1.)+*,+, 9*)5'1*880 *, (=+ 1<9&+) 3B <,+), 53+, &+0312 L4+C I( ', *8,3 3&,+)4+2

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #=?
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(=*( 9<8('<,+) 2'4+),'(0 5*'1 ', 8*)5+) '1 I1(+)1*('31*8 :+8+.399<1'.*('31 e1'31 @I:eA

$+2+,()'*1 % (=*1 '1 I:e m+='.<8*) %C :=', &+=*4'3<) ', 2<+ (3 (=+ 8*)5+) B*2'15

201*9'. )*15+ '1 I:e $+2+,()'*1 %C V+.*88 (=*( 9<8('<,+) 2'4+),'(0 5*'1 '1.)+*,+,

?=+1 (=+ B*2'15 201*9'. )*15+ 3B (=+ )*2'3 .=*11+8 '1.)+*,+,C %22'('31*8 ,'9<8*('31

)+,<8(, B3) I:e $+2+,()'*1 % *)+ ,=3?1 '1 "+.('31 `C`C\CRC]C

7.3.3 HSDPA-only carrier capacity

D+88 (=)3<5=/<( )+,<8(, *)+ )+/3)(+2 '1 6'5<)+ `C]c B3) 2'K+)+1( *883.*('31, 3B

!">$#"D! .32+, /+) .+88 '1 *1 I:e m+='.<8*) % 9<8('/*(=C 63) L4+ !">$#"D!

.32+, *12 13 #D! ()*J. '1 (=+ .+88- *.='+4*&8+ .+88 (=)3<5=/<( ', B3<12 (3 +Y<*8

]CP G&/,- ?='8+ '( '1.)+*,+, (3 ]C\ G&/, 'B ,39+ 3B (=+ /3?+) ', *8,3 <,+2 B3) ()*1,9',,'31

3B ()*J. 31 (=+ #D!C !+1.+- ?'(= L4+ !">$#"D! .32+, /+) .+88- '( ', &+((+) (3 ,/8'( (=+

()*J. &+(?++1 !"#$% *12 (=+ #D! )*(=+) (=*1 *883.*('15 *88 (=+ ()*J. *12 /3?+) (3

!"#$%C :=+ /)*.('.*8 ,/8'( &+(?++1 !"#$% *12 (=+ #D! 3&4'3<,80 2+/+12, 31 (=+

*4*'8*&8+ ()*J. B)39 !"#$% *12 131>!"#$% eO,C I1.)+*,'15 (=+ 1<9&+) 3B

!">$#"D! .32+, B)39 L4+ (3 (+1 )+,<8(, '1 * .*/*.'(0 5*'1 3B *//)3H'9*(+80 hQlC

:=+ .*/*.'(0 '1.)+*,+ ', *.='+4+2 &+.*<,+ '( ', 93)+ ,/+.()*880 +J.'+1( (3 L),( '1.)+*,+ (=+

1<9&+) 3B !">$#"D! .32+, &+B3)+ ,(*)('15 (3 '1.)+*,+ (=+ +K+.('4+ .32'15 )*(+ *12d3)

932<8*('31 3)2+)C :=+ )+,<8(, B3) (+1 !">$#"D! .32+, '1 *1 !"#$%>3180 .+88 *)+

)+/3)(+2 B3) (=+ .*,+ ?'(=3<( .32+>9<8('/8+H'15 *,,<9'15 (=*( *88 !"#$% 93&'8+, *)+

*&8+ (3 )+.+'4+ </ (3 (+1 !">$#"D! .32+, *12 ?'(= .32+>9<8('/8+H'15 3B (?3 <,+), /+)

::I- +*.= .*/*&8+ 3B )+.+'4'15 L4+ !">$#"D! .32+,C I( ', 3&,+)4+2 (=*( *.='+4*&8+

#2@ !"#$%d!"e$% B3) eG:"
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.+88 (=)3<5=/<( ', ,8'5=(80 83?+) '1 (=+ .*,+ 3B .32+>9<8('/8+H'15C :=', ', .*<,+2 &0 (=+

='5=+) 34+)=+*2 B)39 =*4'15 (?3 !">"DD!, /+) .+88 *, ?+88 *, (=+ *22'('31*8 ,.=+2<8'15

.31,()*'1(, B)39 =*4'15 (3 ,.=+2<8+ (?3 <,+), /+) ::IC :=+ .+88 .*/*.'(0 ?'(= *88 ]h .32+,

', *//)3H'9*(+80 PCQ G&/, ?=+1 .32+>9<8('/8+H'15 ', <,+2C

7.3.4 HSDPA capacity with Release 99

F+ .31,'2+) (=+ .*,+ ?=+)+ L4+ !">$#"D! .32+, *12 31+ !">"DD! .32+ *)+ *883.*(+2

B3) !"#$% ()*1,9',,'31 /+) .+88C :=', .*1 &+ .31,'2+)+2 * (0/'.*8 '1'('*8 )388>3<(

,.+1*)'3 B3) !"#$%C :=+ )+9*'1'15 .=*11+8'M*('31 .32+, *)+ <,+2 B3) (=+ ()*1,9',,'31

3B V+8+*,+ WW .=*11+8,C 6'5<)+ `C]h ,=3?, (=+ *4+)*5+ .+88 (=)3<5=/<( 31 !"#$% *12

(=+ #D! 4, (=+ *883.*(+2 !"#$% /3?+)- *, ?+88 *, (=+ (3(*8 .+88 (=)3<5=/<( (=*(

', (=+ ,<9 3B (=+ (=)3<5=/<( 31 !"#$% *12 (=+ #D!C %, +H/+.(+2- !"#$% .+88

(=)3<5=/<( '1.)+*,+, (=+ 93)+ !"#$% /3?+) (=*( ', &+'15 *883.*(+2- ?='8+ #D!

(=)3<5=/<( ,'9<8(*1+3<,80 2+.)+*,+,C :=+ 9*H'9<9 .+88 (=)3<5=/<( ', 3&,+)4+2 (3

+Y<*8 ]C\ G&/, B3) `>F !"#$% /3?+) *883.*('31C !+1.+- (=+ '1()32<.('31 3B

!"#$% ?'(= L4+ !">$#"D! .32+, &)'15, * .*/*.'(0 5*'1 3B `Ql 34+) V+8+*,+ WW-

?='.= (0/'.*880 3K+), * .*/*.'(0 3B `kQ 7&/,C :=+ .*/*.'(0 5*'1 .39+, B)39 B*,( 8'17

*2*/(*('31 *12 !%VX- *12 9<8('<,+) 2'4+),'(0 .39+, B)39 <,'15 /)3/3)('31*8 B*')

,.=+2<8'15C !+1.+- '( ', +4'2+1( (=*( (=+ /+)B3)9*1.+ 3B !"#$% 4, #D! 2+/+12, 31

=3? (=+ .39931 ()*1,9',,'31 )+,3<).+, *)+ ,=*)+2 &+(?++1 (=+,+ (?3 .=*11+8 (0/+,C

!3?+4+)- (3(*8 .+88 (=)3<5=/<( 23+, 13( 4*)0 ,'51'L.*1(80 ?'(= !"#$% ()*1,9'( /3?+)

*883.*(+2C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #2#
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7.3.5 User data rates

!"#$% (=)3<5=/<( +H/+)'+1.+2 /+) <,+) 2+/+12, 31 (=+ 1<9&+) 3B *883.*(+2 !"#$%

<,+), /+) .+88 (=*( *)+ ,=*)'15 (=+ .39931 !">#"D!C :=+ .<9<8*('4+ 2',()'&<('31

B<1.('31 3B (=+ !"#$% (=)3<5=/<( +H/+)'+1.+2 /+) <,+) ', )+/3)(+2 '1 6'5<)+ `C]R-

*,,<9'15 `>F !"#$% /3?+) *883.*('31 *12 L4+ !">$#"D! .32+,- ?='8+ (=+ )+9*'1'15

/3?+) ', <,+2 B3) ()*1,9',,'31 3B V+8+*,+ WW .=*11+8,C %, +H/+.(+2- !"#$% (=)3<5=/<(

2+.)+*,+, *, 93)+ <,+), *)+ *883.*(+2 /+) .+88C :=+ 2+.)+*,+ '1 *4+)*5+ !"#$% (=)3<5=>

/<( /+) <,+) ', 13( '14+),+80 /)3/3)('31*8 (3 (=+ 1<9&+) 3B *883.*(+2 !"#$% <,+),C %, *1

+H*9/8+- !"#$% <,+) (=)3<5=/<( *( (=+ hQl Y<*1('8+ +Y<*8, cQQ 7&/, *12 P`Q 7&/, B3)

31+ *12 (=)++ !"#$% <,+), /+) .+88- )+,/+.('4+80C :=+ )+*,31 B3) (=', ', (=*( 9<8('<,+)

2'4+),'(0 5*'1 '1.)+*,+, ?'(= 93)+ <,+),C e,+), +H/+)'+1.'15 ='5= 2*(* )*(+, *)+ (0/'.*880

.83,+ (3 (=+ ,+)4'15 !">#"D! .+88- ?='8+ <,+), ,+)4+2 ?'(= 83?+) 2*(* )*(+, *)+ (0/'.*880

*( (=+ .+88 +25+C %8(=3<5= 13( ,=3?1 =+)+- !"#$% (=)3<5=/<( +H/+)'+1.+2 /+) <,+) ',

*8,3 3&,+)4+2 (3 2+/+12 ,'51'L.*1(80 31 (=+ *93<1( 3B *883.*(+2 !"#$% ()*1,9',,'31

/3?+)- *, ?*, *8,3 3&,+)4+2 '1 6'5<)+ `C]h B3) *4+)*5+ !"#$% .+88 (=)3<5=/<(C

7.3.6 Impact of deployment environment

V+.*88 (=*( (=+ 1+(?3)7 /+)B3)9*1.+ )+,<8(, /)+,+1(+2 =*4+ &++1 3&(*'1+2 B)39 * 8*)5+

9*.)3>.+88<8*) ,.+1*)'3 ?'(= *1 I:e m+='.<8*) % /3?+) 2+8*0 /)3L8+C I1 (=+ B3883?'15-

?+ 5'4+ * &)'+B 2',.<,,'31 31 =3? /+)B3)9*1.+ )+,<8(, ?'88 .=*15+ 'B ,39+ 3B (=+ +,,+1('*8

,'9<8*('31 /*)*9+(+), *)+ *8(+)+2C

#21 !"#$%d!"e$% B3) eG:"
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!"=":"# A7)/4*(/C *',D)%

I( ', 713?1 B)39 (=+ 1<9+)3<, )*2'3 .=*11+8 9+*,<)+9+1( .*9/*'51, )+/3)(+2 '1

aPhb (=*( (=+ I:e m+='.<8*) % /3?+) 2+8*0 /)3L8+ ', )+/)+,+1(*('4+ B3) 9*.)3>.+88,

?=+)+ _32+ ^ *1(+11*, *)+ 93<1(+2 *&34+ (=+ )33B(3/ 8+4+8C !3?+4+)- <,+), 83.*(+2

'1 .83,+ 4'.'1'(0 3B (=+ _32+ ^ 9'5=( +H/+)'+1.+ * /3?+) 2+8*0 /)3L8+ ?'(= 8+,, (+9/3)*8

2',/+),'31 U ,<.= *, (=+ I:e $+2+,()'*1 % .=*11+8 /)3L8+ @,++- +C5C- Z)++1,(+'1g,

2',(*1.+>2+/+12+1( 932+8, B3) 2+8*0 ,/)+*2 aPcbAC :=+ I:e $+2+,()'*1 % /3?+) 2+8*0

/)3L8+ ', (0/'.*880 <,+2 B3) 9'.)3>.+88, ?=+)+ (=+ _32+ ^ *1(+11* ', 93<1(+2 &+83?

)33B(3/ 8+4+8C I:e $+2+,()'*1 % =*, 8+,, (+9/3)*8 2',/+),'31- *12 (=+)+B3)+ *8,3 * &+((+)

23?18'17 3)(=3531*8'(0 B*.(3) aPb- ?='.= )+,<8(, '1 8+,, 3?1>.+88 '1(+)B+)+1.+ *( (=+ eO

*B(+) 2+>,/)+*2'15C :=+ I:e $+2+,()'*1 % .=*11+8 /)3L8+ *8,3 =*, * 8*)5+) B*2'15

201*9'. )*15+ ?='.= )+,<8(, '1 8*)5+) 9<8('<,+) 2'4+),'(0 ,.=+2<8'15 5*'1 @,++ a`bAC

6'5<)+ `C]` .39/*)+, &3(= m+='.<8*) % *12 $+2+,()'*1 % '1 * (=)++>,+.(3) 9*.)3>

.+88 +14')319+1(C !+1.+- B3) (=+ 9*.)3>.+88<8*) ,+(</ <12+) .31,'2+)*('31- *4+)*5+

!"#$% .+88 (=)3<5=/<( ', '1.)+*,+2 &0 \QUhQl '1 I:e $+2+,()'*1 % .39/*)+2 ?'(=

m+='.<8*) %C _3(+ (=*( (=+ <,+ 3B /+)B3)9*1.+ +1=*1.+9+1( 9+(=32, U 8'7+ (=+ *24*1.+2

)+.+'4+), '1 "+.('31 `Ck U 3K+) B<)(=+) '9/)34+2 .+88 (=)3<5=/<(, 34+) (=+ 1<9&+),

,=3?1 '1 6'5<)+ `C]`C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #2=
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9457'% !"#! "<99*)0 3B *4+)*5+ .+88 (=)3<5=/<( B3) !"#$% '1 * 9*.)3>.+88<8*) +14')319+1(

2+/+12'15 31 (=+ *,,<9+2 /3?+) 2+8*0 /)3L8+ *12 1<9&+) 3B !">$#"D! .32+, *883.*(+2C
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!"=":"1 E%)) /,*,),5B

D+88 (3/38350 23+, '9/*.( !"#$% /+)B3)9*1.+C %, *1 +H*9/8+- (=+ )+,<8(, B3) 9'.)3>

.+88, =*4+ &++1 /)+,+1(+2 a]bC :=+ 9'.)3>.+88<8*) ,+(</ ', .=*)*.(+)'M+2 &0 (=+ ='5=+)

',38*('31 &+(?++1 1+'5=&3<)'15 .+88, ?='.= )+,<8(, '1 8+,, 3(=+)>.+88 '1(+)B+)+1.+ *, ?+88 *,

8+,, 9<8('/*(= /)3/*5*('31C :=+ *4+)*5+ !"#$% .+88 (=)3<5=/<( ', (=+)+B3)+ B3<12 (3

'1.)+*,+ B)39 PCP G&/, B3) 9*.)3>.+88, (3 cCk G&/, B3) 9'.)3>.+88,C :=+ 8*)5+) !"#$%

.+88 (=)3<5=/<( '1 9'.)3>.+88, ', *.='+4*&8+ &+.*<,+ (=+ !">#"D! "I_V *( 9*10 3B (=+

<,+), ', ,<J.'+1(80 ='5= (3 *883? B)+Y<+1( ()*1,9',,'31 <,'15 ]RX%G 932<8*('31C

!"=":"= F&G,,' .,H%'(5%

:=+ 3(=+) ,'9<8*('31 )+,<8(, '1 (=', .=*/(+) =*4+ &++1 3&(*'1+2 <,'15 *1 <)&*1 9*.)3>

.+88<8*) /)3/*5*('31 932+8 *,,<9'15 <,+), 83.*(+2 3<(233), *( ,()++( 8+4+8C "'1.+ Y<'(+ *

B+? <,+), *)+ 83.*(+2 '1233), '1 /)*.('.+- (=+ +*)8'+) ,'9<8*('31, =*4+ &++1 )+/+*(+2 ?'(=

*1 *22'('31*8 '1233) /+1+()*('31 83,, 3B PQ 2^C !3?+4+)- 13(+ (=*( (=', *22'('31*8 /*(=

83,, 9'5=( &+ (33 /+,,'9',('. B3) <,+), 83.*(+2 31 ='5=+) j33), '1 ='5=>)',+ &<'82'15,- ,'1.+

(=+ /*(= 83,, ', (0/'.*880 3&,+)4+2 (3 &+ 8+,, B3) +8+4*(+2 <,+), aPhb- aPRbC :=+ *22+2

/+1+()*('31 83,, 3B PQ 2^ (+12, (3 9*7+ (=+)9*8 13',+ *( <,+), *( (=+ .+88 +25+ 239'1*1(

34+) 3(=+)>.+88 '1(+)B+)+1.+ *12- (=+)+B3)+- )+,<8(, '1 .*/*.'(0 83,, ?=+1 .39/*)+2 ?'(=

(=+ )+,<8(, B3) (=+ 3<(233)>(3>3<(233) ,'(<*('31C 63) (=+ ,.+1*)'3 <12+) .31,'2+)*('31 U

?'(= * PCk>79 ,'(+>(3>,'(+ 2',(*1.+ U (=+ PQ>2^ /+1+()*('31 83,, )+,<8(, '1 * ]hl

(=)3<5=/<( 2+.)+*,+ B3) !"#$%C !3?+4+)- (=+ (=)3<5=/<( 2+.)+*,+ B3) V+8+*,+ WW ',

3&,+)4+2 (3 +Y<*8 cQlC :=', .8+*)80 2+931,()*(+, (=*( !"#$% /)34'2+, *1 *22'('31*8

.34+)*5+ 5*'1 34+) V+8+*,+ WWC e,'15 !%VX ?'(= ,3B( .39&'1'15 3B )+()*1,9',,'31, *12

B*,( ,.=+2<8'15 9*'180 B*.'8'(*(+, (=', .34+)*5+ 5*'1C

% 2+2'.*(+2 '1233) '1>&<'82'15 ,0,(+9 .*1 *8,3 &+ <,+2 (3 ,'51'L.*1(80 '9/)34+ '1233)

.34+)*5+ U (=*( ',- <,'15 2',()'&<(+2 *1(+11* ,0,(+9, 3) *1 '1233) /'.3>.+88C %, ,(<2'+2 '1

a]Rb- !"#$% ', 4+)0 *(()*.('4+ B3) ,<.= ,.+1*)'3, ,'1.+ !">#"D! "I_V 4*8<+, *)+ ='5=

*12 ]RX%G 932<8*('31 .*1 B)+Y<+1(80 &+ <,+2 (3 3K+) ='5= <,+) 2*(* )*(+, *12 .+88

.*/*.'('+,C

!"=":"2 I0/4-(/4,& ,+ J3KLM <4/ '(/%0 <(0%G ,& ( NEKAM G'4H% /%0/

:=', ,+.('31 '88<,()*(+, * 9+(=32 3B +,('9*('15 !"#$% &'( )*(+, &*,+2 31 FD#G%

2)'4+ (+,( 9+*,<)+9+1(,C #)'4+ (+,(, (0/'.*880 /)34'2+ *( 8+*,( D$ID! =<=-Q *12 D$ID!

)+.+'4+2 ,'51*8 .32+ /3?+) @V"D$A 9+*,<)+9+1(,C i1.+ ?+ .39&'1+ (=3,+ 9+*,<)+>

9+1(, ?'(= (=+ +H/+.(+2 /3?+) *883.*('31, B3) !"#$%- ?+ .*1 /)+2'.( (=+ !">#"D!

"I_VC e,'15 (=+ )+,<8(, 3B 8'17 8+4+8 ,'9<8*('31,- "I_V 4*8<+, .*1 &+ 9*//+2 (3 *1

!"#$% &'( )*(+C :=+ 9+(=32 ', '88<,()*(+2 '1 6'5<)+ `C]kC F+ /)+,+1( *1 +H*9/8+ .*,+

,(<20 B)39 * .399+).'*8 O<)3/+*1 FD#G% 1+(?3)7C

F+ .31,'2+) (?3 .*,+, B3) !"#$% 2+/8309+1(N *1 !"#$%>3180 .*))'+) *12 * ,=*)+2

.*))'+) ?'(= FD#G%C %,,<9+2 /3?+) *883.*('31, *)+ ,=3?1 '1 6'5<)+ `C]WC :=+ ,=*)+2

.*))'+) *,,<9+, !">#"D! /3?+) 3B ` F *12 (=+ 2+2'.*(+2 .*))'+) ]h FC :=+ 1+(?3)7

83*2 ?*, 83? 2<)'15 (=+ 9+*,<)+9+1(, *12 *4+)*5+ _32+ ^ ()*1,9',,'31 /3?+) ?*,

#22 !"#$%d!"e$% B3) eG:"
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(0/'.*880 h F ?=+)+ 93,( 3B (=+ /3?+) ?*, .*<,+2 &0 (=+ D$ID! U (=*( ',- P F U *12 &0

(=+ 3(=+) .39931 .=*11+8,C

:=+ '1(+)B+)+1.+ *12 ,'51*8 4*8<+, B)39 (=+ 2)'4+ (+,(, *)+ .314+)(+2 (3 .3))+,/312'15

4*8<+, ?=+1 !"#$% ', 2+/830+2 <,'15 (=+ *,,<9/('31 B)39 6'5<)+ `C]WC :3(*8 )+.+'4+2

'1(+)B+)+1.+ ?'(= !"#$% ', ,.*8+2 *..3)2'15 (3 (=+ '1.)+*,+ '1 (3(*8 ^:" /3?+)N

:3(*8 '1(+)B+)+1.+ G) ¼ H"J$
=<

GQ

þ ]Q 835]Q

!
$/)/;!"#$%

$/)/;@.()*.!"#$%

"

ð`:RÞ

?=+)+ H"J$ ', )+.+'4+2 D$ID! ,'51*8 .32+ /3?+)- =<=GQ ', D$ID! =<=-Q- $/)/;!"#$% ',

(=+ &*,+ ,(*('31 /3?+) <,'15 !"#$%- *12 $/)/;@.()*.!"#$% (=*( &+B3)+ !"#$%C :=',

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #28

1. Ec/N0 samples

2. RSCP samples

3. BTS powers

1. HS-DSCH power

2. WCDMA power

3. Orthogonality

HS-DSCH SINR

HS-DSCH bit rate

Drive test data Assumptions for HSDPA deployment

9457'% !"#> G+(=32 3B +,('9*('15 !">#"D! &'( )*(+ B)39 FD#G% 2)'4+ (+,( 9+*,<)+9+1(,C

CPICH CPICH2 W

3 W

= HS-DSCH

CPICH

HS-DSCH

WCDMA during the 

measurements

15 W

2 W

3 W

2 W

6 W

5 W total

20 W total

7 W

15 W total

Shared WCDMA R99 + 

HSDPA carrier

HSDPA only carrier

= Other common channels CCH + R99 channel + associated DCHs

= CPICH

HS-DSCH HS-DSCH

CCH + DCH

CCH + DCH CCH + DCH

9457'% !"#? %,,<9+2 /3?+) *883.*('31, B3) !"#$% 2+/8309+1(C
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.*8.<8*('31 *,,<9+, (=*( (=+ !">#"D! ', .31('1<3<,80 ()*1,9'((+2 B)39 *88 .+88,- ?='.=

', /+,,'9',('. B3) 83?>()*J. ,.+1*)'3,C i?1>.+88 '1(+)B+)+1.+ ', +,('9*(+2 B)39 )+.+'4+2

D$ID! /3?+) *12 ^:" /3?+) <,'15 !"#$%N

i?1>.+88 '1(+)B+)+1.+ G)* ¼ H"J$ þ ]Q 835]Q

!
$/)/;!"#$%

$J$GJ!

"

ð`:`Þ

i(=+)>.+88 '1(+)B+)+1.+ .*1 &+ 3&(*'1+2 ?=+1 (=+ 3(=+) '1(+)B+)+1.+ .39/31+1(, *)+

713?1N

i(=+)>.+88 '1(+)B+)+1.+ G)< ¼ GQ G)* -Q ð`:kÞ

?=+)+ -Q ', (=+ (+)9'1*8 )+.+'4+) (=+)9*8 13',+ 8+4+8C :=+ )+.+'4+2 +1+)50 /+) .='/ B3) (=+

!">#"D! .*1 &+ 3&(*'1+2 *, B3883?,N

!">#"J! =< ¼ H"J$ þ ]Q 835]Q

!
$!">#"J!

$J$GJ!

"

ð`:WÞ

6'1*880- ?+ .*8.<8*(+ (=+ !">#"D! "I_V <,'15 (=+ ,'51*8 *12 '1(+)B+)+1.+ 4*8<+, *&34+N

!">#"J! "G-H ½2^ ¼ ]Q 835]Q

!

]R
!">#"J! =<

ð] ÞG)* þ G)< þ -Q

"

ð`:]QÞ

?=+)+ ', (=+ 3)(=3531*8'(0 3B 3?1>.+88 '1(+)B+)+1.+C %4+)*5+ 3)(=3531*8'(0 ?*,

*,,<9+2 (3 &+ QCR '1 (=', .*,+ ,(<20- ?='.= .3))+,/312, (3 * (0/'.*8 <)&*1 9*.)3>

.+88<8*) +14')319+1(C IB *24*1.+2 (+)9'1*8 )+.+'4+), ?'(= +Y<*8'M+), *)+ 2+/830+2 @,++

"+.('31 `CkC]A- 3)(=3531*8'(0 ?3<82 &+ ='5=+)C

:=+ 2',()'&<('31 3B (=+ 9+*,<)+2 D$ID! =<=-Q B)39 (=+ 2)'4+ (+,(, ', ,=3?1 '1

6'5<)+ `CPQC :=+ 9+2'*1 =<=-Q ', RC] 2^ *12 (=+ WQl 4*8<+ ', WCR 2^C

#2: !"#$%d!"e$% B3) eG:"
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F+ *//80 (=+ .*8.<8*('31 9+(=32 (3 (=+ 9+*,<)+9+1( ,*9/8+, *12 3&(*'1 *1 !"#$%

&'( )*(+ 2',()'&<('31 B3) (=+ ]h>.32+ !"#$% ,=3?1 '1 6'5<)+ `CP]C :=+ 9+2'*1 &'( )*(+

+H/+.(+2 ', ]cRQ 7&/, *12 (=+ ]Ql *12 WQl 4*8<+, *)+ RQQ 7&/, *12 cPQQ 7&/,C

:=+ &'( )*(+, B3) h- ]Q- *12 ]h .32+, <,'15 * 2+2'.*(+2 !"#$% .*))'+) *)+ ,=3?1 '1

6'5<)+ `CPPC :=+ +,('9*(+2 !"#$% 2*(* )*(+, *)+ ,'9'8*) (3 (=+ ,'9<8*('31 )+,<8(,

5'4+1 +*)8'+) '1 (=', .=*/(+)C :=+ *4+)*5+ 2*(* )*(+, *)+ ]PQQ 7&/, B3) h>.32+ !"#$%-

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #2!
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]`cQ 7&/, B3) ]Q>.32+- *12 PQcQ 7&/, B3) ]h>.32+ !"#$%C % (3(*8 3B WQl 3B (=+ 2)'4+

(+,( 83.*('31, ?3<82 /)34'2+ *( 8+*,( hQQURQQ 7&/,C

6'5<)+ `CP\ '88<,()*(+, (=+ *4+)*5+ &'( )*(+, *.='+4*&8+ <,'15 2+2'.*(+2 *12 ,=*)+2

.*))'+),C % 2+2'.*(+2 ]h>.32+ !"#$% .*))'+) .*1 '1.)+*,+ (=)3<5=/<( &0 hQl .39/*)+2

?'(= * ]Q>.32+ !"#$% ,=*)+2 .*))'+) *12 34+) ]QQl .39/*)+2 ?'(= * h>.32+ !"#$%

,=*)+2 .*))'+)C

:=', ,+.('31 =*, ,=3?1 (=*( ,'9/8+ 9+*,<)+9+1(, B)39 *1 3/+)*(3)g, FD#G%

1+(?3)7 .*1 &+ <,+2 (3 3&(*'1 Y<'.7 +,('9*(+, 3B (=+ !"#$% 2*(* )*(+, +H/+.(+2 '1

(=*( 1+(?3)7C

7.3.7 HSDPA capacity for real time streaming

I1 (=+ /)+4'3<, ,+.('31,- ?+ /)+,+1(+2 /+)B3)9*1.+ )+,<8(, B3) &+,(>+K3)( ()*J. ?'(=3<(

*10 ,()'.( X3" .31,()*'1(,C I1 (=', ,+.('31- ?+ /)+,+1( )+,<8(, B3) .31,(*1( &'( )*(+

,()+*9'15 ?'(= * /8*0>3<( &<K+) 3B h ,+.C :=+,+ )+,<8(, *)+ 3&(*'1+2 <,'15 (=+ ,'9<8*('31

9+(=3238350 *12 ,.+1*)'3 2+,.)'&+2 '1 "+.('31 `C`C\C]- *,,<9'15 (=*( *88 ()*J. '1 (=+ .+88

', ()*1,9'((+2 31 (=+ !">#"D! ?'(= </ (3 (+1 !">$#"D! .32+,C 63) *22'('31*8 2+(*'8,

,++ a]kbC

D31,(*1( &'( )*(+ ,()+*9'15 ,+)4'.+, *( ]Pk 7&/, *)+ ,'9<8*(+2 <,'15 )*2'3 8'17 .31()38

@VEDA *.713?8+25+2 932+C _+? ,()+*9'15 .*88, *)+ 5+1+)*(+2 *..3)2'15 (3 * =393>

5+1+3<, $3',,31 /)3.+,, ?'(= * .*88 8+15(= 3B cQ ,+.C :=+ /8*0>3<( &<K+) B<1.('31*8'(0 *(

(=+ <,+) ', +H/8'.'(80 ,'9<8*(+2C i1.+ (=+ *93<1( 3B &<K+)+2 2*(* )+*.=+, RcQ 7'83&'(, '1

(=+ /8*0>3<( &<K+)- /8*0>3<( *( ]Pk 7&/, ', ,(*)(+2C !+1.+- ?'(= * ,3<).+ &'( )*(+ 3B

]Pk 7&/, (=+ 9'1'9<9 '1'('*8 &<K+)'15 ('9+ +Y<*8, h ,+.C IB '( =*//+1, (=*( (=+ /8*0>3<(

&<K+) )<1, +9/(0 2<)'15 * ,()+*9'15 .*88- (=+1 * )+>&<K+)'15 +4+1( 3..<),- ?=+)+ (=+

/8*0>3<( ', ,(3//+2 <1('8 (=+ &<K+) )+*.=+, RcQ 7'83&'(,C % ,*(',L+2 <,+) ', 2+L1+2 *, *

<,+) ?'(= *1 '1'('*8 &<K+)'15 ('9+ 3B 8+,, (=*1 k ,+. ?'(=3<( +H/+)'+1.'15 *10 )+>&<K+)'15

+4+1(,C %1 <1=*//0 <,+) ', * <,+) ?'(= +'(=+) *1 '1'('*8 &<K+)'15 ('9+ 8315+) (=*1 k ,+.- 3)

#2> !"#$%d!"e$% B3) eG:"
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* <,+) ?=3 +H/+)'+1.+, )+>&<K+)'15 +4+1(,C 6'1*880- <,+), ,<&[+.( (3 '1'('*8 &<K+)'15 ('9+,

3) )+>&<K+)'15 ('9+, 8315+) (=*1 ]Q ,+. *)+ 2)3//+2C e1,*(',L+2 <,+), *)+ (=+ ,<9 3B

2)3//+2 *12 <1=*//0 <,+),C :=+,+ X3" 2+L1'('31, B3) ,()+*9'15 ,+)4'.+, *)+ ,'9'8*) (3

(=+ 31+, <,+2 '1 a]`bC Z'4+1 (=+,+ )+Y<')+9+1(, B3) .31,(*1( &'( )*(+ ,()+*9'15- Y<*8'(0>

&*,+2 !"#$% *29',,'31 .31()38 9*0 &+ 1++2+2 'B (=+)+ *)+ (33 9*10 ,()+*9'15 <,+),

+1(+)'15 (=+ .+88C "<.= *853)'(=9, *)+ ,(<2'+2 '1 a]kb *12 a]WbC :=+ Y<*8'(0>&*,+2 !"#$%

*..+,, *853)'(=9 /)3/3,+2 '1 a]kb ', <,+2 B3) (=+ )+,<8(, /)+,+1(+2 '1 6'5<)+ `CPc- ?=+)+

<1,*(',L+2 <,+) /)3&*&'8'(0 ', /83((+2 4, .*))'+2 !">#"D! .+88 (=)3<5=/<(C :=+,+

)+,<8(, *)+ 3&(*'1+2 &0 )<11'15 * ,+)'+, 3B ,'9<8*('31, ?'(= 2'K+)+1( X3" (*)5+(, B3)

(=+ Y<*8'(0>&*,+2 !"#$% *..+,, *853)'(=9C %,,<9'15 * 9*H'9<9 *883?+2 <1,*(',L+2

<,+) /)3&*&'8'(0 3B hl- !"#$% .+88 .*/*.'(0 *( ]Pk>7&/, ,()+*9'15 +Y<*8, *//)3H'>

9*(+80 ]C\ G&/,- 3) +Y<'4*8+1(80 (+1 <,+), /+) .+88C

%24*1.+2 ,()+*9'15 .8'+1(, *12 ,+)4+), *)+ *&8+ (3 *2*/( (=+') 2*(* )*(+ (3 (=+

*4*'8*&8+ )*2'3 &'( )*(+C :=3,+ *2*/('4+ ,()+*9'15 .32+., *)+ .31,'2+)+2 '1 D=*/(+) WC

!"2 F7< /'(&0-4004,& %O.4%&.B

i1+ 3B (=+ ,'51'L.*1( 3/+)*('31*8 +H/+1,+, B3) 9*10 FD#G% 3/+)*(3), ', I<& ()*1,>

9',,'31 &+(?++1 (=+ V_D *12 _32+ ^,- +,/+.'*880 'B 8+*,+2 O]d:] 8'1+, *)+ <,+2C :=',

,+.('31 ,=3?, =3? !"#$% (+.=138350 .*1 '9/)34+ I<& ()*1,9',,'31 +J.'+1.0 *12 =+8/

)+2<.+ (=+ .3,( /+) ()*1,9'((+2 &'( 31 !"#$% .39/*)+2 ?'(= (=*( 31 FD#G%C :32*0-

(=+ 9*[3)'(0 3B 3/+)*(3), <,+ *,01.=)313<, ()*1,B+) 932+ @%:GA ()*1,9',,'31 31 (=+

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #2?

0.9 1.0 1.1 1.2 1.3 1.4 1.5
Average HS-DSCH cell throughput [Mbps] 
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Constant bit rate streaming @ 128 kbps

9457'% !"12 e1,*(',L+2 <,+) /)3&*&'8'(0 B3) ,()+*9'15 *( ]Pk 7&/, *, * B<1.('31 3B .*))'+2

!">#"D! (=)3<5=/<(C
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I<&- ,3 (=', ?'88 &+ 3<) ?3)7'15 *,,<9/('31 B3) (=+ ,<&,+Y<+1( *1*80,',- +4+1 (=3<5=

I1(+)1+( $)3(3.38 @I$A &*,+2 ()*1,9',,'31 ', *8,3 ,<//3)(+2 &0 \Z$$ ,/+.'L.*('31,C :=+

'9/)34+2 I<& +J.'+1.0 B3) !"#$% .39+, B)39 (=+ B3883?'15 B*.(3), a\`bN

. 6*,( 201*9'. ,=*)'15 3B (=+ !"#$% I<& &*12?'2(= *883.*(+2 &+(?++1 *.('4+ !"#$%

<,+),C :=', ', *.='+4+2 &0 <,'15 B*,( G%D>=, j3? .31()38C F'(= V+8+*,+ WW (=+ I<&

&*12?'2(= ', (0/'.*880 *883.*(+2 ,+/*)*(+80 /+) <,+)- ?='.= 9*7+, '( 2'J.<8( (3

201*9'.*880 ,=*)+ +H.+,, .*/*.'(0 2<)'15 /+)'32, ?'(= 83? *.('4'(0 U B3) +H*9/8+-

2<)'15 ,=3)( )+*2'15 ('9+, B3) ?+& &)3?,'15 *//8'.*('31,C

. ^<K+)'15 3B 2*(* '1 (=+ _32+ ^ 9+*1, (=*( ()*1,9',,'31 ?'(= ='5= /+*7 2*(* )*(+, *(

(=+ *') '1(+)B*.+ .*1 &+ ,<//3)(+2 ?'(= !"#$% ?'(=3<( )+Y<')'15 * ,'9'8*) ='5=+) I<&

&*12?'2(=C I( *8,3 '9/8'+, (=*( ,=3)( (+9/3)*)0 /+)'32, ?'(= I<& .315+,('31 23 13(

1+.+,,*)'80 )+,<8( '1 <1<,+2 !"#$% *') '1(+)B*.+ .*/*.'(0C

. !"#$% 23+, 13( 1++2 ,3B( =*1234+)- ,3 (=+ 2*(* ()*1,9'((+2 (3 31+ !"#$% <,+) ',

3180 ,+1( 31.+ 34+) * ,'158+ I<&C FD#G% V+8+*,+ WW )+8'+, 31 ,3B( =*1234+)- ?=+)+

9<8('/8+ I<& 8'17, *)+ )+Y<')+2 B3) <,+), '1 ,3B( =*1234+)C %, *1 +H*9/8+- )+,<8(, B)39

a]\b ,=3? (=*( (=+ ,3B( =*1234+) 34+)=+*2 +Y<*8, *//)3H'9*(+80 cQl B3) FD#G%

<,+),- 9+*1'15 (=*( 31 *4+)*5+ * V+8+*,+ WW eO )+.+'4+, 2*(* B)39 ]Cc .+88,C

%,,<9'15 * ,(*12*)2 .83,+2 833/ :)*1,9',,'31 D31()38 $)3(3.38 @:D$A ?+& &)3?,'15

()*J. 932+8 *12 * (=)++>,+.(3) 9*.)3>.+88 +14')319+1(- '( ', )+/3)(+2 '1 a\`b (=*( I<&

+J.'+1.0 ', '9/)34+2 &0 * B*.(3) 3B P B3) !"#$% .39/*)+2 ?'(= (=*( B3) FD#G%C

:=', ', * ,'51'L.*1( '9/)34+9+1(- ?='.= &*,'.*880 9+*1, (=*( (?'.+ *, 9*10 <,+) &'(, .*1

&+ ()*1,9'((+2 (=)3<5= (=+ ,*9+ I<& ?'(= !"#$% .39/*)+2 ?'(= <,'15 V+8+*,+ WW

FD#G%C I1 3)2+) (3 B<)(=+) *22)+,, I<& 2'9+1,'31'15 B3) !"#$%- (=+ ,'9<8*('31,

B)39 "+.('31 `C`C\Cc *)+ )+/+*(+2 <,'15 I<& &*12?'2(= )+,()'.('31, *12 ='5=>,/++2 B*,(

9+2'<9 *..+,, .31()38 @G%D>=,A j3? .31()38 *, '88<,()*(+2 '1 6'5<)+ `CPhC V+.*88 B)39

#8@ !"#$%d!"e$% B3) eG:"

MAC-hs buffer, User #1MAC-d entity, User #1

MAC-hs buffer, User #NMAC-d entity, User #N

MAC-hs buffer, User #3MAC-d entity, User #3

MAC-hs buffer, User #2MAC-d entity, User #2

MAC-hs
packet 

scheduler

..
..
..
. .
..

. .

............
..
..
..
. .
..
. .

RNC Node-B

MUX

RNC
control
point

Iub interface
limited

bandwidth

DEMUX

MAC-hs flow control
Tell how much data
each MAC-d flow is 
allowed to send over

the Iub

Buffer information

!"#$%&'()*'+,-('.%/%
0%-('1234.'5&)*'"6

%&&)*0.'/)'60$.')708
/(0'9,:

9457'% !"18 ^83.7 2'*5)*9 B3) ,'9<8*('31 ,+(</ ?'(= 8'9'(+2 I<& &*12?'2(= *12 G%D>=, j3?

.31()38C
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D=*/(+) \ (=*( G%D>=, j3? .31()38 ', 3/+)*(+2 &0 ,+12'15 ,3>.*88+2 .)+2'(, (3 (=+ V_D

B3) +*.= G%D>2 j3?- 2+/+12'15 31 (=+ *93<1( 3B &<K+)+2 2*(* '1 (=+ _32+ ^C :=+

1<9&+) 3B .)+2'(, +H/)+,,+, (=+ 9*H'9<9 1<9&+) 3B /*083*2 2*(* <1'(, @$#e,A (=*( (=+

V_D ', *883?+2 (3 ,+12 34+) (=+ I<& 2<)'15 (=+ 1+H( !">#"D! '1(+)4*8 3B ]Q 9,C _3(+

(=*( (=+ B)*9+>8+15(= B3) (=+ !">#"D! B)*9+ /)3(3.38 +Y<*8, ]Q 9,C IB I<& .315+,('31

3..<), ,3 (=+ V_D .*113( ()*1,9'( *88 (=+ $#e, *..3)2'15 (3 (=+ )+.+'4+2 .)+2'(,- *

,'9/8+ .315+,('31 .31()38 ,.=+9+ ', *//8'+2- ?=+)+ (=+ $#e j3? ', )+2<.+2 +Y<*880 B3)

*88 *.('4+ !"#$% G%D>2 j3?,C

:=+ ()*2+>3K &+(?++1 *') '1(+)B*.+ V6 4, I<& +J.'+1.0 ', )+/3)(+2 '1 6'5<)+ `CPRC _3(+

B)39 "+.('31 `C`C\Cc (=*( ?'(=3<( *10 I<& &*12?'2(= 8'9'(*('31, (=+ *4+)*5+ !"#$%

.+88 .*/*.'(0 +Y<*8, *//)3H'9*(+80 WQQ 7&/,- ?='.= ', PC` G&/, /+) (=)++>,+.(3) _32+ ^

*,,<9'15 L4+ !">$#"D! .32+, *12 ` F B3) !"#$% ()*1,9',,'31C :=+ )+9*'1'15

/3?+) *12 ,39+ .=*11+8'M*('31 .32+, *)+ <,+2 B3) ,'9<8(*1+3<, V+8+*,+ WW ()*1,9',,'31C

:=+ )+,<8(, '1 6'5<)+ `CPR ,=3? (=*( '1 3)2+) (3 *.='+4+ (=+ B<88 ]QQl !"#$% )*2'3

B)+Y<+1.0 @V6A .*/*.'(0 (=+ !"#$% I<& &*12?'2(= )+Y<')+2 +Y<*8, \Ck G&/,C %1

!"#$% I<& &*12?'2(= 3B \CP G&/, ', ,<J.'+1( (3 *.='+4+ Whl 3B (=+ 9*H'9<9

*4*'8*&8+ !"#$% V6 .*/*.'(0C "<.= I<& 2'9+1,'31'15 .3))+,/312, (3 PQl 34+)>

2'9+1,'31'15 3B (=+ I<&C :=', PQl 34+)>2'9+1,'31'15 ', 1++2+2 (3 *..3<1( B3)

(+9/3)*8 4*)'*('31, '1 (=+ *4*'8*&8+ !"#$% V6 .*/*.'(0 .*<,+2 &0- B3) +H*9/8+-

!"#$% <,+), &+'15 .83,+ (3 (=+ ,+)4'15 .+88 *12 4*)'*('31, '1 (=+ ()*J. 932+8C _3(+

(=*( (=+ )+,<8('15 PQl 9*)5'1 ?'88 &+ )+2<.+2 ?=+1 (=+ 1<9&+) 3B *.('4+ !"#$% <,+),

/+) ,'(+ ', '1.)+*,+2 '1 ='5=>.*/*.'(0 ,'(+,C I1 (=*( .*,+ (=+ /+*7 ,'(+ .*/*.'(0 ?'88 &+ .83,+)

(3 (=+ *4+)*5+ ,'(+ .*/*.'(0 2<+ (3 (=+ ,9*88+) 239'1*1.+ 3B * B+? <,+), '1 +H()+9+

.312'('31,C

!"8 E(*(.4/B (&G .,0/ ,+ G(/( G%)4H%'B

:=+ /)+4'3<, ,+.('31, /)+,+1(+2 (3(*8 .+88 (=)3<5=/<( '1 G&/,- &<( (=', ,+.('31 +,('9*(+,

(=+ *.='+4*&8+ 2*(* .*/*.'(0 '1 (3(*8 23?183*2+2 5'5*&0(+, /+) ,<&,.)'&+) /+) 931(=C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #8#

60 %
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70 %

75 %

80 %

85 %

90 %

95 %

100 %

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
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RF utilization [%]

Iub utilization [%]
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#*(* .*/*.'(0 2+/+12, 31 * 1<9&+) 3B *,,<9/('31, '1 *22'('31 (3 (=+ ()*J. 932+8,N

F=*( ', (=+ f&<),('1+,,g 3B (=+ 2*(* ()*1,9',,'31 *12 =3? ', (=+ ()*J. 2',()'&<(+2 34+) (=+

2*0C m3'.+ ()*J. (+12, (3 &+ )+8*('4+80 .31,(*1( 34+) (=+ 2*0 *12 (=+ &<,0 =3<) 9*0 .*))0

+4+1 8+,, (=*1 ]Ql 3B (=+ (3(*8 2*'80 ()*J.C :=+ 2*(* /*)( 2+/+12, .8+*)80 31 (=+

*//8'.*('31, <,+2- &<( '( .3<82 &+ 93)+ &<),(0- +,/+.'*880 'B !"#$% ', <,+2 B3) LH+2

?')+8+,, *..+,, B)39 =39+,C F+ *,,<9+ '1 (=+ B3883?'15 .*8.<8*('31, (=*( (=+ &<,0 =3<)

.*))'+, PQl 3B (=+ 2*'80 ()*J.C :=+ B3883?'15 *22'('31*8 *,,<9/('31, =*4+ &++1 <,+2 '1

!"#$% .*/*.'(0 .*8.<8*('31N

. % P þ P þ P !"#$% .31L5<)*('31C

. "/+.()*8 +J.'+1.0 3B P G&/,d.+88 <,'15 *1 !"#$% (+)9'1*8 ?'(= ,'158+ *1(+11* *12

V*7+ )+.+'4+) @,++ 6'5<)+ `C]cAC

. "/+.()*8 +J.'+1.0 3B c G&/,d.+88 <,'15 *1 !"#$% (+)9'1*8 ?'(= *1(+11* 2'4+),'(0

*12 +Y<*8'M+) )+.+'4+) @,++ 6'5<)+ `C\kAC

. ^<,0 =3<) <('8'M*('31 kQlC

. ^<,0 =3<) ,=*)+ 3B (=+ 2*'80 ()*J. ', PQlC

:=+,+ *,,<9/('31, *)+ *//8'+2 (3 .*8.<8*(+ (=+ (3(*8 ()*J. '1 Z^ /+) 931(= *, B3883?,N

D*/*.'(0 aZ^d931(=b ¼
ðP þ P þ PÞ

P G&/,

k

\RQQ ,

=3<)
kQl \Q 2*0,

PQl &<,0 =3<) ,=*)+
ð`:]]Þ

:3(*8 .*))'+2 ()*J. ', RhQ Z^ ?'(= * ,'158+>V*7+ !"#$% (+)9'1*8 *12 ]]`Q Z^ ?'(=

* (?3>+Y<*8'M+) !"#$% (+)9'1*8 /+) 931(= /+) ,'(+C 6'5<)+ `CP` '88<,()*(+, (=+

9*H'9<9 !"#$% .*/*.'(0 /+) ,<&,.)'&+) /+) 931(=C :=+,+ )+,<8(, ,=3? (=*( *

PUc>Z^d,<&,.)'&+)d931(= .*/*.'(0 ', B+*,'&8+ ?'(= \QQ &)3*2&*12 ,<&,.)'&+), /+) ,'(+C

#81 !"#$%d!"e$% B3) eG:"
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%13(=+) .=*88+15+ U &+,'2+, )*2'3 .*/*.'(0 U ', (=+ .3,( 3B 2*(* 2+8'4+)0 B3) ='5=>

