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f6"! )6" #"GL(#"8 8-)- #-)" +' "-?6 L4"# (4 $(."!= +,)(5(H-&

)(+! ,#+K1"5 UBCV (4 "GL(.-1"!) )+ )6" '+11+0(!$ +,)(5(H-)(+!

,#+K1"5 )+ 5(!(5(H" )6" )+)-1 ,+0"# ?+!4L5,)(+!=

min
pj ,S

Nb
∑

i=1

Pi UBBV

s.t. log2

(

1 +
pj

σ2

)

≥ Rj
0, j = 1, · · · , M

(10b) ∼ (10c)

36(4 (4 - !+!&?+!."W (!)"$"# ,#+$#-55(!$ ,#+K1"5J 36L4= ()4

$1+K-11% +,)(5L5 4+1L)(+! (4 ."#% 6-#8 )+ ' "8J

f6"! )6" -!)"!!- -!8 9: ,-))"#!= (J"J= S= (4 ' #"8= ,#+K1"5

UBBV K"?+5"4 -! +,)(5-1 ,+0"# -11+?-)(+! ,#+K1"5 -4 '+11+04=

min
pj

Nb
∑

i=1

P tx
i

µ
+

Nb
∑

i=1

ai(S)Pc +

Nb
∑

i=1

[bi(S)(Po − P̃o) + P̃o]

UBZV

s.t. pj ≥ (2R
j

0 − 1)σ2 , P j
0 , j = 1, · · · , M UBZ-V

θ
T
i · p ≤ P, i = 1, · · · , Nb UBZKV

3+ ' "8 )6" +,)(5-1 4+1L)(+! +' ,#+K1