438<9+ 2*(*C F+ 5'4+ &+83? * ,'9/8'L+2 4'+? 3B (=+ .3,( '1 ?='.= 3180 2+/)+.'*('31 3B (=+

1+(?3)7 +Y<'/9+1( .*/'(*8 +H/+12'(<)+ ', .31,'2+)+2 34+) R 0+*),C :=+ .3,( 3B Z^

2+8'4+)0 ', ,=3?1 *, * B<1.('31 3B 1+(?3)7 +Y<'/9+1( /)'.+C :=+ /)'.+ '1 6'5<)+ `CPk

', ,=3?1 /+) ,+.(3) /+) .*))'+) '1.8<2'15 &*,+ ,(*('31- V_D- *12 .3)+ 1+(?3)7 +8+9+1(,C

:=+ B3883?'15 B3)9<8* ', <,+2 (3 .*8.<8*(+ (=+ .3,(N

D3,(
Z^

¼
:Vp /)'.+ ]QW

PG&/,

k
\RQQ

kQl

PQl
\Rh R 0+*),

ð`:]PÞ

IB 1+(?3)7 /)'.'15 ', &+83? c¼]R QQQ /+) ,+.(3) /+) .*))'+)- (=+ 2*(* 2+8'4+)0 .3,( ?'(=

!"#$% ', &+83? c¼PdZ^C :=*( 1<9&+) .*1 &+ .31,'2+)+2 *, (=+ 83?+) &3<12 3B 2+8'4+)0

.3,( ?=+1 1+? .*/*.'(0 ', *22+2 (3 (=+ ,0,(+9C :=+ &<,0 =3<) <('8'M*('31 3B kQl .*113(

&+ *.='+4+2 '1 /)*.('.+ '1 *88 .+88, ,'1.+ (=+ 1+(?3)7 9<,( &+ 2+,'51+2 (3 /)34'2+ .34+)*5+

*8,3 '1 (=3,+ *)+*, ?=+)+ (=+ ()*J. 2+1,'(0 ', 13( *, ='5=C IB (=+ *4+)*5+ &<,0 =3<)

1+(?3)7 <('8'M*('31 ', cQl '1,(+*2 3B kQl- (=+ 2+8'4+)0 .3,( ', 23<&8+ (=*( ,=3?1 '1

6'5<)+ `CPkC

:=', .*8.<8*('31 +H.8<2+, ,<.= .3,( B*.(3), *, I<& ()*1,9',,'31 .3,( 3) 3(=+) 1+(?3)7

3/+)*('31 .3,(,- 9*)7+('15- *12 .<,(39+) *.Y<','('31C

!": P,7&G /'4* /4-%

F='8+ (=+ 9*H'9<9 2*(* )*(+ ', (0/'.*880 <,+2 (3 &+1.=9*)7 )*2'3 ,0,(+9,- '( ', 13( *

,<J.'+1( 9+*,<)+ *831+ (3 2+,.)'&+ )*2'3 /+)B3)9*1.+ B)39 (=+ *//8'.*('31 /3'1( 3B

4'+?C :=+ /<)+ 2*(* )*(+ ', )+8+4*1( 'B ?+ .31,'2+) (=+ 23?183*2 ('9+ 3B * 8*)5+ L8+-

&<( (=+)+ *)+ * 1<9&+) 3B *//8'.*('31, (=*( *)+ =*//0 ?'(= * )+8*('4+80 83? 2*(* )*(+ U

c¼

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #8=

0.0
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,*0- ]QU\Q 7&/, U &<( )+Y<')+ 4+)0 83? 8*(+1.0C "<.= *//8'.*('31, '1.8<2+ m3'.+>34+)>I$-

/<,=>(3>(*87 *12 )+*8 ('9+ 5*9'15C %8,3- '1(+)*.('4+ *//8'.*('31, 8'7+ ?+& &)3?,'15

&+1+L( B)39 83? 8*(+1.0C :=', ,+.('31 /)+,+1(, (0/'.*8 FD#G%d!"#$% 1+(?3)7

8*(+1.0C %//8'.*('31 /+)B3)9*1.+ ', .31,'2+)+2 '1 93)+ 2+(*'8 '1 D=*/(+) WC

E*(+1.0 .*1 &+ 9+*,<)+2 *, )3<12 ()'/ ('9+ @V::A- ?='.= ', 2+L1+2 *, (=+ ('9+ *1 I$

/*.7+( (*7+, (3 ()*4+8 B)39 (=+ (+)9'1*8 (=)3<5= *88 1+(?3)7 +8+9+1(, (3 (=+ *//8'.*('31

,+)4+)- *12 &*.7C IB (=+ I$ /*.7+( ,'M+ ', ,9*88- (=+ 2*(* )*(+ 23+, 13( *K+.( (=+ 2+8*0- &<(

(=+ 2+8*0 ', (=+1 3180 2+L1+2 &0 ,0,(+9 B)*9+ ,()<.(<)+, *12 &0 +8+9+1( /)3.+,,'15 *12

'1(+)B*.+ 2+8*0,C V:: ', 2+L1+2 /'.(3)'*880 '1 6'5<)+ `CPWC

63) V:: +,('9*('31- ?+ <,+ (=+ B3883?'15 *,,<9/('31,N

. % eO 2+8*0 3B ]QUPh 9,C

. % _32+ ^ 2+8*0 3B ]QU]h 9,C

. %1 *') '1(+)B*.+ 2+8*0- '1.8<2'15 </8'17 &<K+)'15- 3B c\Uh\ 9, B3) V+8+*,+ WW- PQ 9, B3)

!"#$%- *12 ]Q 9, B3) !"e$%C :=+ FD#G% V+8+*,+ WW 2*(* )*(+ RcdRc 7&/,

</8'17d23?18'17 *,,<9+, * PQ>9, ::I ?='8+ ]Pkd\kc 7&/, *,,<9+, * ]Q>9, ::IC

!'5=>,/++2 </8'17 /*.7+( *..+,, @!"e$%A </8'17 *,,<9+, * P>9, ::IC

. %1 I<& 2+8*0 3B PQUcQ 9, B3) V+8+*,+ WW- ]Q 9, B3) !"#$%- *12 h 9, B3) !"e$%C

. %1 V_D 2+8*0 3B PQ 9, B3) V+8+*,+ WW *12 ]Q 9, B3) !"#$%d!"e$%C

. %1 I< /8<, .3)+ 1+(?3)7 2+8*0 3B \ 9,C

V:: +438<('31 ', '88<,()*(+2 '1 6'5<)+ `C\QC V:: B3) V+8+*,+ WW ', +H/+.(+2 (3 &+

]]QU]hQ 9,- B3) !"#$% `Q 9,- *12 B3) !"e$% <hQ 9,C :=+ 2+8*0 ', 9*'180 .*<,+2

&0 (=+ )*2'3 1+(?3)7 +8+9+1(, *12 '1(+)B*.+, ?='8+ (=+ .3)+ 1+(?3)7 2+8*0 ', 4+)0

,=3)(C :=+ G%D 8*0+) V:: ?'(= !"#$% þ !"e$% ', 4+)0 ,=3)(- *//)3H'9*(+80

]Q 9,- *12 (3(*8 V:: 9*'180 2+/+12, 31 /)3.+,,'15 2+8*0, '1 (=+ 1+(?3)7 +8+9+1(,

*12 '1 (=+ eOC

OH*9/8+ /'15 9+*,<)+9+1(, <,'15 &3(= FD#G% V+8+*,+ WW *12 !"#$% *)+ ,=3?1

'1 6'5<)+ `C\]C !"#$% V:: ', &+(?++1 `Q *12 kh 9, '1 (=', /*)('.<8*) )*2'3 1+(?3)7

?='8+ FD#G% V:: ', 31 *4+)*5+ ]\Q 9,- &<( (=+)+ *)+ * B+? 8*)5+ 4*8<+, .*<,+2 &0

VED )+()*1,9',,'31,C

#82 !"#$%d!"e$% B3) eG:"

BTS RNC SGSN/GGSN ServerUE IubUu

Delay from mobile to server and back for small IP packet
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!"! J3KLM -%(07'%-%&/0

:=', ,+.('31 L),( /)+,+1(, * B+? +H*9/8+ 9+*,<)+9+1( )+,<8(, B)39 8*&3)*(3)0 *12

B<)(=+) 3<(233) 2)'4+ (+,( )+,<8(,C :=+ 9+*,<)+9+1(, ?+)+ 231+ <,'15 * D*(+53)0 ]P

(+)9'1*8 ?'(= * 9*H'9<9 E] &'( )*(+ 3B ]Ck G&/, *12 * 9*H'9<9 VED EP &'( )*(+ 3B

]CR G&/,C

6'5<)+ `C\P '88<,()*(+, (=+ B<1.('31'15 3B !">#"D! 8'17 *2*/(*('31C :=+ 2',()'&<('31

3B (=+ ,+8+.(+2 ()*1,/3)( &83.7 ,'M+ ?'(= 2'K+)+1( .39931 /'83( .=*11+8 @D$ID!A =<=-Q

8+4+8, ', ,=3?1C :=+,+ =<=-Q 8+4+8, *)+ )+.3)2+2 ?=+1 !"#$% /3?+) ?*, 3KC F'(=

=<=-Q &+(?++1 \ *12 R 2^ (=+ 8*)5+,( /3,,'&8+ ()*1,/3)( &83.7 ,'M+ 3B \ccQ &'(, ', <,+2

WcUWWl 3B (=+ ('9+C F=+1 (=+ =<=GQ 4*8<+ )+2<.+, (3 W 2^ (=+ 93,( (0/'.*8 ()*1,/3)(

&83.7 ,'M+ ', 2+.)+*,+2 B)39 (=+ 9*H'9<9 \ccQ (3 PcQc (3 /)34'2+ 93)+ .=*11+8 .32'15C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #88
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F=+1 (=+ =<=-Q 4*8<+ B<)(=+) )+2<.+, (3 ]P 2^- (=+ 93,( (0/'.*8 ()*1,/3)( &83.7 ,'M+

2+.)+*,+, (3 RWW &'(,C

6'5<)+ `C\\ '88<,()*(+, (=+ /+)B3)9*1.+ 3B !">"DD! /3?+) .31()38C :=+ )*2'3

1+(?3)7 ?*, .31L5<)+2 ,3 (=*( (=+ (3(*8 .39&'1+2 /3?+) B3) (=+ !">"DD! *12

!">#"D! ?*, (*)5+(+2 *( ]Q FC :=+ Y<*8'(0>&*,+2 /3?+) .31()38 B)39 D=*/(+) R

?*, *//8'+2 B3) (=+ !">"DD!C %( * 5332 =<=-Q 3B \ 2^- (=+ )+Y<')+2 /3?+) B3)

(=+ !">"DD! ?*, 4+)0 83? @3180 kQ 9FA- (=<, .*<,'15 9'1'9*8 34+)=+*2 '1 '1(+)>

B+)+1.+C F=+1 (=+ =<=-Q 8+4+8 &+.39+, 83?- (=+ !">"DD! /3?+) .31()38 '1.)+*,+, (=+

#8: !"#$%d!"e$% B3) eG:"

9457'% !"=1 "+8+.(+2 ()*1,/3)( &83.7 ,'M+, ?'(= 2'K+)+1( D$ID! =<=GQ 8+4+8,C
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/3?+) 8+4+8 (3 9*'1(*'1 )+8'*&8+ ,'51*88'15 Y<*8'(0C F'(= *1 =<=-Q 3B R- W- *12 ]P 2^

(=+ !">"DD! /3?+) ?*, ]cQ 9F- h\Q 9F- *12 ]]\Q 9FC % (0/'.*8 .+88 +25+ =<=-Q ',

*//)3H'9*(+80 W 2^ .3))+,/312'15 (3 QCh F 3B )+Y<')+2 /3?+) B3) (=+ !">"DD!C :=',

9+*,<)+9+1( )+,<8( ', .39B3)(*&80 '1 8'1+ ?'(= (=+ !">"DD! ,'9<8*('31, ,=3?1 +*)8'+)

'1 (=+ .=*/(+)C

:=+ !">"DD! /3?+) .31()38 9+*,<)+9+1(, '88<,()*(+- L),(- (=*( (=+)+ ', * 1++2 B3)

!">"DD! /3?+) .31()38 *12- ,+.312- (=*( (=+ !">"DD! /3?+) .31()38 1++2, (3 &+

3/('9'M+2 (3 9'1'9'M+ (=+ '1(+)B+)+1.+ B)39 !">"DD! ()*1,9',,'31- +,/+.'*880 B3) (=+

.*,+ ?=+1 9<8('/8+ !">"DD!, *)+ <,+2 ?'(= .32+>9<8('/8+H'15C

6'5<)+ `C\c /)+,+1(, 9+*,<)+9+1( )+,<8(, B3) 31+ (3 B3<) *.('4+ !"#$% <,+),C :=+

)+,<8(, *)+ 3&(*'1+2 '1 5332 .=*11+8 .312'('31, <,'15 * )3<12 )3&'1 ,.=+2<8+)C :=+)+>

B3)+- +*.= <,+) 5+(, (=+ ,*9+ 2*(* )*(+C :=+ (3(*8 .+88 (=)3<5=/<( B3) 6:$ L8+ 23?183*2

?*, .31,(*1( U ]Chh G&/, U )+5*)28+,, 3B (=+ 1<9&+) 3B <,+),C e,+) (=)3<5=/<( ?*, (3(*8

.+88 (=)3<5=/<( 2'4'2+2 &0 1<9&+) 3B <,+), U B3) +H*9/8+- +*.= <,+) 5+(, \kQ 7&/, ?'(=

B3<) /*)*88+8 !"#$% <,+),C

:=+ B3883?'15 L5<)+, /)+,+1( (=+ /+)B3)9*1.+ 3&(*'1+2 B)39 3<(233) 2)'4+ (+,(

9+*,<)+9+1(,C :=+ 9+*,<)+9+1( +14')319+1( ?*, * 8*)5+ <)&*1 9*.)3>.+88 ?'(= *

9*H'9<9 /*(= 83,, 3B >]RQ 2^ *12 (=+ 83?+,( V"D$ 4*8<+, &+83? ]]h 2^9C :=+

2',()'&<('31 3B V"D$ ', ,=3?1 '1 6'5<)+ `C\hC :=+ 9+2'*1 V"D$ 4*8<+ ?*, k` 2^9C

!"#$% /3?+) *883.*('31 ?*, R F *12 (=+ (3(*8 &*,+ ,(*('31 /3?+) ?*, ]Q F 2<)'15

(=+ 9+*,<)+9+1(,C :=+ (+,(+2 *//8'.*('31 ?*, *1 6:$ L8+ 23?183*2C :=)3<5=/<( ?*,

)+.3)2+2 B3) +*.= 23?183*2 (35+(=+) ?'(= (=+ V"D$ *12 =<=-Q 4*8<+,C :=+ 2',()'&<('31

3B (=+ &'( )*(+ ', ,=3?1 '1 6'5<)+ `C\RC :=+ 9*H'9<9 &'( )*(+, *)+ ]ChU]CR G&/,- ?='.= ',

8'9'(+2 &0 (=+ 9*H'9<9 VED &'( )*(+ 3B ]CR G&/, ?'(= (=', (+)9'1*8 .*(+53)0C

:=+ 9+*,<)+2 &'( )*(+, *)+ .39/*)+2 ?'(= (=+ ,'9<8*('31 )+,<8(, '1 (?3 2'K+)+1( ?*0,C

:=+ L),( ?*0 ', (3 <,+ (=+ )+.3)2+2 V"D$ *12 =<=-Q 4*8<+, (3 .*8.<8*(+ (=+ !">#"D!

"I_VC :=+ &'( )*(+ .*1 &+ +,('9*(+2 B)39 (=+ "I_V &*,+2 31 8'17 8+4+8 ,'9<8*('31

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #8!
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)+,<8(,C :=+ 3(=+) .39/*)',31 ', 231+ <,'15 * ,(*12*)2 9*.)3>.+88 +14')319+1( '1 (=+

,0,(+9 ,'9<8*(3)C :=+ 9*H'9<9 /*(= 83,, ?*, *,,<9+2 (3 ]RQ 2^ '1 (=+ ,'9<8*('31C :=+

&'( )*(+, B)39 (=3,+ (?3 ,'9<8*('31 9+(=32, *)+ .39/*)+2 ?'(= (=+ 9+*,<)+9+1( )+,<8(,

'1 6'5<)+ `C\`C

:=+ 9+2'*1 &'( )*(+, *)+ B*')80 ,'9'8*) *( ]CQU]C] G&/, &3(= '1 (=+ L+82 9+*,<)+9+1(,

*12 '1 (=+ ,'9<8*('31,C :=+)+ *)+ 93)+ ,*9/8+, '1 (=+ 83?>(=)3<5=/<( *)+* '1 (=+

9+*,<)+9+1(, (=*1 '1 (=+ ,'9<8*('31,C :=*( 2'K+)+1.+ .*1 &+ +H/8*'1+2 &0 (=+ B*.(

(=*( (=+)+ ?+)+ * B+? ,*9/8+, ?'(= * 4+)0 83? ,'51*8 8+4+8 U (=*( ',- *1 V"D$ 3B

]PQ 2^9 U '1 (=+ 9+*,<)+9+1(,C "('88- 93)+ (=*1 WQl 3B (=+ 9+*,<)+9+1( ,*9/8+,

=*4+ *( 8+*,( hQQ 7&/,- ?='.= ', &+((+) (=*1 (=+ ='5=+,( FD#G% V+8+*,+ WW &'( )*(+ 3B

\kc 7&/,C

#8> !"#$%d!"e$% B3) eG:"

0 %

2 %

4 %

6 %

8 %

10 %

12 %

14 %

-120 -115 -110 -105 -100 -95 -90 -85 -80 -75 -70 -65 -60 -55 -50

RSCP [dBm]

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

9457'% !"=8 #',()'&<('31 3B /'83( /3?+) V"D$ )+.+'4+2 '1 2)'4+ (+,(,C

0 %

5 %

10 %

15 %

20 %

25 %

0 200 400 600 800 1000 1200 1400 1600

kbps

9457'% !"=: #',()'&<('31 3B (=+ *//8'.*('31 8+4+8 &'( )*(+ '1 2)'4+ (+,(,C

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 175 of 260



!"> J3KLM *%'+,'-(&.% %H,)7/4,&

:=+ 8*,( B+? ,+.('31, =*4+ .31,'2+)+2 (=+ /+)B3)9*1.+ 3B !"#$% B3) * &*,+8'1+ ,+(</C

:3 *..39932*(+ *1 +H/+.(+2 5)3?(= '1 ()*J. 2+9*12 *12 (3 /)34'2+ ='5=+) +12 <,+)

2*(* )*(+,- (=+)+ *)+ 4*)'3<, +1=*1.+9+1(, )+*2'80 *4*'8*&8+ ?'(='1 (=+ \Z$$ B)*9+?3)7

(3 B<)(=+) '1.)+*,+ .*/*.'(0 *12 ,+)4'.+ /+)B3)9*1.+C :=+ 93,( ,'51'L.*1( +1=*1.+9+1(

(+.=1'Y<+, *)+ 2',.<,,+2 '1 (=+ B3883?'15C

7.8.1 Advanced UE receivers

%24*1.+2 eO )+.+'4+), *)+ *&8+ (3 3&(*'1 * ='5=+) "I_V- ?='.= )+,<8(, '1 ='5=+) <,+) &'(

)*(+, *12 .+88 .*/*.'('+,C _3 1+? *853)'(=9, *)+ )+Y<')+2 '1 (=+ 1+(?3)7 (3 (*7+ &+1+L(

3B *24*1.+2 eO, ,'1.+ (=+,+ eO, ?'88 *<(39*('.*880 )+/3)( ='5=+) DXI 4*8<+,- ,3 (=+

_32+ ^ ,.=+2<8+) ?'88 *<(39*('.*880 *883.*(+ ='5=+) &'( )*(+,C :=+ B3883?'15 (=)++ (0/+,

3B *24*1.+2 eO, *)+ .31,'2+)+2N

. % V*7+ )+.+'4+) ?'(= )+.+'4+) 2'4+),'(0 @O1=*1.+2 :0/+ I '1 \Z$$ V+8+*,+ RAC

. % ,'158+>+Y<*8'M+) )+.+'4+) @O1=*1.+2 :0/+ II '1 \Z$$ V+8+*,+ RAC

. %1 +Y<*8'M+) )+.+'4+) ?'(= )+.+'4+) 2'4+),'(0 @O1=*1.+2 :0/+ III '1 \Z$$ V+8+*,+ `AC

:=+ (0/+ /)+LH <,+2 =+)+ B3883?, \Z$$ (+)9'138350C \Z$$ V+8+*,+ R '1.8<2+, /+)>

B3)9*1.+ )+Y<')+9+1(, B3) * 1<9&+) 3B 2'K+)+1( +1=*1.+2 eO,C :=+ 5*'1 B)39 <,'15

8'1+*) 9'1'9<9 9+*1>,Y<*)+2 +))3) @EGG"OA )+.+'4+), /)+239'1*1(80 .39+, B)39

+Y<*8'M'15 ('9+>2',/+),'4+ )*2'3 (3?*)2, (=+ ,+)4'15 !">#"D! .+88C OY<*8'M'15 (=+ )*2'3

.=*11+8 )+,<8(, '1 * &+((+) +Y<'4*8+1( 23?18'17 3)(=3531*8'(0 B*.(3) *12- (=+)+B3)+- 8+,,

3?1>.+88 '1(+)B+)+1.+C :=+ 5*'1 B)39 <,'15 EGG"O ',- (=+)+B3)+- /)'9*)'80 *4*'8*&8+ (3

<,+), (=*( *)+ 239'1*(+2 &0 3?1>.+88 '1(+)B+)+1.+ ?='8+ +H/+)'+1.'15 )+8*('4+80 ='5=

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #8?
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(+9/3)*8 2',/+),'31 U (=*( ',- <,+), '1 .8+*) 239'1*1.+ *)+*, (=*( =*4+ * m+='.<8*) %

9<8('/*(= /)3L8+C :=+ 5*'1 B)39 <,'15 (?3>*1(+11* V*7+ )+.+'4+), .31,',(, 3B (?3

B*.(3),N @'A * .3=+)+1( .39&'1'15 5*'1 3B '2+*880 \CQ 2^- *12 @''A *1 *1(+11* 2'4+),'(0

5*'1C G*//'15 B)39 (=+ 5*'1 '1 (=+ +H/+)'+1.+2 !">#"D! "I_V (3 * (=)3<5=/<( 5*'1

2+/+12, ,()31580 31 (=+ 8'17 *2*/(*('31 3/+)*('15 /3'1(C %, *1 +H*9/8+- 'B 93,( <,+), *)+

*8)+*20 <,'15 *88 (=+ !">$#"D! .32+, *12 ]RX%G 932<8*('31- (=+1 (=+)+ ', [<,( *

9'13) 5*'1 (3 &+ =*2 B)39 *24*1.+2 eO,C i1 (=+ 3(=+) =*12- 'B 93,( <,+), *)+ 3/+)*('15

*( (=+ 83?+) /*)( 3B (=+ 8'17 *2*/(*('31 )*15+ ?'(= 3180 * B+? !">$#"D! .32+, *12

X$"; 932<8*('31- (=+1 * \>2^ '1.)+*,+ '1 (=+ "I_V 9*/, (3 1+*)80 * ]QQl 5*'1 '1

(=)3<5=/<(C

:=+ *4+)*5+ .+88 .*/*.'(0 3B <,'15 *24*1.+2 (+)9'1*8 )+.+'4+), ', )+/3)(+2 '1 6'5<)+

`C\k B3) * 9*.)3>.+88<8*) +14')319+1( ?'(= ,'9'8*) ,'9<8*('31 ,+(('15, (3 (=3,+ '1 "+.('31

`C`C\C]C :=+,+ )+,<8(, *)+ )+/)32<.+2 B)39 a\\bUa\cbC %, +H/+.(+2- (=+ 5*'1 B)39 <,'15

EGG"O ', 8*)5+) B3) (=+ m+='.<8*) % (=*1 B3) (=+ $+2+,()'*1 % .=*11+8C %1 *4+)*5+

.*/*.'(0 5*'1 3B *//)3H'9*(+80 ]QQl ', *.='+4+2 '1 m+='.<8*) % 'B *88 (+)9'1*8, *)+ <,'15

(?3 *1(+11*, *12 *1 EGG"O )+.+'4+) .39/*)+2 ?'(= =*4'15 ,'158+>*1(+11* V*7+

)+.+'4+),C :=', ', +Y<'4*8+1( (3 *1 *4+)*5+ .+88 (=)3<5=/<( 3B cCc G&/,C I( ', B<)(=+)93)+

3&,+)4+2 B)39 6'5<)+ `C\k (=*( (=+ 5*'1 B)39 <,'15 (?3 *1(+11*, *12 * V*7+ )+.+'4+) U

P V*7+ U ', 8*)5+) B3) (=+ m+='.<8*) % (=*1 B3) (=+ $+2+,()'*1 % .=*11+8C :=+ 8*((+)

', 3&,+)4+2 &+.*<,+ 93,( <,+), *)+ *8)+*20 3/+)*('15 '1 (=+ ='5=+) +12 3B (=+ 8'17

*2*/(*('31 )*15+ '1 $+2+,()'*1 %C I1 m+='.<8*) %- <,+), *)+ 3/+)*('15 83?+) '1 (=+

8'17 *2*/(*('31 201*9'. )*15+ 2<+ (3 '1(+)>/*(= '1(+)B+)+1.+- ?='.= )+,<8(, '1 8*)5+)

(=)3<5=/<( 5*'1 B)39 '1.)+*,'15 (=+ !">#"D! "I_V +H/+)'+1.+2C

#:@ !"#$%d!"e$% B3) eG:"
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:=+ )+,<8(, /)+,+1(+2 '1 6'5<)+ `C\k *)+ 3&(*'1+2 B)39 201*9'. 1+(?3)7 ,'9<8*('31,

<,'15 /)3/3)('31*8 B*') ,.=+2<8'15C IB * &8'12 ,.=+2<8+) U ,<.= *, )3<12 )3&'1 U ', <,+2-

(=+1 (=+ 5*'1 B)39 <,'15 *24*1.+2 (+)9'1*8, '1.)+*,+, ,'51'L.*1(80C %, *1 +H*9/8+- B3)

)3<12 )3&'1 ,.=+2<8'15 *12 m+='.<8*) %- (=+ *4+)*5+ 5*'1 '1 .+88 .*/*.'(0 ', )+/3)(+2 (3

+Y<*8 ]`kl B3) * P EGG"O a\\bC :=', ', 3&,+)4+2 &+.*<,+- L),(- <,+), (0/'.*880 3/+)*(+

83?+) '1 (=+ 8'17 *2*/(*('31 201*9'. )*15+ ?=+1 )3<12 )3&'1 ,.=+2<8'15 ', <,+2- *12-

,+.312- &+.*<,+ (=+ 2<*8>*1(+11* 2'4+),'(0 5*'1 ', 8*)5+) ?=+1 13 9<8('<,+) ,.=+2<8'15

2'4+),'(0 5*'1 ', /)+,+1(C %22'('31*8 ,'9<8*('31 )+,<8(, *12 .31,'2+)*('31, B3) *24*1.+2

!"#$% <,+) (+)9'1*8, .*1 &+ B3<12 '1 aPWb- a\\b- a\cbC

7.8.2 Node B antenna transmit diversity

%, 2+,.)'&+2 '1 D=*/(+) c- &3(= 3/+1 833/ *12 .83,+2 833/ 2<*8>&)*1.= *1(+11* ()*1,9'(

2'4+),'(0 ,.=+9+, *)+ ,<//3)(+2 B3) !"#$%C !3?+4+)- (=+ 3/+1 833/ ,.=+9+ U ,/*.+

('9+ ()*1,9'( 2'4+),'(0 @"::#A U ', (0/'.*880 B3<12 (3 /)34'2+ 13 *22'('31*8 5*'1 B3)

!"#$% *( 83? (3 932+)*(+ eO ,/++2, 'B .39&'1+2 ?'(= /)3/3)('31*8 B*') ,.=+2<8'15

aPWb- a\]bC !3?+4+)- "::# 23+, /)34'2+ * .*/*.'(0 5*'1 3B ]Ql (3 PQl ?=+1 * &8'12

)3<12 )3&'1 ,.=+2<8+) ', *//8'+2- *12 ?=+1 <,+), *)+ 934'15 (33 B*,( B3) (=+ /)3/3)('31*8

B*') ,.=+2<8+) (3 ()*.7 )*2'3 .=*11+8 B*,( B*2'15 aPWbC

D83,+2 833/ ()*1,9'( 2'4+),'(0 /)34'2+, ='5=+) 5*'1 (=*1 3/+1 833/ 2'4+),'(0C :=+

.83,+2 833/- =3?+4+)- .*113( &+ *//8'+2 ?'(= B)*.('31*8 #$D!- &<( )+Y<')+, *1 *,,3>

.'*(+2 #D! (3 &+ <,+2C :=+)+B3)+- .83,+2 833/ 2'4+),'(0 ', 13( ,++1 *, *(()*.('4+ B3) 8315>

(+)9 !"#$% /+)B3)9*1.+ '9/)34+9+1(C

IB ?+ =*4+ *1 *,,3.'*(+2 #D! *4*'8*&8+- (=+ ()*1,9'( 2'4+),'(0 ,.=+9+ (=*( /)34'2+,

(=+ 8*)5+,( 5*'1 ', .83,+2 833/ 932+>P @DE:#PA- ?=+)+ &3(= *9/8'(<2+ *12 /=*,+

?+'5=('15 ', <,+2C DE:#P /)34'2+, &3(= * .3=+)+1( .39&'1'15 5*'1 *12 * 2'4+),'(0

5*'1C !3?+4+)- '1 9*10 .*,+, (=+ 2'4+),'(0 5*'1 ', B3<12 (3 &+ 9*)5'1*8 'B * 9<8('<,+)

2'4+),'(0 ,.=+2<8'15 5*'1 ', *8)+*20 *4*'8*&8+ '1 (=+ ,0,(+9C 63) (0/'.*8 ,.+1*)'3, ?=+)+

*88 !"#$% <,+), *//80 '2+*8 DE:#P,- (=+ .+88 .*/*.'(0 5*'1 ', )+/3)(+2 (3 &+ PQl (3

\Ql aPWb- a\\b B3) eO ,/++2, 83?+) (=*1 \Q 79d=C !3?+4+)- 13(+ (=*( DE:#P 3180 ?3)7,

3/('9*880 B3) !"#$% <,+), ?'(= *1 *.('4+ ,+( ,'M+ +Y<*8 (3 ]- ,'1.+ (=+ <,+) ?3<82

3(=+)?',+ 2+)'4+ (=+ B++2&*.7 ?+'5=( (3 (=+ _32+ ^ B)39 (=+ .39&'1+2 8'17 Y<*8'(0 '1 *88

(=+ ,3B( =*1234+) 8+5,- ?='8+ !"#$%>3180 ', &+'15 ()*1,9'((+2 (3 (=+ <,+) B)39 31+ .+88C

7.8.3 Node B beamforming

%, 2',.<,,+2 '1 aP`b- B3) V+8+*,+ WW FD#G%- .314+1('31*8 _32+ ^ &+*9B3)9'15

(+.=1'Y<+, .*1 &)'15 ='5=+) .*/*.'(0 '1 9*.)3>.+88<8*) +14')319+1(,- *,,<9'15 83?

*M'9<(=*8 2',/+),'31 *( (=+ _32+ ^ *1(+11* *))*0C % .*/*.'(0 5*'1 *)3<12 ]hQl ',

*.='+4*&8+ &0 B3)9'15 * 5)'2 3B LH+2 &+*9, ?'(= *1 *1(+11* *))*0 .31,',('15 3B B3<)

+8+9+1(, aP`bC i1+ 3B (=+ *24*1(*5+, 3B <,'15 &+*9B3)9'15 (+.=1'Y<+, ', (=*( 9<8('/8+

,.)*9&8'15 .32+, .*1 &+ '1()32<.+2 *( (=+ _32+ ^ &0 *,,'51'15 2'K+)+1( .32+, (3

2'K+)+1( &+*9,C :=+ 8*((+) ', *(()*.('4+ ,'1.+ (=+ )+,<8('15 .32+ ,/*.+ .*1 &+ '1.)+*,+2

?'(=3<( [+3/*)2'M'15 23?18'17 3)(=3531*8'(0 *, 1*))3? 2')+.('31*8 &+*9, ,+/*)*(+

2'K+)+1( ,.)*9&8'15 .32+,C :=', 7'12 3B (+.=1'Y<+ ', /*)('.<8*)80 *(()*.('4+ B3)

!"#$% @*, 2+,.)'&+2 '1 aPkbA- ,'1.+ '( *883?, /*)*88+8 ()*1,9',,'31 31 93)+ (=*1 ]h

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #:#
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!">$#"D! .32+, /+) .+88 (3 9<8('/8+ <,+),C :=+ &+*9B3)9'15 .*/*.'(0 5*'1 34+) ,'158+>

*1(+11* ()*1,9',,'31 B3) !"#$% ', )+/3)(+2 (3 +Y<*8 * B*.(3) 3B PCh (3 cC` B3) *1

*1(+11* *))*0 3B B3<) *12 +'5=( +8+9+1(,- )+,/+.('4+80 aPkbC %, * L1*8 )+9*)7- 13(+ (=*(

&+*9B3)9'15 *8,3 =+8/, (3 '9/)34+ </8'17 /+)B3)9*1.+C

7.8.4 Multiple input multiple output

:=+ <,+ 3B 9<8('/8+ ()*1,9'( *12 )+.+'4+ *1(+11*, B3)9 * ,3>.*88+2 f9<8('/8+ '1/<(

9<8('/8+ 3<(/<(g @GIGiA ,.+1*)'3- ?='.= .*1 &+ <,+2 (3 .)+*(+ /*)*88+8 4')(<*8 3)(=35>

31*8 '1B3)9*('31 .=*11+8, B)39 (=+ _32+ ^ (3 (=+ eO ,3 (=*( (=+ 2*(* )*(+ .*1 &+

B<)(=+) '1.)+*,+2C :=', .31.+/( ', (0/'.*880 )+B+))+2 (3 *, f'1B3)9*('31 GIGigC :=+

/*)*88+8 4')(<*8 '1B3)9*('31 .=*11+8, *)+ 3&(*'1+2 &0 <,'15 ,'51*8 /)3.+,,'15 *853)'(=9,

(3 *2*/('4+80 *2[<,( (=+ <,+2 *1(+11* ?+'5=(, *( (=+ ()*1,9'((+) *12 )+.+'4+) *, * B<1.('31

3B )*2'3 .=*11+8 '9/<8,+ )+,/31,+ &+(?++1 (=+ 2'K+)+1( *1(+11* /3)(,C :=+ 9*H'9<9

1<9&+) 3B /*)*88+8 4')(<*8 .=*11+8, +Y<*8, T ¼ G'1fH; -; +g- ?=+)+ - ', (=+ 1<9&+) 3B

()*1,9'( *1(+11*,- + ', (=+ 1<9&+) 3B )+.+'4+ *1(+11*,- *12 H ', (=+ )*17 3B (=+ - +

)*2'3 .=*11+8 9*()'H a\hb- a\RbC I1 /)'1.'/8+- (=+ /+*7 2*(* )*(+, B)39 <,'15 '1B3)9*('31

GIGi .*1 &+ '1.)+*,+2 &0 * B*.(3) 3B T .39/*)+2 ?'(= (=+ .*,+ ?'(= 31+ ()*1,9'( *12

31+ )+.+'4+ *1(+11*C !3?+4+)- (=+ .)+*('31 3B T /*)*88+8 4')(<*8 .=*11+8, )+Y<')+, L),( *

)+8*('4+80 ='5= "I_V ,'1.+ (=+ - + )*2'3 .=*11+8 9*()'H ,=3<82 &+ *..<)*(+80

+,('9*(+2 (3 2+(+)9'1+ (=+ *1(+11* ?+'5=(, (=*( B3)9 (=+ T /*)*88+8 4')(<*8 .=*11+8,C

"+.312- (=+ "I_V '1 (=+ T /*)*88+8 4')(<*8 .=*11+8, ,=3<82 &+ ='5=+) (=*1 3) +Y<*8 (3 (=+

"I_V '1 (=+ )+B+)+1.+ ] ] )*2'3 .=*11+8 (3 +H/+)'+1.+ *1 T>B382 '1.)+*,+ '1 (=+ 2*(*

)*(+C G*10 .*12'2*(+ '1B3)9*('31 GIGi ,.=+9+, =*4+ &++1 '14+,('5*(+2 '1 \Z$$ B3)

!"#$%- ?'(= (=+ +9/=*,', 31 .31L5<)*('31, ?'(= (?3 *1(+11*, *( (=+ _32+ ^ *12 *(

(=+ eO a\kbC "'9<8*('31 )+,<8(, ,=3? )*(=+) ,9*88 5*'1, B3) ='5=80 83*2+2 9*.)3>.+88<8*)

+14')319+1(,C :=', ', 9*'180 &+.*<,+ )+*8',('. P P GIGi 9*.)3>.+88 ,.+1*)'3, (0/'.>

*880 3180 3K+) 31+ 239'1*1( 4')(<*8 .=*11+8 ?'(= * ='5= "I_V- ?='8+ (=+ ,+.312 4')(<*8

.=*11+8 3K+), * /33) "I_V ?'(= 8'((8+ /3(+1('*8 B3) B<)(=+) '1.)+*,+ 3B (=+ !"#$% 2*(*

)*(+C !3?+4+)- !"#$% GIGi ,.=+9+, B3) ,9*88+) 9'.)3> *12 /'.3>.+88, ?'(= ='5=+)

+H/+)'+1.+2 "I_V *)+ +H/+.(+2 (3 ,=3? 93)+ /)39','15 5*'1,C !"#$% GIGi ',-

(=+)+B3)+- * ?3)7 '(+9 B3) \Z$$ V+8+*,+ ` *, 2',.<,,+2 '1 D=*/(+) PC

!"? E,&.)704,&0

FD#G% V+8+*,+ WW /)34'2+,- '1 /)*.('.+- \kc 7&/, *, (=+ 9*H'9<9 2*(* )*(+ '1 (=+

23?18'17 ?='8+ !"#$% /<,=+, (=+ /+*7 2*(* )*(+ '1'('*880 (3 ]Ck *12 \CR G&/,- *12

8*(+) </ (3 ]Q G&/,C "'9<8*('31, *12 9+*,<)+9+1(, ,=3? (=*( (=+ !"#$% 8'17 /+)>

B3)9*1.+ ', )3&<,( 2<+ (3 B*,( E] )+()*1,9',,'31,- '1.)+9+1(*8 )+2<12*1.0- *12 8'17

*2*/(*('31C 6'+82 9+*,<)+9+1(, ,=3? 9+2'*1 2*(* )*(+, 3B ] G&/, ?'(= * (+)9'1*8

9*H'9<9 .*/*&'8'(0 3B ]Ck G&/,C $)*.('.*8 2*(* )*(+, ?'88 '9/)34+ ?=+1 ='5=+) &'( )*(+

eO .*(+53)'+, *)+ *4*'8*&8+C

!"#$% )+2<.+, 1+(?3)7 8*(+1.0 .39/*)+2 ?'(= FD#G% V+8+*,+ WW #D!C :=+

.*8.<8*('31, *12 9+*,<)+9+1(, ,=3? (=*( *4+)*5+ V::, .*1 &+ .8+*)80 &+83? ]QQ 9,

#:1 !"#$%d!"e$% B3) eG:"
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?'(= !"#$% 23?18'17 *12 V+8+*,+ WW #D! '1 (=+ </8'17C F'(= !"e$% </8'17 (=+

V:: ', +H/+.(+2 (3 &+ &+83? hQ 9,C

!"#$% '9/)34+, .+88 (=)3<5=/<( &0 </ (3 ] G&/,dG!Md,+.(3) '1 (=)++>,+.(3) 9*.)3>

.+88, 2<+ (3 *24*1.+2 8'17 8+4+8 (+.=1'Y<+,- +1=*1.+2 (+)9'1*8 )+.+'4+),- *12 9<8('<,+)

2'4+),'(0 ?'(= B*,( ,.=+2<8'15C 6*,( /)3/3)('31*8 B*') ,.=+2<8'15 ', ,=3?1 (3 '9/)34+

.+88 (=)3<5=/<( &0 34+) \Ql ?'(= 83? 93&'8+ ,/++2,C !"#$% ?*, ,=3?1 (3 '9/)34+ (=+

.*/*.'(0 3B &+,( +K3)( /*.7+( *12 5<*)*1(++2 &'( )*(+ ,()+*9'15C

"'9<8*('31, ,=3? (=*( !"#$% .*1 .3+H',( ?'(= FD#G% 31 (=+ ,*9+ .*))'+)C :=+

,=*)+2 .*))'+) /)34'2+, *1 *(()*.('4+ /+)B3)9*1.+- +,/+.'*880 ?=+1 (=+ *93<1( 3B

FD#G% ()*J. ', 83? *12 (=+ !"#$% (+)9'1*8 =*, * 8'9'(+2 &'( )*(+ 3B ]Ck G&/,C

63) * ='5=>.*/*.'(0 *12 ='5= &'( )*(+ ,38<('31 * 2+2'.*(+2 !"#$% .*))'+) .*1 &+ <,+2

8*(+)C

!"#$% '(,+8B 9*0 )+Y<')+ *22'('31*8 '14+,(9+1(, '1 I<& ()*1,/3)( (3 B*.'8'(*(+ (=+ ='5=

/+*7 &'( )*(+,- &<( !"#$% *8,3 '9/)34+, (=+ +J.'+1.0 3B I<& .39/*)+2 ?'(= FD#G%

V+8+*,+ WWN .8+*)80- 93)+ <,+) &'(, .*1 &+ .*))'+2 ?'(= (=+ ,*9+ I<& .*/*.'(0 ?'(= !"#$%

(=*1 ?'(= V+8+*,+ WWC :=+ )+*,31 ',- L),(- (=*( !"#$% ', ()*1,9'((+2 3180 B)39 31+ .+88

?'(=3<( ,3B( =*1234+) *12- ,+.312- (=*( !"#$% <,+), =*4+ * ,=*)+2 I<& )+,3<).+

'1,(+*2 3B 2+2'.*(+2 )+,3<).+, 8'7+ '1 V+8+*,+ WWC

!"#$% &'( )*(+, *12 .*/*.'(0 .*1 &+ B<)(=+) &33,(+2 &0 93)+ (=*1 ]QQl &0 *24*1.+2

(+)9'1*8 )+.+'4+), *12 &0 93)+ (=*1 ]hQl &0 &*,+ ,(*('31 &+*9B3)9'15 ?'(= B3<)>

+8+9+1( *1(+11*,C

!"#@ Q4<)4,5'(*CB

a]b :C OC ;382'15- ;C IC $+2+),+1- SC F'5*)2- 6C 6)+2+)'7,+1- *12 $C OC G35+1,+1 @PQQ\A- !'5=

,/++2 23?18'17 /*.7+( *..+,,N FD#G% +438<('31- G=== O.65<C32* ,.<6;)3)4: ")<5./:

DO,"F -.08- 8@@]A- cU]Q- 6+&)<*)0C

aPb ;C IC $+2+),+1 *12 $C OC G35+1,+1 @PQQPA- :=+ 23?18'17 3)(=3531*8'(0 B*.(3),g '1j<+1.+ 31

FD#G% ,0,(+9 /+)B3)9*1.+- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P ".9/.7@.*-

//C PQR]UPQRhC

a\b _C ^C G+=(*- EC SC Z)++1,(+'1- :C GC F'88',- *12 qC ;3,('. @PQQPA- %1*80,', *12 )+,<8(, B3)

(=+ 3)(=3531*8'(0 B*.(3) '1 FD#G% 23?18'17,- G=== $*)<R )( O.65<C32* ,.<6;)3)4:

J);(.*.;<.P +2:- //C ]QQU]QcC

acb \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- G+2'<9 %..+,, D31()38 @G%DA $)3(3.38

"/+.'L.*('31- \Z$$ :" PhC\P] 4+),'31 RCRCQC

ahb DC OC "=*1131 @]WcWA- D399<1'.*('31 '1 (=+ /)+,+1.+ 3B 13',+- $*)<R G;8/5/C/. )( H2?5)

=;45;..*8- =!@]A- ]QUP]- S*1<*)0C

aRb 6C 6)+2+)'7,+1 *12 :C OC ;382'15 @PQQPA- $+)B3)9*1.+ *12 932+8'15 3B FD#G%d!"#$%

()*1,9',,'31d!>%VX ,.=+9+,- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P ".9/.7@.*-

//C c`PUc`RC

a`b :C OC ;382'15 @PQQ\A- E'17 *12 ,0,(+9 /+)B3)9*1.+ *,/+.(, 3B /)3/3)('31*8 B*') /*.7+(

,.=+2<8'15 '1 FD#G%d!"#$%- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P ".9/.7@.*-

//C ]`]`U]`PPC

akb ;C IC $+2+),+1- :C 6C E33(,9*- GC "(r(()</- 6C 6)+2+)'7,+1- :C OC ;382'15- *12 $C OC

G35+1,+1 @PQQcA- _+(?3)7 /+)B3)9*1.+ 3B 9'H+2 ()*J. 31 ='5= ,/++2 23?18'17 /*.7+(

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #:=
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*..+,, *12 2+2'.*(+2 .=*11+8, '1 FD#G%- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P

".9/.7@.*R

aWb !C !389* *12 %C :3,7*8* @+2,A @PQQPA- UJ#+% ()* '+,"V H2?5) %<<.88 ()* ,65*?

K.;.*2/5); +)@53. J)77C;5<2/5);8 @P12 +21A- S3=1 F'8+0 T "31,- D='.=+,(+)- e;C

a]Qb %C #*,- 6C ;=*1- %C "*9/*(=- *12 !C "< @PQQPA- #+,'51 *12 /+)B3)9*1.+ 3B 23?18'17

,=*)+2 .31()38 .=*11+8 B3) !"#$%- $*)<R $G+HJP ".9/.7@.*- //C ]QkkU]QW]C

a]]b \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- e,+) OY<'/9+1( @eOA :)*1,9',,'31 *12

V+.+/('31 @6##A- \Z$$ :" PhC]Q] 4+),'31 RC`CQC

a]Pb \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- G<8('/8+H'15 *12 D=*11+8 D32'15 @6##A-

\Z$$ :" PhCP]P 4+),'31 hC\CQ @V]>Q]>Qc\QAC

a]\b ;C IC $+2+),+1- %C :3,7*8*- *12 $C OC G35+1,+1 @PQQcA- G3&'8'(0 9*1*5+9+1( *12 .*/*.'(0

*1*80,', B3) ='5= ,/++2 23?18'17 /*.7+( *..+,, '1 FD#G%- G=== $*)<R O.65<C32* ,.<6L

;)3)4: J);(.*.;<.P ".9/.7@.*R

a]cb \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- "/)+*2'15 *12 G32<8*('31 @6##A- \Z$$ :"

PhCP]\ 4+),'31 RC\CQ- S<1+- PQQhC

a]hb :C OC ;382'15- 6C 6)+2+)'7,+1- *12 $C OC G35+1,+1 @PQQPA- $+)B3)9*1.+ *,/+.(, 3B

FD#G% ,0,(+9, ?'(= ='5= ,/++2 23?18'17 /*.7+( *..+,, @!"#$%A- G=== $*)<R O.65<C32*

,.<6;)3)4: J);(.*.;<.P I233R

a]Rb ;C !'8(<1+1- ^C i8'1- *12 GC E<12+4*88 @PQQhA- e,'15 2+2'.*(+2 '1>&<'82'15 ,0,(+9, (3

'9/)34+ (=+ !"#$% '1233) .34+)*5+ *12 .*/*.'(0- G=== $*)<R O.65<C32* ,.<6;)3)4:

J);(.*.;<.P "9*5;4P WC;.P QXXYR

a]`b GC E<12+4*88- ^C i8'1- SC i8,,31- SC O)'7,,31- *12 6C O15 @PQQcA- "()+*9'15 *//8'.*('31,

34+) !"#$% '1 9'H+2 ,+)4'.+ ,.+1*)'3,- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P I233P

T)8 %;4.3.8P ".9/.7@.*P QXXYR

a]kb ;C IC $+2+),+1 @PQQhA- X<*8'(0 &*,+2 !"#$% *..+,, *853)'(=9,- G=== $*)<R O.65<C32*

,.<6;)3)4: J);(.*.;<.P I233P ".9/.7@.*P QXXYR

a]Wb $C !3,+'1 @PQQ\A- % .8*,,>&*,+2 *29',,'31 .31()38 *853)'(=9 B3) ,=*)+2 ?')+8+,, .=*11+8,

,<//3)('15 X3" ,+)4'.+,- $*)<..?5;48 )( /6. I5(/6 GIG$ ,JZ G;/.*;2/5);23 J);(.*.;<. );

+)@53. 2;? U5*.3.88 J)77C;5<2/5);8 -./0)*18P "5;429)*.P [</)@.*R

aPQb FC ^*15- ;C IC $+2+),+1- :C OC ;382'15- *12 $C OC G35+1,+1 @PQQhA- $+)B3)9*1.+ 3B m3I$

31 !"#$%- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P "/)<16)37P WC;.R

aP]b 6C $3//+- #C 2+ m8++,.=*<?+) *12 ZC !C $+('( @PQQQA-Z<*)*1(++'15 Y<*8'(0 3B ,+)4'.+ (3

/*.7+('M+2 43'.+ 34+) (=+ eG:" *') '1(+)B*.+- =546/6 G;/.*;2/5);23 U)*186)9 ); EC235/: )(

".*>5<.P WC;.- //C khUW]C

aPPb 6C $3//+- #C 2+ m8++,.=*<?+)- *12 ZC !C $+('( @PQQ]A- D=33,'15 (=+ eG:" *') '1(+)B*.+

/*)*9+(+),- (=+ 43'.+ /*.7+( ,'M+ *12 (=+ 2+['((+)'15 2+8*0 B3) * 43'.+>34+)>'/ .*88 &+(?++1 *

<9(, *12 * /,(1 /*)(0- G=== G-I[J[+- 1- kQhUk]c- %/)'8C

aP\b VC D<10 *12 %C E*7*1'+9' @PQQ\A- m3I$ '1 \Z _+(?3)7,N %1 +12>(3>+12 Y<*8'(0 3B ,+)4'.+

*1*80,',- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P "9*5;4P %9*53- m38C P- //C W\QUW\cC

aPcb EC SC Z)++1,(+'1- mC O).+5- sC "C s+=- *12 GC mC D8*)7 @]WW`A- % 1+? /*(=>5*'1d2+8*0>

,/)+*2 /)3/*5*('31 932+8 B3) 2'5'(*8 .+88<8*) .=*11+8,- G=== ,*2;8R ); O.6R ,.<6;)3R- 2:@PA-

c``Uckh- G*0C

aPhb EC D3))+'* @+2CA @PQQ]A- U5*.3.88 I3.\5@3. $.*8);2358.? J)77C;5<2/5);8V J[", QY] I5;23

H.9)*/- S3=1 F'8+0 T "31,- D='.=+,(+)- e;- G*0C

aPRb 6C 6)+2+)'7,+1- $C OC G35+1,+1- *12 SC>OC ^+)5 @PQQQA- $)+2'.('31 3B /*(= 83,, '1 +14')31>

9+1(, ?'(= ='5=>)*',+2 &<'82'15,- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P ".9/.7@.*-

//C kWkUWQ\C

aP`b ;C IC $+2+),+1- $C OC G35+1,+1- *12 SC V*9')3>G3)+13 @PQQ\A- %//8'.*('31 *12 /+)B3)9>

*1.+ 3B 23?18'17 &+*9B3)9'15 (+.=1'Y<+, '1 eG:"- G=== J)77C;5<2/5);8 +242^5;.-

]\cU]c\- i.(3&+)C

#:2 !"#$%d!"e$% B3) eG:"
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aPkb ;C IC $+2+),+1 *12 $C OC G35+1,+1 @PQQ\A- $+)B3)9*1.+ 3B FD#G% !"#$% '1 *

&+*9B3)9'15 +14')319+1( <12+) .32+ .31,()*'1(,- G=== $*)<R O.65<C32* ,.<6;)3)4: J);L

(.*.;<.P I233P [</)@.*R

aPWb SC V*9')3>G3)+13- ;C IC $+2+),+1- *12 $C OC G35+1,+1 @PQQ\A- _+(?3)7 /+)B3)9*1.+

3B ()*1,9'( *12 )+.+'4+ *1(+11* 2'4+),'(0 '1 !"#$% <12+) 2'K+)+1( /*.7+( ,.=+2<8'15

,()*(+5'+,- G=== $*)<R O.65<C32* ,.<6;)3)4: J);(.*.;<.P %9*53R

a\Qb %C ZC ;35'*1(',- _C S3,='- *12 iC "<1*0 @PQQ]A- i1 ()*1,9'( 2'4+),'(0 *12 ,.=+2<8'15 '1

?')+8+,, /*.7+( 2*(*- G=== $*)<R G;/.*;2/5);23 J);(.*.;<. ); J)77C;5<2/5);8- m38C k-

//C Pc\\UPc\`C

a\]b EC :C ^+)5+)- :C OC ;382'15- SC V*9')3 G3)+13- $C %9+'5+')*,- EC ".=<9*.=+)- *12 $C OC

G35+1,+1 @PQQ\A- I1(+)*.('31 3B ()*1,9'( 2'4+),'(0 *12 /)3/3)('31*8 B*') ,.=+2<8'15- G===

O.65<C32* ,.<6;)3)4: J);(.*.;<.P W._CP `)*.2P %9*53- m38C c- //C PcP\UPcP`C

a\Pb \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- ^*,+ "(*('31 D31B3)9*1.+ :+,('15 @6##A-

\Z$$ :" PhC]c] 4+),'31 RCWCQ- G*).= PQQhC

a\\b :C _'=('8*t - SC ;<)[+11'+9'- GC E*9/'1+1- *12 :C V',(*1'+9' @PQQhA- FD#G% !"#$%

1+(?3)7 /+)B3)9*1.+ ?'(= )+.+'4+) 2'4+),'(0 *12 EGG"O .='/ +Y<*8'M*('31- G=== $*)<R

":79)85C7 ); $.*8);23P G;?))* 2;? +)@53. H2?5) J)77C;5<2/5);8 D$G+HJFP a.*35;P

".9/.7@.* NNbNcR

a\cb SC ;<)[+11'+9'- :C _'=('8*t - GC E*9/'1+1- *12 :C V',(*1'+9' @PQQhA- $+)B3)9*1.+ 3B

FD#G% !"#$% 1+(?3)7 ?'(= 2'K+)+1( *24*1.+2 )+.+'4+) /+1+()*('31,- $*)<R U5*.3.88

$.*8);23 +C3/57.?52 J)77C;5<2/5);8 DU$+JFP %23@)*4P #.;72*1P ".9/.7@.* NdbQQR

a\hb SC ^*.= %12+),+1 @PQQQA- %))*0 5*'1 *12 .*/*.'(0 3B 713?1 )*1239 .=*11+8, ?'(= 9<8('/8+

+8+9+1( *))*0, *( &3(= +12,- G=== W)C*;23 ); ".3.</.? %*.28 5; J)77C;5<2/5);8- #>@]]A-

P]`]UP]`k- _34+9&+)C

a\Rb #C Z+,&+)(- GC "=*L- #C "='<- $C SC "9'(=- *12 %C _*5<'& @PQQ\A- 6)39 (=+3)0 (3 /)*.('.+N

%1 34+)4'+? 3B GIGi ,/*.+>('9+ .32+2 ?')+8+,, ,0,(+9,- G=== W)C*;23 ); ".3.</.? %*.28

5; J)77C;5<2/5);8- 1#@\A- Pk]U\QP- %/)'8C

a\`b %C :3,7*8*- !C !389*- OC G+(,*8*- ;C IC $+2+),+1- *12 #C "(++8+ @PQQhA- I<& +J.'+1.0

*1*80,', B3) ='5= ,/++2 23?18'17 /*.7+( *..+,, '1 FD#G%- $*)<R U$+JP %23@)*4P

#.;72*1P ".9/.7@.*R

a\kb \Z$$- :+.=1'.*8 "/+.'L.*('31 Z)3</ V%_- :+.=1'.*8 V+/3)( 31 G<8('/8+ I1/<( G<8('/8+

i<(/<( '1 e:V%- \Z$$ :" PhCk`R 4+),'31 ]C`C]C

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ #:8
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8

!"#$% &'( )*(+,- .*/*.'(0
*12 .34+)*5+

67,,' 6**('1+1- !*))' !389*- :8*72'3 ;3,*- *12 6+)3+1 <'5*)2

=>', .>*/(+) /)+,+1(, (>+ /+)?3)9*1.+ 3? >'5>@,/++2 7/8'1A /*.A+( *..+,, B!"#$%C-

'1.872'15 &'( )*(+,- .*/*.'(0- *12 .34+)*5+D =>+ 37(8'1+ ', *, ?3883E,F "+.('31 GDH .31(*'1,

* ,>3)( ,799*)0 3? (>+ 9*'1 /+)?3)9*1.+ ?*.(3),D =>', ', ?3883E+2 &0 * ,(720 3? 8'1A

8*0+) /+)?3)9*1.+ *,/+.(, '1 "+.('31 GDID "+.('31 GDJ 833A, *( (>+ .+88 .*/*.'(0 5*'1, ?)39

K32+ L &*,+2 ,.>+278'15 *12 MH >0&)'2 *7(39*('. )+/+*( )+N7+,( B!%;OCD "+.('31 GDP

'1()327.+, ?7)(>+) 7/8'1A +1>*1.+9+1(, E'(> *1(+11* *12 &*,+&*12 ,387('31,D

8.1 General performance factors

=>+ /+)?3)9*1.+ 3? !"#$% 2+/+12, >'5>80 31 (>+ ,+8+.(+2 ,.+1*)'3 *12 31 2+/8309+1(

*12 ,+)4'.+ /*)*9+(+),- '1 (>+ ,*9+ E*0 *, >'5>@,/++2 23E18'1A /*.A+( *..+,, B!"Q$%CD

R*10 3? (>+ +,,+1('*8 /*)*9+(+), *)+ ,'9'8*) (3 (>3,+ +S/8*'1+2 ?3) !"Q$%D !+)+- (>+

93,( ,'51'T.*1( *)+ &)'+U0 9+1('31+2F

. !"#$%&' ()*%&+#,-. V !"#$%@,/+.'T. *853)'(>9, 8'A+ (>+ K32+ L &*,+2 /*.A+(

,.>+278+)- !"#$% )+,37).+ *883.*('31- *12 (>+ ,+)4'15 .+88 .>*15+ *853)'(>9D

. /"0)%1-"2# .3"2(&+% V (>+ *4*'8*&8+ '1(+)?+)+1.+ 8+4+8, '1 (>+ .+88 2+T1+2 &0 ?*.(3),

,7.> *, /)3/*5*('31 83,,- 3(>+)@.+88 '1(+)?+)+1.+- *12 978('/*(> /)3/*5*('31D

. 4."& "56+0-"2# 7489 #&(2.-+##"& 3(0(:+)+#1 V 9*S'979 ,7//3)(+2 &'( )*(+, *12

9*S'979 ()*1,9'( /3E+)D

. !%;" < &"3"+="& 0"&>%&-(23" (2; 3(0(:+)+#1 V 179&+) 3? )+.+'4+ *1(+11*,- )+.+'4+)

(0/+- *12 '9/8+9+1(*('31 9*)5'1,D

. ?&(@3 V 9'S(7)+ 3? 2+2'.*(+2 .>*11+8 BQ:!C *12 !"#$% ,7'(*&8+ ()*W.- ()*W. (0/+

8'A+ ,()+*9'15 4, 9+,,*5'15- *12 179&+) 3? *.('4+ 7,+),D
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\1 (>', .>*/(+)- E+ E'88 *((+9/( (3 *2>+)+ .83,+80 (3 (>+ &*,'. *,,79/('31, *5)++2 '1 (>+

=>')2 ]+1+)*('31 $*)(1+),>'/ $)3^+.( BJ]$$CD Q7)'15 (>+ 2',.7,,'31 3? )+,78(,- '( E'88 &+

'12'.*(+2 E>'.> ?*.(3), '1 (>+ *&34+ /8*0 (>+ 93,( '9/3)(*1( )38+,D

=>+ ?3883E'15 /+)?3)9*1.+ 9+()'., *)+ 7,+2 '1 (>', .>*/(+)F

. D="&(*" 3")) #,&%6*,06# V (>+ *4+)*5+ *9371( 3? 2*(* ?)39 *88 7,+), '1 * .+88 (>*( .*1

&+ )+.+'4+2 27)'15 * .+)(*'1 *9371( 3? ('9+D

. GHI 0(3'"# 3()) #,&%6*,06# V )+/)+,+1('15 (>+ +12 7,+) +S/+)'+1.+D \( '12'.*(+, (>+ HY_

37(*5+ 3? 7,+) (>)375>/7( B'D+D- `Y_ 3? +12 7,+), E'88 +S/+)'+1.+ * &+((+) /*.A+( .*88

(>)375>/7( (>*1 (>', 4*87+CD

. 8:=!Y V (>+ )+N7')+2 /3E+) /+) '1?3)9*('31 &'( 34+) 13',+ '1 3)2+) (3 )+.+'4+ * .+)(*'1

&'( )*(+ E'(> * .+)(*'1 &83.A +))3) /)3&*&'8'(0D =>', >*, * 2')+.( '9/*.( 31 (>+ 83*2 3?

(>+ ,0,(+9 aHZbD

. 83=!Y V (>+ )+N7')+2 /3E+) /+) .>'/ &'( 34+) 13',+ '1 3)2+) (3 )+.+'4+ * .+)(*'1 &'( )*(+

E'(> * .+)(*'1 &83.A +))3) /)3&*&'8'(0D

c(>+) 8+,, 5+1+)*8 9+*,7)+, E'88 &+ '1()327.+2 '1 *22'('31 (3 (>+ /)+,+1(+2 )+,78(,D

8.2 Single-user performance

=>+ 8'1A /+)?3)9*1.+ 3? *1 +1>*1.+2 7/8'1A 2+2'.*(+2 .>*11+8 BX@Q:!C 8'1A ', ,(72'+2

'1 (>', ,+.('31D <+ 7,+ ,3@.*88+2 dTS+2 )+?+)+1.+ .>*11+8,e Bf;:,C '1 8'1A 8+4+8 ,(72'+,D

f;:, *)+ * ,+( 3? X@Q:! .>*11+8 .31T57)*('31, 2+T1+2 '1 J]$$ ?3) /+)?3)9*1.+

(+,('15 /7)/3,+,D =>+0 *)+ 2+T1+2 '1 aIHb *12 ,>3E1 '1 =*&8+ GDHD

f;:H (3 f;:J 7,+ * I@9, ()*1,9',,'31 ('9+ '1(+)4*8 B==\C- E>+)+*, (>+ 3(>+) f;:,

*)+ ,/+.'T+2 ?3) * ==\ 3? HY 9,D =>+ 9*S'979 &'( )*(+ 4*)'+, E'(> (>+ 179&+) 3? .32+,

E'(> f;:J /)34'2'15 * /+*A &'( )*(+ 3? 93)+ (>*1 P R&/,D =>+ J]$$ /+)?3)9*1.+

)+N7')+9+1(, 7,'15 (>+,+ f;:, *)+ ,/+.'T+2 '1 aH`bD =>+ )+N7')+9+1(, ,/+.'?0 * 9'1'979

/+)?3)9*1.+ 712+) .+)(*'1 .312'('31,D

f3) +*.> f;:- (>+)+ +S',(, 31+ /*') 3? ,755+,(+2 /3E+) )*('3, &+(E++1 (>+ +1>*1.+2

2+2'.*(+2 />0,'.*8 2*(* .>*11+8 BX@Q$Q:!C- (>+ +1>*1.+2 2+2'.*(+2 />0,'.*8 .31()38

168 !"Q$%g!"#$% ?3) #R="

Table 8.1 f'S+2 )+?+)+1.+ .>*11+8, Bf;:,C 2+T1+2 ?3) X@Q:!D

JKL ??M ?&(2.0%&# L%;". L%;+2* &(#" F(N+-6- 48 3(#"*%&1

)"2*#, :)%3' .+O" :+# &(#"

B9,C B&'(,C BA&/,C

H I I ZGG Ih"fP YDiH HJjJ I

I I j JiZ Ih"fI YDiH IiYZ P

J I G YZP Ih"fP " Ih"fI YDiH PYj` Z

P HY P GYY Hh"fP YDjJ jYG H

j HY ` ZYY Ih"fP YDjH `GY I *12 J

Z HY H` IYY Ih"fI YDjH H`ZY P *12 j

i HY ZPY Hh"fHZ YDI` Z` H
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.>*11+8 BX@Q$::!C- *12 (>+ Q$::!D =>+ /3E+) )*('3, *)+ .*88+2 d&+(* ?*.(3),eD =>+

,755+,(+2 &+(* ?*.(3) ', 2+T1+2 *, *1 *4+)*5+ 34+) 978('/*(> .>*11+8,D L+(* ?*.(3), *)+

,799*)'k+2 '1 =*&8+ GDID !+)+ (>+ 4*87+, >*4+ &++1 )3712+2 (3 (>+ ,'51*88'15 4*87+,

*4*'8*&8+- *12 ?3) f;:J (>+ 4*87+ 5'4+1 .3))+,/312, (3 "fP .32+,D "fI .32+ /3E+), *)+

2+)'4+2 ?)39 (>', &0 978('/80'15 &0
!!!
I

#
D =>+,+ &+(* ?*.(3), *)+ 2+,'51+2 ?3) *1(+11*

2'4+),'(0 )+.+/('31 E>'8+ J 2L ,>3782 &+ *22+2 ?3) ,'158+@*1(+11* )+.+/('31D

\1 (>+ ?3883E'15 (>+ ,'158+@8'1A /+)?3)9*1.+ 3? f;:I- j- *12 Z *)+ /)+,+1(+2 712+) (>+

*,,79/('31, 8',(+2 '1 =*&8+ GDJD f;:j )+/)+,+1(, * T),(@/>*,+ !"#$% #X- E>+)+*,

f;:I *12 f;:Z )+/)+,+1( ?7(7)+ )+8+*,+ #X,D K3(+ (>*( /3E+) .31()38 ', 3l '1 (>+,+

,'978*('31,D =>+ /+)?3)9*1.+ )+N7')+9+1(, *)+ 2+T1+2 ?3) *88 f;:, E'(> 2'4+),'(0

)+.+/('31- *12 *88 f;:, +S.+/( I *12 J ?3) ,'158+@*1(+11* )+.+/('31D

f'57)+ GDH ,>3E, (>+ 2*(* )*(+ E'(>37( /3E+) .31()38 *, * ?71.('31 3? )+.+'4+2 83=!Y

/+) &*,+ ,(*('31 *1(+11*D =>+ /+)?3)9*1.+ 3? f;:I E'(> * I@9, ==\ *12 f;:Z E'(> *

HY@9, ==\ *)+ ?*')80 ,'9'8*)D f;:I .*1 /)34'2+ >'5>+) /+*A 2*(* )*(+, E>+1 83=!Y ',

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ 169

Table 8.2 L+(* ?*.(3), 2+T1+2 ?3) TS+2 )+?+)+1.+ .>*11+8,D

8P/C/LAE/CLLA 8P/CLLAE/CLLA

B2LC B2LC

f;:H ` IDYj

f;:I HY PDYG

f;:J Z Y

f;:P ` $HD`P

f;:j ` $HD`P

f;:Z HY $jDPZ

f;:i Z Y

Table 8.3 M'1A ,'978*('31 *,,79/('31,D

!%;O .39&'1'15 \1.)+9+1(*8 )+2712*1.0

R*S'979 179&+) 3? ()*1,9',,'31, f37)

K79&+) 3? !%;O /)3.+,,+, f37) ?3) * HY@9, ==\- +'5>( ?3) * I@9, ==\

L*,+ ,(*('31 )+.+'4+) =E3@*1(+11* ;*A+

=7)&3@.32+. K % H=J- Q % P; G '(+)*('31,- R*S@M35 R%$

f3) X@Q$Q:! ,'978*('31F

Q+93278*('31 3? X@Q$::! cl

"'978*(+2 /*)*9+(+), =>)375>/7( *, * ?71.('31 3? (3(*8 83=!Y

f3) X@Q$::! ,'978*('31F

Q+93278*('31 3? X@Q$Q:! cl

"'978*(+2 /*)*9+(+), R',,+2 2+(+.('31 *12 ?*8,+ *8*)9 *, * ?71.('31 3? (3(*8

83=!YD f*8,+ *8*)9 9*)5'1 (3 &+ 7,+2 ', IDY 2LD
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>'5> +1375>D \1 3)2+) (3 *.>'+4+ 2*(* )*(+, &+0312 I R&/,- (>+ )+.+'4+2 83=!Y 1++2, (3

&+ >'5>+) (>*1 *//)3S'9*(+80 Y 2L '1 (>', .*,+D

=>+ )+8'*&'8'(0 3? (>+ .31()38 .>*11+8 X@Q$::! 97,( &+ )+*,31*&80 >'5> ?3) (>+

/)3/+) 2+.32'15 /+)?3)9*1.+ 3? X@Q$Q:!D \? (>+ X@Q$::! ', 9',,+2 3) (>+ .32+E3)2

)+.+'4+2 ', '1.3))+.(- (>+ !%;O &7l+), *)+ +*,'80 .3))7/(+2 &0 '1*//)3/)'*(+ ,3?(@

.39&'1'15D =>+ /)3&*&'8'(0 3? 9',,+2 2+(+.('31 ,>3782 &+ 83E- /)+?+)*&80 <YDI_D

=>*( )+?+), (3 (>+ .*,+ E>+)+ (>+ #X >*, ()*1,9'((+2 2*(* &7( (>+ K32+ L ?*'8, (3

)+.+'4+ (>+ X@Q$::! .3))+.(80D f'57)+ GDI '887,()*(+, (>+ 9',,+2 2+(+.('31 /)3&*&'8'(0 '1

2'l+)+1( 978('/*(> /)3T8+,D "'1.+ (>+ X@Q$::! .*))'+, 13 :;: +1.32'15- * (>)+,>382@

&*,+2 *//)3*.> (3 .>*11+8 /3E+) 2+(+.('31 ', 1+.+,,*)0D =>+ (>)+,>382 ', 2+T1+2 *, (>+

d?*8,+ *8*)9 )*(+e- E>'.> )+?+), (3 (>+ .*,+ E>+)+ 13 2*(* *)+ ()*1,9'((+2 &0 (>+ #X &7( *1

X@Q$::! .32+E3)2 ', +))31+37,80 2+(+.(+2 *( (>+ K32+ L )+.+'4+)D

M'1A ,'978*('31, '12'.*(+ (>*( (>+ )+.+'4+2 83=!Y 1++2, (3 &+ )+8*('4+80 >'5> (3 *.>'+4+

>'5> 2*(* )*(+,D f'57)+ GDJ ,>3E, (>+ 7/8'1A 13',+ )',+ (>*( ', .*7,+2 &0 * ,'158+ 7,+) *, *

?71.('31 3? )+.+'4+2 83=!YD \? (>+ )+.+'4+2 83=!Y ', Y 2L- (>+ ,'51*8 *12 13',+ /3E+), *)+

+N7*8 .*7,'15 * J@2L 13',+ )',+ '1 (3(*8D \? (>+ )+N7')+2 83=!Y ', j 2L- (>+ ,'158+ 7,+) *831+

E3782 .*7,+ * Z@2L 13',+ )',+D <>+1 (>+ 13',+ )',+ '1.)+*,+,- (>+ .+88 .34+)*5+ *)+*

,>)'1A, ?3) 3(>+) ,'978(*1+37, 7,+), 31 (>+ ,*9+ .*))'+)D \1 3)2+) (3 8'9'( 13',+ )',+ *12

(3 57*)*1(++ (>+ .34+)*5+ *)+*- (>+ >'5>+,( 83=!Y 4*87+, 9*0 13( &+ /)*.('.*8 '1 8*)5+

9*.)3@.+88,D

=>+ )+,( 3? (>', ,+.('31 /)+,+1(, 8'1A 8+4+8 /+)?3)9*1.+ )+,78(, E'(>37( /*.A+( ,.>+278@

'15D =>+ *,,79/('31, *)+ 8',(+2 '1 =*&8+ GDPD

170 !"Q$%g!"#$% ?3) #R="

Figure 8.1 !"#$% (>)375>/7( '1 m+>'.78*) % *( JY A9g>- 13 /3E+) .31()38 7,+2 B,'9'8*) (3

J]$$ (+,( .*,+CD
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f'57)+ GDP ,>3E, ,'158+@7,+) 7/8'1A (>)375>/7( 31 (>+ )*2'3 8'1A .31()38 B;M:C 8+4+8

'1 A&/, 4, (>+ )+.+'4+2 ,'51*8 .32+ /3E+) B;":$C 3? (>+ .39931 /'83( .>*11+8 B:$\:!C

'1 (>+ #XD % 83E+) ;":$ 9+*1, * 8*)5+) /*(> 83,, *12- (>7,- * 83E+) 7/8'1A (>)375>/7(D

=>+ (>)375>/7( ', *,,79+2 (3 &+ 8'9'(+2 &0 (>+ 9*S'979 #X /3E+) 8+4+8 V .*/*.'(0

*12 /*.A+( ,.>+278'15 *,/+.(, *)+ 13( .31,'2+)+2D =>+ /+*A &'( )*(+ 3? HDP R&/, (>*( ',

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ 171

Figure 8.2 X@Q$::! Q=n 2+(+.('31 /+)?3)9*1.+ ?3) * I@9, ==\D
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Figure 8.3 #/8'1A 13',+ )',+ .*7,+2 &0 ,'158+ 7,+) *, * ?71.('31 3? )+N7')+2 83=!YD
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.>*)*.(+)',('. 3? * !"#$% :*(+53)0 J #X .*1 &+ *.>'+4+2 E'(> *1 ;":$ 3? $`I 2L9D

!"#$% /)34'2+, * .8+*)80 >'5>+) 2*(* )*(+ (>*1 * E'2+&*12 .32+ 2'4','31 978('/8+

*..+,, B<:QR%C JGP@A&/, #X E>+1 (>+ ;":$ 8+4+8 ', >'5>+) (>*1 *//)3S'9*(+80

$HYY 2L9D !"#$% *8,3 /)34'2+, ,39+ 5*'1 '1 (>)375>/7( E'(> 83E+) ;":$ 8+4+8, 27+

(3 ?*,(+) MH !%;O,D

f'57)+ GDj ,>3E, (>+ .7978*('4+ 2',()'&7('31 3? (>+ 7/8'1A ,'158+@7,+) 2*(* )*(+ 34+)

(>+ *)+* 3? * 8*)5+ 9*.)3@.+88 '1.872'15 ,>*23E ?*2'15 *12 ,3?( >*1234+)D =>+ .+88 ,'k+ ',

2+T1+2 ,3 (>*( ZP A&/, .*1 &+ /)34'2+2 E'(> * `j_ .34+)*5+ /)3&*&'8'(0D %1 7/8'1A )*(+

3? JGP A&/, .*1 &+ 3l+)+2 E'(> iY_ /)3&*&'8'(0 *12 HDP@R&/, !"Q$% E'(> *//)3S'@

9*(+80 * PY_ /)3&*&'8'(0 ?)39 (>+ #X /3E+) /3'1( 3? 4'+ED

=>+ *4+)*5+ &'( )*(+ *12 (>+ `j_ &'( )*(+ ?)39 f'57)+ GDj *)+ '887,()*(+2 '1 =*&8+ GDjD

!"#$% .*1 (*A+ &+1+T( 3? (>+ >'5>+) /+*A &'( )*(+ (>*1 (>*( 3? <:QR% *12 .*1

/)34'2+ * IDi& >'5>+) *4+)*5+ &'( )*(+ (>*1 <:QR%D =>+)+ ', ,39+ 5*'1 ?)39 !"#$%

*( (>+ `j_ /)3&*&'8'(0 /3'1(- &7( (>*( 5*'1 ', .8+*)80 8+,, (>*1 (>+ 5*'1 '1 (+)9, 3? (>+

*4+)*5+ 2*(* )*(+D

172 !"Q$%g!"#$% ?3) #R="

Table 8.4 %,,79/('31, ?3) 7,+) &'( )*(+ *1*80,',D

R*S'979 #X &'( )*(+ :*(+53)0 J E'(> 9*S'979 HDPj R&/,

R*S'979 #X ()*1,9',,'31 /3E+) :8*,, J E'(> 9*S'979 IP 2L9

L*,+ ,(*('31 13',+ 8+4+8 $HYj 2L9

:$\:! /3E+) 8+4+8 JJ 2L9

;M: 34+)>+*2 j_

"83E ?*2'15 ,(*12*)2 2+4'*('31 G 2L
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8.3 Cell capacity

<>'8+ (>+ /)+4'37, ,+.('31 .31,'2+)+2 ,'158+@8'1A /+)?3)9*1.+- (>', ,+.('31 .31,'2+),

'1(+)?+)+1.+@8'9'(+2 .+88 .*/*.'(0D =>+ .*/*.'(0 5*'1 ?)39 !"#$% ', 9*'180 3&(*'1+2

7,'15 MH !%;O *12 K32+ L &*,+2 ,.>+278'15D =>3,+ (E3 *,/+.(, *)+ .31,'2+)+2 '1 (>+

?3883E'15 (E3 ,7&,+.('31,D

8.3.1 HARQ

=>+ *24*1.+2 />0,'.*8 8*0+) )+()*1,9',,'31 ,.>+9+, +9/830'15 ,3?( .39&'1'15 5*'1-

'1.)+9+1(*8 )+2712*1.0- *12 83E )+()*1,9',,'31 2+8*0 *)+ ,39+ 3? (>+ .+1()*8 ?+*(7)+, 3?

!"#$%D =>+ '1()327.('31 3? MH !%;O ,.>+9+, >*, (E3 9*'1 *24*1(*5+,F

HD ;+()*1,9',,'31, *)+ ?*,(+) *( MH '1 !"#$% (>*1 MI ;M:@&*,+2 )+()*1,9',,'31, '1

;+8+*,+ ``D

ID "3?( .39&'1'15 3? )+()*1,9',,'31, ', 7,+2 '1 !"#$%D

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ 173
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Figure 8.5 #,+) &'( )*(+ 2',()'&7('31D

Table 8.5 %4+)*5+ *12 `j_ 37(*5+ 7,+) &'( )*(+, '1 (>+ .+88D

RL/FD STU ':0. AB4CD GVU F:0. W(+2 >&%-

BA&/,C BA&/,C AB4CD

%4+)*5+ 7,+) &'( )*(+ '1 (>+ .+88 JIP GGH IDi&
`j_ 37(*5+ 7,+) &'( )*(+ '1 (>+ .+88 ZP GI HDJ&
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\1 3(>+) E3)2,- (>+ )+()*1,9',,'31, .*7,+ 8+,, 2+8*0 *12 2+8*0 4*)'*('31, E'(>

MH@.31()388+2 )+()*1,9',,'31 ,.>+9+, B83.*(+2 '1 (>+ K32+ LC (>*1 E'(> MI@&*,+2

)+()*1,9',,'31 ,.>+9+, B83.*(+2 '1 (>+ ;K:CD f*,(+) )+()*1,9',,'31, *883E 7, (3

>*4+ * >'5>+) )+()*1,9',,'31 /)3&*&'8'(0 E>'8+ 9*'1(*'1'15 (>+ ,*9+ 7,+) 2+8*0

/+)?3)9*1.+D =>', 8+*2, (3 * 2+.)+*,+ '1 )+N7')+2 8:=!Y *12- >+1.+- *1 '1.)+*,+ '1

,/+.()*8 +W.'+1.0D :39&'1'15 (+.>1'N7+, V ,7.> *, .>*,+ .39&'1'15 B::C *12 '1.)+@

9+1(*8 )+2712*1.0 B\;C V .*1 ?7)(>+) '9/)34+ (>+ /+)?3)9*1.+ 3? K32+ L .31()388+2 MH

)+()*1,9',,'31 ,.>+9+,D

\1 3)2+) (3 '14+,('5*(+ (>+ '9/*.( 3? MH )+()*1,9',,'31 ,.>+9+, *12 .39&'1'15

(+.>1'N7+, 31 7,+) *12 .+88 (>)375>/7( /+)?3)9*1.+- (>+ ?3883E'15 2+T1'('31, *)+

'1()327.+2F

HD =>+ &83.A +))3) /)3&*&'8'(0 BLMX$C ', (>+ /)3&*&'8'(0 3? ?*'8+2 2+(+.('31 3? * 2*(*

?)*9+ *( T),( ()*1,9',,'31D \( ', * ?71.('31 3? (>+ (*)5+( 8:=!Y 7,+2 '1 (>+ /3E+)

.31()38 *853)'(>9- *, E+88 *, 3? (>+ /)3/*5*('31 *12 93&'8'(0 +14')319+1(D

ID =>+ ?)*9+ +)*,7)+ )*(+ BfX;C ', .*8.78*(+2 34+) * ,7W.'+1(80 8315 ('9+ /+)'32 *12 ',

2+T1+2 *, ?3883E,F

fX; % H $
:3))+.(80 )+.+'4+2 2*(* ?)*9+,

=3(*8 ()*1,9'((+2 2*(* ?)*9+,
'G:H(

JD f'1*880- (>+ +l+.('4+ 8:=!Y ', 2+T1+2 *, (>+ )*('3 3? )+N7')+2 8:=!Y (3 .3))+,/312'15

?)*9+ +)*,7)+ )*(+D

X??+.('4+ 8:=!Y %
8:=!Y

H $ fX;
'G:I(

f'57)+ GDZ '887,()*(+, (>+ '9/*.( 3? !%;O (+.>1'N7+, 31 7,+)@+S/+)'+1.+2 2*(* )*(+D

174 !"Q$%g!"#$% ?3) #R="

Figure 8.6 #,+) 2*(* )*(+ *, * ?71.('31 3? )+.+'4+2 8:=!Y ?3) f;:j- m+>'.78*) % *( JY A9g>- E'(>

*12 E'(>37( !%;OD
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f3) * 5'4+1 )+.+'4+2 +1+)50 /+) &'(@(3@13',+ )*('3- '1.)+9+1(*8 )+2712*1.0 /)34'2+, *

83E+) ?)*9+ +)*,7)+ )*(+ (>*1 ', (>+ .*,+ E'(> 13 !%;O- (>7, 8+*2'15 (3 >'5>+) 7,+)

(>)375>/7(D =>+ 5*'1 ?)39 '1.)+9+1(*8 )+2712*1.0 B!%;OC .8+*)80 2+/+12, 31 (>+

,0,(+9 3/+)*('31 /3'1(F (>+ >'5>+) (>+ )+N7')+2 8:=!Y- (>+ 83E+) (>+ (*)5+( LMX$ *( T),(

()*1,9',,'31 *12 (>+ 83E+) (>+ 5*'1 ?)39 !%;OD

f3883E'15 (>+ 2+T1'('31 3? .+88 (>)375>/7( '1 aHZb- 7/8'1A ,/+.()*8 +W.'+1.0 ', '14+),+80

/)3/3)('31*8 (3 (>+ +l+.('4+ 8:=!YD =>+ 3/('9*8 3/+)*('31 /3'1( (0/'.*880 2+/+12, 31

(>+ /)3/*5*('31 *12 93&'8'(0 ,.+1*)'3- *, E+88 *, 31 E>+(>+) 3) 13( .39&'1'15 (+.>@

1'N7+, *)+ 7,+2D =>+ )+,78(, )+/3)(+2 '1 f'57)+ GDi ,>3E >3E 7/8'1A ,/+.()*8 +W.'+1.0

.*1 &+ '9/)34+2 &0 '1.)+*,'15 (>+ LMX$ *( T),( ()*1,9',,'31- E>'.> 8+*2, (3 * 83E+)

8:=!Y )+N7')+9+1(D =>', ', /3,,'&8+ ,'1.+ (>+ 83E )3712 ()'/ 2+8*0 E'(> MH )+()*1,9',,'31

,.>+9+, *883E, ?*,( )+.34+)0 ?)39 ()*1,9',,'31 +))3),D f3) '1,(*1.+- ,/+.()*8 +W.'+1.0

5*'1 ?)39 '1.)+*,'15 (>+ LMX$ *( T),( ()*1,9',,'31 ?)39 H_ (3 HY_ ', &+(E++1 YDZ *12

YDi 2L- .3))+,/312'15 (3 * .+88 (>)375>/7( '1.)+*,+ 3? *//)3S'9*(+80 HjVIY_D

\1.)+9+1(*8 )+2712*1.0 .*1 &+ ,7..+,,?7880 2+/830+2 (3 ?7)(>+) '1.)+*,+ 7/8'1A

,/+.()*8 +W.'+1.0- *8(>375> (>+ 5*'1 ?)39 !%;O ', )+*880 *//)+.'*&8+ 3180 ?3) fX;

4*87+, *&34+ jY_D \1 f'57)+ GDG- (>+ +l+.('4+ 8:=!Y E'(> '1.)+9+1(*8 )+2712*1.0 ',

9'1'9'k+2 *( JYY A&/,- E>'.> .3))+,/312, (3 *1 fX; 3? *//)3S'9*(+80 iY_- *12 (3 *

LMX$ *( T),( ()*1,9',,'31 >'5>+) (>*1 `Y_ '1 f'57)+ GDiD %,,79'15 (>*( E'(> ;M:

)+()*1,9',,'31, (>+ />0,'.*8 .>*11+8 ', 3/+)*(+2 *( *1 +))3) /)3&*&'8'(0 3? H_- (>+

9*S'979 ,/+.()*8 +W.'+1.0 5*'1 ?)39 MH !%;O ', *//)3S'9*(+80 I 2L- .3))+,/312'15

(3 * .+88 (>)375>/7( '1.)+*,+ 3? ZY_D !3E+4+)- (>+ /)'.+ (3 /*0 ', ,'51'T.*1(80 '1.)+*,+2

()*1,9',,'31 2+8*0- )+27.+2 7,+) 2*(* )*(+- *, E+88 *, 93)+ /)3.+,,'15 /3E+) *( (>+ &*,+

,(*('31 27+ (3 978('/8+ )+()*1,9',,'31,D %,,79'15 * 93)+ )+*8',('. 3/+)*('31 )+5'31 ?3)

(>+ LMX$ *( T),( ()*1,9',,'31 &+(E++1 IY_ *12 JY_- (>+ .+88 (>)375>/7( 5*'1 ?)39 MH

!%;O ', *//)3S'9*(+80 Hj_ (3 IY_D

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ 175

Figure 8.7 Xl+.('4+ 8:=!Y 4, LMX$ *( T),( ()*1,9',,'31 ?3) f;:j- m+>'.78*) % *( JY A9g>- E'(>

*12 E'(>37( !%;OD
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8.3.2 Node B scheduling

K32+ L &*,+2 ,.>+278'15 E'(> MH .31()38 ,'51*88'15 .*1 3/+)*(+ 97.> ?*,(+) (>*1 ;K:@

&*,+2 ,.>+278'15 E'(> MJ .31()38 ,'51*88'15D \( .*1 /)34'2+ (>+ ,0,(+9 E'(> (E3 9*'1

*24*1(*5+,F

HD ?+*,#"& 3%2#&%) %> #%#() &"3"+="; 60)+2' 0%$"& ', /3,,'&8+ E'(> ?*,( K32+ L /*.A+(

,.>+278'15- E>'.> *883E, ?*,(+) *2*/(*('31 (3 '1(+)?+)+1.+ 4*)'*('31,D =>+ )+N7')+2

/3E+) >+*2)339 .*1 &+ )+27.+2 *12 (>+ ,0,(+9 .*1 &+ 3/+)*(+2 E'(> >'5>+) *4+)*5+

'1(+)?+)+1.+ 8+4+8, 8+*2'15 (3 >'5>+) .+88 (>)375>/7(D

ID K32+ L ,.>+278'15 *883E, >(.#"& &"())%3(#+%2 %> &(;+% &".%6&3". &+(E++1 7,+),D =>+

8315 ,.>+278'15 2+8*0, *,,3.'*(+2 E'(> (>+ ()*1,9',,'31 3? .*/*.'(0 )+N7+,(, ?)39 (>+

#X (3 (>+ )*2'3 1+(E3)A .31()388+) B;K:C *12 (>+ ()*1,9',,'31 3? .*/*.'(0 5)*1(,

?)39 (>+ ;K: (3 (>+ #X )+/)+,+1( (>+ 9*'1 2',*24*1(*5+ 3? ;K: /*.A+( ,.>+278+)

'9/8+9+1(*('31D =3 )+27.+ ,7.> 2+8*0,- (>+ K32+ L ,.>+278'15 *853)'(>9 .31,'2+)+2

'1 (>', ,+.('31 ', &*,+2 31 7('8'k*('31 3? *883.*(+2 )*2'3 )+,37).+,- *12 23+, 13( )+N7')+

+S/8'.'( ,'51*88'15 3? * .*/*.'(0 )+N7+,( ?)39 (>+ #X (3 (>+ K32+ LD :31.+/(7*880- (>+

,.3/+ 3? (>+ /)3/3,+2 ,.>+278'15 *853)'(>9 ', (3 201*9'.*880 (*A+ )+,37).+, ?)39

7,+), E'(> 83E 7('8'k*('31 3? *883.*(+2 )*2'3 )+,37).+, *12 (3 )+2',()'&7(+ (>+9

&+(E++1 7,+), E'(> >'5> 7('8'k*('31D R3)+ 2+(*'8, 31 (>+ /*.A+( ,.>+278'15 *853)'(>9

.*1 &+ ?3712 '1 aHb *12 aIbD =>+ /*.A+( ,.>+278'15 /*)*9+(+), ,+( 7/ ?3) &3(> ;K: *12

K32+ L ,.>+278'15 *)+ )+/3)(+2 '1 =*&8+ GDZD =>+ ,.>+278'15 *12 932'T.*('31 /+)'32

2+T1+ (>+ ?)+N7+1.0 3? /*.A+( ,.>+278'15 31 &3(> * .+88 *12 * 7,+) &*,',- )+,/+.('4+80D

<'(> &3(> ;K: *12 K32+ L ,.>+278'15- (>+ K32+ L ', *,,79+2 (3 2+/830 * (E3@&)*1.>

*1(+11* 2'4+),'(0 E'(> ;*A+ /)3.+,,'15 3? (>+ )+.+'4+2 ,'51*8,D L3(> '11+) 833/ *12 37(+)

833/ /3E+) .31()38 *853)'(>9, *)+ '9/8+9+1(+2 '1 (>+ ,0,(+9 8+4+8 ,'978*(3)D =>+ 932+8

176 !"Q$%g!"#$% ?3) #R="

Figure 8.8 Xl+.('4+ 8:=!Y *, * ?71.('31 3? (>+ 7,+) 2*(* )*(+ ?3) f;:j- m+>'.78*) % *( JY A9g>-

E'(> *12 E'(>37( !%;OD
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*8,3 '1.872+, ,3?( *12 ,3?(+) >*1234+)- E'(> ,+8+.('31 2'4+),'(0 /+)?3)9+2 *( (>+ ;K: ?3)

,3?( >*1234+)- *12 9*S'9*8 )*('3 .39&'1'15 *( (>+ K32+ L ?3) ,3?(+) >*1234+)D

=>+ 932+8 7,+2 (3 ,'978*(+ /*.A+( 2*(* ()*W. ', (>+ 932'T+2 5*9'15 932+8 2+,.)'&+2

'1 ajbD %, '887,()*(+2 '1 f'57)+ GD`- (>+ ,(*(+ 3? * ,'978*(+2 7,+) E'(> )+,/+.( (3 (>+

5+1+)*('31 *12 ()*1,9',,'31 3? 2*(* /*.A+(, .*1 &+ 2'4'2+2 '1(3 (>)++ 9*'1 />*,+,F

HD \1 (>+ T),( />*,+ 3? (>+ /*.A+( .*88- ,37).+ 2*(* *)+ 5+1+)*(+2 '1 (>+ 7,+) ;M: &7l+)D

Q7)'15 (>', T),( />*,+- 2*(* *)+ ()*1,9'((+2 &*,+2 31 &3(> &7l+) 3..7/*1.0 *12 (>+

2*(* )*(+ *883.*(+2 &0 (>+ /*.A+( ,.>+278+)D

ID Q7)'15 (>+ ,+.312 />*,+- (>+ 5+1+)*('31 3? ,37).+ 2*(* '1 (>+ 7,+) ;M: &7l+) ',

(+)9'1*(+2D %( (>+ ,*9+ ('9+- (>+ (+)9'1*8 .31('17+, ()*1,9'(('15 (>+ 2*(* '( >*,

*..7978*(+2 27)'15 (>+ /*.A+( .*88 /+)'32D =>', ,+.312 />*,+ ', +12+2 E>+1+4+) *88

(>+ &7l+)+2 2*(* >*4+ &++1 ,7..+,,?7880 ()*1,9'((+2D

JD f'1*880- 27)'15 (>+ (>')2 />*,+ 13 2*(* *)+ 5+1+)*(+2 '1 (>+ 7,+) ;M: &7l+)D =>',

/>*,+ ', .31,'2+)+2 d)+*2'15 ('9+eD "'1.+ (>+ &7l+) ', +9/(0 E>+1 (>+ (>')2 />*,+

,(*)(,- 27)'15 )+*2'15 ('9+ 13 2*(* *)+ ()*1,9'((+2D

!"#$% &'( )*(+,- .*/*.'(0 *12 .34+)*5+ 177

Table 8.6 $*.A+( ,.>+278'15 /*)*9+(+) ,+(7/ ?3) ,'978*('31 3? ;K: *12 K32+ L ,.>+278'15D

!%;" < .3,";6)+2* K!L .3,";6)+2*

B9,C

$*.A+( ,.>+278'15 /+)'32 HYY IYY 9,

#,+) 2*(* )*(+ 932'T.*('31 /+)'32 HYY ZYY 9,

%883.*('31 2+8*0 PY HYY 9,

\1*.('4'(0 ('9+)

%?(+) >*4'15 &++1 '1*.('4+ ?3) (>', ('9+ /+)'32 * #X HYY I ,

', 23E15)*2+2 (3 (>+ 9'1'979 *883E+2 2*(* )*(+

Transmission of data packets 

accumulated during the active 

period. No new packets are 

generated

RLC buffer is empty: the 

reading time is started 

End of packet 

call 
Start of new 

packet call 

Reading time Packet call: packets are 

generated into the RLC buffer 

Packet inter-arrival 

time 

Figure 8.9 "37).+ ()*W. 932+8 *12 '(, .83,+2 833/ ?+*(7)+D
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=>+ *4+)*5+ ,37).+ 2*(* )*(+ 27)'15 /*.A+( .*88, ', IjY A&/,D =>+ 2+(*'8+2 '1?3)9*('31 31

(>+ ,0,(+9 8+4+8 ,'978*(3) .*1 &+ ?3712 '1 aIbD

=>+ /+)?3)9*1.+ 3? (>+ /)3/3,+2 K32+ L ,.>+278'15 *853)'(>9 ', .39/*)+2 E'(> (>*(

3? * ;+8+*,+ `` .39/8'*1( ;K: /*.A+( ,.>+278+) '9/8+9+1(*('31D \1 3)2+) (3 ?3.7, 31

/*.A+( ,.>+278'15 /+)?3)9*1.+- MH )+()*1,9',,'31 E'(>37( ,3?( .39&'1'15 ', *,,79+2D

=>+)+?3)+- (>+ ,0,(+9 ', *,,79+2 (3 3/+)*(+ E'(> (>+ LMX$ *( T),( ()*1,9',,'31 +N7*8 (3

HY_D =>+ '2+* ', (3 .39/*)+ (>+ (E3 ,.>+278'15 ,.+1*)'3, E>+1 3/+)*('15 (>+ />0,'.*8

.>*11+8 *( (>+ ,*9+ +))3) /)3&*&'8'(0- (>7, ?3.7,'15 31 (>+ +W.'+1.0 3? (>+ )+,37).+

*883.*('31 *853)'(>9D

=>+ '9/*.( 3? ?*,( K32+ L ,.>+278'15 31 ,0,(+9 /+)?3)9*1.+ .*1 &+ ,++1 '1 (>+ 13',+

)',+ 2',()'&7('31, ?3) ;K: *12 K32+ L ,.>+278'15 '1 f'57)+ GDHYD L3(> 2',()'&7('31,

>*4+ * j_ 13',+ )',+ 37(*5+ +N7*8 (3 Z 2L V (>*( ',- (>+ /)3&*&'8'(0 3? +S.++2'15 * 13',+

)',+ 3? Z 2L ', j_D f*,( K32+ L /*.A+( ,.>+278'15 *883E, (>+ ,0,(+9 (3 93)+ +W.'+1(80

.31()38 (>+ (3(*8 )+.+'4+2 7/8'1A /3E+) (>*1 ', (>+ .*,+ E'(> ;K: ,.>+278'15- *12 (>+

)+N7')+2 /3E+) >+*2)339 (3 /)+4+1( (>+ ,0,(+9 ?)39 +1(+)'15 *1 71E*1(+2 83*2 )+5'31

', .31,+N7+1(80 )+27.+2D !+1.+- (>+ *4+)*5+ 7/8'1A 83*2 (3 9++( (>+ ,/+.'T+2 13',+ )',+

37(*5+ .31,()*'1( .*1 &+ '1.)+*,+2- *12 .+88 (>)375>/7( .31,+N7+1(80 '9/)34+2D =>+

'9/)34+9+1( '1 (>+ *4+)*5+ .+88 (>)375>/7( /+)?3)9*1.+ E'(> K32+ L ,.>+278'15 ',

'887,()*(+2 '1 f'57)+ GDHHD =>+ 5*'1 .39/*)+2 E'(> ;K:@&*,+2 ,.>+278'15 ', &+(E++1 Z_

*12 `_- *12 ', *893,( '12+/+12+1( 3? (>+ *4+)*5+ 179&+) 3? 7,+), /+) .+88D

\1 3)2+) (3 *8,3 5'4+ *1 '12'.*('31 31 (>+ '9/)34+2 8+4+8 3? ,+)4'.+ '1 (>+ ,0,(+9 E'(>

K32+ L ,.>+278'15- f'57)+ GDHH )+/3)(, *4+)*5+ .+88 (>)375>/7( *, * ?71.('31 3? HY_

/*.A+( .*88 (>)375>/7( 37(*5+D $*.A+( .*88 (>)375>/7( ', * 9+*,7)+ 3? (>+ *4+)*5+ *')

'1(+)?*.+ (>)375>/7( +S/+)'+1.+2 &0 * 7,+) 27)'15 * /*.A+( 2*(* ,+,,'31D c180 HY_ 3?

/*.A+( 2*(* ,+,,'31, +S/+)'+1.+ * /*.A+( .*88 (>)375>/7( 83E+) (>*1 (>+ HY_ /*.A+( .*88

(>)375>/7( 37(*5+D f'57)+ GDHI ,>3E, >3E K32+ L ,.>+278'15 .*1 &+ 2+/830+2 (3 +'(>+)

'1.)+*,+ .+88 (>)375>37( /+)?3)9*1.+ 3) (3 '9/)34+ (>+ 34+)*88 N7*8'(0 3? ,+)4'.+ '1 (>+

178 !"Q$%g!"#$% ?3) #R="

Figure 8.10 K3',+ )',+ 2',()'&7('31 ?3) ;K: *12 K32+ L ,.>+278'15- m+>'.78*) % *( J A9g>- *1

*4+)*5+ 3? IY 7,+), /+) .+88- *12 * j_ 13',+ )',+ 37(*5+ 3? Z 2LD
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,0,(+9D %, *1 +S*9/8+- ?3) * HY_ /*.A+( .*88 (>)375>/7( 37(*5+ 3? `Y A&/, (>+ .+88

(>)375>/7( 5*'1 ?)39 K32+ L ,.>+278'15 34+) ;K: ,.>+278'15 ', *&37( IY_D f3) * .+88

83*2 3? HDJ R&/,- (>+ HY_ 37(*5+ /3'1( '1.)+*,+, ?)39 *//)3S'9*(+80 HYY_ ?)39

jY A&/, E'(> ;K: ,.>+278'15 (3 93)+ (>*1 HYY A&/, E'(> K32+ L ,.>+278'15D

f'1*880- (>+ .39&'1+2 5*'1 3? ^3'1(80 2+/830'15 ?*,( MH )+()*1,9',,'31 ,.>+9+, *12
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8.4 HSUPA performance enhancements

#/8'1A ,/+.()*8 +W.'+1.0 *12 2*(* )*(+, .*1 &+ '9/)34+2 E'(> *1(+11* *12 &*,+&*12

,387('31,D =>', ,+.('31 &)'+U0 '1()327.+, *1(+11* 2'4+),'(0- &+*9?3)9'15- '1(+)?+)+1.+

)+^+.('31 .39&'1'15- *12 978('7,+) 2+(+.('31 BR#QCD

F6)#+:&(23, (2#"22( ;+="&.+#1 (2; :"(->%&-+2* V *1(+11* *))*0, .*1 &+ 3/+)*(+2 '1 (E3

2',('1.( 932+,F B'C 2'4+),'(0 932+ 3) B''C &+*9?3)9'15 932+D Q'4+),'(0 (+.>1'N7+, )+80 31
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?*2+,- *12 *)+ *22'('31*880 *&8+ (3 /)34'2+ *1 *4+)*5+ ,'51*8@(3@'1(+)?+)+1.+@/87,@13',+

)*('3 B"\K;C 5*'1 &0 .3>+)+1(80 .39&'1'15 (>+ ,'51*8, )+.+'4+2 *( +*.> *1(+11* +8+9+1(

a`bD L+*9?3)9'15 (+.>1'N7+, 2')+.( 1*))3E &+*9, (3E*)2, +*.> 7,+) '1 ,7.> * E*0 (>*(

978('/8+ *..+,, '1(+)?+)+1.+ ', )+27.+2 &0 9+*1, 3? ,/*('*8 T8(+)'15 *12 /3(+1('*8

,7//)+,,'31 3? '1(+)?+)'15 ,'51*8, aHHbD =>+ &*,'. .>3'.+ ', E>+(>+) (3 9*S'9'k+ 2'4+),'(0

3) *1(+11* 5*'1D \1 aHJb /+)?3)9*1.+ +4*87*('31 3? 2'l+)+1( *1(+11* *))*0 *//)3*.>+,

?3) (>+ <:QR% 7/8'1A ', /)+,+1(+2D \( ', ,>3E1 >3E 2'4+),'(0 *12 &+*9?3)9'15

.31.+/(, /+)?3)9 ,'9'8*)80 E'(> * ,9*88 179&+) 3? *1(+11*, /+) ,+.(3)- E>'8+ (>+

.314+1('31*8 &+*9?3)9'15 *//)3*.> ,(*)(, (3 34+).39+ 2'4+),'(0 (+.>1'N7+, E'(> *

8*)5+ 179&+) 3? *1(+11*, *12 83E *k'97(> ,/)+*2D !3E+4+)- 2'4+),'(0 (+.>1'N7+, *)+

,>3E1 (3 /+)?3)9 &+((+) '1 83E@93&'8'(0 +14')319+1(, ,'1.+ 8315+) *4+)*5'15 /+)'32,

.*1 &+ *//8'+2 ?3) &+((+) .>*11+8 +,('9*(+,D %8,3- '1 aHjb '( ', ,>3E1 (>*( ?3) .>*11+8

+14')319+1(, E'(> * 8*)5+ *1578*) ,/)+*2- ,/*.+ 2'4+),'(0 ,.>+9+, E'(> '1(+)?+)+1.+

.*1.+88*('31 )+/)+,+1( *1 *(()*.('4+ ,387('31 .39/*)+2 E'(> &+*9?3)9'15 '1 (+)9, 3?
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=>+ .>3'.+ 3? *1(+11* ,387('31 97,( .31,'2+) &3(> 7/8'1A *12 23E18'1A )+N7')+9+1(,D

"++ (>+ 23E18'1A !"Q$% /+)?3)9*1.+ 2',.7,,'31 '1 :>*/(+) iD L+*9?3)9'15 932+
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:39971'.*('31, B]"RC &*,+ ,(*('31 )+.+'4+), (3 '9/)34+ /+)?3)9*1.+ ,'1.+ 239'1*1(

'1(+)?+)+), *)+ (0/'.*8 '1 (>+ ]"R ,0,(+9D
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978('/8+ *..+,, '1(+)?+)+1.+ /3,,+,,+, ,39+ ,()7.(7)+ *12 .*1 &+ (*A+1 '1(3 .31,'2+)*('31

'1 (>+ )+.+'4+)D m+)27o E*, *&8+ (3 2+931,()*(+ (>*( :QR% ,0,(+9, *)+ 13( '1>+)+1(80

'1(+)?+)+1.+@8'9'(+2- &7( )*(>+) 8'9'(+2 &0 .314+1('31*8 9*(.>+2 T8(+) )+.+'4+), aHJbD
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'1(+)?+)+1.+ .*1.+88*('31 )+.+'4+) ?3) (E3 7,+),D
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;+8+*,+ `` K3 '1(+)?+)+1.+ .*1.+88*('31 Jij p
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)*(+, &0 PY_- E>'8+ (>+ 5*'1 ', *893,( 1+58'5'&8+ E'(> ;+8+*,+ `` 2*(* )*(+,D ;+8+*,+ ``

7,+) 2*(* )*(+, *)+ 8'9'(+2 &0 (>+ /+*A &'( )*(+ 3? JGP A&/,D
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+W.'+1.0 31 .+88 (>)375>/7( 5*'1 ', ,.*8+2 &0 (>+ 7/8'1A ?)*.('31*8 83*2 4YD =>+ )+*,31
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=>+ .39&'1+2 /+)?3)9*1.+ 5*'1 ?)39 !"#$% E'(> ?37)@&)*1.> *1(+11* 2'4+),'(0
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!"#$% 7,+, *24*1.+2 (+.>1'N7+, (3 *8,3 '9/)34+ .+88 .*/*.'(0 *12 ,/+.()*8 +W.'+1.0

'1 83*2+2 .+88,D =>+ (+.>1'N7+, '1.872+ ?*,( MH )+()*1,9',,'31, E'(> !%;O *12 ?*,(

K32+ L &*,+2 ,.>+278'15D f*,( )+()*1,9',,'31, *883E * >'5>+) +))3) )*(+ '1 !"#$% (>*1

'1 (>+ ;+8+*,+ `` Q:! E>'8+ ,('88 9*'1(*'1'15 (>+ ,*9+ +12@(3@+12 2+8*0D \? (>+ &83.A

+))3) )*(+ ', '1.)+*,+2 ?)39 H_ (3 HY_- .+88 .*/*.'(0 5*'1 ', HjVIY_- *12 E'(> >'5>+)

&83.A +))3) )*(+ 8+4+8, +4+1 &+0312 jY_D f*,( K32+ L ,.>+278'15 *883E, 7,'15 >'5>+)

*4+)*5+ '1(+)?+)+1.+ 8+4+8, '1 !"#$% (>*1 '1 (>+ ;+8+*,+ `` Q:! ,'1.+ ?*,( ,.>+278'15

9*A+, ,'51*8@(3@'1(+)?+)+1.+ 2',()'&7('31 1*))3E *12 )+27.+, (>+ '1(+)?+)+1.+ 37(*5+

/)3&*&'8'(0D =>+ .*/*.'(0 5*'1 ?)39 ?*,( ,.>+278'15 ', HYVIY_ 2+/+12'15 31 (>+ )+N7')+2

37(*5+ /)3&*&'8'(0D \1 (3(*8- (>+ +S/+.(+2 .*/*.'(0 5*'1 ?)39 !"#$% ', IjVZY_D

!"#$% .+88 .*/*.'(0 .*1 &+ ?7)(>+) '9/)34+2 &0 7,'15 &*,+ ,(*('31 *1(+11* &+*9@

?3)9'15- ?37)@&)*1.> )+.+/('31- '1(+)?+)+1.+ )+^+.('31 .39&'1'15- *12 '1(+)?+)+1.+

.*1.+88*('31D %88 ,387('31, *)+ ,7//3)(+2 &0 (>+ .7))+1( J]$$ !"#$% ,(*12*)2D

=>+,+ (+.>1'N7+, .*1 )+27.+ (>+ *9371( 3? '1(+)?+)+1.+ *12- (>7,- /)34'2+ >'5>+)

2*(* )*(+, *12 >'5>+) .+88 .*/*.'(0D

8.6 Bibliography

aHb :D ;3,*- 6D c7(+,- rD Q'937- =D LD "s)+1,+1- 6D <'5*)2- fD f)+2+)'A,+1- *12 $D XD

R35+1,+1 BIYYPC- $+)?3)9*1.+ 3? ?*,( K32+ L ,.>+278'15 *12 MH !%;O ,.>+9+, '1

<:QR% 7/8'1A /*.A+( *..+,,- M888 C&%3"";+2*. %> #," Z[#, \",+36)(& ?"3,2%)%*1 L%2P
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aIb :D ;3,* BIYYPC- X1>*1.+2 7/8'1A /*.A+( *..+,, '1 <:QR%- $>DQD (>+,',- %*8&3)5 #1'@

4+),'(0 BQ+19*)AC- Q+.+9&+)D

aJb :D ;3,*- =D LD "s)+1,+1- 6D <'5*)2- *12 $D XD R35+1,+1 BIYYjC- \1(+)?+)+1.+ .*1.+88*('31

*12 P@&)*1.> *1(+11* 2'4+),'(0 ?3) <:QR% 7/8'1A /*.A+( *..+,,- M888 C&%3"";+2*. %> #,"

^G.# \",+36)(& ?"3,2%)%*1 L%2>"&"23"] F(1E_62"V

aPb J]$$- =+.>1'.*8 "/+.'T.*('31 ])37/ ;%K- f+*,'&'8'(0 "(720 ?3) X1>*1.+2 #/8'1A ?3)

#=;% fQQ- J]$$ =; IjDG`Z 4+),'31 ZDYDY- ;+8+*,+ Z- R*).> IYYP- *4*'8*&8+ *(

$$$VS*00V%&*

ajb =D !0(3t 1+1 BIYYHC- `0#+-() R&(0PD&%62; !"#$%&' B+-6)(#+%2- !+8,'1A' #1'4+),'(0 3?

=+.>138350 ;+/3)(- %PJID

aZb ;D !D :8*)A+ BH`ZGC- % ,(*(',('.*8 (>+3)0 3? 93&'8+@)*2'3 )+.+/('31- <")) B1.#"-. ?"3,2+3()

_%6&2()- 47- `jiVHYYYD

aib <D :D 6*A+, BH`iPC- F+3&%$(=" F%:+)" L%--62+3(#+%2.- \XXX $)+,,- M3, %8*9+(3,- :%D

aGb 6D ;*9')3@R3)+13 BIYYJC- "0,(+9 8+4+8 /+)?3)9*1.+ *1*80,', 3? *24*1.+2 *1(+11* .31.+/(,

'1 <:QR%- $>DQD (>+,',- %*8&3)5 #1'4+),'(0 BQ+19*)AC- 6780D

a`b 6D u8'(*83 *12 XD ='')38* BIYYYC- $+)?3)9*1.+ +4*87*('31 3? 2'l+)+1( *1(+11* *))*0

*//)3*.>+, ?3) J] :QR% 7/8'1A- M888 C&%3"";+2*. %> #," ZG.# \",+36)(& ?"3,2%)%*1

L%2>"&"23"] F(1- m38D I- //D GGJVGGiD

aHYb QD Q*>8>*7, *12 v>+18*1 :>+15 BIYYYC- "9*)( *1(+11* .31.+/(, E'(> '1(+)?+)+1.+ .*1.+88*@

('31 ?3) ^3'1( 2+93278*('31 '1 (>+ <:QR% #=;% 7/8'1A- M888 C&%3"";+2*. %> #," ^#,

M2#"&2(#+%2() B1-0%.+6- %2 B0&"(; B0"3#&6- ?"3,2+56". (2; D00)+3(#+%2.] B"0#"-:"&- m38D H-

//D IPPVIPGD

aHHb 6D ]D $)*A', BH``jC- /+*+#() L%--62+3(#+%2.- R.])*E@!'88- M31231D

aHIb "D m+)27o BH`GZC- R'1'979 /)3&*&'8'(0 3? +))3) ?3) *,01.>)3137, ]*7,,'*1 978('/8+@*..+,,

.>*11+8,- M888 ?&(2.(3#+%2. %2 M2>%&-(#+%2 ?,"%&1- 32BHC- GjV`Z- 6*17*)0D

aHJb "D m+)27o BH``GC- F6)#+P6."& /"#"3#+%2- :*9&)'25+ #1'4+),'(0 $)+,,- K+E u3)AD

aHPb %D Q7+8@!*88+1- 6D !38(k9*1- *12 vD v431*) BH``jC- R78('7,+) 2+(+.('31 ?3) :QR%

,0,(+9,- M888 C"&.%2() L%--62+3(#+%2.- 2BIC- PZVjG- %/)'8D

aHjb "D R3,>*4' BH``ZC- R78('@7,+) 2+(+.('31 ?3) Q"@:QR% .39971'.*('31,- M888 L%--62P

+3(#+%2. F(*(O+2"- 34BHYC- HIPVHJZ- c.(3&+)D

aHZb !D !389* *12 %D =3,A*8* BIYYPC- RL/FD >%& 4F?Ba K(;+% D33".. >%& ?,+&; W"2"&(#+%2

F%:+)" L%--62+3(#+%2. BJ)2 +21C- 63>1 <'8+0 [ "31,- :>'.>+,(+)- #rD

aHib LD !*5+)9*1- fD ]711*),,31- !D R7)*'- RD =*2+179*- *12 6D r*)8,,31 BIYYPC- <:QR%

7/8'1A '1(+)?+)+1.+ .*1.+88*('31 /+)?3)9*1.+F f'+82 9+*,7)+9+1(, *12 ,0,(+9 ,'978*('31,-

!%&;+3 K(;+% B1-0%.+6-] B"..+%2 GH b RL/FD 82,(23"-"2#.] D6*6.#V

aHGb "D !*t 9*t 8*t '1+1- !D !389*- *12 %D =3,A*8* BH``ZC- :*/*.'(0 +4*87*('31 3? * .+8878*) :QR%

7/8'1A E'(> 978('7,+) 2+(+.('31- M888 C&%3"";+2*. %> #," U#, M2#"&2(#+%2() B1-0%.+6- %2

B0&"(; B0"3#&6- ?"3,2+56". (2; D00)+3(#+%2.] B"0#"-:"&- m38D H- //D JJ`VJPJD

aH`b J]$$- =+.>1'.*8 "/+.'T.*('31 ])37/ ;%K- L*,+ "(*('31 ;*2'3 =)*1,9',,'31 *12 ;+.+/@

('31- J]$$ =; IjDHYP 4+),'31 ZD`DY- ;+8+*,+ Z- 671+ IYYj- *4*'8*&8+ *( $$$VS*00V%&*

aIYb J]$$- =+.>1'.*8 "/+.'T.*('31 ])37/ ;%K- $>0,'.*8 M*0+) V R+*,7)+9+1(, BfQQC- J]$$

=" IjDIHj 4+),'31 ZDJDY- ;+8+*,+ Z- 671+ IYYj- *4*'8*&8+ *( $$$VS*00V%&*

aIHb J]$$- ;P@YjYJHj- X#M #M "'978*('31 %,,79/('31,- R*0 IYYj- *4*'8*&8+ *( $$$VS*00V%&*

aIIb QD %,(+80 *12 %D %)(*93 BIYYHC- #/8'1A ,/*('3@(+9/3)*8 '1(+)?+)+1.+ )+^+.('31 .39&'1'15

?3) <:QR%- M888 ?,+&; R%&'.,%0 %2 B+*2() C&%3"..+2* D;=(23". +2 R+&")".. L%--62P

+3(#+%2. 7BCDRL cHG9] dHbdS F(&3,- //D JIZVJI`D

186 !"Q$%g!"#$% ?3) #R="
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9

!""#$%&'$() &)* +)*,'(,+)*
"+-.(-/&)%+

01-$2 3(1)2()4 5&)*-( 6-+%14 7&--$ 7(#/&4 &)* 8&-'$) 9-$2'+)22()

:1$2 %1&"'+- &)&#;2+2 1$<1,2"++* "&%=+' &%%+22 >75?!@ -&*$( &%%+22 .-(/ &) +)* A2+-

2+-B$%+ "+-2"+%'$B+C :1+ $)'-(*A%'$() $) 5+%'$() DCE %()'&$)2 & -+"-+2+)'&'$B+ #$2' (.

"&%=+' 2+-B$%+2 '1&' $##A2'-&'+2 '1+ 2"+%'-A/ (. %1&-&%'+-$2'$%2 '1&' & 2;2'+/ F&2+* ()

75?! -&*$( &%%+22 )++*2 '( F+ %&"&F#+ '( &%%(//(*&'+C 5+%'$() DCG %(B+-2 &#H&;2,()

%())+%'$B$'; A2$)< 75?! -&*$( &%%+22 &)* &22(%$&'+* 2$<)&##$)< &)* ';"$%&# +)*,'(,+)*

*+#&;2C :1+ +I"+%'+* "+-.(-/&)%+ (. '1+ &""#$%&'$()2 (B+- &) 75?! )+'H(-= $2 +2'$,

/&'+* $) 5+%'$() DCJC 5+%'$() DCK "-+2+)'2 1(H )+'H(-= #(&*$)< &L+%'2 &""#$%&'$()

"+-.(-/&)%+ &)* "-(B$*+2 <A$*+#$)+2 .(- )+'H(-= *$/+)2$()$)<C

9.1 Packet application introduction

:1$2 2+%'$() F-$+M; $)'-(*A%+2 & .+H "&%=+',F&2+* &""#$%&'$()2C :1+ #$2' %()%+)'-&'+2 ()

/(F$#+ &""#$%&'$()2 '1&' 1&B+ &#-+&*; F++) #&A)%1+* +$'1+- $) '1+ NI+* (- $) '1+ /(F$#+

*(/&$)C :1+ #$2' $2 )(' $)'+)*+* '( F+ +I1&A2'$B+4 FA' $' $##A2'-&'+2 2(/+ =+; &""#$%&'$()2

'1&' %&) F+ -A) (B+- 75?! )+'H(-=2C

. Browsing O A2+-2 () '1+ /(B+ H&)' '( 1&B+ &%%+22 '( $).(-/&'$() &)* +)'+-'&$)/+)'

$)%#A*$)< )+H2 1+&*#$)+24 H+&'1+- -+"(-'2 &)* 2"(-'2 -+2A#'2C :1+ 2+-B$%+ /&; &#2(

F+ #(%&'$(),2"+%$N%C P-(H2$)< $)%#A*+2 F('1 /(F$#+,2"+%$N% Q$-+#+22 !""#$%&'$()

?-('(%(# >Q!?@ F-(H2$)< &2 H+## &2 "AF#$% R)'+-)+' F-(H2$)< +$'1+- B$& & /(F$#+

"1()+ >(-4 /(-+ <+)+-&##;4 & 1&)*1+#* *+B$%+@ (- A2$)< & #&"'(" %(/"A'+-C :1+

F-(H2$)< 2+-B$%+ $2 $)'+-&%'$B+ &)* 2+-B$%+ -+2"()2+ '$/+2 21(A#* F+ .&2' '( /&=+

'1+ A2+- +I"+-$+)%+ &''-&%'$B+C

. Music and game download O $) &**$'$() '( "-(B$*$)< F&2$% /(F$#+ '+#+"1();4 '(*&;S2

/(F$#+ '+-/$)&#2 &-+ %&"&F#+ (. &#2( 2+-B$)< &2 /A2$% "#&;+-2 &)* <&/$)< *+B$%+2 &2

H+## &2 /(F$#+ "1()+2C :1+ A2+- %&) *(H)#(&* 2()<2 (- <&/+2 (B+- %+##A#&- )+'H(-=2C
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Y(H)#(&* '$/+ 21(A#* "-+.+-&F#; F+ F+#(H E/$)A'+ $) (-*+- '( =++" '1+ A2+- 2&'$2N+*C

Q1+) '1+ N#+ 2$Z+2 $)%-+&2+4 '1+ -+[A$-+* *&'& -&'+2 /A2' $)%-+&2+ %(--+2"()*$)<#;C

Y&'& -&'+2 1$<1+- '1&) \UU =F"2 &-+ -+[A$-+* $) (-*+- '( *(H)#(&* & *$<$'&##; +)%(*+*

-+%(-* '-&%=4 H$'1 ';"$%&# %(*$)< -&'+24 $) #+22 '1&) E /$)A'+C

. Mobile-TV streaming O /(F$#+ 2'-+&/$)< %&) $)%#A*+ :] )+H24 /(B$+ '-&$#+-24 /A2$%

B$*+(24 +'%C ! .+H '+)2 (. =F"2 %&) (L+- F&2$% )+H2 H1$#+ <((*,[A&#$'; 2'-+&/$)<

-+[A$-+2 %#+&-#; 1$<1+- *&'& -&'+24 ';"$%&##; 2#$<1'#; (B+- EUU =F"2 () &) &B+-&<+,2$Z+*

/(F$#+ '+-/$)&# 2%-++)C :1+ *&'& -&'+ )++*2 '( F+ /&$)'&$)+* H$'1 -+&2()&F#+ 2'&F$#$';

*A-$)< '1+ 2'-+&/$)< 2+22$() $) (-*+- '( &B($* -+,FAL+-$)< +B+)'2C R) '(*&;S2 /(F$#+

)+'H(-=2 /(F$#+,:] $2 *+#$B+-+* B$& "($)','(,"($)' 2'-+&/$)< %())+%'$()24 H1$#+ $)

'1+ .A'A-+ $' H$## &#2( F+ "(22$F#+ '( "-(B$*+ '1+/ B$& F-(&*%&2' 2(#A'$()2 #$=+ '1+ :1$-*

6+)+-&'$() ?&-')+-21$" ?-(^+%' >J6??@ _+#+&2+ V 8A#'$/+*$& P-(&*%&2' &)* 8A#'$,

%&2' 5+-B$%+ >8P85@C

. Real time video sharing O 2'-+&/$)< B$*+( %&) &#2( F+ 21&-+* .-(/ /(F$#+ '( /(F$#+ $)

&**$'$() '( '1+ %()'+)','(,"+-2() *$2'-$FA'$() .(-/&' (A'#$)+* &F(B+C ! ()+,H&; -+&#

'$/+ B$*+( 21&-$)< 2+-B$%+ %&) F+ $)$'$&'+* *A-$)< & )(-/&# B($%+ %&## .(- $)2'&)'&)+(A2

"+-2(),'(,"+-2() B$*+( 21&-$)< >&2 $##A2'-&'+* $) `$<A-+ DCE@C :1+ 2+-B$%+ %&) F+ .A-'1+-

+)1&)%+* H$'1 & 'H(,H&; "&%=+',F&2+* B$*+( %())+%'$() >$C+C4 & "&%=+',2H$'%1+* B$*+(

%&##@C

. Push-to-talk O '1$2 &""#$%&'$() &##(H2 A2+-2 '( %&## & "-+,*+N)+* <-(A" (. "+("#+ F;

"-+22$)< ^A2' ()+ FA''()4 2$/$#&- '( & H&#=$+,'&#=$+ 2+-B$%+C ?A21,'(,'&#= %&##2 %&) F+

/&*+ '( $)*$B$*A&#2 (- '( <-(A"2 &)* ()+,H&; %&## %())+%'$() +2'&F#$21/+)' 21(A#*

"-+.+-&F#; F+ B+-; .&2'C :1+ "A21,'(,'&#= 2+-B$%+ %&) F+ +I'+)*+* F; /+&)2 (. ()+,H&;

B$*+( 21&-$)< '( %-+&'+ & "A21,'(,21(H 2+-B$%+C

. Push e-mail O '-&*$'$()&# +,/&$# 2+-B$%+2 ("+-&'+ $) "A## /(*+ H1+-+ $)%(/$)< /&$#2 &-+

.+'%1+* $)'+-&%'$B+#; F; '1+ +)* A2+-4 (- $) &) &A'(/&'+* .&21$() F; '1+ /&$# %#$+)' &'

-+<A#&- "-+,*+N)+* "(##$)< $)'+-B&#2C R) '1+ %&2+ (. "A21 +,/&$# '1+ 2+-B+- 2+)*2 '1+

+,/&$# 2AF^+%' N+#* &)* "&-' (. '1+ +,/&$# '( '1+ '+-/$)&# &2 2(() &2 '1+ +,/&$# &--$B+2 &'

'1+ 2+-B+-C ?A21,'(,'&#= &)* "A21 +,/&$# &-+ '1+ N-2' &#H&;2,() 2+-B$%+2 H1+-+ '1+

'+-/$)&# /A2' 1&B+ &) R? %())+%'$() ("+) &## '1+ '$/+C !) +I&/"#+ /&$# &""#$%&'$() $2

21(H) $) `$<A-+ DCGC

. On-line gaming O /(F$#+ <&/$)< 1&2 F++) &-(A)* .(- ;+&-24 FA' (),#$)+ )+'H(-=

<&/$)< %&) +)1&)%+ '1+ 2+-B$%+a -+&# '$/+ <&/+2 %&) F+ "#&;+* F+'H++) A2+-2 (B+-

188 75Y?!b75c?! .(- c8:5

PS-VideoPS-Video

Video sharingVideo sharing

Voice callVoice call

Figure 9.1 _+&# '$/+ B$*+( 21&-$)<C
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/(F$#+ )+'H(-=2C :1+ <&/$)< +I"+-$+)%+ %&) F+ F((2'+* H$'1 & 2$/A#'&)+(A2 B($%+ %&##

(- & "A21,'(,'&#= %())+%'$()C TI&/"#+ -+&# '$/+ <&/+2 &-+ 21(H) $) `$<A-+ DCJC

. Mobile weblog O '1$2 $2 & /$I'A-+ F+'H++) & /A#'$/+*$& *$&-; &)* & H+F#(<C :1+ A2+-

%&) A"#(&* '1+ "$%'A-+2 &)* B$*+(2 '&=+) F; '1+ %&/+-& "1()+ '( 1$2 H+F#(< '( F+

21&-+* H$'1 1$2 .-$+)*2C c"#$)= *&'& -&'+2 )++* '( F+ 2Ad%$+)' '( &##(H .&2' A"#(&* (.

/A#'$/+*$& %()'+)' .-(/ '1+ /(F$#+C

. Wireless broadband access O R)'+-)+' &%%+22 .-(/ & #&"'(" $2 & 2+-B$%+ H1+-+ '1+

("+-&'(- "-(B$*+2 & eF$' "$"+S '( '1+ +)* A2+-4 "-+.+-&F#; H$'1 1$<1 F$' -&'+ &)*

#(H #&'+)%;C P-(&*F&)* &%%+22 %(A#* F+ & .A##; /(F$#+ 2(#A'$() >+C<C4 H1+) '1+

A2+- $2 2$''$)< $) & '-&$) (- & FA2 '-&B+##$)< .&2' '1-(A<1 '1+ %+##2@C !)('1+- A2+ %&2+

$2 "(-'&F#+ &%%+22 H1+-+ '1+ A2+- $2 ';"$%&##; 2'&'$()&-; H1+) A2$)< & #&"'("4 FA' 1+b21+

2'$## H&)'2 '( '&=+ '1+ #&"'(" '( & 1('+#4 %(L++ 21("4 1(/+4 (d%+4 &)* &%%+22 '1+

R)'+-)+'C :1$2 #&''+- A2+ %&2+ %(A#* F+ %(/"&-+* H$'1 H$-+#+22 #(%&# &-+& )+'H(-=

>QX!f@ 1(' 2"(' &%%+22C `$I+* F-(&*F&)* &%%+22 $2 ;+' &)('1+- A2+ %&2+ H1+-+ '1+

#&"'(" $2 #(%&'+* $) '1+ 2&/+ "#&%+ &## '1+ '$/+4 FA' $)2'+&* (. A2$)< & NI+* #$)+ *$<$'&#

2AF2%-$F+- #$)+ >Y5X@ %())+%'$() '1+ A2+- /&; ("' '( A2+ H$-+#+22 *&'&C 75?! -&*$(

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 189

Figure 9.2 T,/&$# &""#$%&'$() () & 5;/F$&) 5+-$+2 VU '+-/$)&#C

Figure 9.3 TI&/"#+ -+&# '$/+ <&/+2C
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)+'H(-=2 %&) "-(B$*+ *&'& -&'+2 '1&' &-+ 2$/$#&- '( NI+* #$)+ F-(&*F&)* &%%+22C :1+

A2+ %&2+2 &-+ $##A2'-&'+* $) `$<A-+ DCKC

9.2 Always-on connectivity

9.2.1 Packet core and radio connectivity

!#H&;2,() %())+%'$B$'; $2 -+[A$-+* '( "-(B$*+ "A21 2+-B$%+24 #$=+ "A21 +,/&$# &)* "A21,

'(,'&#=4 .-(/ '1+ 2+-B+- '( '1+ '+-/$)&#C :1+ &#H&;2,() %&"&F$#$'; &#2( $/"-(B+2 '1+ +)*

A2+- "+-.(-/&)%+ (. $)'+-&%'$B+ 2+-B$%+2 F; &B($*$)< 2+'A" *+#&;2C R' $2 )(' "-&%'$%&# '(

/&$)'&$) '1+ "1;2$%&# -&*$( %())+%'$() &## (. '1+ '$/+4 FA' '1+ )+'H(-= /A2' F+ &F#+ '(

/&$)'&$) & #(<$%&# %())+%'$() H$'1(A' "1;2$%&# -+2(A-%+ &##(%&'$()C

!) &#H&;2,() &""#$%&'$() %&) "-+2+-B+ $'2 '-&)2"(-' #&;+- %())+%'$()2 $. $' %&) =++" '1+

2&/+ R)'+-)+' ?-('(%(# >R?@ &**-+22 *+2"$'+ $'2 /(F$#$';C :1+ R? &**-+22 $) & c)$B+-2&#

8(F$#+ :+#+%(//A)$%&'$()2 5;2'+/ >c8:5@ )+'H(-= $2 &##(%&'+* &2 "&-' (. '1+ ?&%=+'

Y&'& ?-('(%(# >?Y?@ %()'+I' *A-$)< 6?_5 2+22$() /&)&<+/+)' gJhC 8(F$#$'; /&)&<+,

/+)' /A2' F+ /&$)'&$)+* $) '1+ 5+-B$)< 6?_5 5A""(-' f(*+ >565f@ H1$%1 =)(H2 '1+

#(%&'$() (. '1+ /(F$#+ H$'1 -(A'$)< &-+& &%%A-&%;C 8(F$#$'; $).(-/&'$() %&) &#2( F+

/&$)'&$)+* $) '1+ -&*$( )+'H(-= %()'-(##+- >_f0@ H1$%1 /&; =)(H '1+ #(%&'$() (. '1+

/(F$#+ H$'1 %+## (- H$'1 c:_!f -+<$2'-&'$() &-+& >c_!@ &%%A-&%;C :1+ /(F$#$';

/&)&<+/+)' %())+%'$() F+'H++) '1+ A2+- +[A$"/+)' >cT@ &)* '1+ 565f $2 %-+&'+*

F; /+&)2 (. 6+)+-&# ?&%=+' _&*$( 5+-B$%+ >6?_5@ &''&%1 2$<)&##$)< gJhC :1+ -&*$(

-+2(A-%+ /&)&<+/+)' %())+%'$() '( '1+ _f0 $2 (F'&$)+* F; -&*$( -+2(A-%+ %()'-(#

>__0@ %())+%'$() 2+'A" 2$<)&##$)<C :1+ *$L+-+)' #+B+#2 (. %())+%'$B$'; &-+ $##A2'-&'+* $)

`$<A-+ DC\C
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Q1+) & cT $2 __0,%())+%'+* '( &) _f04 $' %&) A'$#$Z+ .(A- *$L+-+)' __0 2'&'+2a

. 0+##jY07 2'&'+ O H1+-+ '1+ cT %&) /&=+ A2+ (. 1$<1,2"++* *(H)#$)=bA"#$)= "&%=+'

&%%+22 >75Y?!b75c?!@ *&'& -&'+2C Q1+) '1+-+ $2 )( &%'$B$'; (- B+-; #$''#+ &%'$B$';4

'1+ cT $2 /(B+* '( 0+##j`!07 2'&'+C

. 0+##j`!07 2'&'+ O H1+-+ '1+ cT %&) &%%+22 '1+ -&)*(/b.(-H&-* &%%+22 >_!07b

`!07@ %(//() %1&))+#2 &)* %&) '-&)2/$' 2/&## &/(A)'2 (. *&'& >A" '( & .+H

1A)*-+* F;'+2@C R. '1+-+ &-+ /(-+ *&'& '( F+ '-&)2/$''+*4 '1+ cT $2 /(B+* '(

0+##jY07 2'&'+C R. '1+-+ $2 )( &%'$B$';4 '1+ cT $2 /(B+* '( 0+##j?07 2'&'+ (- '(

c_!j?07 2'&'+C

. 0+##j?07 2'&'+ O H1+-+ '1+ cT ()#; -+%+$B+2 "&<$)< /+22&<+24 FA' %&))(' '-&)2/$'

&); *&'& F+.(-+ /(B$)< '( 0+##j`!07 2'&'+C

. c_!j?07 2'&'+ $2 2$/$#&- '( 0+##j?07 2'&'+ FA' '1+ #(%&'$() (. '1+ cT $2 =)(H) ()#;

&' '1+ c_! #+B+# H1$#+ $) 0+##j?07 2'&'+ '1+ #(%&'$() $2 =)(H) &' '1+ %+## #+B+#C 5'&'+

'-&)2$'$() .-(/ 0+##j?07 '( c_!j?07 2'&'+ %&) F+ '-$<<+-+* F&2+* () cT /(F$#$';C

__0 2'&'+ '-&)2$'$()2 &-+ $##A2'-&'+* $) `$<A-+ DCVC

Q1+) & cT $2 __0 $*#+4 '1+ RA %())+%'$() F+'H++) '1+ _f0 &)* 565f $2 -+#+&2+*

&)* '1+ _f0 $2 A)&H&-+ (. '1+ cTC R. *&'& &--$B+ .(- '1+ cT4 '1+ 565f "&<+2 '1+ cT

&)* &) __0 %())+%'$() $2 %-+&'+*C

__0 2'&'+2 0TXXj`!074 0TXXj?074 &)* c_!j?07 &-+ ()#; &""#$%&F#+ '(

"&%=+',2H$'%1+* 2+-B$%+2C 0$-%A$',2H$'%1+* 2+-B$%+2 &-+ #$/$'+* '( A2$)< __0 $*#+ &)*

'1+ 0TXXjY07 2'&'+C

?07 2'&'+2 &-+ A2+.A# $) '+-/2 (. 2&B$)< )+'H(-= -+2(A-%+2 &)* cT "(H+- %()2A/",

'$() %(/"&-+* H$'1 0+##jY07 2'&'+C !) $)*$%&'$B+ "(H+- %()2A/"'$() $) *$L+-+)' __0

2'&'+2 $2 $##A2'-&'+* $) `$<A-+ DCkC

0+##jY07 2'&'+ -+[A$-+2 '1+ #&-<+2' &/(A)' (. "(H+- 2$)%+ F('1 '1+ cT -+%+$B+- &)*

cT '-&)2/$''+- &-+ -A))$)< %()'$)A(A2#;C Q$'1 & ';"$%&# "(H+- %()2A/"'$() $) '1+ (-*+-

(. GUUOJUU /! &)* F&''+-; %&"&%$'; (. EUUU /!14 '&#=,'$/+2 %&) F+ JO\ 1(A-2C

R) 0+##j`!07 2'&'+ '1+ cT '-&)2/$''+- -A)2 ()#; H1+) $' 1&2 *&'& '( F+ 2+)'C :1+ cT

%&) %()2A/+ #+22 "(H+- &' '1+ '-&)2/$''+- '1&) $) 0+##jY07 2'&'+ FA' '1+ -+%+$B+- %1&$)
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/A2' F+ () $) (-*+- '( *+%(*+ &); `!07 /+22&<+2C :1+-+.(-+4 "(H+- %()2A/"'$() $)

0+##j`!07 2'&'+ $2 2'$## -+#&'$B+#; 1$<1+- '1&) $) "&<$)< %1&))+# >?07@ 2'&'+2 H1+-+ '1+

cT ()#; -+%+$B+2 "&<$)< /+22&<+2 &)* %&) A'$#$Z+ 2#++" /(*+C :1+ cT 21(A#* F+ /(B+*

-+#&'$B+#; [A$%=#; '( ?07 2'&'+ H1+) '1+ *&'& '-&)2/$22$() $2 (B+- $) (-*+- '( /$)$/$Z+

cT "(H+- %()2A/"'$()C

__0 2'&'+ %1&)<+2 &-+ %()'-(##+* F; '1+ ("+-&'(- A2$)< _f0 "&-&/+'+-2C ! cT

%&))(' *+%$*+ '( /&=+ 2'&'+ %1&)<+2 $'2+#.C

Q1+) & cT <(+2 F+;()* '1+ H$*+F&)* %(*+ *$B$2$() /A#'$"#+ &%%+22 >Q0Y8!@b

75?! %(B+-&<+ &-+& *A-$)< "&%=+' *&'& '-&)2/$22$()4 '1+ _f0 H$## %(//&)* '1+ cT '(

/&=+ &) $)'+-,2;2'+/ %+## %1&)<+ '( & 6?_5 %+##C :1+ R? &**-+22 $2 "-+2+-B+* *+2"$'+ '1+

%+## %1&)<+4 &)* &); &%'$B+ "&%=+' &""#$%&'$()2 -+/&$) %())+%'+* 2$)%+ '1+ 2&/+ 6&'+H&;

6?_5 5A""(-' f(*+ >665f@ $2 A2+* F('1 .(- 75?! &)* .(- 6?_5C :1+ $)'+-,2;2'+/

192 75Y?!b75c?! .(- c8:5
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%+## %1&)<+ .-(/ c:_!f __0 %())+%'+* /(*+ '( & 6?_5 %+## $2 $##A2'-&'+* $)

`$<A-+ DClC

! *+'&$#+* *+2%-$"'$() (. 2$<)&##$)< -+#&'+* '( '1+ "&%=+' 2+22$() 2+'A"4 __0 2'&'+

%1&)<+4 $)'+-,2;2'+/ %+## %1&)<+4 &)* &)&#;2$2 (. '1+ &22(%$&'+* *+#&;2 &-+ <$B+) $) '1+

.(##(H$)< 2+%'$()2C

9.2.2 Packet session setup

:1$2 2+%'$()4 N-2'4 "-+2+)'2 '1+ 2$<)&##$)< -+[A$-+* .(- "&%=+' 2+22$() 2+'A" &)*4 2+%()*4

21(H2 /+&2A-+/+)' -+2A#'2 .-(/ & %(//+-%$&# Q0Y8! )+'H(-= $##A2'-&'$)< ';"$%&#

2+'A" *+#&;2C

:1+ "&%=+' 2+22$() +2'&F#$21/+)' "-(%+*A-+ %&) F+ *$B$*+* $)'( '1+ .(##(H$)< "1&2+2a

EC _&*$( -+2(A-%+ %())+%'$() >__0@ 2+'A"C

GC 6?_5 /(F$#$'; /&)&<+/+)' ¼ 6?_5 &''&%1C

JC 6?_5 2+22$() /&)&<+/+)' ¼ ?Y? %()'+I' &%'$B&'$()C

KC _&*$( -+2(A-%+ &##(%&'$()C

:1+ .(##(H$)< N<A-+2 *+2%-$F+ '1+ 2$<)&##$)< -+[A$-+* .(- +&%1 2'+"C :1+ _f0 &)* cT

2$<)&# ()+ &)('1+- A2$)< '1+ __0 "-('(%(# 2"+%$N+* F; J6?? $) gKhC :1+ _f0 &)* f(*+

P 2$<)&# ()+ &)('1+- A2$)< '1+ f(*+ P !""#$%&'$() ?&-' >fP!?@ "-('(%(# 2"+%$N+*

F; J6?? $) g\hC :1+ _f0 &)* %(-+ )+'H(-= 2$<)&# ()+ &)('1+- A2$)< '1+ _&*$( !%%+22

f+'H(-= !""#$%&'$() ?&-' >_!f!?@4 H1$%1 $2 2"+%$N+* F; J6?? $) gVhC

:1+ N-2' "1&2+ (. & /(F$#+,(-$<$)&'+* "&%=+',2H$'%1+* *&'& 2+22$() $2 '( +2'&F#$21 &)

__0 %())+%'$() H$'1 '1+ _f0C `-(/ '1+ cT "+-2"+%'$B+4 __0 %())+%'$() +2'&F#$21,

/+)' $)B(#B+2 '1-++ __0 /+22&<+2 &)* &$-O$)'+-.&%+ 2;)%1-()$Z&'$()C `-(/ '1+ )+'H(-=

"+-2"+%'$B+4 __0 +2'&F#$21/+)' $)B(#B+2 __04 fP!?4 &)* !%%+22 X$)= 0()'-(# !""#$,

%&'$() ?&-' >!X0!?@ 2$<)&##$)< &2 H+## &2 &$-O$)'+-.&%+ 2;)%1-()$Z&'$()C :1+ 2$<)&##$)<

A2+* '( +2'&F#$21 &) __0 %())+%'$() $2 "-+2+)'+* $) `$<A-+ DCDC

:1+ cT 2+)*2 &) __0 0())+%'$() _+[A+2' /+22&<+ '( '1+ _f0 A2$)< '1+ _!07

'-&)2"(-' %1&))+# H1$%1 $2 +)%&"2A#&'+* F; '1+ "1;2$%&# -&)*(/ &%%+22 %1&))+#

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 193
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>?_!07@C :-&)2/$22$() () '1+ ?_!07 "1;2$%&# %1&))+# /A2' F+ "-+%+*+* F; '1+

'-&)2/$22$() (. A"#$)= ?_!07 "(H+- %()'-(# "-+,&/F#+2 &)* '1+$- 2AF2+[A+)'

&%=)(H#+*<+/+)' F; '1+ f(*+ PC m)%+ '1+ ?_!07 "(H+- %()'-(# "-+,&/F#+2

1&B+ F++) &%=)(H#+*<+*4 '1+ __0 0())+%'$() _+[A+2' /+22&<+ %&) F+ 2+)'C :1+

__0 0())+%'$() _+[A+2' /+22&<+ $2 -+#&'$B+#; 2/&## &)* -+[A$-+2 ()#; & 2$)<#+ '-&)2"(-'

F#(%= H1$%1 $2 ';"$%&##; '-&)2/$''+* A2$)< & GU,/2 '-&)2/$22$() '$/+ $)'+-B&# >::R@ &)*

'-&)2"&-+)' /(*+ -&*$( #$)= %()'-(# >_X0@C :1+ __0 0())+%'$() _+[A+2' /+22&<+ %&)

F+ -+'-&)2/$''+* $. )+%+22&-; F&2+* A"() J6?? "&-&/+'+-2 fJUU &)* :JUU g\hC :1+2+

"&-&/+'+-2 &-+ F-(&*%&2' '( '1+ cT $) 2;2'+/ $).(-/&'$() F#(%= EC

m)%+ '1+ _f0 1&2 -+%+$B+* '1+ __0 0())+%'$() _+[A+2' /+22&<+ $' A2+2 fP!?

2$<)&##$)< '( -+[A+2' & -&*$( #$)= &' '1+ -+#+B&)' f(*+ PC :1+ f(*+ P 2'&-'2 '( '-&)2/$' &

*+*$%&'+* "1;2$%&# %()'-(# %1&))+# >Y?007@ .(- '1+ )+H -&*$( #$)=C :1+ '-&)2/$' "(H+-

$2 F&2+* A"() & *(H)#$)= ("+) #((" "(H+- %()'-(# %&#%A#&'$()C :1+ _f0 '1+) -+2+-B+2

&) &22(%$&'+* 2+' (. RAF '-&)2/$22$() -+2(A-%+2 A2$)< '1+ !X0!? T2'&F#$21 _+[A+2' &)*

T2'&F#$21 0()N-/ /+22&<+2C :1+ _f0 -+2"()*2 '( '1+ cTS2 __0 0())+%'$() _+[A+2'

/+22&<+ A2$)< &) __0 0())+%'$() 5+'A" /+22&<+C :1$2 /+22&<+ $2 '-&)2/$''+* A2$)< '1+

`!07 '-&)2"(-' %1&))+#C :1+ __0 0())+%'$() 5+'A" /+22&<+ $2 -+#&'$B+#; #&-<+ &)*

';"$%&##; -+[A$-+2 2+B+) '-&)2"(-' F#(%=2C :1+2+ '-&)2"(-' F#(%=2 1&B+ & 2$Z+ (. EVl F$'2

&)* &-+ '-&)2/$''+* A2$)< & EU,/2 ::R &)* A)&%=)(H#+*<+* /(*+ _X0C :1+ '-&)2"(-'

F#(%= 2+' 2$Z+ $2 ';"$%&##; *+N)+* 2A%1 '1&' & /&I$/A/ (. 'H( '-&)2"(-' F#(%=2 %&) F+

2+)' "+- EU,/2 ::RC R. '1+ cT $2 $) &) &-+& (. "((- *(H)#$)= %(B+-&<+4 '1+) $' $2 "(22$F#+

'1&' $' *(+2 )(' -+%+$B+ ()+ (- /(-+ (. '1+ __0 0())+%'$() 5+'A" /+22&<+ '-&)2"(-'

F#(%=2C R) '1$2 %&2+ '1+ _f0 $2 -+[A$-+* '( -+'-&)2/$' '1+ %(/"#+'+ 2+' (. '-&)2"(-' F#(%=2

.-(/ #&;+- JC :1+ "&-&/+'+-2 *+N)$)< -+'-&)2/$22$() (. '1+ __0 0())+%'$() 5+'A"

/+22&<+ &-+ )(' 2"+%$N+* F; J6??C :1+ _f0 *&'&FA$#* /&; $)%#A*+ $/"#+/+)'&'$(),

*+"+)*+)' "&-&/+'+-2 *+N)$)< '1+ "+-$(* F+'H++) -+'-&)2/$22$()2 &)* '1+ /&I$/A/

&##(H+* )A/F+- (. -+'-&)2/$22$()2C

m)%+ '1+ cT 1&2 -+%+$B+* '1+ __0 0())+%'$() 5+'A" /+22&<+4 $' &''+/"'2 '( &%1$+B+

&$-O$)'+-.&%+ 2;)%1-()$Z&'$() A2$)< '1+ Y?007 '-&)2/$''+* F; '1+ f(*+ PC :1+ -&'+ &'

194 75Y?!b75c?! .(- c8:5
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H1$%1 & cT &%1$+B+2 &$-O$)'+-.&%+ 2;)%1-()$Z&'$() *+"+)*2 () '1+ $)$'$&# Y?007 "(H+-

#+B+# &)* () '1+ J6?? 2"+%$N+* "&-&/+'+-2 :JEG &)* fJEG gKhC X&;+- E (. '1+ cT /A2'

<+)+-&'+ fJEG $),2;)% "-$/$'$B+2 H$'1$) & '$/+ "+-$(* *+N)+* F; :JEGC ! ';"$%&# B&#A+

.(- fJEG $2 K &)* & ';"$%&# B&#A+ .(- :JEG $2 V 2+%C m)%+ '1+ cT &%1$+B+2 &$-O$)'+-.&%+

2;)%1-()$Z&'$()4 $' 2'&-'2 '( '-&)2/$' '1+ A"#$)= Y?007C :1$2 &##(H2 '1+ f(*+ P '(

&%1$+B+ &$-O$)'+-.&%+ 2;)%1-()$Z&'$()C

m)%+ '1+ f(*+ P 1&2 &%1$+B+* &$-O$)'+-.&%+ 2;)%1-()$Z&'$()4 $' $).(-/2 '1+ _f0 A2$)<

&) fP!? 5;)%1-()$Z&'$() R)*$%&'$() /+22&<+C 8+&)H1$#+4 '1+ cT -+2"()*2 '( '1+

__0 0())+%'$() 5+'A" /+22&<+ A2$)< &) __0 0())+%'$() 5+'A" 0(/"#+'+ /+22&<+C

:1$2 /+22&<+ ';"$%&##; -+[A$-+2 'H( EKl,F$' '-&)2"(-' F#(%=2C :1+-+ &-+ 'H( "(22$F#+

2$<)&##$)< -&*$( F+&-+- F$' -&'+2a JCK =F"2 H$'1 & KU,/2 ::R &)* EJCV =F"2 H$'1 & EU,/2

::RC :1+ _f0 *&'&FA$#* ';"$%&##; $)%#A*+2 & "&-&/+'+- '( *+N)+ '1+ %1($%+ (. F$' -&'+C

:1+ EJCV,=F"2 F$' -&'+ &##(H2 .&2'+- %&## 2+'A" FA' &#2( 1&2 & <-+&'+- RAF '-&)2/$22$()

-+2(A-%+ -+[A$-+/+)'C R. '1+ EJCV,=F"2 2$<)&##$)< F$' -&'+ $2 A2+*4 '1+) '1+ F$' -&'+ $2

-+*A%+* '( JCK =F"2 ()%+ %&## 2+'A" 1&2 F++) %(/"#+'+* $) (-*+- '( 2&B+ )+'H(-=

-+2(A-%+2C

:1+ __0 0())+%'$() 5+'A" 0(/"#+'+ /+22&<+ &)* &## 2AF2+[A+)' __0 2$<)&##$)< &-+

'-&)2/$''+* A2$)< &%=)(H#+*<+* /(*+ _X0 &)* &); )+%+22&-; -+'-&)2/$22$()2 %&) F+

%(/"#+'+* -+#&'$B+#; -&"$*#; &' #&;+- GC !' '1$2 2'&<+ '1+ cT 1&2 +2'&F#$21+* &) __0

%())+%'$()C

R) '1+ &F(B+ +I&/"#+4 '1+ __0 %())+%'$() 2+'A" A2+* & *+*$%&'+* %1&))+# >Y07@C

!)('1+- ("'$() $2 '( -A) '1+ __0 %())+%'$() 2+'A" >$)%#A*$)< '1+ __0 0())+%'$()

5+'A" 0(/"#+'+ /+22&<+@ () '1+ _!07b`!07C R) '1&' %&2+ '1+ 2AF2+[A+)' 6?_5

/(F$#$'; &)* 2+22$() /&)&<+/+)' 2$<)&##$)< H(A#* '&=+ "#&%+ () '1+ _!07b`!07 &2

H+##C Y07 &##(%&'$() $)%#A*$)< F&2+ 2'&'$() &)* RAF -+2(A-%+ -+2+-B&'$() H(A#* '1+)

'&=+ "#&%+ *A-$)< '1+ -&*$( F+&-+- -+%()N<A-&'$() "1&2+C

:1+ 2+%()* "1&2+ (. & /(F$#+,(-$<$)&'+* "&%=+',2H$'%1+* *&'& 2+22$() $)B(#B+2 6?_5

/(F$#$'; /&)&<+/+)' 2$<)&##$)< H$'1 '1+ %(-+ )+'H(-=C :1$2 2$<)&##$)< $2 $##A2'-&'+* $)

`$<A-+ DCEUC

:1+ cT 2+)*2 & 6?_5 !''&%1 _+[A+2' /+22&<+ '( '1+ "&%=+',2H$'%1+* %(-+ )+'H(-=

B$& '1+ _f0C :1+ _f0 -+#&;2 '1+ %()'+)'2 (. '1+ /+22&<+ '( '1+ %(-+ )+'H(-= A2$)<

& _!f!? R)$'$&# cT 8+22&<+C :1+ _!f!? /+22&<+ $2 %(/F$)+* H$'1 & 5$<)&##$)<

0())+%'$() 0()'-(# ?&-' >500?@ 0())+%'$() _+[A+2' /+22&<+ H1$%1 $2 A2+* '( -+[A+2'

RA 2$<)&##$)< -+2(A-%+2C :1+ %(-+ )+'H(-= -+"#$+2 H$'1 & 0())+%'$() 0()N-/ /+22&<+ '(

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 195

UE Node B RNC PS core

GPRS attach request

Security mode command

Security mode complete

GPRS attach accept

SCCP: Connection request

SCCP: Connection confirm
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&%=)(H#+*<+ '1&' & 2$<)&##$)< %())+%'$() 1&2 F++) +2'&F#$21+* &%-(22 '1+ RAC :1+ %(-+

)+'H(-= '1+) %(/"#+'+2 '1+ 2+%A-$'; /(*+ "-(%+*A-+C :1+-+ /&; &#2( F+ & -+[A$-+/+)' '(

%(/"#+'+ '1+ &A'1+)'$%&'$() &)* %$"1+-$)< "-(%+*A-+C R' $2 A2A&##; "(22$F#+ '( %()N<A-+

H1+'1+- '1+ &A'1+)'$%&'$() &)* %$"1+-$)< "-(%+*A-+ $2 -+[A$-+* .(- &## %())+%'$()2 (-

()#; & 2"+%$N% "+-%+)'&<+ (. %())+%'$()2C m)%+ '1+ 2+%A-$'; /(*+ "-(%+*A-+ $2 %(/"#+'+4

'1+ %(-+ )+'H(-= $2 &F#+ '( &%%+"' '1+ 6?_5 !''&%1 _+[A+2' &)* '1+ cT F+%(/+2

-+<$2'+-+* .(- "&%=+',2H$'%1+* 2+-B$%+2C

:1+ '1$-* "1&2+ (. & /(F$#+,(-$<$)&'+* "&%=+',2H$'%1+* *&'& 2+22$() $)B(#B+2 6?_5

2+22$() /&)&<+/+)' 2$<)&##$)< &)* -&*$( &%%+22 F+&-+- >_!P@ &22$<)/+)'C :1+ 2$<)&##$)<

$2 $##A2'-&'+* $) `$<A-+ DCEEC

:1+ cT 2'&-'2 F; 2+)*$)< '1+ %(-+ )+'H(-= & ?Y? 0()'+I' _+[A+2' /+22&<+C :1$2

/+22&<+ /&; $)%#A*+ & 2"+%$N%&'$() (. '1+ [A&#$'; (. 2+-B$%+ -+[A$-+/+)'2C !#'+-)&'$B+#;4

'1+ /+22&<+ /&; 2"+%$.; '1&' '1+ 2AF2%-$F+* [A&#$'; (. 2+-B$%+ -+[A$-+/+)'2 *+N)+* .(-

'1&' cT H$'1$) '1+ 7X_ 21(A#* F+ &""#$+*C :1+ /+22&<+ &#2( -+[A+2'2 &) R? &**-+22

&)* 2"+%$N+2 '1+ &%%+22 "($)' )&/+ >!?f@ '( H1$%1 '1+ cT H$21+2 '( %())+%'C :1+ %(-+

)+'H(-= '1+) 2+)*2 & _!P !22$<)/+)' _+[A+2' '( '1+ _f0C :1+ _f0 -A)2 $'2

&*/$22$() %()'-(# &#<(-$'1/ &)* 2+)*2 & _&*$( P+&-+- 5+'A" /+22&<+ '( '1+ cT

H1$%1 *+N)+2 & 2+' (. "1;2$%&#4 '-&)2"(-'4 &)* #(<$%&# %1&))+# %()N<A-&'$()2C 5(/+

_f0 $/"#+/+)'&'$()2 /&; &22$<) & N)$'+ A2+- "#&)+ F$' -&'+ &' '1$2 2'&<+ >$C+C4 F+.(-+

'1+ _f0 1&2 &); =)(H#+*<+ (. '1+ [A&)'$'; (. '-&d% '( F+ '-&)2/$''+*@C !#'+-)&'$B+#;4

'1+ _f0 &22$<)2 & Z+-( F$' -&'+ '( '1+ A2+- "#&)+ &' '1$2 2'&<+C :1+ _f0 '1+) H&$'2 .(- &

0&"&%$'; _+[A+2' "-$(- '( &22$<)$)< &) &""-("-$&'+ F$' -&'+C :1$2 &""-(&%1 1+#"2 '(

&B($* &22$<)$)< 1$<1 F$' -&'+2 H1+) '-&)2.+--$)< -+#&'$B+#; 2/&## [A&)'$'$+2 (. *&'&C :1+

cT -+2"()*2 H$'1 '1+ _&*$( P+&-+- 5+'A" 0(/"#+'+ /+22&<+ &)* '1+ _f0 $).(-/2 '1+

%(-+ )+'H(-= A2$)< '1+ _!P !22$<)/+)' _+2"()2+ /+22&<+C !' '1$2 2'&<+ '1+ cT 1&2

+2'&F#$21+* & -&*$( #$)= '( '1+ f(*+ P4 & -&*$( F+&-+- '( '1+ _f0 &)* & _!P '( '1+ %(-+

)+'H(-=C :1+ %(-+ )+'H(-= $2 '1+) &F#+ '( %(/"#+'+ '1$2 "1&2+ F; 2+)*$)< '1+ !%'$B&'+

?Y? 0()'+I' !%%+"' /+22&<+C :1$2 /+22&<+ $)%#A*+2 '1+ [A&#$'; (. 2+-B$%+ &''-$FA'+2 &2

H+## &2 '1+ R? &**-+22 '1&' 1&2 F++) &22$<)+* '( '1+ cTC

:1+ .(A-'1 "1&2+ (. & /(F$#+,(-$<$)&'+* "&%=+',2H$'%1+* *&'& 2+22$() $)B(#B+2 -&*$(

F+&-+- &)* -&*$( #$)= -+%()N<A-&'$()C :1+ 2$<)&##$)< $2 $##A2'-&'+* $) `$<A-+ DCEGC

:1+ _f0 2'&-'2 '1+ "-(%+*A-+ F; 2+)*$)< &) __0 8+&2A-+/+)' 0()'-(# /+22&<+ '(

'1+ cTC :1$2 /+22&<+ *+N)+2 & '-&d% B(#A/+ '1-+21(#* H1$%1 %&) F+ A2+* '( '-$<<+- &)

A"#$)= 0&"&%$'; _+[A+2' &%%(-*$)< '( J6?? /+&2A-+/+)' -+"(-'$)< +B+)' K&C :1+ _f0

196 75Y?!b75c?! .(- c8:5

UE Node B RNC PS core

Activate PDP context 
request

RAB assignment request
Radio bearer (RB) setup

Radio bearer (RB) setup 
complete

RAB assignment response
Activate PDP context 
accept

Figure 9.11 6?_5 2+22$() /&)&<+/+)'C
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1&2 & 2$/$#&- '1-+21(#* .(- '1+ *(H)#$)= &##(H$)< $' '( <+)+-&'+ & *(H)#$)= %&"&%$';

-+[A+2'C `$<A-+ DCEG $##A2'-&'+2 '1+ %&2+ (. &) A"#$)= *&'& '-&)2.+- H1+-+ '1+ %&"&%$';

-+[A+2' $2 '-$<<+-+* F; '1+ cT 2+)*$)< & /+&2A-+/+)' -+"(-'C :1+ /+&2A-+/+)' -+"(-'

$)%#A*+2 $).(-/&'$() -+<&-*$)< '1+ [A&)'$'; (. *&'& H&$'$)< '( F+ '-&)2/$''+*C :1$2

$).(-/&'$() 1+#"2 '1+ _f0 '( &22$<) &) &""-("-$&'+ F$' -&'+C :1+ _f0 <+)+-&'+2 &

%&"&%$'; -+[A+2' .-(/ '1+ /+&2A-+/+)' -+"(-' &)*4 &22A/$)< '1+ %&"&%$'; -+[A+2' $2

&%%+"'+*4 '1+ _f0 2+)*2 &) fP!? _&*$( X$)= _+%()N<A-&'$() ?-+"&-+ /+22&<+ '( '1+

f(*+ PC :1$2 /+22&<+ '+##2 '1+ f(*+ P 1(H $'2 +I$2'$)< -&*$( #$)= H$## )++* '( F+

-+%()N<A-+* '( F+ %&"&F#+ (. 2A""(-'$)< '1+ "&%=+',2H$'%1+* *&'& 2+22$()C R. '1+

EJCV,=F"2 2$<)&##$)< F$' -&'+ 1&2 F++) A2+*4 '1+ _&*$( X$)= _+%()N<A-&'$() ?-+"&-+

/+22&<+ &#2( #+'2 '1+ f(*+ P =)(H 1(H '1$2 F$' -&'+ H$## 1&B+ '( F+ -+*A%+* H1+) '1+

"&%=+',2H$'%1+* F+&-+- F+%(/+2 &%'$B+C :1+ f(*+ P -+2"()*2 H$'1 '1+ fP!? _&*$(

X$)= _+%()N<A-&'$() _+&*; /+22&<+4 FA' *(+2 2( F+.(-+ &""#;$)< '1+ -+%()N<A-&'$()C !

2+%()* 2+' (. RAF -+2(A-%+2 &-+ -+2+-B+* F; '1+ _f0 A2$)< '1+ 2&/+ &""-(&%1 &2 *A-$)<

'1+ N-2' "1&2+ (. 2$<)&##$)< >$C+C4 A2$)< !X0!? T2'&F#$21 _+[A+2' &)* T2'&F#$21 0()N-/

/+22&<+2@C m)%+ '1+ RAF -+2(A-%+2 1&B+ F++) 2A%%+22.A##; -+2+-B+*4 '1+ _f0 2+)*2

'1+ fP!? _&*$( X$)= _+%()N<A-&'$() 0(//$' /+22&<+ '( '1+ f(*+ PC :1$2

/+22&<+ $).(-/2 '1+ f(*+ P (. '1+ %())+%'$() .-&/+ )A/F+- >0`f@ '( A2+ 2( '1&'

$' %&) 2'&-' '( &""#; '1+ -&*$( #$)= %()N<A-&'$() H1$%1 $)%#A*+2 '1+ "&%=+',2H$'%1+* -&*$(

F+&-+-C :1+ 0`f /A2' F+ *+N)+* 2A%1 '1&' '1+ cT $2 &F#+ '( &""#; '1+ )+H %()N<A-&'$()

&' '1+ 2&/+ '$/+ &2 '1+ f(*+ PC :1+ cT $2 $).(-/+* (. '1+ 0`f H$'1$) '1+ 2AF2+[A+)'

_&*$( P+&-+- _+%()N<A-&'$() /+22&<+C :1$2 /+&)2 '1&' '1+ 0`f /A2' F+ *+N)+* 2A%1

'1&' $' (%%A-2 &.'+- '1+ cT 1&2 -+%+$B+* '1+ _&*$( P+&-+- _+%()N<A-&'$() /+22&<+C :1+

B&#A+ (. '1+ 0`f 21(A#* '1A2 F+ & .A)%'$() (. '1+ 2$<)&##$)< F+&-+- F$' -&'+a & 21(-'+-

&%'$B&'$() '$/+ %&) F+ A2+* H$'1 '1+ EJCV,=F"2 '1&) H$'1 '1+ JCK,=F"2 2$<)&##$)< F$' -&'+C

5(/+ /&-<$) 21(A#* &#2( F+ &##(H+* .(- #&;+- G -+'-&)2/$22$()2 &)* "-(%+22$)< '$/+C R' $2

%(//() .(- '1+ _f0 *&'&FA$#* '( $)%#A*+ & "&-&/+'+- '1&' *+N)+2 & %()N<A-&F#+ '$/+

(L2+' .(- '1+ 0`fC

m)%+ '1+ 0`f (%%A-2 &)* '1+ )+H %()N<A-&'$() 1&2 F+%(/+ &%'$B+4 '1+ cT -+2"()*2

H$'1 '1+ _&*$( P+&-+- _+%()N<A-&'$() 0(/"#+'+ /+22&<+C :1$2 /+22&<+ &)* &## 2AF,

2+[A+)' 2$<)&##$)< /+22&<+2 &-+ '-&)2/$''+* &%-(22 '1+ &$-O$)'+-.&%+ A2$)< '1+ JCK,=F"2 F$'

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 197

UE Node B RNC PS core

Measurement report

Measurement control

NBAP: Radio link 
reconfigure prepare

NBAP: Radio link 
reconfigure ready

ALCAP: Establish request

ALCAP: Establish confirm

NBAP: Radio link 
reconfigure commit

Radio bearer 
reconfiguration complete

Radio bearer 
reconfiguration

Figure 9.12 _&*$( F+&-+- -+%()N<A-&'$() .(- -+2(A-%+ &##(%&'$()C
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-&'+ +B+) $. '1+ EJCV,=F"2 F$' -&'+ 1&* F++) &""#$+* "-+B$(A2#;C :1+ cT $2 )(H %()N<A-+*

H$'1 & N)$'+ A2+- "#&)+ F$' -&'+ '(H&-*2 '1+ "&%=+',2H$'%1+* %(-+ )+'H(-= &)* $2 -+&*; '(

'-&)2.+- *&'&C

! 2+' (. "&%=+' 2+22$() 2+'A" '$/+2 &2 /+&2A-+* .-(/ & %(//+-%$&# Q0Y8! )+'H(-=

&-+ $##A2'-&'+* $) `$<A-+ DCEJ gkhC :1-++ %&2+ &-+ 21(H)a 0&2+ E H1+) '1+ /(F$#+ $2 )('

6?_5,&''&%1+*4 0&2+ G H1+) '1+ /(F$#+ $2 &#-+&*; 6?_5,&''&%1+*4 &)* 0&2+ J H1+) '1+

/(F$#+ 1&2 & ?Y? %()'+I' &#-+&*; &B&$#&F#+4 FA' )( __0 %())+%'$()C :1+ -+[A$-+*

2$<)&##$)< "-(%+*A-+2 &-+ &2 .(##(H2a

. 0&2+ E ¼ __0 %())+%'$() þ 6?_5 &''&%1 þ ?Y? %()'+I' &%'$B&'$() þ _&*$( F+&-+-

2+'A"C

. 0&2+ G ¼ __0 %())+%'$() þ ?Y? %()'+I' &%'$B&'$() þ _&*$( F+&-+- 2+'A"C

. 0&2+ J ¼ __0 %())+%'$() þ _&*$( F+&-+- 2+'A"C

:1+ '('&# 2+'A" '$/+ $)%#A*$)< -&*$( F+&-+- -+%()N<A-&'$() $2 JC\OKCU 2+% .(- 0&2+ EC

Q1+) '1+ cT $2 &#-+&*; 6?_5,&''&%1+* $) 0&2+ G4 '1+ 2+'A" *+#&; $2 #+22 '1&) G 2+% H$'1

& EJCV,=F"2 2$<)&##$)< -&'+4 &)* #+22 '1&) GC\ 2+% $. -&*$( -+2(A-%+ &##(%&'$() $2 $)%#A*+*C

! *+'&$#+* 2$<)&##$)< *+#&; F-+&=,*(H) .(- 0&2+ G $2 21(H) $) :&F#+ DCEC R. '1+ ?Y?

%()'+I' $2 &#-+&*; &%'$B+4 '1+ 2+'A" '$/+ $2 &""-(I$/&'+#; E 2+% H$'1 EJCV =F"2 "#A2 '1+

-&*$( F+&-+- -+%()N<A-&'$() *+#&;C

R. '1+ cT &#-+&*; 1&2 &) __0 %())+%'$()4 ()#; '1+ __0 2'&'+ %1&)<+ '( 0TXXjY07

/&; F+ -+[A$-+*C :1+ cT /&; &#-+&*; 1&B+ &) __0 %())+%'$() *A+ '( &) +I$2'$)<

%$-%A$',2H$'%1+* %&## (- *A+ '( &)('1+- "&%=+',2H$'%1+* %())+%'$()C R. '1+-+ $2 &) ()<($)<

198 75Y?!b75c?! .(- c8:5
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GPRS mobility and session management
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%$-%A$',2H$'%1+* %&## '1+) '1+ cT H$## F+ $) 0TXXjY07 &)* H$## )(' -+[A$-+ &) __0

2'&'+ %1&)<+C __0 2'&'+ %1&)<+2 &-+ &)&#;2+* $) 5+%'$() DCGCJC

:1+ _!f A)*+- $)B+2'$<&'$() H&2 %()N<A-+* .(- '1+2+ /+&2A-+/+)'2 2( '1&' -&*$(

-+2(A-%+2 H+-+ &##(%&'+* F&2+* ()#; A"() /+&2A-+/+)' -+"(-'2 $)*$%&'$)< H1+'1+- '1+-+

H+-+ *&'& $) +$'1+- '1+ A"#$)= (- *(H)#$)= FAL+-2C _&*$( F+&-+- -+%()N<A-&'$() '&=+2

"#&%+ F&2+* A"() '1+ /+&2A-+/+)' -+"(-'C !#'+-)&'$B+#;4 '1+ _!f %&) F+ %()N<A-+* 2(

'1&' -&*$( -+2(A-%+2 &-+ &##(%&'+* *$-+%'#; &.'+- ?Y? %()'+I' &%'$B&'$()C

?&%=+' 2+22$() 2+'A" '$/+ %&) F+ ("'$/$2+* F; -+N)$)< '1+ B&#A+2 &22$<)+* '( 2"+%$N%

"&-&/+'+-2 &)* F; -+N)$)< '1+ H&; $) H1$%1 -+2(A-%+2 &-+ &##(%&'+*C :1+ _!07 "-(,

%+*A-+ -+[A$-+2 '1+ f(*+ P '( &%=)(H#+*<+ ?_!07 "-+,&/F#+2C !) &%=)(H#+*<+/+)'

$2 2+)' ()%+ '1+ f(*+ P 1&2 2A%%+22.A##; -+%+$B+* & "-+,&/F#+C ?_!07 "(H+- %()'-(#

"&-&/+'+-2 &-+ %()'-(##+* F; '1+ _f0C R. "-+,&/F#+2 &-+ '-&)2/$''+* H$'1 <-+&'+- "(H+-

'1+) '1+ f(*+ P $2 /(-+ #$=+#; '( -+%+$B+ '1+/C 7(H+B+-4 $. "-+,&/F#+2 &-+ '-&)2/$''+*

H$'1 '(( /A%1 "(H+- '1+) '1+ f(*+ P -+%+$B+- H$## +I"+-$+)%+ $)%-+&2+* A"#$)= $)'+-,

.+-+)%+C :1+ '$/+ 2"+)' -&/"$)< A" '1+ '-&)2/$' "(H+- (. '1+ "-+,&/F#+2 %&) F+ -+*A%+*

$. '1+ "-+,&/F#+ 2'+" 2$Z+ $2 $)%-+&2+* &)* $. '1+ $)$'$&# "-+,&/F#+ '-&)2/$' "(H+- $2

%()N<A-+* '( F+ -+#&'$B+#; #&-<+C

:1+ -&'+ &' H1$%1 A"#$)= &)* *(H)#$)= 2;)%1-()$Z&'$() $2 &%1$+B+* &%-(22 '1+ &$-O

$)'+-.&%+ *+"+)*2 A"() '1+ J6?? "&-&/+'+-2 fJEG &)* :JEGC R. fJEG $2 %()N<A-+* H$'1

& #(H B&#A+ '1+) $' F+%(/+2 +&2$+- .(- '1+ cT '( /(B+ $)'( 2;)%1-()$Z+* 2'&'+ >$C+C4 .+H+-

$),2;)% "-$/$'$B+2 &-+ -+[A$-+*@C :1$2 /+&)2 '1&' 2;)%1-()$Z&'$() %&) F+ &%1$+B+* /(-+

-&"$*#;C :1+ *-&HF&%= $2 '1&' '1+ 2;)%1-()$Z&'$() *+%$2$() /&; F+ #+22 -+#$&F#+C :1+ 2&/+

&-<A/+)' %&) F+ &""#$+* '( '1+ +[A$B&#+)' A"#$)= "&-&/+'+-2 &' '1+ f(*+ PC

:1+ -&'+ &' H1$%1 '1+ fP!? &)* !!XG 2$<)&##$)< "-(%+*A-+2 &-+ %(/"#+'+* $2 &L+%'+*

F; '1+ RAF F&)*H$*'1 &##(%&'+* '( fP!? &)* !!XGC 5+"&-&'+ B$-'A&# %1&))+# %())+%,

'$()2 >]002@ &-+ ';"$%&##; &22$<)+* .(- %(//() fP!? 2$<)&##$)<4 *+*$%&'+* fP!?

2$<)&##$)<4 &)* !!XG 2$<)&##$)<C R. '1+ F&)*H$*'1 &22$<)+* '( +&%1 (. '1+2+ ]002 $2

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 199

Table 9.1 TI&/"#+ "&%=+' 2+22$() 2+'A" '$/+ -+%(-*+* F; & cT '1&' $2 &#-+&*; 6?_5,&''&%1+*C

Signalling radio bearer

3.4 kbps 13.6 kbps

>/2@ >/2@

__0 0())+%'$() _+[A+2' >A"#$)=@ U U

__0 0())+%'$() 5+'A" >*(H)#$)=@ KEU KGU

__0 0())+%'$() 5+'A" 0(/"#+'+ >A"#$)=@ VEU VUU

5+-B$%+ _+[A+2' >A"#$)=@ V\U VKU

5+%A-$'; 8(*+ 0(//&)* >*(H)#$)=@ EEJU lVU

5+%A-$'; 8(*+ 0(/"#+'+ >A"#$)=@ EEKU lVU

!%'$B&'+ ?Y? 0()'+I' _+[A+2' >A"#$)=@ EE\U lkU

_&*$( P+&-+- 5+'A" >*(H)#$)=@ GUVU EJGU

_&*$( P+&-+- 5+'A" 0(/"#+'+ >A"#$)=@ GEUU EJVU

!%'$B&'+ ?Y? 0()'+I' !%%+"' >*(H)#$)=@ GVDU E\lU

_&*$( P+&-+- _+%()N<A-&'$() >*(H)#$)=@ GDKU ElVU

_&*$( P+&-+- _+%()N<A-&'$() 0(/"#+'+ >A"#$)=@ JEJU GGlU
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$)%-+&2+* '1+) '1+ -&'+ &' H1$%1 +&%1 2+' (. "-(%+*A-+2 %&) F+ %(/"#+'+* $)%-+&2+2C :1+

*-&HF&%= (. &22$<)$)< #&-<+- F&)*H$*'12 $2 &) $)%-+&2+* RAF %&"&%$'; -+[A$-+/+)'C

:1+ &%'$B&'$() '$/+ (L2+' H1$%1 $2 A2+* '( *+N)+ '1+ 0`f &' H1$%1 '1+ 2;)%1-()$Z+*

-+%()N<A-&'$()2 F+%(/+ &%'$B+ O .(- +I&/"#+4 '1+ -&*$( #$)= -+%()N<A-&'$() "-(%+*A-+

*A-$)< -&*$( F+&-+- -+%()N<A-&'$() O &#2( 1&2 2(/+ -((/ .(- ("'$/$Z&'$()C :1$2 (L2+'

21(A#* F+ /&*+ &2 2/&## &2 "(22$F#+ '( -+*A%+ %&## 2+'A" *+#&;C 8&=$)< $' '(( 2/&## /+&)2

'1&' '1+ f(*+ P /&; 2'&-' '( &""#; '1+ )+H %()N<A-&'$() F+.(-+ '1+ cT 1&2 -+%+$B+* '1+

%(--+2"()*$)< $)2'-A%'$()C :1+ (L2+' 21(A#* &%%(A)' .(- '1+ '$/+ %()2A/+* F; 2+)*$)<

'1+ __0 /+22&<+ '( '1+ cT &)* 21(A#* &#2( &%%(A)' .(- '1+ "(22$F#+ )+%+22$'; (.

%(/"#+'$)< _X0 -+'-&)2/$22$()2C :1+ '$/+ %()2A/+* F; 2+)*$)< '1+ __0 /+22&<+ $2

& .A)%'$() (. '1+ /+22&<+ 2$Z+ &)* &#2( '1+ 2$<)&##$)< -&*$( F+&-+- F$' -&'+C :1+ &%'$B&'$()

'$/+ (L2+' 21(A#* '1A2 F+ & .A)%'$() (. '1+2+ 'H( B&-$&F#+2C :1+ '$/+ -+[A$-+* .(- _X0

-+'-&)2/$22$()2 *+"+)*2 A"() '1+ F$' -&'+ &)* &#2( '1+ _X0 "(##$)< '$/+ O '1&' $24 1(H

#()< $' '&=+2 '1+ cT '( $).(-/ '1+ _f0 '1&' & -+'-&)2/$22$() $2 -+[A$-+*C R. '1+ _X0

"(##$)< '$/+ %&) F+ -+*A%+*4 '1+) '1+ &%'$B&'$() '$/+ (L2+' %&) &#2( F+ -+*A%+*C R' $2

';"$%&# '( &##(H .(- 'H( _X0 -+'-&)2/$22$()2 H1+) +B&#A&'$)< &) &""-("-$&'+ (L2+'C

J6?? _+#+&2+ V &##(H2 A2+ (. 75Y?! &)* 75c?! .(- %&--;$)< '1+ 2$<)&##$)< -&*$(

F+&-+-4 H1$%1 &##(H2 & .&2'+- %&## 2+'A" '$/+C :1+ .&2'+- 2+'A" '$/+ $2 &%1$+B+*4 N-2'4

F+%&A2+ '1+ 2$<)&##$)< 2"++* (B+- 75Y?!b75c?! $2 .&2' &)*4 2+%()*4 F+%&A2+ )(

&%'$B&'$() '$/+ $2 -+[A$-+*C J6?? _+#+&2+ V %&) A2+ &) &2;)%1-()(A2 "-(%+*A-+ .(-

2+'A" &)* &B($* '1+ &%'$B&'$() '$/+ 2$)%+ '1+ "1;2$%&# %1&))+# %()N<A-&'$() $2 )('

%1&)<+* $) '1+ -&*$( F+&-+- 2+'A"C :1$2 $2 '1+ %&2+ 2$)%+ F('1 2$<)&##$)< &)* '1+ A2+-

"#&)+ &-+ %&--$+* (B+- '1+ 2&/+ 75Y?!b75c?! %1&))+#C J6?? _+#+&2+ V &##(H2 '1+

"&%=+' 2+22$() 2+'A" '$/+ '( F+ -+*A%+* '( F+#(H E 2+%C J6?? _+#+&2+ k $)%#A*+2 & H(-=

$'+/ '( .A-'1+- -+*A%+ 2+'A" '$/+2C

9.2.3 RRC state change

!.'+- & "+-$(* (. $)&%'$B$'; & cT $2 ';"$%&##; /(B+* .-(/ 0+##jY07 '( 0+##j?07 (-

c_!j?07 2'&'+ '( 2&B+ cT F&''+-; #$.+ &)* '( 2&B+ -&*$( )+'H(-= -+2(A-%+2C Q1+) *&'&

&-+ "-+2+)' $) '1+ cT FAL+- -+&*; '( F+ 2+)'4 '1+ cT $2 /(B+* '( 0+##j`!07 (- '(

0+##jY07 2'&'+ *+"+)*$)< () '1+ &/(A)' (. *&'& $) '1+ FAL+-C :1$2 2+%'$() "-+2+)'2 '1+

2$<)&##$)< M(H H1+) & cT $2 N-2' /(B+* .-(/ 0+##j?07 '( 0+##j`!074 &)* '1+) .-(/

0+##j`!07 '( 0+##jY07 2'&'+C

Q1+) & cT $)$'$&'+24 .(- +I&/"#+4 & N#+ *(H)#(&*4 $' N-2' 1&2 '( +2'&F#$21 & :0?

%())+%'$() H$'1 '1+ 2+-B+-C :0? %())+%'$() +2'&F#$21/+)' $)B(#B+2 2/&## "&%=+'2 '1&'

%&) F+ %&--$+* F; '1+ _!07b`!07C :1+ 2'&'+ '-&)2$'$() .-(/ 0+##j?07 '( 0+##j`!07

$2 $##A2'-&'+* $) `$<A-+ DCEKC P+.(-+ '1+ cT $2 &##(H+* '( 2+)* '1+ _!07 /+22&<+4 $' 1&2

'( (F'&$) '1+ )+%+22&-; $).(-/&'$() .-(/ '1+ 2;2'+/ $).(-/&'$() F#(%= '1&' $2 '-&)2,

/$''+* () '1+ *(H)#$)= %(//() %1&))+# >$C+C4 '1+ P007@C f+I'4 '1+ cT 2'&-'2 H$'1

_!07 "-+,&/F#+2 .(##(H+* F; & 0+## c"*&'+ $) '1+ _!07 /+22&<+ "&-'C :1+ _f0

-+2"()*2 H$'1 & 0+## c"*&'+ 0()N-/ '( /(B+ '1+ cT '( 0TXXj`!07 2'&'+C 0+##

c"*&'+ 0()N-/ &#2( $)%#A*+2 c:_!f /(F$#$'; $).(-/&'$()4 H1$%1 &##(%&'+2 & )+H

-&*$( )+'H(-= '+/"(-&-; $*+)'$N+- >_f:R@C 0+##,_f:R $2 A2+* &2 & cT $*+)'$N+- $)

0+##j`!07 2'&'+C :1+ cT &%=)(H#+*<+2 -+%+"'$() (. '1&' /+22&<+ H$'1 & c:_!f

200 75Y?!b75c?! .(- c8:5
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8(F$#$'; R).(-/&'$() 0()N-/C :1+ cT $2 )(H -+&*; '( 2+)* A2+- *&'& () '1+ _!07

%1&))+#C

m)%+ '1+ cT $2 $) 0+##j`!07 2'&'+ &)* '1+-+ $2 & #&-<+ &/(A)' (. *&'& '( F+

'-&)2/$''+* O 2A%1 &2 #&-<+ :0? "&%=+'2 O '1+ cT $2 /(B+* '( 0+##jY07 2'&'+C :1+

2'&'+ '-&)2$'$() .-(/ 0+##j`!07 '( 0+##jY07 $2 $##A2'-&'+* $) `$<A-+ DCE\C :1+ cT

2'&-'2 H$'1 _!07 "-+,&/F#+2 .(##(H+* F; & _!07 /+22&<+ "&-' %&--;$)< & '-&d%

B(#A/+ /+&2A-+/+)'C :1+ /+&2A-+/+)' -+"(-' $).(-/2 '1+ _f0 &F(A' '1+ &/(A)' (.

*&'& '1+ cT 1&2 $) $'2 '-&)2/$22$() FAL+-C R. '1+ 2'&'+ '-&)2$'$() $2 %&A2+* F; *(H)#$)=

*&'&4 '1+ '-&d% B(#A/+ -+"(-' $2 <+)+-&'+* $)'+-)&##; H$'1$) '1+ _f0C m)%+ '1+ _f0 1&2

*+%$*+* '( &##(%&'+ & Y07 (- '1+ 75,Y507 .(- '1+ cT4 $' 1&2 '( -+2+-B+ f(*+ P &)* RAF

'-&)2"(-' -+2(A-%+2 H$'1 '1+ _&*$( X$)= 5+'A" _+[A+2' &)* T2'&F#$21 _+[A+2' /+22&<+2C

Q1+) '1+ -+2+-B&'$()2 &-+ &%=)(H#+*<+*4 '1+ _f0 2+)*2 & _&*$( P+&-+- _+%()N<A-&,

'$() /+22&<+ () '1+ `!07 $).(-/$)< '1+ cT &F(A' '1+ Y07 "&-&/+'+-2C :1+ f(*+

P 2'&-'2 *(H)#$)= Y?007 '-&)2/$22$() H1+) $' 1&2 -+%+$B+* '1+ _&*$( X$)= 5+'A"

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 201

UE Node B RNC

Cell update (RACH)

Cell update confirm 
(FACH)

UE has small amount 
of data to be sent

First packet transmission 

UTRAN mobility 
information confirm 
(RACH)

First user plane packet 
(RACH)

RRC state change time

UE reads System 
information block (SIB)

Figure 9.14 __0 2'&'+ %1&)<+ .-(/ ?07 '( `!07C

UE Node B RNC

Traffic volume 
measurement (RACH)

NBAP: Radio link setup 
request

NBAP: Radio link setup 
response

ALCAP: Establish request

ALCAP: Establish confirm

First user plane packet 
(DCH)

L1 synchronization
NBAP: Synchronization 
indication

3

1

Radio bearer 
reconfiguration (FACH)2

Radio bearer 
reconfiguration complete 
(DCH)

UE has large amount 
of data to be sent

First packet transmission 

RRC state change time

Figure 9.15 __0 2'&'+ %1&)<+ .-(/ `!07 '( Y07a 1 ¼ '-&d% B(#A/+ /+&2A-+/+)' $)*$%&'+2

'1+ &/(A)' (. *&'& '1+ cT 1&2 $) $'2 FAL+-i 2 ¼ -&*$( F+&-+- -+%()N<A-&'$() %(//&)*2 '1+ cT '(

0+##jY07 2'&'+i &)* 3 ¼ N-2' A2+- "#&)+ "&%=+' '-&)2/$22$()C
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_+[A+2'C :1+ cT 2'&-'2 '1+ XE 2;)%1-()$Z&'$() "-(%+*A-+ H1+) $' 1&2 -+%+$B+* '1+ _&*$(

P+&-+- _+%()N<A-&'$() /+22&<+C m)%+ '1+ cT $2 2;)%1-()$Z+* '( '1+ *(H)#$)= 2$<)&#4 $'

2'&-'2 A"#$)= '-&)2/$22$() (. '1+ Y?007C :1+ cT $2 &##(H+* '( 2'&-' '1+ '-&)2/$22$() (.

A"#$)= A2+- *&'& () '1+ Y07 &.'+- & "-+,*+N)+* "+-$(* *A-$)< H1$%1 '1+ f(*+ P 1&2

&%[A$-+* A"#$)= 2;)%1-()$Z&'$()C

!) +I&/"#+ /+&2A-+* __0 2'&'+ '-&)2$'$() .-(/ 0+##j`!07 '( 0+##jY07 $2 21(H)

$) :&F#+ DCGC Q1+) '1+ &/(A)' (. *&'& $) '1+ cT FAL+- +I%++*2 '1+ Y07 &##(%&'$()

'1-+21(#*4 '1+ cT 2+)*2 & :-&d% ](#A/+ 8+&2A-+/+)'4 H1$%1 $2 *+N)+* &2 '1+ 2'&-'$)<

"($)' $) '1$2 cT #(<C :1+ cT -+%+$B+2 '1+ _&*$( P+&-+- _+%()N<A-&'$() .-(/ '1+ _f0

JKU /2 #&'+-C :1+ *+#&; $2 +I"#&$)+* F; /+22&<+ '-&)2/$22$() '$/+2 &)* F; -&*$( )+'H(-=

*+#&; .(- '1+ -+2+-B&'$() (. F&2+ 2'&'$()4 '-&)2/$22$()4 &)* _f0 -+2(A-%+2 .(- '1+ )+H

Y07C Q1+) '1+ cT 1&2 -+%+$B+* '1+ -+%()N<A-&'$() /+22&<+ &)* 1&2 (F'&$)+* *(H)#$)=

2;)%1-()$Z&'$()4 $' %&) 2'&-' A"#$)= '-&)2/$22$() &2 2(() &2 '1+ "-+,*+N)+* A"#$)= '$/+-2

1&B+ +#&"2+*C R) '1$2 %&2+ '1+ _&*$( P+&-+- _+%()N<A-&'$() 0(/"#+'+ /+22&<+ H&2 2+)'

GUU /2 &.'+- -+%+"'$() (. '1+ *(H)#$)= -+%()N<A-&'$() /+22&<+C :1+ '('&# *+#&; $) '1+

'-&)2$'$() .-(/ 0+##j`!07 '( 0+##jY07 H&2 &""-(I$/&'+#; UC\ 2+% $) '1$2 +I&/"#+C

:1+ '-&)2$'$() .-(/ 0+##j?07 '( 0+##jY07 '&=+2 /(-+ '$/+ '1&) .-(/ 0+##j`!07

'( 0+##jY07 $) J6?? _+#+&2+ \ 2$)%+ '1+ %+## A"*&'+ "-(%+*A-+ $2 -+[A$-+* $) &**$'$()C

J6?? _+#+&2+ V &##(H2 %(/F$)&'$() (. '1+ '-&d% B(#A/+ /+&2A-+/+)' &)* '1+ %+##

A"*&'+ $) & 2$)<#+ /+22&<+4 '1A2 -+*A%$)< '1+ *+#&;C

9.2.4 Inter-system cell change from HSPA to GPRS/EGPRS

:1$2 2+%'$() &)&#;2+2 '1+ 2$<)&##$)< "-(%+*A-+2 &)* '1+ *+#&; $) %+## %1&)<+ .-(/ 75?!

'( 6?_5 *A-$)< *&'& '-&)2/$22$()C :1+ "-(%+*A-+ $2 21(H) $) `$<A-+ DCEVC m)%+ '1+

_f0 (F2+-B+2 '1&' 75?! %(B+-&<+ F+%(/+2 H+&=4 $' -+[A+2'2 '1+ cT '( /&=+ /+&2A-+,

/+)'2 (. "('+)'$&# 2+%()*,<+)+-&'$() >G6@ '&-<+' %+##2C m)%+ '1+ F+2' G6 '&-<+' %+## $2

$*+)'$N+*4 '1+ _f0 $)2'-A%'2 '1+ cT '( /(B+ ()'( & 2"+%$N% G6 %+## A2$)< '1+ 0+##

01&)<+ m-*+- /+22&<+C :1$2 /+22&<+ &#2( 2"+%$N+2 '1+ 0`f &' H1$%1 '1+ cT 21(A#*

/&=+ '1+ '-&)2$'$()C m)%+ '1+ cT 1&2 /(B+* ()'( '1+ G6 %+##4 $' /A2' -+&* '1+ G6 2;2'+/

$).(-/&'$() /+22&<+2 $)%#A*$)< -(A'$)< &)* #(%&'$() &-+& %(*+2 &)* '1+ )+'H(-= /(*+

(. ("+-&'$()C :1+ )+'H(-= /(*+ (. ("+-&'$() *+N)+2 H1+'1+- (- )(' %(/F$)+* #(%&'$()

&-+& &)* -(A'$)< &-+& A"*&'+2 &-+ "(22$F#+C :1+ %(/F$)+* #(%&'$() &)* -(A'$)< &-+&

A"*&'+ /(*+ (. ("+-&'$() -+[A$-+2 & 62 $)'+-.&%+ F+'H++) '1+ 8(F$#+ 5H$'%1$)< 0+)'-+

>850@ &)* '1+ G6 565fC :1+ 2$<)&##$)< "-+2+)'+* $) `$<A-+ DCl &22A/+2 )+'H(-= /(*+

(. ("+-&'$() RR O '1&' $24 2+"&-&'+ #(%&'$() &-+& &)* -(A'$)< &-+& A"*&'+2C :1+ cT 2+)*2 &

202 75Y?!b75c?! .(- c8:5

Table 9.2 TI&/"#+ 2'&'+ '-&)2$'$() .-(/ `!07 '( Y07 -+%(-*+* F; cTC

Message

>/2@

:-&d% B(#A/+ /+&2A-+/+)' >_!07 A"#$)=@ U

_&*$( F+&-+- -+%()N<A-&'$() >`!07 *(H)#$)=@ JKU

_&*$( F+&-+- -+%()N<A-&'$() %(/"#+'+ >Y07 A"#$)=@ \KU
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_(A'$)< !-+& c"*&'+ _+[A+2' '( '1+ G6 565fC :1$2 '-$<<+-2 '1+ 5+-B$)< _&*$(

f+'H(-= 5AF2;2'+/ >5_f5@ %()'+I' '-&)2.+- "-(%+*A-+C :1+ 5_f5 0()'+I' _+[A+2'

/+22&<+ $).(-/2 '1+ _f0 '( 2'&-' FAL+-$)< &)* )(' '( 2+)* &); .A-'1+- *(H)#$)= *&'& '(

'1+ f(*+ PC :1+ "-(%+*A-+ $2 %(/"#+'+* F; '1+ G6 565f 2+)*$)< '1+ 565f 0()'+I'

!%=)(H#+*<+ /+22&<+C :1$2 /+22&<+ $)*$%&'+2 '1&' '1+ G6 565f $2 )(H -+&*; '( 2'&-'

-+%+$B$)< *&'& F+#()<$)< '( '1+ cTS2 "&%=+',2H$'%1+* %())+%'$()C :1+ J6 565f '1+)

2+)*2 '1+ 5_f5 Y&'& `(-H&-*$)< 0(//&)* '( '1+ _f0C :1$2 /+22&<+ $)2'-A%'2 '1+

_f0 '( 2'&-' 'A))+##$)< *&'& '(H&-*2 '1+ G6 565fC :1+ G6 565f .(-H&-*2 '1+ *&'& '(

'1+ cT B$& & G6 -&*$( )+'H(-=C :1+ cT #(%&'$() $2 '1+) A"*&'+* 2( '1&' *&'& &-+ 2+)'

*$-+%'#; .-(/ '1+ 665f '( '1+ G6 565fC :1+ G6 565f 2+)*2 & _(A'$)< !-+& c"*&'+

!%%+"' /+22&<+ &)* '1+ cT %()N-/2 '1$2 H$'1 &) &22(%$&'+* _(A'$)< !-+& c"*&'+

0(/"#+'+ /+22&<+C

TI&/"#+ $)'+-,2;2'+/ %+## %1&)<+ 2$<)&##$)< $2 21(H) $) :&F#+ DCJ glhC m)%+ '1+ cT H&2

/(B+* '( 6?_5 $' '((= ECk 2+% '( -+&* '1+ G6 2;2'+/ $).(-/&'$() &)* $)$'$&'+ '1+

#(%&'$() &-+& A"*&'+ "-(%+*A-+C :1+ #(%&'$() &-+& A"*&'+ "-(%+*A-+ '&=+2 &F(A' JC\ 2+%C

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 203

Table 9.3 TI&/"#+ $)'+-,2;2'+/ %+## %1&)<+ -+%(-*+* F; & cT .(- & cY?,F&2+*

2+-B$%+C

Message Delay

(relative to cell change order)

>/2@

Last UDP packet sent on 3G 20

J6 0+## 01&)<+ m-*+- .-(/ c:_!f U

G6 01&))+# _+[A+2' E kGU

G6 R//+*$&'+ !22$<)/+)' E lKU

G6 X(%&'$() c"*&'$)< _+[A+2' E DKU

G6 0#&22/&-= 01&)<+ G ElU

G6 !A'1+)'$%&'$() _+[A+2' G KKU

G6 c:_!f 0#&22/&-= 01&)<+ G lDU

G6 !A'1+)'$%&'$() _+2"()2+ J EGU

G6 0$"1+-$)< 8(*+ 0(//&)* J JGU

G6 0$"1+-$)< 8(*+ 0(/"#+'+ J \DU

G6 :85R _+&##(%&'$() 0(//&)* J lKU

G6 :85R _+&##(%&'$() 0(/"#+'+ K UVU

G6 R*+)'$'; _+[A+2' K GVU

G6 R*+)'$'; _+2"()2+ K \JU

G6 X(%&'$() c"*&'$)< !%%+"' \ GEU

G6 01&))+# _+#+&2+ \ KKU

G6 _(A'$)< !-+& c"*&'+ _+[A+2' k \DU

G6 01&))+# _+[A+2' l U\U

G6 R//+*$&'+ !22$<)/+)' l E\U

G6 !A'1(-$Z&'$() &)* 0$"1+-$)< _+[A+2' D kkU

G6 !A'1(-$Z&'$() &)* 0$"1+-$)< _+2"()2+ EU UEU

First UDP Packet sent on 2G 10 720

G6 _(A'$)< !-+& c"*&'+ !%%+"' EG JJU

G6 _(A'$)< !-+& c"*&'+ 0(/"#+'+ EG JKU
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:1+ cT '1+) -+#+&2+2 $'2 %1&))+# &)* $)$'$&'+2 & -(A'$)< &-+& A"*&'+C :1+ -(A'$)< &-+&

A"*&'+ '(<+'1+- H$'1 cT,-+#&'+* *+#&;2 '&=+ k 2+%C :1+ N-2' c2+- Y&'&<-&/ ?-('(%(#

>cY?@ "&%=+' $2 -+%+$B+* () '1+ G6 2;2'+/ F+.(-+ '1+ -(A'$)< &-+& A"*&'+ "-(%+*A-+ $2

%(/"#+'+C c2+- "#&)+ *&'& &-+ 2+)' &2 2(() &2 '1+ cTS2 #(%&'$() $2 A"*&'+* H$'1$) '1+

"&%=+',2H$'%1+* %(-+ )+'H(-=C :1+ (B+-&## $)'+-,2;2'+/ 1&)*(B+- *+#&; $2 EGCJ 2+% $) '1$2

+I&/"#+ H1+) /+&2A-+* '1+ X&;+- J 2$<)&##$)< &)* EUCk 2+% H1+) /+&2A-+* .-(/ '1+ +)*,

'(,+)* '-&)2"(-' #&;+- $) '1+ %&2+ (. cY?C

`$<A-+ DCEk $##A2'-&'+2 '1+2+ *+#&;2 <-&"1$%&##;C

:1+ $)'+-,2;2'+/ 1&)*(B+- *+#&; "-+2+)'+* &F(B+ $2 .(- & cY?,F&2+* 2+-B$%+4 2A%1 &2

2'-+&/$)<C :1+ *+#&; F+'H++) '1+ #&2' $'+/ (. A2+- "#&)+ *&'& 2+)' () '1+ J6 2;2'+/ &)*

'1+ N-2' $'+/ (. A2+- "#&)+ *&'& 2+)' () '1+ G6 2;2'+/ %&) F+ <-+&'+- .(- & :0?,F&2+*

2+-B$%+ *A+ '( :-&)2/$22$() 0()'-(# ?-('(%(# >:0?@ -+'-&)2/$22$() '$/+(A' >_:m@C :1+

_:m *+N)+2 '1+ '$/+ $)'+-B&# .(- A)&%=)(H#+*<+* :0? 2+</+)' -+'-&)2/$22$()2C R' $2

204 75Y?!b75c?! .(- c8:5

UE RNC 2G SGSN

Cell change order from 
UTRAN

Break in inter-
system cell 
change

3G SGSN

Routing area update request

Location area update

SGSN context request

SRNS context request

SRNS context response

SGSN context response

SRNS data forwarding command

Data is forwarded from RNC via 3G-SGSN 
to 2G SGSN until UE location is updated

Routing area update accept

Routing area update 
complete

First packet sent via 2G

Last packet sent via 3G

Compressed mode 
measurements of 2G cells

SGSN context acknowledge

Figure 9.16 R)'+-,2;2'+/ %+## %1&)<+ "-(%+*A-+ .-(/ 75?! '( 6?_5C
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A"*&'+* *;)&/$%&##; F&2+* A"() '1+ +2'$/&'+* :0? -(A)* '-$" '$/+ >_::@C R. '1+ _:m

+I"$-+24 '1+) '1+ +&-#$+2' A)&%=)(H#+*<+* :0? "&%=+' $2 -+'-&)2/$''+* &)* '1+ B&#A+ (.

'1+ _:m $2 *(AF#+*C :1+ _:m $2 #$=+#; '( +I"$-+ *A-$)< &) $)'+-,2;2'+/ %+## %1&)<+ H1+)

'1+ F-+&= $2 &2 #()< &2 $) :&F#+ DCJC R. '1+ _:m +I"$-+2 ^A2' F+.(-+ '1+ *&'& %())+%'$() $2

-+,+2'&F#$21+*4 '1+ -+%+$B+- H$## 1&B+ '( H&$' .(- '1+ _:m '( +I"$-+ &<&$) F+.(-+ '1+ :0?

2+)*+- -+,'-&)2/$'2 &); *&'&C `$<A-+ DCEl 21(H2 &) +I&/"#+ H$'1 & \,2+% F-+&= $) '1+

-&*$( %())+%'$()C :1+ +I&/"#+ &22A/+2 '1&' '1+ _:m B&#A+ $2 J 2+% F+.(-+ '1+ %+##

%1&)<+C :1+ _:m '$/+- *+"+)*2 () '1+ :0? "&-&/+'+-2 &)* () '1+ FAL+-$)< $) '1+

J6 )+'H(-=C :0? '$/+(A' '&=+2 "#&%+ &.'+- J 2+% &)* '1+ :0? *&'& '-&)2.+- %()'$)A+2

&.'+- & .A-'1+- D 2+% +B+) $. '1+ G6 -&*$( %())+%'$() $2 &#-+&*; &B&$#&F#+ &.'+- \ 2+%C

R. '1+ $)'+-,2;2'+/ %+## %1&)<+ *+#&; $2 #&-<+4 '1+ _:m $2 #$=+#; '( +I"$-+ /(-+ (.'+)4

%&A2$)< /(-+ 2$<)$N%&)' *+#&;2 &' '1+ :0? #&;+-C _+*A%$)< $)'+-,2;2'+/ 1&)*(B+-

*+#&;2 1+#"2 '( /$)$/$Z+ '1+ $/"&%' (. '1+ :0? '$/+(A'C :0? "+-.(-/&)%+ %&) &#2(

F+ $/"-(B+* F; .(-H&-*$)< &); -+/&$)$)< "&%=+'2 .-(/ '1+ _f0 '( '1+ G6 565f '(

&B($* &); "&%=+' #(22+2 &)* '( 1+#" '1+ :0? #&;+- '( -+%(B+- .-(/ '1+ F-+&= $) *&'&

'-&)2.+-C

:1+-+ &-+ & )A/F+- (. H&;2 '( /$)$/$Z+ &) $)'+-,2;2'+/ F-+&=C R)'-(*A%$)< '1+ 62

$)'+-.&%+ F+'H++) '1+ 850 &)* '1+ G6 565f &##(H2 '1+ A2+ (. %(/F$)+* #(%&'$()

&-+& &)* -(A'$)< &-+& A"*&'+2C 8+&2A-+/+)'2 1&B+ 21(H) '1&' '1$2 -+*A%+2 $)'+-,2;2'+/

1&)*(B+- *+#&; F; &""-(I$/&'+#; \ 2+%C :1$2 -+"-+2+)'2 & 2$<)$N%&)' "+-%+)'&<+ (. '1+

(B+-&## $)'+-,2;2'+/ 1&)*(B+- *+#&;C

:1+ '$/+ %()2A/+* F; '1+ cT $) -+&*$)< G6 2;2'+/ $).(-/&'$() &#2( -+"-+2+)'2 &

%()2$*+-&F#+ "&-' (. $)'+-,2;2'+/ 1&)*(B+- *+#&;C :1+ *+#&; %&) F+ /$)$/$Z+* F; F-(&*,

%&2'$)< '1+ -+#+B&)' 2;2'+/ $).(-/&'$() /(-+ (.'+) $) & G6 2;2'+/C J6?? _+#+&2+2 \ &)*

V $)'-(*A%+ $)'+-,2;2'+/ )+'H(-=,&22$2'+* %+## %1&)<+ >f!00@C R) '1$2 %&2+ '1+ cT $2 &F#+

'( &%[A$-+ G6 2;2'+/ $).(-/&'$() H1$#+ %())+%'+* '( '1+ J6 2;2'+/C R)'+-,2;2'+/ f!00

'(<+'1+- H$'1 %(/F$)+* _!cbX!c %&) "A21 &) $)'+-,2;2'+/ %+## %1&)<+ F-+&= '( F+#(H

J 2+%C

J6?? _+#+&2+ V &#2( *+N)+2 & "&%=+',2H$'%1+* $)'+-,2;2'+/ 1&)*(B+- '1&' &##(H2 '1+

%())+%'$() F-+&= '( F+ -+*A%+* '( #+22 '1&) UC\ 2+%4 '1A2 /&=$)< '1+ '-&)2$'$() .-(/

75?! '( +)1&)%+* *&'& -&'+ .(- <#(F&# +B(#A'$() >TY6T@ "-&%'$%&##; 2+&/#+22 .(-

"&%=+' &""#$%&'$()2C

9.3 Application performance over HSPA

:1$2 2+%'$() "-+2+)'2 '1+ "+-.(-/&)%+ (. & .+H &""#$%&'$()2 (B+- 75?! -&*$( )+'H(-=2C

:1+ .(##(H$)< &-+ %()2$*+-+* 1+-+a H+F F-(H2$)<4 :0? "+-.(-/&)%+ $) <+)+-&#4 "A21,'(,

'&#= &)* ]($%+,(B+-,R? >](R?@4 -+&# '$/+ <&/$)<4 /(F$#+ :] 2'-+&/$)< &)* "A21 +,/&$#C

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 205

5 s3G 2GRadio connection

3G 2GTCP connection 3 s

TCP timeout

2 x 3 s = 6 s

Figure 9.18 :0? '$/+(A' *A-$)< $)'+-,2;2'+/ %+## %1&)<+C
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9.3.1 Web browsing

T)* A2+-2 &-+ $)%-+&2$)<#; &%%A2'(/+* '( F-(&*F&)* H+F F-(H2$)< "+-.(-/&)%+

'1-(A<1 NI+* R)'+-)+' %())+%'$()2C R) %(/"&-$2()4 '1+ F-(H2$)< "+-.(-/&)%+ (B+- +&-#;

*+"#(;/+)'2 (. %+##A#&- 2;2'+/2 2A""(-'$)< "&%=+',2H$'%1+* 2+-B$%+2 1&2 2AL+-+* .-(/

#$/$'+* '1-(A<1"A' &)* -&'1+- 2$<)$N%&)' #&'+)%$+2C YA+ '( '1+ $)'+-&%'$B+ )&'A-+ (. H+F

F-(H2$)<4 #&'+)%; "#&;2 & "&-'$%A#&-#; $/"(-'&)' -(#+ $) *+'+-/$)$)< "+-%+$B+* +)* A2+-

"+-.(-/&)%+C :1$2 $2 "&-'$%A#&-#; '-A+ .(- A2+-,'(,)+'H(-= $)'+-.&%+ #$)= 2"++*2 &F(B+ &

.+H 1A)*-+* =$#(F$'2 "+- 2+%()*4 &F(B+ H1$%1 '1+ +L+%'$B+ +)*,'(,+)* '1-(A<1"A' 2++)

F; '1+ +)* A2+- H$## F+ #$/$'+* F; ('1+- )+'H(-= #$)=2 &#()< '1+ "&'1C R) %(/"&-$2()4 '1+

+L+%' (. #$)= _:: $2 %A/A#&'$B+ (B+- &) +)*,'(,+)* "&'1C :1A24 $' $2 %#+&-#; '1+ %&2+ '1&' $'

$2 #$)= _::4 -&'1+- '1&) #$)= 2"++*4 '1&' F+%(/+2 & "+-.(-/&)%+ #$/$'$)< .&%'(-C

:1+ -(#+ (. _:: () "+-%+$B+* #$)= "+-.(-/&)%+ %&) F+ B+-$N+* A2$)< '1+ )+'H(-= 2+'A"

$##A2'-&'+* $) `$<A-+ DCED4 H1+-+ & )+'H(-= +/A#&'(- $2 A2+* '( $)*A%+ +I'-$)2$% *+#&; ()

'1+ +)*,'(,+)* %(//A)$%&'$() #$)=C :1$2 2+'A" %&) F+ A2+* &2 & "#&'.(-/ .(- %&--;$)< (A'

2AF^+%'$B+ *+<-&*&'$() %&'+<(-; -&'$)< '+2'2 &2 *+N)+* $) gGhC :1+2+ '+2'2 &-+ A2+* .(-

^A*<+/+)'2 (. "&$-2 (. #$)=24 H1+-+ ()+ (. '1+ #$)=2 *(+2 )(' F+&- &); +I'-$)2$% *+#&; &)*

'1+ ('1+- 1&2 F++) *+<-&*+* F; $)*A%$)< 2(/+ +I'-$)2$% *+#&;C :1+ #$)=2 &-+ %(/"&-+*

&)* '1+ *+<-&*&'$() (. '1+ /&)$"A#&'+* #$)= $2 -&'+* () & 2%&#+ .-(/ E '( \4 H1+-+ E

%(--+2"()*2 '( B+-; &))(;$)< &)* \ %(--+2"()*2 '( A))('$%+&F#+ *+<-&*&'$()C

`$<A-+ DCGU 21(H2 '1+ -+2A#'2 (F'&$)+* .-(/ & *+<-&*&'$() %&'+<(-; -&'$)< '+2' %&--$+*

(A' (B+- & E,8F"2bJlK,=F"2 #$)=4 +/A#&'$)< '1+ ';"$%&# '1-(A<1"A' '1&' %&) F+ +I"+%'+*

206 75Y?!b75c?! .(- c8:5

ht tp://www .wiley.com

Laptop with 
browser

Network emulator 
(bit rate limiter and 

delay generator)
Public 

Internet
Public server

Figure 9.19 8+&2A-+/+)' 2+'A" .(- 2AF^+%'$B+ H+F F-(H2$)< /+&2A-+/+)'2C

Subjective web browsing quality for 1 Mbps / 384 kbps (DL/UL) 
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Figure 9.20 5AF^+%'$B+ H+F F-(H2$)< [A&#$'; H$'1 E 8F"2 *(H)#$)= &)* JlK =F"2 A"#$)=C

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 222 of 260



.-(/ &) 75?! #$)=C :1+ -+2A#'2 21(H '1&' O H1$#+ '1+-+ $2 &) &#/(2' #$)+&- $/"-(B+/+)'

$) '1+ "+-.(-/&)%+ -&'$)< &2 '1+ #$)= _:: $2 -+*A%+* &)* '1&' &' #+&2' 2(/+ A2+-2 2'$##

)('$%+ &) $/"-(B+/+)' H$'1 _::2 #(H+- '1&) EUU /2 O () &B+-&<+4 A2+-2 &-+ )(' &))(;+*

H$'1 _::2 A" '( EUU /2C R) %()'-&2'4 '1+ *+<-&*&'$() %&A2+* F; _::2 &""-(&%1$)<

JUU /2 '+)*2 '( F+ <-&*+* &2 2#$<1'#; &))(;$)<C ! H+##,+)<$)++-+* 75?! &%%+22 2;2'+/

21(A#* %()'-$FA'+ .+H+- '1&) EUU /2 '( (B+-&## +)*,'(,+)* _::C :1+ +L+%' (. '1$2

%()'-$FA'$() '( +)* A2+- F-(H2$)< "+-.(-/&)%+ "+-%+"'$() %&) F+ +B&#A&'+* .-(/ '1+

"#(' $) `$<A-+ DCGUC

`$<A-+ DCGE 21(H2 '1+ -+2A#'2 (. '1+ 2&/+ '+2' %&--$+* (A' () & EGl,=F"2bVK,=F"2 #$)=4

+/A#&'$)< '1+ ';"$%&# '1-(A<1"A' () &) T6?_5 #$)= (- Q0Y8! $) & H+&= 2$<)&# &-+&C

:1+ -+2A#'2 21(H ()%+ &<&$) &) &#/(2' #$)+&- "+-.(-/&)%+ $/"-(B+/+)' H$'1 &) A"H&-*

(L2+' (. &F(A' UC\OE %(/"&-+* H$'1 '1+ -+2A#'2 $) `$<A-+ DCGUC :1$2 2A<<+2'2 '1&' #(H

_:: $2 /(-+ $/"(-'&)' H$'1 1$<1 #$)= 2"++* '1&) H$'1 #(H 2"++*C Q1+-+&2 H$'1 & EGl,

=F"2bVK,=F"2 #$)= '1+ )('$%+&F#+4 FA' )(' &))(;$)<4 '1-+21(#* H&2 -+&%1+* &' &) _:: (.

&F(A' GKU /2 O '1+ 2&/+ '1-+21(#* .(- & E,8F"2bJlK,=F"2 #$)= -+[A$-+* &""-(I$/&'+#;

1&#. (. '1&' B&#A+C

9.3.2 TCP performance

:0? $2 '1+ '-&)2"(-' "-('(%(# '1&' &%%(A)'2 .(- '1+ B&2' /&^(-$'; (. 2+-B$%+2 (B+- '1+

R)'+-)+'C R' %()'$)A(A2#; %()'-(#2 '1+ '-&)2/$22$() -&'+ H1+) +I%1&)<$)< *&'& F+'H++) &

2+)*+- &)* & -+%+$B+-C :1+ '&-<+' $2 '( .A##; A'$#$Z+ '1+ &B&$#&F#+ F&)*H$*'1 FA' )(' '(

%()<+2' '1+ )+'H(-= H1+) /A#'$"#+ A2+-2 21&-+ '1+ -+2(A-%+2a :0? 21(A#* )(' 2+)* *&'&

.&2'+- '1&) '1+ F&)*H$*'1 (. '1+ )&--(H+2' #$)= $) '1+ '-&)2/$22$() "&'1C :( %("+ H$'1

'1$24 :0? ';"$%&##; <(+2 '1-(A<1 '1+ &*&"'&'$() 2'&'+2 $##A2'-&'+* $) `$<A-+ DCGG &)*

*+2%-$F+* F+#(Ha

. Synchronization O $) '1$2 "1&2+ '1+ 2+)*+- &)* -+%+$B+- )+<('$&'+4 .(- +I&/"#+4 '1+ 2$Z+2

(. '1+ 2+)*+- &)* -+%+$B+- FAL+-2C

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 207

Subjective web browsing quality for 128 kbps / 64 kbps (DL/UL)
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. Slow start O '1+ 2+)*+- <-&*A&##; $)%-+&2+2 '1+ '-&)2/$22$() -&'+ H1+) $' -+%+$B+2

&%=)(H#+*<+/+)'2 .-(/ '1+ -+%+$B+-C

. Steady state O '1+ 2+)*+- '-&)2/$'2 )+H "&%=+'2 &2 2(() &2 $' 1&2 -+%+$B+* &%=)(H#,

+*<+/+)'2 .-(/ '1+ -+%+$B+- '1&' '1+ -+%+$B+- $2 -+&*; '( &%%+"' /(-+ "&%=+'2C

! 21(-' _:: 2"++*2 A" F('1 2;)%1-()$Z&'$() &)* '1+ 2#(H 2'&-' F+%&A2+ (. .&2'+-

$).(-/&'$() +I%1&)<+C :1$2 $/"-(B+2 +)* A2+- +I"+-$+)%+ F+%&A2+ '1+ 21(-'+- '1+

2;)%1-()$Z&'$() &)* 2#(H 2'&-' "1&2+24 '1+ .&2'+- '1+ /&I$/A/ F$' -&'+ (. '1+ %())+%'$()

%&) F+ A2+*C YA-$)< '1+ 2'+&*; 2'&'+ '1+ _:: *(+2 )(' &L+%' "+-.(-/&)%+ &2 #()< &2 '1+

'-&)2/$''+- FAL+- 2$Z+ $2 #&-<+ +)(A<1 '( =++" &## '1+ A)&%=)(H#+*<+* "&%=+'2 e'-&B+##$)<

$) '1+ )+'H(-=S $) $'2 /+/(-;C R' '&=+2 & %(A"#+ (. _::2 F+.(-+ '1+ 2'+&*; 2'&'+ F$' -&'+

>/&I$/A/ F$' -&'+@ $2 -+&%1+*C Q$'1 _::2 ';"$%&##; #+22 '1&) EUU /2 $) NI+* )+'H(-=24

'1+ +)* A2+- *(+2 )('4 $) <+)+-&#4 )('$%+ &); +L+%'2 (. '1+ :0? 2#(H 2'&-'C `(- +I&/"#+4 $.

'1+ _:: $2 &-(A)* EUU /2 O &2 $2 '1+ %&2+ $) 75Y?! O '1+) '1+ 2#(H 2'&-' '&=+2 ()#;

&-(A)* GUU '( \UU /24 &)* '1+-+&.'+- '1+ /&I$/A/ F$' -&'+ $2 A2+*C Y+%-+&2$)< '1+ _::

.A-'1+- .-(/ '1+ 75Y?! #+B+# $2 (FB$(A2#; <((*4 FA' '1+ $/"&%' () +)* A2+- +I"+-$+)%+ $2

#$/$'+* .(- '1+ B&2' /&^(-$'; (. :0?bR? &""#$%&'$()2C 7(H+B+-4 $) G6 %+##A#&- -&*$(

)+'H(-=24 H1+-+ _::2 &-+ &-(A)* GUUOkUU /2 O &)* +B+) #()<+- O +)* A2+- +I"+-$+)%+

/&; F+ &L+%'+* F+%&A2+ '1+) '1+ 2#(H 2'&-' %&) '&=+ & )A/F+- (. 2+%()*2C :1+ 2#(H 2'&-'

"-(%+22 $2 "&-'$%A#&-#; B$2$F#+ '( '1+ +)* A2+- H1+) F-(H2$)< & H+F "&<+ %()2$2'$)< (.

/A#'$"#+ (F^+%'24 +&%1 -+[A$-$)< & 2+"&-&'+ 2#(H 2'&-' $) 7::?ECU >$##A2'-&'+* $) '1+ #(H+-
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gEEhC P&2+* () '1+ .(-/A#& $' $2 A)#$=+#; '1&' & :0? '$/+(A' H(A#* 1&""+) *A-$)<

(-*$)&-; ("+-&'$() (. 75?! F+%&A2+ '1+ _:: B&-$&'$()2 &-+ ';"$%&##; )(' #&-<+4 +B+)

$. '1+ )+'H(-= #(&* B&-$+2C :0? '$/+(A'4 1(H+B+-4 /&; 1&""+) *A-$)< '1+ $)'+-,2;2'+/

%+## %1&)<+ .-(/ 75Y?! '( 6?_5 *A+ '( '1+ #()< F-+&= >2++ '1+ *$2%A22$() $) 5+%'$()

DCGCK@C

9.3.3 Full duplex VoIP and Push-to-Talk

R) %(/"&-$2() H$'1 /&); ('1+- &""#$%&'$()2 -A))$)< (B+- R?4 '1+ '1-(A<1"A' -+[A$-+*

.(- .A## *A"#+I ](R? $2 #(H4 A" '( & .+H '+)2 (. =F"24 FA' '1+ #&'+)%; -+[A$-+/+)'2 &-+4

() '1+ ('1+- 1&)*4 /(-+ *+/&)*$)<C :1A24 ()%+ &<&$)4 '1+ _:: O &)* )(' '1+ #$)=

'1-(A<1"A' O $2 '1+ .&%'(- '1&' #$/$'2 +)* A2+- 2+-B$%+ "+-.(-/&)%+ &)* )+'H(-= %&"&%$';C

:1+ R:c -+%(//+)*&'$() gEh .(- ()+,H&; '-&)2/$22$() '$/+ .(- .A## *A"#+I B($%+

$)*$%&'+2 '1&' A2+-2 &-+ 2&'$2N+* H$'1 & /(A'1,'(,+&- *+#&; (. A" '( &-(A)* GlU /2C
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&)* H1+) '1+ /(A'1,'(,+&- *+#&; &""-(&%1+2 KUU /2 /&); B($%+ A2+-2 &-+ *$22&'$2N+*

H$'1 '1+ $)'+-&%'$B$';C f('+ '1&' '1+ *+#&;2 /+)'$()+* 1+-+ &-+ /(A'1,'(,+&- *+#&;2 &)*4

1+)%+4 $)%#A*+ )(' ()#; '1+ '-&)2/$22$() *+#&;2 FA' &#2( "-(%+22$)< >%(*$)<b*+%(*$)<@

*+#&;2 $) '1+ '-&)2/$''+- &)* $) '1+ -+%+$B+-C :1+ R)'+-)&'$()&# :+#+%(//A)$%&'$()

c)$() >R:c@ -+%(//+)*&'$() gEh &#2( $)%#A*+2 <A$*+#$)+2 .(- %(*$)<b*+%(*$)< *+#&;2C

`(- /(2' %(*+%2 -+#+B&)' '( '1+ /(F$#+ *(/&$) '1+2+ *+#&;2 &-+ .-(/ ^A2' F+#(H \U /2 A"

'( EUU /2C X+&B$)< -((/ .(- '1+2+ "-(%+22$)< *+#&;2 O F('1 &' '1+ '-&)2/$''+- &)* '1+

-+%+$B+- +)* O -+2A#'2 $) +)*,'(,+)* '-&)2/$22$() *+#&; .(- -&*$( #$)=2 &)* & F&%=F()+

'-&)2/$22$() )+'H(-= (. H+## F+#(H GUU /2 $) '('&#C Q1+) H+ %(/"&-+ '1$2 *+#&;

-+[A$-+/+)' H$'1 _::2 (. F+#(H GUU /2 $) Q0Y8! _+#+&2+ DD &)* F+#(H EUU /2

$) 75?!4 $' $2 %#+&- '1&' ](R? H(-=2 H+## $) F('1 '+%1)(#(<$+2C Q$'1 '1+ 21(-'+- _:: $)

75?! -&*$( #$)=24 '1+ *+#&; &##(H+* $) F&%=F()+ '-&)2/$22$() >&)* R)'+-)+'@ $2 #&-<+- $)

75?! '1&) $) Q0Y8! _+#+&2+ DDC 7(H+B+-4 )('+ '1&' H1+) '1+ -&*$( #(&* $)%-+&2+2

$) 75?! '1+ _:: $)%-+&2+2C :1+-+ $2 $) 75?!4 1+)%+4 &) $)1+-+)' [A&#$';b%&"&%$'; '-&*+,

(L H1+) %&--;$)< ](R? >'1$2 1&2 F++) 2'A*$+* F; 2$/A#&'$() $)B+2'$<&'$()2 $) 01&"'+- EU@C

Q$'1 '1+ Y072 $) Q0Y8! _+#+&2+ DD '1+ _:: $24 () '1+ ('1+- 1&)*4 B+-; 2'&F#+ &)*

%#(2+ '( F+$)< $)*+"+)*+)' (. -&*$( $)'+-.&%+ #(&*C

`(- "A21,'(,'&#= &""#$%&'$()2 '1+ /(A'1,'(,+&- *+#&; -+[A$-+/+)'2 &-+ #+22 *+/&)*$)<

'1&) .(- .A## *A"#+I ](R?C m) '1+ ('1+- 1&)*4 '1+2+ &""#$%&'$()2 2+' '$<1' -+[A$-+/+)'2 ()

'1+ 2+'A" '$/+2 .(- -&*$( %())+%'$()C :1$2 $2 F+%&A2+ +&%1 '$/+ '1+ A2+- -+[A+2'2 '( '&#=4

'1+ 2;2'+/ /A2' 2+' A" & -&*$( %())+%'$() &)* '1+ '$/+ .(- *($)< '1$2 *$-+%'#; $/"&%'2 '1+

+)* A2+- +I"+-$+)%+ .(- '1+ "A21,'(,'&#= %())+%'$()C :1+ m"+) 8(F$#+ !##$&)%+ >m8!@

"A21,'(,'&#= -+[A$-+/+)' gDh 2"+%$N%&'$() 1&2 *+N)+* '1-++ [A&#$'; (. +)* A2+- %-$'+-$& .(-

*+#&;2a

. :1+ e-$<1','(,2"+&=S -+2"()2+ '$/+ *A-$)< "A21,'(,'&#= 2+22$() +2'&F#$21/+)' O '1$2 $2

'1+ '$/+ $' '&=+2 .-(/ '1+ $)2'&)' '1&' '1+ A2+- $)$'$&'+2 & "A21,'(,'&#= 2+22$() A)'$# 1+b

21+ -+%+$B+2 .++*F&%= >$) '1+ .(-/ (. & F++" (- 2$/$#&- 2(A)*@ .-(/ '1+ '+-/$)&# '1&'

1+b21+ %&) 2'&-' '&#=$)<C :1+ -$<1','(,2"+&= '$/+ 21(A#* F+ #+22 '1&) ECV '( G 2+%

*+"+)*$)< () '1+ "A21,'(,'&#= A2+ %&2+C

!""#$%&'$() &)* +)*,'(,+)* "+-.(-/&)%+ 209

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 225 of 260



. :1+ e2'&-','(,2"+&=S -+2"()2+ '$/+ &.'+- "A21,'(,'&#= 2+22$() +2'&F#$21/+)' O '1$2 $2 '1+

'$/+ $' '&=+2 .-(/ '1+ $)2'&)' '1&' '1+ A2+- -+[A+2'2 '( 2"+&= *A-$)< &) ()<($)< 2+22$()

'( H1+) '1+ A2+- -+%+$B+2 .++*F&%= .-(/ '1+ '+-/$)&# '1&' 1+b21+ %&) 2'&-' '&#=$)<C

:1+ 2'&-','(,2"+&= '$/+ 21(A#* F+ #+22 '1&) ECV 2C

. eT)*,'(,+)* %1&))+# *+#&;S O '1$2 $2 '1+ '$/+ .-(/ H1+) & A2+-4 H1( 1&2 -+%+$B+* &

-$<1','(,2"+&= $)*$%&'$() .-(/ '1+ '+-/$)&#4 2'&-'2 '&#=$)< A)'$# '1+ -+%+$B$)< A2+-

1+&-2 '1+ 2"++%1C T)*,'(,+)* %1&))+# *+#&; 21(A#* F+ #+22 '1&) ECV 2+%4 FA' .(- '1+

N-2' 2"++%1 FA-2' $) & 2+22$() $' /&; F+ A" '( K 2+%C

:1+ B($%+,'1-(A<1,*+#&; -+[A$-+/+)'2 .(- "A21,'(,'&#= &)* .(- ](R? &-+ $##A2'-&'+*

$) `$<A-+ DCGJC ?A21,'(,'&#= %&) F+ $/"#+/+)'+* () _+#+&2+ DD 6?_5bTY6T4 H1$%1

"-(B$*+ ';"$%&# _::2 (. GUUOkUU /2 H1$#+ .A## *A"#+I ](R? -+[A$-+2 & #(H,#&'+)%; -&*$(

)+'H(-= #$=+ Q0Y8! _+#+&2+ DD (- 75?!C

9.3.4 Real time gaming

:1+-+ &-+ B&-$(A2 %&'+<(-$+2 (. )+'H(-= <&/$)< &""#$%&'$()24 &)* '1+2+ %&'+<(-$+2
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&B+-&<+ F$' -&'+ $2 (.'+) &-(A)* EUOJU =F"24 _:: -+[A$-+/+)'2 &-+ ';"$%&##; $) '1+ -+<$()

(. EG\OG\U /2 O (- +B+) F+#(H O .(- '1+ /(2' *+/&)*$)< <&/+2 gEUhC 7+)%+4 75?! H$##

F+ &F#+ '( 2A""(-' &%'$(),F&2+* <&/$)< H$'1 <((* +)* A2+- "+-.(-/&)%+ &2 #()< &2
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:1+ -+[A$-+* *&'& -&'+ $) &%'$() <&/+2 B&-$+2 -&"$*#;C 75?! 1&2 '1+ &*B&)'&<+ (B+-

_+#+&2+ DD '1&' '1+ *&'& -&'+ %&) F+ $)2'&)'#; &*&"'+*C :1$2 #+&*2 '( +d%$+)' -&*$(

-+2(A-%+ A2&<+C

`(- 2'-&'+<; <&/+24 _:: $2 )(' '1+ /(2' %1&##+)<$)< "-("+-';C 7(H+B+-4 $' $2

$/"(-'&)' '( =++" '1+ -&*$( %())+%'$() 2+'A" '$/+ 21(-' $) (-*+- '( /&I$/$Z+ '1+

$)'+-&%'$B+ <&/$)< +I"+-$+)%+ .(- '1+ +)* A2+-C Q$'1 +d%$+)' A2+ (. -&*$( -+2(A-%+

2'&'+2 >0+##j?074 c_!j?07@ $' 21(A#* F+ 2'-&$<1'.(-H&-* '( "-(B$*+ <((* 2'-&'+<;

<&/$)< +I"+-$+)%+ (B+- F('1 75?! &)* Q0Y8! _+#+&2+ DDC

:A-),F&2+* <&/+24 #$=+ %1+224 -+[A$-+ &#H&;2,() %())+%'$B$'; FA' '1+; %&) 2A2'&$)

-+#&'$B+#; #()<+- *+#&;2 '1&) -+&# '$/+ <&/+2 (- 2'-&'+<; <&/+2C

9.3.5 Mobile-TV streaming

?-(B$*$)< <((*,[A&#$'; 2'-+&/$)< B$*+( '( & /(F$#+ 2%-++) A2$)< '1+ #&'+2' B$*+( %(*+%2

-+[A$-+2 () '1+ (-*+- (. JG '( EGl =F"2 *+"+)*$)< () '1+ %()'+)'C `(- /(2' ';"+2 (.

%()'+)' VK =F"2 $2 +)(A<1 '( ;$+#* <((* [A&#$'; H$'1 '1+ 7CGVK %(*+%C Q0Y8!

)+'H(-=2 %&) "-(B$*+ VKOEGl =F"2 H$'1 & B+-; <((* %(B+-&<+ "-(F&F$#$';C `-(/ '1+

+)* A2+- "($)' (. B$+H )( 2$<)$N%&)' $/"-(B+/+)' $2 +I"+%'+* .-(/ 75Y?! &' N-2'

<#&)%+C 7(H+B+-4 H1&' 75?! F-$)<2 $2 /(-+ %&"&%$';4 H1$%1 $) 'A-) +)&F#+2 /&22,

/&-=+' *+#$B+-; (. 1$<1 F$' -&'+ %#$"2 '( +)* A2+-2C

_&*$( )+'H(-=2 /&; %()'&$) &-+&2 H$'1(A' '1$-*,<+)+-&'$() >J6@ %(B+-&<+ H1+-+

TY6T *&'& -&'+2 (. \UOGUU =F"2 &-+ &B&$#&F#+4 H1$#+ J6 )+'H(-=2 H$'1 75Y?!

%&"&F$#$'; %&) "-(B$*+ *&'& -&'+2 F+;()* E 8F"2C 7+)%+4 '1+ 2'-+&/$)< &""#$%&'$()

/A2' &*&"' '1+ /+*$& -&'+ )(' ()#; '( )+'H(-= #(&* FA' &#2( )+'H(-= '+%1)(#(<;C

!*&"'&'$() (. '1+ 2'-+&/$)< /+*$& -&'+ $2 &#-+&*; "&-'$&##; 2A""(-'+* $) 2(/+
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R) "-&%'$%+4 '1+ /(F$#+ 2'&'$() &)* '1+ 2'-+&/$)< 2+-B+- +I%1&)<+ $).(-/&'$() &F(A' '1+$-
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'1+ "1()+ /(*+#C Q1+) <A&-&)'++* F$' -&'+ [A&#$'; (. 2+-B$%+ 2(#A'$()2 &-+ $) "#&%+ $)

'+-/$)&#2 &)* )+'H(-=2 .(- Q0Y8! &)* 75?! '1+) '1+ &<-++* F$' -&'+ /&; F+ A2+* '(

<A$*+ 2+#+%'$() (. '1+ $)$'$&# /+*$& -&'+C `-(/ '1+ 2'-+&/$)< &""#$%&'$() "($)' (. B$+H4

/+*$& -&'+ 2+#+%'$() F&2+* () <A&-&)'++* F$' -&'+ $2 2A""(-'+* $) J6?? _+#+&2+ V
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-&'+ F&2+* () .++*F&%= $).(-/&'$() .-(/ '1+ '+-/$)&#C 7(H+B+-4 $) J6?? _+#+&2+ V

2'-+&/$)< 2"+%$N%&'$() $/"-(B+* .++*F&%= $).(-/&'$() $2 $)'-(*A%+* H1$%1 H$## 2$/"#$.;

%()'$)A(A2 /+*$& -&'+ &*&"'&'$()C Q$'1 &## '1+ $/"-(B+/+)'2 $) "#&%+4 2'-+&/$)< 21(A#*

H(-= H+## $) TY6T4 Q0Y8! &)* 75?! )+'H(-=2C
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/&; )(' F+ +)(A<1 '( "-(B$*+ "($)','(,"($)' %())+%'$()2 .(- &## A2+-2 '1&' H(A#* #$=+ '(
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2'-+&/$)< 2+-B$%+ %&##+* '1+ e8A#'$/+*$& P-(&*%&2' &)* 8A#'$%&2' 5;2'+/S >8P85@C
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9.3.6 Push e-mail
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&#$B+ /+22&<+2 &-+ %&--$+* () _!07b`!07 %1&))+#2 H1$#+ '1+ /+22&<+ "&-'2 O (. & .+H

=$#(F;'+2 O &-+ %&--$+* () '1+ 75,Y507C

8(F$#+ "(H+- %()2A/"'$() $2 $##A2'-&'+* $) `$<A-+ DCG\C ?(H+- %()2A/"'$() *+"+)*2

() '1+ )A/F+- (. /+22&<+2 -+%+$B+* &)* () '1+ %1&))+# -+#+&2+ '$/+-2 *+N)+* $) '1+ -&*$(

)+'H(-= "&-&/+'+- 2+''$)<2C R. H+ &22A/+ \,2+% Y07 &)* `!07 '$/+-2 &)* GU /+22&<+2

"+- 1(A-4 '1+ /(F$#+ 2'&)*F; '$/+ $2 \J 1 A2$)< & EUUU,/!1 F&''+-;C R. '1+ -+#+&2+ '$/+-2

&-+ G,2+%4 '1+ 2'&)*F; '$/+ $2 (B+- EUU 1 H1$#+ #()<+- EU,2+% -+#+&2+ '$/+-2 *+%-+&2+ '1+

2'&)*F; '$/+ '( F+#(H KU 1C :1+2+ %&#%A#&'$()2 *+/()2'-&'+ '1&' "&-&/+'+-2 $) '1+ "A21

+,/&$# &""#$%&'$() >=++" &#$B+ .-+[A+)%;@ &2 H+## &2 $) '1+ -&*$( )+'H(-= >-+#+&2+ '$/+-2@

)++* '( F+ %&-+.A##; %()2$*+-+* '( /&$)'&$) 2&'$2.&%'(-; 2'&)*F; '$/+2C

R. ?07 2'&'+ $2 )(' A2+* F; '1+ )+'H(-=4 '1+ cT $2 /(B+* .-(/ `!07 '( $*#+ 2'&'+4

&)* '1+ __0 %())+%'$() $2 -+#+&2+*C Q1+) *&'& &--$B+ $) '1+ *(H)#$)= .-(/ '1+ J6

%(-+ )+'H(-=4 '1+ __0 %())+%'$() )++*2 '( F+ +2'&F#$21+*C :1+ __0 %())+%'$() 2+'A"

"-(%+*A-+ %&) $)%-+&2+ '+-/$)&# "(H+- %()2A/"'$() %()2$*+-&F#; &)* *+%-+&2+ 2'&)*F;

'$/+C :1+ A2+ (. ?07 2'&'+ $2 1$<1#; F+)+N%$&# '( &%1$+B$)< #()< 2'&)*F; '$/+2C

9.4 Application performance vs network load

:1+ &$/ (. '1$2 2+%'$() $2 '( $##A2'-&'+ 1(H )+'H(-= #(&* &)* %+## '1-(A<1"A' $/"&%' +)*

A2+- +I"+-$+)%+ $) '1+ %&2+ (. #&"'(",F&2+* R)'+-)+' F-(H2$)<C `(- )(),-+&# '$/+ *&'&

2+-B$%+24 "+-.(-/&)%+ *+<-&*&'$() $2 ';"$%&##; <-&*A&# H$'1 #(&* $)%-+&2+C R) /(2' %&2+2 &

1$<1 )+'H(-= #(&* /+&)2 '1&' '1+ +)* A2+- )++*2 '( H&$' & #$''#+ #()<+- F+%&A2+ (. '1+ #(H

F$' -&'+C :1$2 2+%'$() 21(H2 O F; A2$)< & 2$/"#+ R)'+-)+' F-(H2$)< 2%+)&-$( O '1&' #&-<+

F&)*H$*'1 &)* 1$<1 %+## %&"&%$'; &-+ F+)+N%$&# F; "-(B$*$)< F+''+- '-A)=$)< <&$)2 &)*

#+&*$)< '( .&2'+- *(H)#(&* '$/+2 &)* 1$<1+- )+'H(-= 1&-*H&-+ A'$#$Z&'$()C :1+ 2%+)&-$(

&#2( 21(H2 '1&' '1+ *(H)#(&* '$/+ .(- ()+ R)'+-)+' "&<+ /&; F+ 'H( '( .(A- '$/+2 #()<+-

$) & #(&*+* )+'H(-= '1&) $) & #$<1'#; #(&*+* )+'H(-=C
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`(- "#&$) B($%+ 2+-B$%+2 '1+ )A/F+- (. F#(%=+* %&##2 $2 &) $/"(-'&)' $)*$%&'(- (. 1(H

'1+ +)* A2+- +I"+-$+)%+2 )+'H(-= [A&#$';C :1+ )A/F+- (. F#(%=+* %&##2 /&; F+ %(/"A'+*

&)&#;'$%&##; F; /+&)2 (. '1+ H+##,=)(H) T-#&)< .(-/A#&2C `(- *&'& 2+-B$%+24 H1+-+

F#(%=$)< *(+2 )(' (%%A-4 &) &)&#;'$%&# &""-(&%1 '( [A&)'$.; )+'H(-= [A&#$'; $2 /(-+

%1&##+)<$)<C R)2'+&*4 2$/A#&'$()2 &-+ ';"$%&##; A2+* '( +B&#A&'+ '1+ "+-.(-/&)%+ (.

%+##A#&- *&'& 2+-B$%+2C :( =++" $' 2$/"#+ '1+ 2$/A#&'$() &""-(&%1 '&=+) 1+-+ *(+2 )('

%()2$*+- -&*$( $)'+-.&%+ "-("+-'$+2 $) *+'&$#C R)2'+&*4 '1+ A2+-2 $) ()+ %+## &-+ &22A/+* '(

21&-+ & F$' "$"+ %1&-&%'+-$Z+* F; '1+ .(##(H$)< 'H( "-("+-'$+2a

. :1+ '1-(A<1"A' (. '1+ F$' "$"+ $2 %()2'&)' &)* $)*+"+)*+)' (. '1+ )A/F+- (. A2+-2C

. :1+ '1-(A<1"A' (. '1+ F$' "$"+ $2 21&-+* +[A&##; F+'H++) &## A2+-2C

f('+ '1&' H$'1 '1$2 2$/"#+ /(*+# 2(/+ H+##,=)(H) %+##A#&- +L+%'2 O #$=+ #(H+- F$' -&'+2 &'

'1+ %+## F(-*+- '1&) &' '1+ %+## %+)'-+ O &-+ )(' %()2$*+-+*C 7(H+B+-4 $. H+ '&=+ '1+

&B+-&<+ %+## '1-(A<1"A'2 (. _+#+&2+ DD Y07 &)* 75Y?! .-(/ 01&"'+- k4 '1+) '1$2

2$/"#+ /(*+# &#-+&*; "-(B$*+2 A2 H$'1 <((* $)2$<1'2 $)'( '1+ #(&* B2 "+-.(-/&)%+ '-&*+,

(L .(- Q0Y8!b75?! )+'H(-=2C !%'$B+ F-(H2$)< A2+-2 &-+ &22A/+* '( 1&B+ '1+

.(##(H$)< 2$/"#$N+* A2&<+ "&''+-)a

. T&%1 &%'$B+ A2+- *(H)#(&*2 & JUU,=P,#&-<+ R)'+-)+' "&<+ +B+-; 2+%()* /$)A'+C

. R)'+-)+' F-(H2$)< $2 '1+ ()#; 2+-B$%+ A2+* $) '1+ %+##C

:1+ "&<+ 2$Z+ (. JUU =P $2 %1(2+) '( -+"-+2+)' & /+*$A/,2$Z+* R)'+-)+' "&<+C :1+

*(H)#(&* '$/+ (. '1+ R)'+-)+' "&<+ $2 O $) '1+ 2$/A#&'$()2 O %(/"A'+* F; *$B$*$)<

'1+ "&<+ 2$Z+ F; '1+ $)2'&)'&)+(A2 F$' -&'+ (L+-+* F; '1+ 21&-+* F$' "$"+C :1$2 &""-(&%1

+I%#A*+2 +L+%'2 #$=+ F+&-+- 2+'A" '$/+2 &)* -+)*+-$)< '$/+2 &)* '1+ *(H)#(&* '$/+2 .-(/

'1+ 2$/A#&'$()2 &-+ 1+)%+ '( F+ $)'+-"-+'+* &2 F+2',%&2+ +I&/"#+2C R) &**$'$() '( '1+

&%'$B+ F-(H2$)< A2+-2 %()2$*+-+* $) '1+ 2$/A#&'$()24 '1+-+ /&; F+ & #&-<+ )A/F+- (.

$)&%'$B+ A2+-2 H$'1$) '1+ %(B+-&<+ &-+& (. ()+ %+##C :1+2+ $)&%'$B+ A2+-2 &-+ )(' %()2$*+-+*

$) '1+ 2$/A#&'$()2C

:1+ 2$/A#&'$() -+2A#'2 &-+ 21(H) $) `$<A-+ DCGVC R)'+-)+' "&<+ *(H)#(&* '$/+2 &-+

<$B+) &2 .A)%'$()2 (. '1+ )A/F+- (. &%'$B+ F-(H2$)< A2+-2 $) '1+ %+##4 &)* -+2A#'2 .(- E,4 G,4

&)* K,8F"2,#&-<+ F$' "$"+2 &-+ 21(H)C :1+ &B+-&<+ *(H)#$)= %+## '1-(A<1"A' (. &

_+#+&2+ DD Y07 %+## %&) F+ %#(2+ '( E 8F"24 H1$#+ 75Y?! $/"-(B+2 '1+ %&"&%$'; '(

G 8F"2 H$'1 2$)<#+,&)'+))& '+-/$)&#2 &)* A" '( K 8F"2 H$'1 &*B&)%+* '+-/$)&#2C

`$<A-+ DCGV 21(H2 '1&' %&"&%$'; $2 \U4 E\U4 &)* JVU &%'$B+ F-(H2$)< A2+-2 "+- %&--$+-

H1+)+B+- +)* A2+-2 &-+ 1&""; '( H&$' '1+ &B+-&<+ \ 2+% .(- & JUU,=P R)'+-)+' "&<+C 7(H

/&); F-(H2$)< A2+-2 /&; F+ 2A""(-'+* "+- %&--$+- *+"+)*2 1+&B$#; () '1+ A2&<+ "&''+-)C

Q1+) A2+-2 *(H)#(&* &) R)'+-)+' "&<+ +B+-; /$)A'+ $)2'+&* (. +B+-; 2+%()* /$)A'+4

'1+) '1+ )A/F+- (. 2A""(-'+* A2+-2 $2 \Un #(H+-C 0&#%A#&'$()2 21(H '1&' 75Y?! %&)

2A""(-' & #&-<+ )A/F+- (. F-(H2$)< A2+-2C :1+ )A/F+- (. A2+-2 $2 1$<1+- '1&) $2 '1+ %&2+

H$'1 Q0Y8! B($%+ %&"&%$';4 H1$%1 $2 ';"$%&##; VUOEJU A2+-2 "+- %+## gEGhC

R' %&) &#2( F+ (F2+-B+* .-(/ `$<A-+ DCGV '1&' '1+ %+## %&"&%$'; $) '+-/2 (. '1+ )A/F+- (.

F-(H2$)< A2+-2 '-$"#+2 H1+) '1+ /&I$/A/ '('&# %+## '1-(A<1"A' *(AF#+2 .-(/ E '(

G 8F"2C :1$2 21(H2 '1&' '1+-+ $2 & \Un '-A)=$)< <&$) &B&$#&F#+ H1+) $)%-+&2$)< '1+

%+## '1-(A<1"A' .-(/ E '( G 8F"2C `(- '1+ ("+-&'(- '1$2 /+&)2 '1&' '1-++ '$/+2 &2 /&);
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A2+-2 %&) F+ 2A""(-'+* F; *(AF#$)< '1+ %+## %&"&%$'; H1$#+ /&$)'&$)$)< '1+ 2&/+

*(H)#(&* '$/+2C `-(/ &) +%()(/$%&# "($)' (. B$+H $' $2 1+)%+ $/"(-'&)' '( %()'$)A+

*+B+#("$)< -&*$( '+%1)(#(<$+2 '1&' $)%-+&2+ '1+ '('&# %+## '1-(A<1"A' .(- 1$<1 F$' -&'+ *&'&

2+-B$%+2C

!2 %&) F+ 2++) .-(/ `$<A-+ DCGV '1+ )+'H(-= %&) 2A""(-' /(-+ A2+-2 "+- %+## H1+) '1+

("+-&'(- &##(H2 '1+ '$/+ $' '&=+2 '( *(H)#(&* '1+ R)'+-)+' "&<+ '( F+ $)%-+&2+*C f+I'4 H+

'-; '( N)* &) &""-(I$/&'+ .(-/A#& *+2%-$F$)< '1+ #(&* B2 *(H)#(&* '$/+ '-&*+,(LC X+'S2

&22A/+ '1&' H+ /+&2A-+ '1+ #(&* #+B+# F; %(/"&-$)< '1+ &%'A&# &/(A)' (. *&'&

'-&)2/$''+* *A-$)< '1+ FA2; 1(A- H$'1 '1+ /&I$/A/ &/(A)' (. *&'& '1+ )+'H(-=

H(A#* F+ &F#+ '( '-&)2/$' *A-$)< '1+ FA2; 1(A- $. $' H&2 .A## (. A2+-2 &## '1+ '$/+a

X(&* #+B+# ¼
?-(%+22+* *&'& *A-$)< FA2; 1(A-

8&I$/A/ "(22$F#+ *&'& "-(*A%'$() *A-$)< E 1(A-
ðD:EÞ

`$<A-+ DCGk &<&$) 21(H2 '1+ *(H)#(&* '$/+ .(- '1+ G,8F"2 '1-(A<1"A' %&2+4 FA' )(H &2

& .A)%'$() (. #(&* #+B+# $)'-(*A%+*C R) '1+ N<A-+ '1+ .(##(H$)< $)'A$'$B+ .(-/A#& $2 &#2(

21(H)a

Y(H)#(&* '$/+ ¼
T/"'; )+'H(-= *(H)#(&* '$/+

E X(&* #+B+#
ðD:GÞ

H1+-+ +/"'; )+'H(-= *(H)#(&* '$/+ $2 <$B+) F; '1+ '$/+ $' '&=+2 '( *(H)#(&* JUU =P

A2$)< & G,8F"2 *&'& -&'+ O '1&' $24 ECG 2+%C `-(/ '1+ N<A-+ $' $2 %#+&- '1&' '1+ $)'A$'$B+

.(-/A#& "-+*$%'2 '1+ '$/+ '( *(H)#(&* '1+ JUU,=P QQQ "&<+ H+##C R. $' $2 &22A/+* '1&'

'1+ #(&* #+B+# $2 &-(A)* \Un '( k\n4 '1+) *(H)#(&* '$/+2 *A-$)< '1+ FA2; 1(A- &-+

&-(A)* 'H( '( .(A- '$/+2 #&-<+- '1&) '1+ *(H)#(&* '$/+ $) &) +/"'; )+'H(-=C

!22A/+ )(H4 N)&##;4 '1&' H+ B$+H & 75?! %+## &2 &) +)'$'; '1&' /&I$/&##; %&) '-&)2/$'

X /+<&F;'+2 '( '1+ A2+-2 $) '1+ %+## *A-$)< '1+ FA2; 1(A-C `-(/ '1+ R)'+-)+' "&<+

+I&/"#+4 H+ )(H =)(H '1&' O H1+) H+ #(&* '1+ %+## 2( '1&' $' "-(*A%+2 U:k\ X

/+<&F;'+2 *A-$)< '1+ FA2; 1(A- O '1+ +)* A2+-2 )++* '( H&$' 2(/+ .(A- '$/+2 #()<+-

.(- '1+ "&<+ *A-$)< '1+ FA2; 1(A- '1&) *A-$)< 1(A-2 H$'1 B+-; #(H )+'H(-= #(&*C Q$'1
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'1$2 &""-(&%1 &)* F; =)(H$)< '1+ )A/F+- (. /+<&F;'+2 '1&' +&%1 *&'& A2+- %()2A/+2 ()

&B+-&<+ "+- /()'14 $' $2 2'-&$<1'.(-H&-* '( (F'&$) & N-2' A)*+-2'&)*$)< .(- 1(H /&);

*&'& A2+-2 & 75Y?! %+## %&) 2A""(-' H1$#+ 2'$## /&$)'&$)$)< &*+[A&'+ 2+-B$%+ #+B+#2C :1$2

%&#%A#&'$() /+'1(* $2 *+/()2'-&'+* $) 5+%'$() kC\C
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gGh R:c,: _+%(//+)*&'$() ?ClUU >EDDV@4 8+'1(*2 .(- 2AF^+%'$B+ *+'+-/$)&'$() (. '-&)2/$2,

2$() [A&#$';C

gJh J6?? :+%1)$%&# 5"+%$N%&'$()4 :5 GKCUUl4 8(F$#+ _&*$( R)'+-.&%+ X&;+- J 5"+%$N%&'$()4
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"&%=+' 2H$'%1+* 2+-B$%+24 IEE International Conference on 3G and Beyond (3G 2005),

London, November.

gDh m8! >m"+) 8(F$#+ !##$&)%+@4 ?A21 '( :&#= (B+- 0+##A#&- _+[A$-+/+)'24 ]+-2$() ECU4

GD 8&-%1 GUU\C

gEUh `(-A/ f(=$&4 8A#'$"#&;+- 6&/+ ?+-.(-/&)%+ (B+- 0+##A#&- f+'H(-=24 ]+-2$() ECU4
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."<#',<#"51 >"( (855#5@ !")* "'%( $%--8-,( 5%<B"(31 ,(% 6#1$811%6/ )* ;%,6%( $".A(%1&

1#"5 #1 #5<("68$%6/ ,56 1?1<%. $,A,$#<? (%18-<1 ,(% A(%1%5<%6E O;% (,6#" A%(>"(.,5$% ">

!")* "5 P%-%,1% QQ 6%6#$,<%6 $;,55%-1 ;,1 A(%'#"81-? =%%5 1<86#%6 9HRJSHTJ:E

10.1 VoIP motivation

L#($8#<&1B#<$;%6 '"#$% ;,1 =%%5 <;% .,#5 1"8($% "> (%'%58% >"( $%--8-,( "A%(,<"(1 ,56 1<#--

$"51<#<8<%1 >UVW "> <;%#( (%'%58%E G" >,(/ $%--8-,( 5%<B"(31 ;,'% 5"< =%%5 ,=-% <"

18AA"(< @""6&N8,-#<? '"#$% "'%( A,$3%<&1B#<$;%6 $;,55%-1/ =8< B#<; KLM2FX+G*F

(,6#" A%(>"(.,5$% B#-- =% @""6 %5"8@; >"( !")*E !")* $,5 =% #.A-%.%5<%6 %#<;%( <"

18AA"(< (#$; $,-- 1%('#$%1 "( Y81< =%$,81% #< B#-- A("'#6% <;% 1,.% A-,#5 ',5#--, '"#$% 1%('#$%

=8< B#<; -"B%( $"1< <;,5 <(,6#<#"5,- $#($8#<&1B#<$;%6 '"#$%E O;#1 1%$<#"5 =(#%Z? #5<("68$%1

<;% 6#[%(%5< 6(#'%(1 5%$%11,(? <" (85 !")* "'%( KLM2FX+G*F ,56 B% 6#[%(%5<#,<%

=%<B%%5 <;% >"--"B#5@ <;(%% $,1%1\
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IE L"518.%(&(#$; $,--1/ #5 B;#$; '"#$% #1 "5% $".A"5%5< "> , .8-<#.%6#, 1%11#"5

$"5<,#5#5@/ >"( %D,.A-%/ '#6%" "( A%%(&<"&A%%( @,.#5@E

RE L"(A"(,<%&(#$; $,--1/ #5 B;#$; <;% $"(A"(,<#"5a1 "B5 A(#',<% .8-<#1%('#$% 6,<,

5%<B"(3 #1 %DA,56%6 <" $"'%( B#(%-%11 ,$$%11 5%<B"(31 ,1 B%--E

bE *-,#5 ',5#--, '"#$%E

O;% $8((%5< ,6',5$%6 1%$"56&@%5%(,<#"5 9Rc: %5;,5$%6 6,<, (,<% >"( @-"=,- %'"-8<#"5

90Mc0: ,56 <;#(6&@%5%(,<#"5 9bc: KLM2F 5%<B"(31 ,--"B 1#.8-<,5%"81 $#($8#<&

1B#<$;%6 '"#$% ,56 A,$3%<&1B#<$;%6 6,<, $"55%$<#"5E O;#1 $"5C@8(,<#"5 #1 B%-- 18#<%6

>"( $"5<%5<&<"&A%(1"5 1%('#$%1/ -#3% KF* =("B1#5@ ,56 %&.,#- 6"B5-",6/ B;%(% <;%

6%1<#5,<#"5 "> <;% '"#$% $,-- ,56 <;% A,$3%<&1B#<$;%6 $"55%$<#"5 ,(% 6#[%(%5<E )< #1 ,-1"

A"11#=-% <" (85 A%(1"5&<"&A%(1"5 A,$3%< 1%('#$%1/ -#3% (%,- <#.% '#6%" 1;,(#5@/ <"@%<;%(

B#<; $#($8#<&1B#<$;%6 '"#$% $,--1E !")*/ ;"B%'%(/ $"8-6 .,3% <;% #.A-%.%5<,<#"5 "> (#$;

$,-- 1%('#$%1 1#.A-%( 1#5$% ="<; '"#$% ,56 <;% 6,<, 1%('#$% B"8-6 =% $,((#%6 '#, A,$3%<&

1B#<$;%6 5%<B"(31 <" <;% 1,.% 6%1<#5,<#"5E O;#1 ,1A%$< #1 $"51#6%(%6 <" =% #.A"(<,5</

%1A%$#,--? #5 $,1%1 B;%(% <;% "<;%( %56 "> <;% (#$; $,-- $"55%$<#"5 #1 5"< , ."=#-% <%(.#5,-

=8< ,5 FMG`XK#d#&$"55%$<%6 $".A8<%( B#<; , 1#.#-,( !")* $-#%5<E

F !")* 1$%5,(#" B#<; (#$; $,-- 1%('#$%1 #1 #--81<(,<%6 #5 d#@8(% IVEIE

e81#5%11 81%(1 $,5 ,$$%11 <;%#( $"(A"(,<% #5<(,5%< 81#5@ '#(<8,- A(#',<% 5%<B"(31

9!*f1:E )5<(,5%< 1%('#$%1/ #5$-86#5@ 5%<.%%<#5@/ .,? ,-1" $,((? '"#$%E )5 "(6%( <" 81%

<;"1% !")*&=,1%6 #5<(,5%< 1%('#$%1 "8<1#6% <;% "g$%/ <;% B#6% ,(%, ."=#-% 1"-8<#"5 .81<

=% ,=-% <" 18AA"(< !")*E )5 <;#1 $,1% $%--8-,( !")* #1 (%N8#(%6 <" %D<%56 $"(A"(,<%

1%('#$%1 <" B#6% ,(%, $"'%(,@%E

*-,#5 ',5#--, .,11&.,(3%< !")* A8<1 , -"< "> A(%118(% "5 (,6#" %g$#%5$? 1#5$% #< $,5 =%

Y81<#C%6 "5-? #> #< #1 ."(% %g$#%5< <;,5 <;% $#($8#<&1B#<$;%6 ,-<%(5,<#'%E !")* $,5 ,-1" =%
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Y81<#C%6 >"( A-,#5 '"#$% 1%('#$%1 #> $#($8#<&1B#<$;%6 '"#$% #1 5"< 18AA"(<%6E F 58.=%( ">

"<;%( A,$3%<&=,1%6 (,6#" 1?1<%.1/ #5$-86#5@ K`Ff "( K#.,D/ ,(% 5"< ,=-% <" $,((?

$#($8#<&1B#<$;%6 '"#$%E )> <;% '"#$% 1%('#$% #1 (%N8#(%6 "'%( <;"1% (,6#" 1?1<%.1/ !")* #1

<;% "5-? "A<#"5 S %'%5 >"( , 1#.A-% '"#$% 1%('#$%E

10.2 IP header compression

O;% 1#i% "> , >8-- )*'] ;%,6%( <"@%<;%( B#<; , P%,- O#.% *("<"$"-Xh1%( M,<,@(,.

*("<"$"- 9PO*XhM*: ;%,6%( #1 ]V =?<%1/ B;#-% <;% 1#i% "> , <?A#$,- '"#$% A,$3%< #1

bV =?<%1E K#<;"8< ;%,6%( $".A(%11#"5 <B"&<;#(61 "> <;% <(,51.#11#"5 B"8-6 =% Y81<

;%,6%(1E )* ;%,6%( $".A(%11#"5 $,5 =% ,AA-#%6 <" $"51#6%(,=-? #.A("'% <;% %g$#%5$?

"> !")* <(,g$ #5 +G*FE K% ,118.% 81,@% "> ("=81< ;%,6%( $".A(%11#"5 9Pj+L:/

B;#$; #1 ,=-% <" A81; <;% 1#i% "> <;% ;%,6%(1 6"B5 <" , >%B =?<%1 HUJE Pj+L #5 <;% O;#(6

c%5%(,<#"5 *,(<5%(1;#A *("Y%$< 9bc**: #1 A,(< "> P%-%,1% TE d#@8(% IVER #--81<(,<%1 <;%

(%N8#(%6 6,<, (,<% B#<; >8-- ;%,6%(1 ,56 B#<; $".A(%11%6 ;%,6%(1E O;% (%N8#(%6 6,<, (,<%

#1 (%68$%6 >(". $-"1% <" TV 3=A1 6"B5 <" =%-"B I] 3=A1E

+%,6%( $".A(%11#"5 B#<; +G*F #1 6"5% "5 <;% `,?%( R *,$3%< M,<, L"5'%(@%5$%

*("<"$"- 9*ML*: #5 <;% 81%( %N8#A.%5< 9h0: ,56 #5 <;% (,6#" 5%<B"(3 $"5<("--%( 9PfL:k

<;%(%>"(%/ #< 1,'%1 5"< "5-? ,#( #5<%(>,$% $,A,$#<? =8< ,-1" )8= <(,51.#11#"5 $,A,$#<?E O;%

;%,6%( $".A(%11#"5 -"$,<#"5 #1 #--81<(,<%6 #5 d#@8(% IVEbE

10.3 VoIP over HSPA

+#@;&1A%%6 6"B5-#53X8A-#53 A,$3%< ,$$%11 9+GM*FX+Gh*F: B,1 "(#@#5,--? 6%1#@5%6

>"( ;#@; =#< (,<% 5"5&(%,- <#.% 1%('#$%1 B;#-% !")* #1 , -"B =#< (,<% 1%('#$% B#<; 1<(#$< "(

!"#$%&"'%(&)* 219
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<"8@; (%N8#(%.%5<1E O;% 1#.8-,<#"5 (%18-<1 #5 <;#1 1%$<#"5 1;"B/ ;"B%'%(/ <;,< bc**

+G*F $,5 1<#-- A("'#6% ,5 ,<<(,$<#'% A%(>"(.,5$% >"( !")*E

10.3.1 HSDPA VoIP

10.3.1.1 Packet scheduling and delay budget

+GM*F !")* 1#.8-,<#"51 ,118.% A("A"(<#"5,- >,#( A,$3%< 1$;%68-#5@ 9>"( 6%<,#-1 1%%

L;,A<%( ]:E L"6%&.8-<#A-%D#5@ "> 81%(1 9Musers: #1 ,118.%6E O;% 1$;%68-%( 1%-%$<1 <;"1%

Musers B#<; ;#@;%1< A(#"(#<? >(". <;% 1$;%68-#5@ $,56#6,<% 1%< >"( <(,51.#11#"5 #5 <;% 5%D<

R&.1 <(,51.#11#"5 <#.% #5<%(',- 9OO):E O;% 1$;%68-#5@ $,56#6,<% 1%< #5$-86%1 81%(1 <;,<

>8-C-- <;% >"--"B#5@ $(#<%(#, H]J\

IE h1%(1 <;,< ;,'% ,< -%,1< Mpkts "> !")* A,$3%<1 =8[%(%6 #5 <;% f"6% eE O;% ',-8% >"(

Mpkts 6%A%561 "5 <;% .,D#.8. ,--"B%6 !")* 6%-,? ,56 B,1 =%<B%%5 b ,56 T #5 <;%

>"--"B#5@ 1#.8-,<#"51E

RE h1%(1 B;"1% ;%,6&">&-#5% A,$3%< 6%-,? #1 %N8,- <" "( -,(@%( <;,5 ðMpkts IÞ  RV .1E

bE h1%(1 B#<; A%56#5@ (%<(,51.#11#"51 #5 <;%#( ;?=(#6 ,8<".,<#$ (%A%,< (%N8%1< 9+FPl:

.,5,@%(E

h1#5@ <;%1% $(#<%(#,/ B% <(? <" ,'"#6 1$;%68-#5@ 81%(1 B#<; -"B ,."85<1 "> =8[%(%6 6,<,

#5 <;% f"6% e/ B;#$; .#@;< $,81% , -"11 "> 1?1<%. $,A,$#<?E f"<% <;,< , 1#5@-% !")*

A,$3%< B#<; Pj+L #1 <?A#$,--? "5-? bm =?<%1 "( bVT =#<1 B;#-% <;% +GM*F <(,51A"(<

=-"$3 1#i% B#<;/ 1,?/ <;(%% ;#@;&1A%%6 6"B5-#53 1;,(%6 $;,55%- 9+G&MGL+: $"6%1 $,5 =%

$-%,(-? =%?"56 InVV =#<1E O;%(%>"(%/ , 1#5@-% <(,51A"(< =-"$3 $,5 $,((? .8-<#A-% !")*

A,$3%<1E

F$$"(6#5@ <" <;% )5<%(5,<#"5,- O%-%$"..85#$,<#"5 h5#"5 9)Oh: ."6%- HUJ/ "5%&B,?

."8<;&<"&%,( 6%-,? 1;"8-6 =% -%11 <;,5 RnV .1 <" ,$;#%'% , @""6 <" ,$$%A<,=-% '"#$%

N8,-#<? (,<#5@E K% %1<#.,<% <;,< <;% ,',#-,=-% !")* A,$3%< 6%-,? =86@%< >"( f"6% e

1$;%68-#5@/ ,#(S#5<%(>,$% <(,51.#11#"5/ ,56 h0 (%$%A<#"5 ("8@;-? %N8,-1 mVSInV .1/

6%A%56#5@ "5 B;%<;%( <;% !")* $,-- #1 =%<B%%5 <B" ."=#-%1 "( =%<B%%5 , -,56&-#5%

,56 , ."=#-% 81%(E
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10.3.1.2 Channelization codes and power allocation

O;% 1#.8-,<#"51 ,118.% , bc** P%-%,1% n 1"-8<#"5 B;%(% ,5 ,11"$#,<%6 6%6#$,<%6

A;?1#$,- $;,55%- 9M*L+: #1 81%6 <" $,((? 1#@5,--#5@E O;% 1A(%,6#5@ >,$<"( 9Gd: >"(

<;% ,11"$#,<%6 M*L+ #1 ,118.%6 <" =% GdnIRE O;% ,11"$#,<%6 M*L+ $,5 =% #5 1"><

;,56"'%( ."6%E F118.#5@ ,5 ,'%(,@% 1">< ;,56"'%( "'%(;%,6 "> bVW/ %,$; 81%(

"$$8A#%1 "5 ,'%(,@% IEb M*L+ $;,55%-#i,<#"5 $"6%1E d8(<;%(."(%/ <;% $;,55%-#i,<#"5

$"6%1 >"( <(,51.#11#"5 "> $".."5 $;,55%-1 ,(% (%1%('%6E F118.#5@ $"6%&.8-<#A-%D#5@ ">

Musers A%( OO)/ Musers ;#@;&1A%%6 1;,(%6 $"5<("- $;,55%- 9+G&GLL+: $;,55%-#i,<#"5

$"6%1 B#<; GdIRm 1;"8-6 ,-1" =% ,--"$,<%6E O;% (%.,#5#5@ $;,55%-#i,<#"5 $"6%1 $,5 =%

81%6 >"( ;#@;&1A%%6 A;?1#$,- 6"B5-#53 1;,(%6 $;,55%- 9+G&*MGL+: <(,51.#11#"5 B#<;

GdI]E d#@8(% IVET 1;"B1 <;% 58.=%( "> ,',#-,=-% +G&*MGL+ $"6%1 A%( $%-- ,1 , >85$<#"5

"> 58.=%( "> 81%(1/ ,118.#5@ Musers ¼ T >"( $,1%1 B#<; ."(% <;,5 ]V !")* 81%(1 A%( $%--E

d"( -%11 <;,5 ]V !")* 81%(1/ #< #1 ,118.%6 <;,< "5% +G&GLL+ $"6% #1 ,--"$,<%6 A%( @("8A

"> In !")* 81%(1E O;% 58.=%( "> ,',#-,=-% +G&*MGL+ $"6%1 6%$(%,1%1 ,1 , >85$<#"5 ">

<;% 58.=%( "> 81%(1 68% <" <;% $;,55%-#i,<#"5 $"6% "'%(;%,6 >(". ;,'#5@ ,5 ,11"$#,<%6

M*L+ >"( %,$; 81%(E F1 ,5 %D,.A-%/ >"( , bVW 1">< ;,56"'%( "'%(;%,6/ ,5 ,11"$#,<%6

6%6#$,<%6 $;,55%- 9ML+: Gd "> nIR ,56 IVV 81%(1/ <;%(% ,(% IV +G&*MGL+ $"6%1

,',#-,=-% "8< "> , <"<,- "> In >"( !")* <(,51.#11#"5 <" 81%(1E

bc** P%-%,1% ] ,--"B1 81,@% "> , >(,$<#"5,- M*L+ 9d&M*L+: B;%(% .8-<#A-% 81%(1 S

8A <" <%5 S $,5 1;,(% ,5 ,11"$#,<%6 M*L+ ,--"B#5@ ."(% $"6%1 <" =% ,--"$,<%6 >"( <;%

+G&MGL+E d#@8(% IVET ,-1" 1;"B1 <;% ,',#-,=-% +G&*MGL+ $"6%1 81#5@ , >(,$<#"5,-

M*L+E O;"1% 81%(1 B#<; , M*L+ #5 1">< ;,56"'%( 1<#-- (%N8#(% , 6%6#$,<%6 M*L+ >"(

<;% "<;%( =(,5$;E K#<; IVV 81%(1 B% $,5 1<#-- ,--"$,<% IT +G&*MGL+ $"6%1 >"( 6,<,

!"#$%&"'%(&)* 221
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<(,51.#11#"5/ , $-%,( #.A("'%.%5< "'%( "5-? IV $"6%1 B#<; , bc** P%-%,1% n ,11"$#,<%6

ML+E K;%5 ."(% +G&*MGL+ $"6%1 ,(% ,',#-,=-%/ 1<("5@%( $;,55%- $"6#5@ ,56 ."(%

("=81< ."68-,<#"5 $,5 =% ,AA-#%6/ <;81 #.A("'#5@ 1A%$<(,- %g$#%5$?E

)5 <%(.1 "> A"B%( ,--"$,<#"51 <;% 1#.8-,<#"51 ,118.% <;,< $".."5 $;,55%-1 <,3% b K/

,11"$#,<%6 ML+1 I K/ <;% +G&GLL+1 R K ,56 <;% +G&MGL+ IV K/ -%,6#5@ <"

,5 ,'%(,@% f"6% e A"B%( "> I] K/ B;#$; -%,'%1 1".% ("". >"( Z8$<8,<#"51 #5 ,11"$#,<%6

ML+ A"B%( -%'%-1E

10.3.1.3 Capacity results

O;% 6"B5-#53 5%<B"(3 1#.8-,<"( 6%1$(#=%6 #5 H]J ;,1 =%%5 81%6 <" #5'%1<#@,<% <;%

A%(>"(.,5$% "> !")* "5 +GM*FE 0,$; 5%B-? ,((#'%6 !")* A,$3%< #5 <;% f"6% e #1

,11"$#,<%6 B#<; , 6#1$,(6 <#.%(E K;%5%'%( , =8[%(%6 A,$3%< ;,1 =%%5 <(,51.#<<%6/ #< #1

."'%6 <" <;% +FPl .,5,@%( ,56 #<1 6#1$,(6 <#.%( #1 6%&,$<#',<%6E +%5$%/ B;%5%'%( ,

A,$3%< ;,1 =%%5 <(,51.#<<%6/ #< $,5 =% 6("AA%6 "5-? #> #< ;,1 5"< =%%5 18$$%11>8--?

(%$%#'%6 ,><%( <;% .,D#.8. 58.=%( "> ,--"B%6 <(,51.#11#"51E d"( ."(% 6%<,#-1 ">

<;% 1#.8-,<"(/ 1%% H]JE

d#@8(% IVEn 1;"B1 <;% .,$("&$%-- 1#.8-,<#"5 (%18-<1 B#<; 6#[%(%5< 6%-,? ',-8%1 >"(

<(,51.#11#"5 >(". <;% PfL <" <;% h0a1 A-,?&"8< =8[%(E O;% .,D#.8. $,A,$#<? B#<;

mV&.1/ IVV&.1/ ,56 InV&.1 .,D#.8. 6%-,?1 #1 Ub/ mU/ ,56 IVn 81%(1 B#<; nW $%-- "8<,@%E

O;%(% #1 $-%,(-? , <(,6%&"[ =%<B%%5 6%-,? ,56 $,A,$#<? B#<; !")*\ #> ."(% 6%-,? $,5 =%

<"-%(,<%6/ '"#$% $,A,$#<? #5$(%,1%1E

O;%1% !")* $,A,$#<? C@8(%1 $,5 =% $".A,(%6 B#<; <;% %1<#.,<%6 P%-%,1% QQ '"#$%

$,A,$#<? "> ]T 81%(1 HmJE +GM*F $,5 #.A("'% '"#$% $,A,$#<? ,1 , (%18-< "> ,6',5$%6 `I
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>%,<8(%1 S #5$-86#5@ >,1< +FPl (%<(,51.#11#"51/ -#53 ,6,A<,<#"5/ ,56 <8(="&$"6#5@ S

$".A,(%6 B#<; <;% P%-%,1% QQ ML+ <;,< 81%1 $"5'"-8<#"5,- $;,55%- $"6#5@ B#<;"8< ,5?

-#53 ,6,A<,<#"5 "( +FPlE

10.3.2 HSUPA VoIP

10.3.2.1 Algorithms

!")* "'%( +Gh*F $,5 =% #.A-%.%5<%6 #5 1%'%(,- 6#[%(%5< B,?1E O;% +Gh*F 1A%$#C$,&

<#"5 6%C5%1 <B" OO) -%5@<;1 >"( <;% %5;,5$%6 8A-#53 6%6#$,<%6 $;,55%- 90&ML+:\ IV .1

,56 R .1E F IV&.1 OO) #1 .,56,<"(? >"( ,-- h01 ,56 18AA"(< "> , R&.1 OO) 6%A%561 "5

<;% h0 $,A,=#-#<?E d8(<;%(."(%/ <B" 6#[%(%5< 1$;%68-#5@ ."6%1 ,(% 6%C5%6 >"( +Gh*F\

f"6% e 1$;%68-#5@ ."6% B#<; `I .%6#8. ,$$%11 $"5<("- 92FL: 1#@5,--#5@ #5 <;% 8A-#53

,56 6"B5-#53/ ,56 PfL $"5<("--%6 5"5&1$;%68-%6 ."6%E

d"( , IV&.1 OO)/ >"8( +FPl A("$%11%1 ,(% 1A%$#C%6/ B;#$; #.A-#%1 , ("856 <(#A <#.%

"> TV&.1 >"( >,1< +FPlE O;81/ "5-? "5% (%<(,51.#11#"5 #1 A"11#=-% #5 "(6%( <" 3%%A

<(,51.#11#"5 6%-,? =%-"B mV .1E d#@8(% IVE] #--81<(,<%1 <;% <(,51.#11#"5 "> !")* A,$3%<1

"'%( <;% 0&ML+E F 5%B !")* A,$3%< #1 (%$%#'%6 >(". <;% 1A%%$; $"6%$ %'%(? RV .1E

O;81/ %'%(? 1%$"56 OO) #1 "$$8A#%6 =? , 5%B !")* <(,51.#11#"5E )> (%<(,51.#11#"5 #1

5%%6%6/ <;%5 <(,51.#11#"5 "> <;% 5%D< !")* A,$3%< #1 6%-,?%6 =? IV .1 ,56 B"(1<&$,1%

<(,51.#11#"5 6%-,? #5$(%,1%1 <" ]V .1E

d"( , R&.1 OO)/ %#@;< +FPl A("$%11%1 ,(% 1A%$#C%6 ,56 <;% +FPl ("856 <(#A <#.%

#1 I] .1E O;% mV&.1 <(,51.#11#"5 6%-,? -#.#< ,--"B1 81#5@ 8A <" >"8( (%<(,51.#11#"51E

d#@8(% IVEU #--81<(,<%1 !")* <(,51.#11#"5 B#<; , .,D#.8. "> <;(%% (%<(,51.#11#"51

(%18-<#5@ #5 , B"(1<&$,1% 6%-,? "> nV .1E d"( , R&.1 OO)/ #< #1 A"11#=-% <" -#.#< <;%

!"#$%&"'%(&)* 223
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58.=%( "> +FPl A("$%11%1 81%6 =? "5% !")* 81%(E O;#1 $,5 =% 81%6 >"( <#.%&

.8-<#A-%D#5@ "> 6#[%(%5< 81%(1 #5<" 1%A,(,<% +FPl A("$%11%1E +"B%'%(/ #> <;(%% (%<(,51&

.#11#"51 A%( A,$3%< ,56 5" %D<(, 6%-,? 68% <" +FPl A("$%11 ,--"$,<#"5 ,(% ,--"B%6/

<;%5 >"8( +FPl A("$%11%1 "8< "> %#@;< 5%%6 <" =% ,--"$,<%6 >"( %,$; 81%(E

O;% ,6',5<,@% "> , IV&.1 OO) #1 <;,< ,-- h01 18AA"(< #</ #< (%N8#(%1 -"B%( A%,3 (,<%1

,56 A%(>"(.1 =%<<%( ,< <;% $%-- %6@% ,56 #5 1">< ;,56"'%( <;,5 #1 <;% $,1% >"( , R&.1 OO)E

K#<; , R&.1 OO)/ ;#@;%( $%-- $,A,$#<? #1 ,$;#%'%6 1#5$% ."(% +FPl (%<(,51.#11#"51 $,5

=% ,--"B%6E F-1"/ <#.%&.8-<#A-%D#5@ "> 6#[%(%5< 81%(1 #1 A"11#=-%E

f"5&1$;%68-%6 <(,51.#11#"5 "> <;% 0&ML+ #1 1A%$#C%6 >"( @8,(,5<%%6 =#< (,<% 1%('#$%1

,56 #1 <;%(%>"(% 18#<,=-% >"( !")*E O;% .,D#.8. 58.=%( "> =#<1 A%( 2FL&% A,?-",6

6,<, 85#< 9*Mh: A%( 2FL&6 Z"B #1 $"5C@8(%6 =? <;% 1%('#5@ PfL 9GPfL: <;("8@;

(,6#" (%1"8($% $"5<("- 9PPL: 1#@5,--#5@E O;% ,--"B%6 =#< (,<% 1;"8-6 <,3% #5<" ,$$"85<

1A%%$; $"6%$ (,<%/ ;%,6%( $".A(%11#"5 %g$#%5$? ,56 ',(#,<#"51/ ,56 <;% %D#1<%5$% ">

P%,- O#.% L"5<("- *("<"$"- 9POL*: A,$3%<1E O;% 5"5&1$;%68-%6 6,<, (,<% $,5 =%

$;,5@%6 '#, PPL 1#@5,--#5@E

f"6% e 1$;%68-#5@ B#<; 8A-#53 (,<% (%N8%1<1 ,56 6"B5-#53 (,<% @(,5<1 #1 ,-1" A"11#=-%

>"( !")*E O;% f"6% e $,5 1%56 ,5 ,=1"-8<% @(,5< <" <;% h0 ,56 ,$<#',<% "5-? 1".%

+FPl A("$%11%1 9>"( , R&.1 OO):E O;#1 %5,=-%1 <#.%&.8-<#A-%D#5@ "> 81%(1E O;% ,6',5&

<,@% "> 1$;%68-%6 <(,51.#11#"5 #1 <;,< <;% h0 $,5 (%N8%1< , ;#@;%( @(,5< #> 5%%6%6 S >"(

#51<,5$%/ 68% <" POL* A,$3%<1E O;% 1$;%68-%6 @(,5< #1/ ;"B%'%(/ , A"B%( ,--"$,<#"5 <;,<

6"%1 5"< @8,(,5<%% , .#5#.8. =#< (,<% ,56 #5 1">< ;,56"'%( "<;%( 5"5&1%('#5@ f"6% e1

$,5 -"B%( <;% 1%('#5@ @(,5< "> <;% h0E O;%(%>"(%/ PfL $"5<("--%6 5"5&1$;%68-%6

<(,51.#11#"5 #1 ."(% ,<<(,$<#'% >"( <;% !")* 1%('#$%E

10.3.2.2 Capacity results

+Gh*F #1 %DA%$<%6 <" A("'#6% 1".% $,A,$#<? @,#5 "'%( <;% ML+ >"( , ',(#%<? "> 1%('#$%1

,1 , (%18-< "> >,1< `I +FPl ,56 >,1<%( 1$;%68-#5@ <;,5 #5 P%-%,1% QQE j5 <;% "<;%( ;,56/

<;% "'%(;%,6 >(". <;% %5;,5$%6 6%6#$,<%6 A;?1#$,- $"5<("- $;,55%- 90&M*LL+: o%,<1a

A,(< "> <;% $,A,$#<? @,#5/ %1A%$#,--? >"( -"B 6,<, (,<% 1%('#$%1 -#3% !")*E O;#1 1%$<#"5

A("'#6%1 %D,.A-% +Gh*F !")* $,A,$#<? (%18-<1 =,1%6 "5 -#53 -%'%- 1#.8-,<#"51 ,56

1?1<%. -%'%- -",6 %N8,<#"51E

`#53 -%'%- <;("8@;A8< >"( ="<; , IV&.1 ,56 , R&.1 OO) ,(% 1;"B5 #5 d#@8(% IVEmE

d"( <;% IV&.1 OO)/ <;% A%,3 6,<, (,<% #1 bR 3=A1 ,56 >"( <;% R&.1 OO) #< #1 I]V 3=A1E

e"<; $8('%1 ,118.% , .,D#.8. "> >"8( <(,51.#11#"51E M8% <" 6%-,? -#.#<,<#"51 ,56

$;,55%- 81,@%/ "5-? <B" <(,51.#11#"51 ,(% ,--"B%6 >"( !")* B#<; <;% IV&.1 OO)/ B;#$;

#.A-#%1 , .,D#.8. =-"$3 %(("( (,<% "> nVSUVW >"( <;% C(1< <(,51.#11#"5 ,56 1#5@-%&-#53

<;("8@;A8< "> ,AA("D#.,<%-? ]VW "> <;% .,D#.8. ',-8%E d"( <;% R&.1 OO)/ ."(%

<(,51.#11#"51 $,5 =% ,--"B%6 ,56 $,A,$#<? #1 $,-$8-,<%6 >"( nVW ,56 bbW 1#5@-%&81%(

<;("8@;A8</ B;#$; $"((%1A"56 <" ,5 ,'%(,@% "> <B" ,56 <;(%% <(,51.#11#"51 A%( !")*

A,$3%</ (%1A%$<#'%-?E

hA-#53 $,A,$#<? $,5 =% %1<#.,<%6 =? 81#5@ <;% >"--"B#5@ -",6 >"(.8-,\

NRdB ¼  IV -"@ IV

!

I
W=R

N v  ðI þ iÞ

"

ðIV:IÞ
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B;%(% #1 <;% Eb=NV <,(@%</ W #1 <;% $;#A (,<%/ R #1 <;% %5;,5$%6 6%6#$,<%6 A;?1#$,- 6,<,

$;,55%- 90&M*ML+: =#< (,<%/ N #1 <;% 58.=%( "> 81%(1/ v #1 <;% %N8#',-%5< ,$<#'#<? >,$<"(/

i #1 <;% "<;%(&$%--&<"&"B5&$%--&#5<%(>%(%5$% (,<#"/ ,56 NRdB #1 <;% 5"#1% (#1% #5 6%$#=%-1E

K;%5 <;% 8A-#53 -",6 >"(.8-, #1 81%6/ <;% "'%(;%,6 >(". <;% M*LL+/ 0&M*LL+/

+G&M*LL+ ,56 (%<(,51.#11#"51 "5 <;% 0&M*ML+ ,(% #5$-86%6 #5 <;% %N8#',-%5<

,$<#'#<? >,$<"( vE

hA-#53 $,A,$#<? $,-$8-,<#"51 ,118.% i ¼ V:]n ,56 '"#$% ,$<#'#<? "> nVWE O;% $;,55%-

N8,-#<? #56#$,<#"5 9Ll): >"( <;% 6"B5-#53 #1 ,118.%6 <" =% 1%5< "5 <;% +G&M*LL+ "5$%

%'%(? IV .1E O;% 0&M*LL+ #1 "5-? <(,51.#<<%6 B#<; 0&M*ML+E O;% M*LL+ #1 1%5<

$"5<#58"81-? ,1 #< $,((#%1 .,56,<"(? A#-"< =#<1 ,56 A"B%( $"5<("- =#<1E

hA-#53 5"#1% (#1% #1 1;"B5 #5 d#@8(% IVEQ ,1 , >85$<#"5 "> <;% 58.=%( "> !")* 81%(1E

d"( ="<; OO) -%5@<;1 <B" $8('%1 ,(% 1;"B5E O;% $8('%1 $-%,(-? 1;"B <;% A"B%( ">

+FPl\ <;% 58.=%( "> !")* 81%(1 $,5 =% #5$(%,1%6 =? ,--"B#5@ ."(% (%<(,51.#11#"51 S

<;,< #1/ =? <(,51.#<<#5@ #5#<#,--? ,< , -"B%( A"B%( -%'%-E d"( , IV&.1 OO)/ <;% (%1<(#$<#"5 ">

"5-? <B" <(,51.#11#"51 A%( !")* A,$3%< ;,1 <;% %[%$< "> -#.#<#5@ $,A,$#<?E +#@;%(

$,A,$#<? #1 ,$;#%',=-% B#<; , R&.1 OO) 1#5$% ."(% (%<(,51.#11#"51 $,5 =% ,--"B%6E

O;% (%18-<1 ,(% 1;"B5 >"( nVW 1#5@-%&81%( <;("8@;A8< 9"5 ,'%(,@%/ <B" <(,51.#11#"51

A%( !")* A,$3%<: ,56 >"( bbW <;("8@;A8< 9"5 ,'%(,@%/ <;(%% <(,51.#11#"51 A%( !")*

A,$3%<:E

M8% <" >,1<%( f"6% e 1$;%68-#5@ ,56 +FPl/ ;#@;%( 5"#1% (#1% $,5 =% <"-%(,<%6 B#<;

+Gh*F <;,5 B#<; P%-%,1% QQE K% ,118.% , .,D#.8. ]&6e 5"#1% (#1% B#<; +Gh*FE

L"5<#58"81 M*LL+ <(,51.#11#"5 $,81%1 , N8#<% 1#@5#C$,5< "'%(;%,6 >"( !")* <(,g$

B;%(% , 5%B A,$3%< ,((#'%1 %'%(? RV .1/ ,-<;"8@; <(,51.#11#"5 $,5 =% ,1 >,1< ,1 <;,< #5 ,

R&.1 OO)E O;% M*LL+ $,((#%1 A#-"< =#<1 >"( $;,55%- %1<#.,<#"5 ,56 A"B%( $"5<("- =#<1

!"#$%&"'%(&)* 225
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>"( 6"B5-#53 A"B%( $"5<("-E K;%5 5" 6,<, ,(% <(,51.#<<%6 =%<B%%5 !")* A,$3%<1/ 5"

$;,55%- %1<#.,<#"5 #1 5%%6%6 %#<;%(E *"11#=#-#<#%1 >"( @,<#5@ M*LL+ <(,51.#11#"5 B;%5

<;%(% #1 5" "<;%( 8A-#53 <(,51.#11#"5 ,(% =%#5@ 1<86#%6 #5 bc** >"( P%-%,1% UE O;% <,(@%<

#1 <" (%68$% #5<%(>%(%5$% ,56 #.A("'% $,A,$#<?E +Gh*F 8A-#53 $,A,$#<? #1 ,66(%11%6 #5

bc** HQJE

O;% 1A%$<(,- %g$#%5$? @,#5 >(". +Gh*F $,5 =% ,$;#%'%6 B#<; 1%'%(,- (%<(,51.#1&

1#"51E 0,$; (%<(,51.#11#"5 5%%61 <" =% 6%$"6%6 =? <;% f"6% e (%$%#'%(/ ,56 <;% f"6% e

=,1%=,56 5%%61 <" =% 6#.%51#"5%6 B#<; <B#$% <" <;(%% <#.%1 ,1 .8$; A("$%11#5@ A"B%(

<;,5 #1 <;% $,1% B;%(% <;% 58.=%( "> (%<(,51.#11#"51 #1 3%A< 1.,--E

10.3.3 Capacity summary

+GM*F ,56 +Gh*F !")* 1#.8-,<#"5 (%18-<1 ,(% 18..,(#i%6 #5 d#@8(% IVEIVE +GM*F

(%18-<1 ,(% =,1%6 "5 bc** P%-%,1% n B#<; ,5 ,11"$#,<%6 ML+/ 1#5@-%&,5<%55, P,3%

(%$%#'%(/ ,56 , .,D#.8. mV&.1 <(,51.#11#"5 6%-,?E +Gh*F (%18-<1 ,(% =,1%6 "5 bc**

P%-%,1% ] B#<; , .,D#.8. ]V&.1 <(,51.#11#"5 6%-,?E F$;#%'%6 $,A,$#<? #5 <;% 6"B5-#53

,56 8A-#53 #1 1#.#-,( <" KLM2F $#($8#<&1B#<$;%6 '"#$% $,A,$#<?E
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<%(.#5,- (%$%#'%(1 <;,< ,(% A,(< "> bc** P%-%,1% ]E +Gh*F $,A,$#<? $,5 =% #5$(%,1%6

B#<; bc** P%-%,1% U =,1%6 @,<#5@E K;%5 ,-- <;%1% %5;,5$%.%5<1 ,(% #5$-86%6/ !")*

$,A,$#<? #1 %DA%$<%6 <" %D$%%6 IRV 81%(1 B#<; ,5 ,6,A<#'% .8-<#&(,<% 9F2P: IRER&3=A1
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11

!" #$%&'#$($)*+ ,- .)
/012 *$#(').3

/.##' /,3(.4 5&++' 6&((')$)4 7.#8&+ 1$**$#++,)4 .)9 2)**' :,+8.3.

:;'+ <;.=*$# =#$+$)*+ *;$ =#')<'=.3 =.#*+ ,- . :;'#9 >$)$#.*',) 1.#*)$#+;'= 1#,?$<*

@A>11B *$#(').3C+ #.9', -#$%&$)<D @!"B =$#-,#(.)<$ #$%&'#$($)*+ E'*; .) $(=;.+'+ ,)

*;$ )$E .+=$<*+ ')*#,9&<$9 &+')F ;'F;G+=$$9 9,E)3')8H&=3')8 =.<8$* .<<$++ @/0I12H

/0J12BK 0$<*',) LLKL =#$+$)*+ *;$ *#.)+('**$# #$%&'#$($)*+ .)9 0$<*',) LLKM *;$

#$<$'N$# #$%&'#$($)*+K :;$ 9'O$#$)* -#$%&$)<D P.)9+ .#$ ')*#,9&<$9 ') 0$<*',) LLKAK

",# 9$*.'3$9 #$%&'#$($)*+4 *;$ #$.9$# '+ #$-$##$9 *, QLRK

11.1 Transmitter requirements

11.1.1 Output power

S,(($#<'.3 E'9$P.)9 <,9$ 9'N'+',) (&3*'=3$ .<<$++ @TSI72B .)9 /0I12 *$#(').3+

.#$ 1,E$# S3.++ A E'*; MU 9V( (.W'(&( ,&*=&* =,E$# ,# 1,E$# S3.++ U E'*; ML 9V(

=,E$#K 1,E$# S3.++ U ;.+ . *,3$#.)<$ ,- þLH A 9V X *;.* '+4 *$#(').3 ,&*=&* =,E$# (&+*

P$ ') *;$ #.)F$ ,- MLXMY 9V(K :,3$#.)<$ ') 1,E$# S3.++ A '+ þMH M 9VK Z- *$#(').3 ,&*=&*

=,E$# '+ MM 9V(4 *;$ *$#(').3 <,&39 P$ <3.++'[$9 $'*;$# .+ . S3.++ A ,# . S3.++ U *$#(').3

9&$ *, *;$ ,N$#3.= ') <3.++ 9$[)'*',)K :;$ =,E$# <3.++$+ .#$ +&((.#'\$9 ') :.P3$ LLKLK

/'F;$# *$#(').3 ,&*=&* =,E$# <.) '(=#,N$ &=3')8 9.*. #.*$+ ') *;$ E$.8 <,N$#.F$ .#$.K

/0I12 ')*#,9&<$+ . )$E &=3')8 <;.))$3 -,# ]L -$$9P.<8 <.33$9 *;$ ^;'F;G+=$$9

9$9'<.*$9 =;D+'<.3 <,)*#,3 <;.))$3C @/0GI1SS/BK :;$ *#.)+('++',) ,- /0GI1SS/

Table 11.1 J_ =,E$# <3.++$+K

Power Class 3 Power Class 4

7.W'(&( =,E$# þMU 9V( þML 9V(

:,3$#.)<$ þLH A 9V þMH M 9V

 Edited by Harri Holma
and Antti Toskala  © 2006 John Wiley & Sons, Ltd. ISBN: 0-470-01884-4
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*.8$+ =3.<$ ') =.#.33$3 E'*; *;$ ),#(.3 I1SS/ <#$.*')F . (&3*'<,9$ *#.)+('++',)K

7&3*'<,9$ *#.)+('++',) +$*+ ;'F;$# 3')$.#'*D #$%&'#$($)*+ -,# *;$ &+$# $%&'=($)*

@J_B *#.)+('**$#C+ !" =.#*+ +')<$ *;$ =$.8G*,G.N$#.F$ #.*', ')<#$.+$+K A>11 +=$<'[<.G

*',)+ .33,E *;$ J_ *, 3,E$# '*+ (.W'(&( ,&*=&* =,E$# -,# *;,+$ *'($ +3,*+ E;$) *;$

/0GI1SS/ '+ *#.)+('**$9K :;$ .33,E$9 =,E$# #$9&<*',) 9$=$)9+ ,) *;$ #$3.*'N$

.(=3'*&9$ ,- *;$ &=3')8 I1IS/ d .)9 I1SS/ cK Z- *;$ #$3.*'N$ =,E$# ,- *;$

I1SS/ '+ 3,E <,(=.#$9 E'*; *;$ I1IS/4 ), =,E$# #$9&<*',) '+ .33,E$9K Z- *;$

&=3')8 9.*. #.*$ '+ .==#,W'(.*$3D La 8P=+ ,# ;'F;$#4 ), =,E$# #$9&<*',) '+ #$%&'#$9K

2 =,E$# #$9&<*',) ,- L 9V <.) P$ &+$9 -,# 3,E$# 9.*. #.*$+K :;$ (.W'(&( MG9V =,E$#

#$9&<*',) '+ ,)3D #$3$N.)* E;$) *;$ &=3')8 <,))$<*',) ;.+ ), 9.*. *#.)+('++',)+K J_

,&*=&* =,E$# 3'('*+ &+')F *;$ /0GI1SS/ .#$ +&((.#'\$9 ') :.P3$ LLKMK 1,E$#

#$9&<*',) '+ ),* $W=$<*$9 *, ;.N$ .)D $O$<* ,) 3')8 P&9F$* 9'($)+',)')F +')<$ *;$

)$*E,#8+ .#$ *D='<.33D 9'($)+',)$9 *, =#,N'9$ .* 3$.+* aU 8P=+ ') *;$ &=3')8 &+')F

I1IS/K

",# !$3$.+$ a *;$ +,3&*',) 9$N'+$9 *, .##'N$ .* . 9$[)'*',) ,- =,E$# #$9&<*',) ;.+ P$$)

+3'F;*3D (,9'[$9 *, $(P#.<$ . +'(=3$ 9$[)'*',) -,# .33 <,(P').*',)+4 ')<3&9')F &+$ ,-

P,*; /0J12 .)9 /0I12K :;$ *$#( ^<&P'< ($*#'<C @S7B '+ ')*#,9&<$9 .+ . ($*#'< -,#

.33,E$9 =,E$# #$9&<*',)K :;$ +=$<'[<.*',)+ .33,E #$9&<*',) ,- *;$ (.W'(&( ,&*=&*

=,E$# E;$) *;$ S7 '+ ')<#$.+$9 9&$ *, *;$ &+$ ,- =.#.33$3 <,9$ <;.))$3+ ,N$# *;$

#$-$#$)<$ S7 N.3&$ ,- L @S7 ¼ L -,# c= d ¼ LM=LY4 hs= c ¼ MU=LYBK :;&+4 (.W'(&(

=,E$# #$9&<*',) '+ <.3<&3.*$9 .F.')+* *;$ S7 N.3&$ ,- L4 .)9 *;$ (.W'(&( S7 N.3&$ '+

AKY4 $%&.3 *, *;$ (.W'(&( .33,E$9 MG9V =,E$# #$9&<*',)K

:;$ S7 '+ 9$[)$9 ') QLR E'*; &=E.#9+ #,&)9')F E'*; `KY +*$=+ .+c

S7 ¼ S_Z]

!
M` 3,F L`ððv

V

normAÞ#(+Þ  M` 3,F L`ððv
V

norm
V

refÞ#(+Þ

k
; `:Y

"

T;$#$ k '+ LKdY '- <;.))$3'\.*',) <,9$+ .#$ *.8$) ,)3D -#,( *;$ 3,E$# ;.3- ,- *;$ <,9$ *#$$4

,*;$#E'+$ LKYa4 .)9 E'*; v
V

norm #$=#$+$)*')F *;$ ),#(.3'\$9 N,3*.F$ E.N$-,#( ,- *;$

')=&* +'F).3 .)9 v
V

norm
V

ref P$')F *;$ ),#(.3'\$9 N,3*.F$ E.N$-,#( ,- *;$ #$-$#$)<$

+'F).3 @LMKMG8P=+ 27! +=$$<;BK :;'+ .==#,.<; .3+, #$=3.<$+ *;$ !$3$.+$ Y 9$[)'*',)+ -,#

/0I12G,)3D 9$N'<$+ E'*;,&* !$3$.+$ a /0J12 +&==,#*K

Z) .99'*',) *, (.W'(&( ,&*=&* =,E$#4 (')'(&( ,&*=&* =,E$# '+ .3+, 9$[)$9K :;$

*$#(').3 (&+* P$ .P3$ *, F, 9,E) .* 3$.+* *, Y` 9V( *, $)+&#$ =#,*$<*',) ,- P.+$

+*.*',)+ E;$) *;$ *$#(').3 '+ N$#D <3,+$ *, *;$ P.+$ +*.*',) .)*$)). X -,# $W.(=3$4 ')

')9,,# <$33+K

230 /0I12H/0J12 -,# J7:0

Table 11.2 !$3$.+$ Y J_ ,&*=&* =,E$# E'*; /0GI1SS/K

Amplitude radio Corresponding typical Maximum allowed

DPCCH/DPDCH bit rate output power reduction

@8P=+B @9VB

L=LY <  c= d < LM=LYe >dXLa f

LA=LY:Y <  c= d < LY=d dXLa L

LY=g <  c= d < LY=` ` @'K$K4 ), 9.*. *#.)+('++',)B M
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11.1.2 Adjacent channel leakage ratio

:;$ .9?.<$)* <;.))$3 3$.8.F$ #.*', @2S]!B 9$+<#'P$+ *;$ .(,&)* ,- =,E$# .33,E$9 *,

3$.8 ')*, )$'F;P,&#')F <.##'$#+K :;$ #$%&'#$($)*+ .#$ )$'*;$# /0I12G ,# /0J12G

+=$<'[< +')<$ ,&*=&* =,E$# #$9&<*',) E'*; /0I12 .)9 /0I12 <,)*#,3 <;.))$3+ '+

9$[)$9 *, .33,E *;$ +.($ =,E$# .(=3'[$# *, P$ &+$9 -,# /012 .+ -,# TSI72 E;'3$

+*'33 -&3[33')F *;$ +.($ 2S]! #$%&'#$($)*+K Z- *;$#$ E$#$ ), #$9&<*',) ') =,E$# .33,E$9

E;$) *;$ =$.8G*,G.N$#.F$ #.*', ')<#$.+$+4 *;$#$ E,&39 P$ 9'h<&3*'$+ *, (.')*.') 2S]!

=$#-,#(.)<$ E'*;,&* ,N$#G9'($)+',)')F *;$ .(=3'[$#K

:;$ =&#=,+$ ,- *;$ 2S]! *$+* <.+$ '+ *, $)+&#$ =#,*$<*',) ,- P.+$ +*.*',) #$<$=*',)

=$#-,#(.)<$K :;'+ '+ #$3$N.)* -,# P.+$ +*.*',)+ *;.* .#$ <3,+$ *, *;$ *$#(').3 E;'3$ *;$

*$#(').3 '+ *#.)+('**')F *, . 9'+*.)* P.+$ +*.*',) E'*; ;'F; *#.)+('++',) =,E$#K :;'+ '+

$+=$<'.33D '(=,#*.)* -,# ')*$#-$#$)<$ <.+$+ P$*E$$) ,=$#.*,#+ .+ *$#(').3+ ,PN',&+3D

<.)),* <,))$<* *, *;$ <3,+$+* P.+$ +*.*',) '- *;.* P$3,)F+ *, . 9'O$#$)* ,=$#.*,#K

:;'+ <.+$ '+ '33&+*#.*$9 ') "'F&#$ LLKL -,# *;$ [#+* .)9 +$<,)9 .9?.<$)* <.##'$#K 2S]!

N.3&$+ 9, ),* #$=#$+$)* *;$ =,E$# 3$N$3 .* . +')F3$ -#$%&$)<D =,')*4 P&* *;$D .#$ ')*$F#.*$9

,N$# *;$ AKdUG7/\ P.)9E'9*; E'*; *;$ .<*&.3 #$<$'N$# [3*$# (,9$33$9 ') *;$ ($.+&#$G

($)*K 7$.+&#$($)* '+ 9,)$ .* -&33 =,E$#4 P&* '* '+ .3+, N.3'9 -,# 3,E$# =,E$# 3$N$3+ &)*'3 '*

F$*+ <3,+$# *, *;$ (')'(&( =,E$# 3$N$3K 2* *;'+ =,')* *;$ ),'+$ i,,# E'33 +*.#* *, +;.=$ *;$

2S]!K

23+,4 <$#*.') *#.)+('**$# $('++',) #$%&'#$($)*+ .#$ 9$[)$9 E;$#$ *;$ ')9'N'9&.3

=,')*+ ') *;$ <&#N$ ') "'F&#$ LLKL )$$9 *, P$ P$3,E <$#*.') =,E$# 3$N$3+K :;'+ '+

)$$9$9 -,# #$F&3.*,#D =&#=,+$+4 .)9 ') +,($ <,&)*#'$+ *;$#$ .#$ +=$<'[< #$%&'#$($)*+

-,# $('++',) (.+8 9$*.'3+ @$KFK4 "SS #$%&'#$($)*+ ') *;$ J02BK

11.1.3 Transmit modulation

:#.)+('* (,9&3.*',) #$%&'#$($)*+ 9, ),* ;.N$ +=$<'[< /0I12G#$3.*$9 .99'*',)+4 P&*

E'*; /0J12 *;$#$ .#$ ),E +'('3.# '++&$+ *, *;,+$ ,- P.+$ +*.*',) $##,# N$<*,# (.F)'*&9$

@_j7B4 E;'<; 9$+<#'P$+ ;,E (&<; . =.#*'<&3.# P.+$ +*.*',) *#.)+('**$# <;.') 3$.8+

!" #$%&'#$($)*+ ,- .) /012 *$#(').3 231

TX power

S.##'$#

-#$%&$)<D

YG7/\

,O+$*

L`G7/\

,O+$*

:k =,E$#

Figure 11.1 29?.<$)* <;.))$3 3$.8.F$ #.*', E'*; *$#(').3 *#.)+('++',)K
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=,E$# P$*E$$) 9,E)3')8 <;.))$3'\.*',) <,9$+K :;'+ ;.+ P$$) (.9$ *'F;*$# -,# P.+$

+*.*',)+ &+')F /0I12 9&$ *, *;$ ')*#,9&<*',) ,- LaG%&.9#.*&#$ .(=3'*&9$ (,9&3.*',)

@Lal27BK

6, )$E (,9&3.*',) E.+ ')*#,9&<$9 ') *;$ &=3')8 9'#$<*',) E'*; /0J124 +, 9&.3G

<;.))$3 %&.9#.*&#$ =;.+$ +;'-* 8$D')F @l10mB -#,( !$3$.+$ nn '+ +*'33 P$')F &+$9K _j7

E'*; (&3*'<,9$ *#.)+('++',) 9$+<#'P$+ ;,E (&<; =,E$# '+ 3$.8')F -#,( ,)$ <,9$ *, *;$

,*;$# 9&$ *, *;$ =;.+$ ').<<&#.<D ,- *;$ *#.)+('**$#4 $N$) '- ') .) '9$.3 <;.))$3 *;$ <,9$

<;.))$3+ #$(.') ,#*;,F,).3K "'F&#$ LLKM +;,E+ *;$ $W.(=3$ <.+$ E;$) *E, <,9$+ .#$

P$')F &+$9 E'*; *;$ (.W'(&( 9.*. #.*$ E'*; . +')F3$ $);.)<$9 9$9'<.*$9 =;D+'<.3 9.*.

<;.))$3 @_GI1IS/BK :;$ <;.))$3+ .#$ ') *;$,#D *,*.33D ,#*;,F,).3 .+ *;$D .#$ ,)

9'O$#$)* P#.)<;$+ @')G=;.+$ .)9 %&.9#.*&#$B ,- *;$ 9&.3G<;.))$3 l10m +'F).3K 6,*$

*;.* *;$ =,E$# 3$N$3 P$*E$$) *;$ 9$9'<.*$9 =;D+'<.3 <,)*#,3 <;.))$3 @I1SS/B .)9 *;$ _G

I1IS/ '+ ),* *, +<.3$ ') "'F&#$ LLKM X *;$ I1SS/ =,E$# 3$N$3 E'*; . +=#$.9')F -.<*,#

@0"B ,- MYa '+ (&<; P$3,E *;$ =,E$# 3$N$3 ,- 0"U ,# 0"M ,- *;$ _GI1IS/K :;$ +(.33$#

0" (.8$+ ')*$#-$#$)<$ P$*E$$) =.#.33$3 _GI1IS/+ (,#$ <#'*'<.34 .+ =#,<$++')F F.') '+

+(.33 .)9 9,$+ ),* ;$3= ') +&==#$++')F ')*$#-$#$)<$K _W'+*')F _j7 #$%&'#$($)*+ .#$ N.3'9

.3+, -,# /0J12 *#.)+('++',) .)9 *;$#$ '+ E,#8 ,)F,')F ') A>11 *, +$* *;$ (')'(&(

=$#-,#(.)<$ #$%&'#$($)*+ .3+, -,# <,9$ 9,(.') =,E$# +*.P'3'*D4 E;'<; E,&39 F&.#.)*$$

*;.* *;$ J_ *#.)+('*+ .33 *;$ <;.))$3+ E'*; <,##$<* E$'F;*')FK

1;.+$ 9'+<,)*')&'*D '+ '(=,#*.)* $N$) ') *;$ <.+$ ,- . +')F3$G<,9$ <;.))$3 @I1IS/

,# _GI1IS/B4 .+ (,9&3.*',) <.##'$+ *;$ ')-,#(.*',) ') *;$ =;.+$ ,- *;$ +'F).3K :;&+4

$W<$++'N$ =;.+$ 9'+<,)*')&'*D E'33 .3+, 9$F#.9$ +D+*$( =$#-,#(.)<$ E'*; 9.*. ,) . +')F3$

<,9$K :;$#$-,#$4 A>11 !$3$.+$ Y +=$<'[<.*',)+ <,)*.') . *$+* <.+$ -,# =;.+$ 9'+<,)*')&'*D

E'*; +')F3$ I1IS/ <,9$ .+ E$33K

11.2 Receiver requirements

11.2.1 Sensitivity

!$<$'N$# +$)+'*'N'*D '+ *$+*')F *$#(').3 #$<$'N$# =$#-,#(.)<$ .* 3,E +'F).3 =,E$# 3$N$3+

@.)9 ') *;$ =#$+$)+$ ,- *;$#(.3 ),'+$B4 (,9$33')F *;$ <.+$ .* *;$ $9F$ ,- *;$ +D+*$(

232 /0I12H/0J12 -,# J7:0

From upconversion
and I&Q combining

PA

Uplink TX waveform

Q

I

To receiver

Duplexer

Figure 11.2 1,E$# 3$.8.F$ P$*E$$) <,9$+ 9&$ *, $##,# N$<*,# (.F)'*&9$K
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<,N$#.F$K "'F&#$ LLKA +;,E+ *;$ *$+* +$**')F-,# +$)+'*'N'*D ($.+&#$($)*K :;$ #$%&'#$9

+'F).3 =,E$# 3$N$3 P$-,#$ 9$G+=#$.9')F '+ LLg 9V(K 0$)+'*'N'*D '+ 9$[)$9 -,# LMKMG8P=+

N,'<$ E'*; . =#,<$++')F F.') ,- MY 9V4 *;&+ P#')F')F *;$ +'F).3 *, nM 9V( .-*$# 9$G

+=#$.9')FK 2++&(')F .) Eb=N` #$%&'#$($)* ,- g 9V -,# . P3,<8 $##,# #.*$ @V]_!B ,- Lo4

*;$ ),'+$ 3$N$3 ;.+ *, P$ nn 9V(K 0')<$ *;$ *;$#(.3 ),'+$ 3$N$3 E'*; AKdU 7P=+ '+

L`d 9V(4 *;$ #$%&'#$9 *$#(').3 ),'+$ [F&#$ ;.+ *, P$ P$3,E n 9VK :;$ #$%&'#$9

+$)+'*'N'*D ,- LLg 9V( .==3'$+ -,# V.)9 ZK ",# ,*;$# P.)9+ *;$ +$)+'*'N'*D N.#'$+

P$*E$$) LLU .)9 LLg 9V(4 <,##$+=,)9')F *, ),'+$ [F&#$+ -#,( n *, LM 9VK V.)9G

+=$<'[< +$)+'*'N'*D #$%&'#$($)*+ .#$ 9$[)$9 +')<$ *;$ +'\$ ,- *;$ P.)9 .)9 *;$ 9&=3$W

9'+*.)<$ P$*E$$) *;$ &=3')8 .)9 9,E)3')8 '+ 9'O$#$)* ') *;$ P.)9+K :;$ 9'O$#$)* P.)9+

.#$ ')*#,9&<$9 ') 0$<*',) LLKLLKAK

:;$ +$)+'*'N'*D *$+* '+ 9,)$ E'*; *;$ *$#(').3 *#.)+('**$# .* -&33 =,E$# @ML 9V( ,#

MU 9V(B4 .+ E,&39 (,+* 3'8$3D P$ *;$ <.+$ .* *;$ $9F$ ,- <$33 <,N$#.F$K :;'+ .33,E+ *.8')F

')*, .<<,&)* 3$.8.F$ ,- *#.)+('**$# =,E$# *, *;$ #$<$'N$# P.)9K :;$ +$)+'*'N'*D *$+* '+

9$[)$9 ,)3D -,# *;$ LMKMG8P=+ N,'<$ #$-$#$)<$ *$+* <;.))$3e *;$#$ .#$ ), /0I12G+=$<'[<

,# /0J12G+=$<'[< *$+*+ #$3.*$9 *, #$<$'N$# +$)+'*'N'*DK

:, .<;'$N$ *;$ #$%&'#$9 =$#-,#(.)<$ ') *;$ *$+* <.+$4 %&'*$ . 3.#F$ .**$)&.*',) '+

)$$9$9 P$*E$$) *;$ *#.)+('**$# .)9 #$<$'N$#K :;$ +'F).3 +$)* *, *;$ 9&=3$W [3*$# ') *;$

*$#(').3 '+ .* $N$) . ;'F;$# =,E$# *;.) *;$ .<*&.3 ,&*=&* =,E$#4 9&$ *, .**$)&.*',) ') *;$

9&=3$W [3*$# '*+$3-K 0$=.#.*',) P$*E$$) *#.)+('**$# .)9 #$<$'N$# )$$9+ *, P$ .<;'$N$9 E'*;

P,*; 9&=3$W [3*$# +$=.#.*',) .N.'3.P3$ .)9 P.)9 =.++ [3*$#+ ') *;$ *#.)+('**$# <;.')4 .+

')9'<.*$9 ') *;$ $W.(=3$ *#.)+('**$# <;.') ') "'F&#$ LLKU @12 9$),*$+ ^=,E$# .(=3'[$#C

.)9 2>S 9$),*$+ ^.&*,(.*'< F.') <,)*#,3CBK 6,*$ *;$ $W.(=3$ *#.)+('**$# +;,E) ')

"'F&#$ LLKU '+ ,)3D ,)$ ,- (.)D =,++'P3$ +,3&*',)+4 *;'+ ,)$ &+')F ')*$#($9'.*$ -#$%&$)<D

') *;$ *#.)+('**$# +$<*',)K

11.2.2 Adjacent channel selectivity

:;$ #$%&'#$($)* ,- .9?.<$)* <;.))$3 +$3$<*'N'*D @2S0B ') A>11 !$3$.+$ nn '+ N.3'9 -,#

/0I12 .)9 /0J12 .+ E$33K 2S0 9$+<#'P$+ ;,E (&<; ;'F;$# *;$ =,E$# 3$N$3 ,- *;$

!" #$%&'#$($)*+ ,- .) /012 *$#(').3 233

DPCH

DPCH_Ec=–117 dBm

Nt=–108 dBm

Eb=–92 

dBm

N0=–99 

dBm

Eb/N0=7 dB

NF=9 dB Gp=25 dB

NF = noise figure
Gp = processing gain

Figure 11.3 !$<$'N$# +$)+'*'N'*D *$+* <.+$K
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.9?.<$)* <.##'$# <.) P$ E;'3$ *;$ *$#(').3 <.) +*'33 ,=$#.*$ .* '*+ <&##$)* -#$%&$)<DK 0&<; .

+'*&.*',) (.D ;.==$) P$*E$$) ,=$#.*,#+ ') #$.3 )$*E,#8+K A>11 +=$<'[<.*',)+ #$%&'#$

.) 2S0 ,- AA 9VK !$3$.+$ Y 9,$+ <,)*.') . )$E *$+* <.+$ -,# 2S0 .+ E$334 P&* *;.* '+ ,)3D

*, P#,.9$) *$+* <,N$#.F$ .)9 '+ ),* 9'#$<*3D 3')8$9 *, /0I12H/0J12 ,=$#.*',)K Z) *;$

*$#(').3 9$+'F)4 20S '+ ,P*.')$9 PD *;$ <;.))$3 [3*$# .)9 PD P.+$P.)9 9'F'*.3 [3*$#')F @.+

'33&+*#.*$9 ') "'F&#$ LLKYBK

11.2.3 Blocking

Z)GP.)9 P3,<8')F 9$[)$+ ;,E ;'F; +'F).3 3$N$3+ -#,( <.##'$#+ )$$9 *, P$ -,# *;$ *$#(').3

*, #$<$'N$ +'F).3+ ') *;$ +.($ -#$%&$)<D P.)9K :;$#$ .#$ #$%&'#$($)*+ -,# 9'O$#$)*

-#$%&$)<D ,O+$*+ ,- L` .)9 LY 7/\K :;$ YG7/\ ,O+$* <.+$ '+ <,N$#$9 ') 2S0 ($.+G

&#$($)* ') *;$ =#$N',&+ +$<*',)K "'F&#$ LLKa '33&+*#.*$+ *;$ +'*&.*',) E'*; *;$ L`G7/\

,O+$* E;$#$ *;$ P3,<8$# '+ .* *;$ 3$N$3 ,- Ya 9V(K :;$ ,E)G<$33 +'F).3 '+ A 9V .P,N$ *;$

+$)+'*'N'*D 3$N$34 +, *;$ +'F).3 3$N$3 '+ LLU 9V( -,# V.)9 ZK Z)<3&9')F =#,<$++')F F.')
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11.2.4 Inter-modulation
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+D+*$(+ <,G$W'+* ') *;$ .#$.K :;$ *$+* +'F).3 *;.* '+ L` 7/\ .=.#* '+ . ).##,EP.)9
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11.2.6 Maximum input level

T'*; *;$ ')*#,9&<*',) ,- Lal27 *;$#$ '+ *;$ )$$9 *, =#$+$#N$ (,#$ .<<&#.*$ =;.+$ .)9
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/0I12 .#$ +;,E) ') "'F&#$ LLKL`K ",# /0I12 *;$ <.+$ ;.+ P$$) (,9'[$9 *, .<<,(G
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AK !$3.W$9 *$#(').3 +$)+'*'N'*D #$%&'#$($)*+ -,# *;,+$ P.)9+ @ZZ4 ZZZ4 j4 .)9 jZZZB E;$#$

+$=.#.*',) P$*E$$) *;$ &=3')8 .)9 9,E)3')8 '+ ,)3D M` 7/\ ,# 3$++4 .)9 -,# V.)9 jZZK

:;,+$ #$%&'#$($)*+ .33,E . ;'F; $),&F; I&=3$W .**$)&.*',) *, P$ .<;'$N$9 P$*E$$)

*#.)+('++',) .)9 #$<$=*',) ') . +(.33 *$#(').3K :;$ #$3.W.*',) '+ MXA 9V <,(=.#$9

E'*; *;$ ,*;$# P.)9+K

11.4 References

QLR A>114 :$<;)'<.3 0=$<'[<.*',) >#,&= !264 J+$# _%&'=($)* @J_B !.9', :#.)+('++',)

.)9 !$<$=*',) @"IIB4 A>11 :0 MYKL`L N$#+',) aKLLK`4 7.#<; M``a4 .N.'3.P3$ .*

www.3gpp.org
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!"#$%

&'# ($"$')*+," -)'*"$'./+0 -',1$2* 3&(--4 56

76 85

589:;)#')*;'$ )<0=+*;#$ <,#;=)*+,"

358>?@4 &A6 5&&

)B.,=;*$ C')"* .2,0$ DA

)B.,=;*$ C')"* E)=;$ DA

?FG see )2H",I=$#C$<$"*

?FJK see )#1)2$"* 2/)""$= =$)H)C$ ')*+,

?FL see )#1)2$"* 2/)""$= .$=$2*+E+*M

)2H",I=$#C$<$"* 3?FG4 DN

)2*+E$ .$*. 7O

)#)0*+E$ <;=*+9')*$ 3?@K4 N

)#1)2$"* 2/)""$= =$)H)C$ ')*+, 3?FJK4 N&5

)#1)2$"* 2/)""$= .$=$2*+E+*M 3?FL4 N&&

)#<+..+," 2,"*',= 7D6 5P7

?==+)"2$ Q,' R$=$2,<<;"+2)*+,". !"#;.*'M

L,=;*+,". 3?R!L4 55

)==,2)*+," '$*$"*+," 0'+,'+*M 3?K-4 77

)=I)M.9," 2,""$2*+E+*M 57O

?@K see )#)0*+E$ <;=*+9')*$

)"*$"") 2,''$=)*+," N&D

)"*$"") #+E$'.+*M 58O6 5S5

?K!T see ?..,2+)*+," ,Q K)#+, !"#;.*'+$. )"#

T;.+"$..$.

?K- see )==,2)*+," '$*$"*+," 0'+,'+*M

?..,2+)*+," ,Q K)#+, !"#;.*'+$. )"#

T;.+"$..$. 3?K!T4 55

?R!L see ?==+)"2$ Q,' R$=$2,<<;"+2)*+,".

!"#;.*'M L,=;*+,".

B$)<Q,'<+"C 5856 5S5

B+92).*+"C AN

B+")'M 0/).$ ./+Q* H$M+"C 3T-LG4

<,#;=)*+," 8&

B+* .2')<B=+"C &8

T-LG see B+")'M 0/).$ ./+Q* H$M+"C

FF see F/).$ 2,<B+"+"C

FFL? see F/+") F,<<;"+2)*+,". L*)"#)'#.

?..,2+)*+,"

F$==UVFW N76 575

F$==UX?FW N76 575

F$==U-FW N76 575

2/)""$= 2,#+"C &8

2/)""$= $.*+<)*+," DO

2/)""$= :;)=+*M +"Q,'<)*+," 3F>!4 P&6 5OD

*)B=$ PS

2/)""$=+Y)*+," 2,#$. 78

F/).$ 2,<B+"+"C 3FF4 &S6 8P6 5DP

F/+") F,<<;"+2)*+,". L*)"#)'#.

?..,2+)*+," 3FFL?4 55

2,#$ <;=*+0=$%+"C P56 55&

2,<0'$..$# <,#$ AN6 75

2,"C$.*+," +"#+2)*+," 558

2,".*$==)*+," '$)'')"C$<$"* &8

2,E$')C$ 5&5

F>! see 2/)""$= :;)=+*M +"Q,'<)*+,"

Z2;B+2 <$*'+2[ N&O

#)*) #$.2'+0*+," +"#+2)*,' 3VV!4 S5

VFFW see #$#+2)*$# 2,"*',= 2/)""$=

VFW see #$#+2)*$# 2/)""$=

VV! see #)*) #$.2'+0*+," +"#+2)*,'

#$#+2)*$# 2/)""$= 3VFW4

)2*+E$ .$*. 75

#$#+2)*$# 2,"*',= 2/)""$= 3VFFW4 A7

#$#+2)*$# 0/M.+2)= 2,"*',= 2/)""$=

3V-FFW4 8&
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#$#+2)*$# 0/M.+2)= #)*) 2/)""$= 3V-VFW4 8&

#$#+2)*$# *')`2 2/)""$= 3VRFW4 A7

#+.2)'# *+<$' AD6 776 NNN

#,I"=+"H ./)'$# 2/)""$= 3VLFW4 &5

V-FFW see #$#+2)*$# 0/M.+2)= 2,"*',=

2/)""$=

V-VFW see #$#+2)*$# 0/M.+2)= #)*) 2/)""$=

#'+E$ *$.* 5PP6 5AD

VLFW see #,I"=+"H ./)'$# 2/)""$=

VRFW see #$#+2)*$# *')`2 2/)""$=

\9?(FW see \9VFW )B.,=;*$ C')"* 2/)""$=

\9VFW see $"/)"2$# #$#+2)*$# 2/)""$=

\9VFW )B.,=;*$ C')"* 2/)""$=

3\9?(FW4 8&6 DA

)2*+E$ .$* S86 75

\9VFW #$#+2)*$# 0/M.+2)= 2,"*',= 2/)""$=

3\9V-FFW4 DO

\9VFW W?K> +"#+2)*,' 2/)""$=

3\9W!FW4 8&6 DN

\9VFW ')#+, "$*I,'H *$<0,')'M +#$"*+*M

3\9KaR!4 D86 SS

\9VFW '$=)*+E$ C')"* 2/)""$= 3\9K(FW4 8&6

D&

\9VFW *')".0,'* Q,'<)* 2,<B+")*+,"

3\9RXF4 SN

.$=$2*+," S&bSP

\9VFW *')".0,'* Q,'<)* 2,<B+")*+,"

+"#+2)*,' 3\9RXF!4 D5

\9V-FFW see \9VFW #$#+2)*$# 0/M.+2)=

2,"*',= 2/)""$=

\9V-VFW see $"/)"2$# #$#+2)*$# 0/M.+2)=

#)*) 2/)""$=

$c$2*+E$ )"*$"") .$0)')*+," N&D

\9W!FW see \9VFW W?K> +"#+2)*,'

2/)""$=

$"/)"2$# #$#+2)*$# 2/)""$= 3\9VFW4 85

*')".0,'* 2/)""$= 88

$"/)"2$# #$#+2)*$# 0/M.+2)= #)*) 2/)""$=

3\9V-VFW4 8&6 8S

$:;)=+Y$' '$2$+E$' 5A76 N&8

\9KaR! see \9VFW ')#+, "$*I,'H

*$<0,')'M +#$"*+*M

\9K(FW see \9VFW '$=)*+E$ C')"* 2/)""$=

\9RXF see \9VFW *')".0,'* Q,'<)*

2,<B+")*+,"

\9RXF! see \9VFW *')".0,'* Q,'<)*

2,<B+")*+," +"#+2)*,'

\RL! see \;',0$)" R$=$2,<<;"+2)*+,".

L*)"#)'#. !".*+*;*$

\;',0$)" R$=$2,<<;"+2)*+,". L*)"#)'#.

!".*+*;*$ 3\RL!4 55

X?FW see Q,'I)'# )22$.. 2/)""$=

Q).* 2$== .$=$2*+," 3XFL4 5N

XFL see Q).* 2$== .$=$2*+,"

X9V-FW see Q')2*+,")= #$#+2)*$# 0/M.+2)=

2/)""$=

d%$# '$Q$'$"2$ 2/)""$=. 3XKF.4 5&86 58S

e,I 2,"*',= N8

Q,'I)'# )22$.. 2/)""$= 3X?FW4 &5

Q')2*+,")= #$#+2)*$# 0/M.+2)= 2/)""$=

3X9V-FW4 &&6 PA6 55P6 NN5

XKF. see d%$# '$Q$'$"2$ 2/)""$=.

Q'$:;$"2M E)'+)"*. N&7

C)+" Q)2*,' SA

C)<+"C N5O

(TK see C;)')"*$$# B+* ')*$

(-KL )**)2/ 57&

C;)')"*$$# B+* ')*$ 3(TK4 776 55S6 NNP

/)"#,E$' 55S

/)00M B+* DN6 SAbS8

W?K> see /MB'+#9?K>

/+C/9.0$$# #,I"=+"H 0)2H$* )22$.. 3WLV-?4

@?F =)M$' AD

*$'<+")= 2)0)B+=+*M AP

/+C/9.0$$# 0)2H$* )22$.. 3WL-?4 P

/+C/9.0$$# #$#+2)*$# 0/M.+2)= 2,"*',= 2/)""$=

3WL9V-FFW4 &&6 P&6 5&A

0,I$' ,c.$*. 5&A

/+C/9.0$$# #,I"=+"H ./)'$# 2/)""$=

3WL9VLFW4 &&

=+"H )#)0*)*+," PD6 5O86 5AA

/+C/9.0$$# 0/M.+2)= #,I"=+"H ./)'$# 2/)""$=

3WL9-VLFW4 &A

/+C/9.0$$# ./)'$# 2,"*',= 2/)""$=

3WL9LFFW4 &&6 PO

0,I$' 2,"*',= 5OS6 5&P6 5A8

/+C/9.0$$# ;0=+"H 0)2H$* )22$.. 3WLf-?4 85

.2/$#;=+"C SAbS8

/+C/$' ,'#$' <,#;=)*+," &7

242 !"#$%

Ex. 1026 - TCL Comm Tech Holdings Ltd.

TCL Comm Tech Holdings Ltd. v. Mitsubishi Electric Corp. – IPR2023-00957

Page 257 of 260



/+C/$.* 0'+,'+*M =,C+2)= 2/)""$= B;c$' .*)*;.

3WJTL4 SN

/+C/$.* 0'+,'+*M =,C+2)= 2/)""$= !V 3WJ!V4 SN

WJTL see /+C/$.* 0'+,'+*M =,C+2)= 2/)""$=

B;c$' .*)*;.

WJ!V see /+C/$.* 0'+,'+*M =,C+2)= 2/)""$= !V

WLV-? see /+C/9.0$$# #,I"=+"H 0)2H$*

)22$..

WL9V-FFW see /+C/9.0$$# #$#+2)*$#

0/M.+2)= 2,"*',= 2/)""$=

WL9VLFW see /+C/9.0$$# #,I"=+"H ./)'$#

2/)""$=

WL-? see /+C/9.0$$# 0)2H$* )22$..

WL9-VLFW see /+C/9.0$$# 0/M.+2)= #,I"=+"H

./)'$# 2/)""$=

WL9LFFW see /+C/9.0$$# ./)'$# 2,"*',=

2/)""$=

WLf-? see /+C/9.0$$# ;0=+"H 0)2H$* )22$..

/MB'+#9?K> 3W?K>4 &D

+"Q,'<)*+," P&

0',2$.. DDbDS

+"9B)"# B=,2H+"C N&P

+"2'$<$"*)= '$#;"#)"2M 3!K4 &S6 8P6 5DP

+"#,,' 2,E$')C$ 5PP

+"*$'Q$'$"2$ '$1$2*+," 2,<B+"+"C 5S5

+"*$'9<,#;=)*+," N&8

+"*$'9.M.*$< 2$== 2/)"C$ NON

+"*$'9.M.*$< /)"#,E$' NOA

!- /$)#$' 2,<0'$..+," N57

!K see +"2'$<$"*)= '$#;"#)"2M

!Rf -$#$.*'+)" ? 5P&

!Rf g$/+2;=)' ? 5P&

!;B

+"*$'Q)2$ NA

0)')<$*$'. A86 S7

*')".<+..+," 5P7

!;9-L NA

H$$0 )=+E$ <$..)C$. N5N

=)*$"2M 86 NO8

=+"H )#)0*)*+," &56 PD6 5O86 5NS

=+"H B;#C$* 5&O

=,2)*+," )'$) NON

=,C+2)= 2/)""$=. A7

=,"C9*$'< $E,=;*+," 3JR\4 58

JR\ see =,"C9*$'< $E,=;*+,"

@?F see <$#+;< )22$.. 2,"*',=

<)%+<)= ')*+, 2,<B+"+"C 3@KF4 5S5

<)%+<;< +"0;* =$E$= N&D

<$#+;< )22$.. 2,"*',= 3@?F4 N&6 85

@?F9# AS6 SA6 SS

@?F9$.h. NA

@?F9/. NP6 AS6 5OP

<+2',92$==. 5PP

@!@i see <;=*+0=$ +"0;* <;=*+0=$ ,;*0;*

<+"9(TK see <+"+<;< C;)')"*$$# B+* ')*$

<+"+<;< C;)')"*$$# B+* ')*$ 3<+"9(TK4

.2/$#;=$' 55N

<,B+=$9Rg N55

@KF see <)%+<)= ')*+, 2,<B+"+"C

Z<;=*+9;.$' #+E$'.+*M[ 55&6 5&S

<;=*+0=$ +"0;* <;=*+0=$ ,;*0;* 3@!@i4 5N6

5A6 58N

<;=*+;.$' #$*$2*+," 5S5

a?FF see "$*I,'H9)..+.*$# 2$== 2/)"C$

a?FG see "$C)*+E$ )2H",I=$#C$<$"*

")'',IB)"# B=,2H+"C N&P

a 0)')<$*$' S5

"$C)*+E$ )2H",I=$#C$<$"* 3a?FG4 DN

"$*I,'H9)..+.*$# 2$== 2/)"C$ 3a?FF4 A&6 NOA

","9.2/$#;=$# *')".<+..+,". SS6 NNP

iXV@ see ,'*/,C,")= Q'$:;$"2M #+E+.+,"

<;=*+0=$%+"C

,"h,c H$M+"C DN6 DP

,'*/,C,")= Q'$:;$"2M #+E+.+," <;=*+0=$%+"C

3iXV@4 58

,'*/,C,")= E)'+)B=$ .0'$)#+"C Q)2*,'.

3igLX.4 8S

,;*$' =,,0 WL9VLFW =+"H )#)0*)*+," 5OS

,;*$' =,,0 0,I$' 2,"*',= 5O7

igLX. see ,'*/,C,")= E)'+)B=$ .0'$)#+"C

Q)2*,'.

-)2H$* V)*) F,"E$'C$"2$ -',*,2,=

3-VF-4 N&

0)2H$* /)"#,E$' A&

!"#$% 243
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0)2H$* .2/$#;=$' 55O

-VF- see -)2H$* V)*) F,"E$'C$"2$ -',*,2,=

-V- 2,"*$%* )2*+E)*+," 57&

-Vf see 0',*,2,= #)*) ;"+*

0/).$ #+.2,"*+";+*M N&N

0/M.+2)= 2/)""$= .$C<$"*)*+," &7

0/M.+2)= =)M$' ,0$')*+," 0',2$#;'$ P7

0/M.+2)= =)M$' '$*')".<+..+," &56 &&

0,I$' )==,2)*+," 7S

0,I$' 2=)..$. NN7

0,I$' 2,".;<0*+," N5N

0,I$' '$#;2*+," N&O

0'$9h0,.*9)<B=$. PP

0'+<)'M f\9+# D86 SS

Z0',0,'*+,")= Q)+'[ 3-X4 0)2H$* .2/$#;=$' 55N6

5&S6 NNO

0',*,2,= B)2HI)'# 2,<0)*+B+=+*M 5&

0',*,2,= #)*) ;"+* 3-Vf4 .+Y$ SS

0;./ $9<)+= N5N

0;./9*,9*)=H NO7

>,L see :;)=+*M ,Q .$'E+2$

>-LG <,#;=)*+," 5&&

:;)=+*M ,Q .$'E+2$ 3>,L4 77

#+c$'$"*+)*+," SA

0)')<$*$'. 55D

')#+, =+"H 2,"*',= 3KJF4 N&

)2H",I=$#C$# <,#$ N&

*')".0)'$"* <,#$ N&

;")2H",I=$#C$# <,#$ N&

')#+, '$.,;'2$ 2,""$2*+," 3KKF4

.$*;0 57&

.*)*$ 2/)"C$ NOO

.*)*$. N76 575

')#+, '$.,;'2$ <)")C$<$"* 3KK@4 7A

')H$ '$2$+E$' 5A7

'$2$+E$# *,*)= I+#$B)"# 0,I$' 3KR^-4 SO6

S7

'$2$+E$' #+E$'.+*M 5A76 N&8

'$2$+E$' .$".+*+E+*M N&N

'$*')".<+..+," .$:;$"2$ ";<B$' 3KLa4 DN

'+2/ 2)==. N5S

KJF see ')#+, =+"H 2,"*',=

KJF9)2H",I=$#C$# <,#$ ,Q ,0$')*+," &P

',B;.* /$)#$' 2,<0'$..+," 3KiWF4 N57

KiWF see ',B;.* /$)#$' 2,<0'$..+,"

',;"# ',B+" 3KK4 5556 5&S6 585

',;"# *'+0 *+<$ 3KRR4 5A&6 NO8

',;*+"C )'$) NON

KK see ',;"# ',B+"

KKF see ')#+, '$.,;'2$ 2,""$2*+,"

KK@ see ')#+, '$.,;'2$ <)")C$<$"*

KLa see '$*')".<+..+," .$:;$"2$ ";<B$'

KRR see ',;"# *'+0 *+<$

KR^- see '$2$+E$# *,*)= I+#$B)"# 0,I$'

LF9XV@? see .+"C=$92)''+$' Q'$:;$"2M

#+E+.+," <;=*+0=$ )22$..

.2/$#;=+"C 8P6 SAbS8

.2/$#;=+"C +"Q,'<)*+," 3L!4 S56 SA

.2/$#;=+"C 0'+,'+*M +"#+2)*,' 3L-!4 776 55D

.$2,"#)'M f\9+# D86 SS

.$'E+"C \9VFW 2$== DN6 S86 75

.$'E+"C \9VFW ')#+, =+"H .$* DP

.$'E+"C WLV-? 2$== 75

.$'E+"C WL9VLFW 2$== AO

2/)"C$ A56 5O5

L/)""," =+<+* 5NS

L! see .2/$#;=+"C +"Q,'<)*+,"

.+C")=9*,9+"*$'Q$'$"2$90=;.9",+.$ ')*+,

3L!aK4 5NP

Z.+=$"* <,#$[ S7

.+"C=$92)''+$' Q'$:;$"2M #+E+.+," <;=*+0=$

)22$.. 3LF9XV@?4 58

L!aK see .+C")=9*,9+"*$'Q$'$"2$90=;.9",+.$

')*+,

.,Q* 2,<B+"+"C &S

.,Q* /)"#,E$' D76 S86 7O6 5OO

L-! see .2/$#;=+"C 0'+,'+*M +"#+2)*,'

.*'$)<+"C 5PS6 N55

RF see *')`2 2=)..

RF- see R')".<+..+," F,"*',= -',*,2,=

R\TL see *,*)= \9VFW B;c$' .*)*;.

R$=$2,<<;"+2)*+,". R$2/",=,CM ?..,2+)*+,"

3RR?4 55

R$=$2,<<;"+2)*+," R$2/",=,CM F,<<+**$$

3RRF4 55

*$'<+")= 2)0)B+=+*M PS

*$'<+")= 2)*$C,'+$. 7N

RXKF. see *')".0,'* Q,'<)* )"# '$.,;'2$

2,<B+")*+,".

RW- see *')`2 /)"#=+"C 0'+,'+*M
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*,*)= \9VFW B;c$' .*)*;. 3R\TL4 S5

*')`2 2=).. 3RF4 77

*')`2 /)"#=+"C 0'+,'+*M 3RW-4 77

*')".<+* #+E$'.+*M 585

R')".<+..+," F,"*',= -',*,2,= 3RF-4 NOP6

NOD

.=,I .*)'* NOS

*')".<+..+," .$:;$"2$ ";<B$' 3RLa4 S5

*')".<+..+," *+<$ +"*$'E)= 3RR!4 =$"C*/ 876 D8

*')".0,'* Q,'<)* )"# '$.,;'2$ 2,<B+")*+,".

3RXKF.4 A86 5N8

RLa see *')".<+..+," .$:;$"2$ ";<B$'

RR? see R$=$2,<<;"+2)*+,". R$2/",=,CM

?..,2+)*+,"

RRF see R$=$2,<<;"+2)*+," R$2/",=,CM

F,<<+**$$

f\ 2)0)B+=+*+$. 7N

f\ *')".<+..+," 0,I$' /$)#',,< 3f-W4 SN

f-W see f\ *')".<+..+," 0,I$' /$)#',,<

fK?U-FW N76 575

E,+2$ ,E$' !- 3g,!-4 NO7

g,!- see E,+2$ ,E$' !-

^FV@? see I+#$B)"# 2,#$ #+E+.+,"

<;=*+0=$ )22$..

I+#$B)"# ?@K 2,#$2 &

I+#$B)"# 2,#$ #+E+.+," <;=*+0=$ )22$..

3^FV@?4 76 85

!"#$% 245
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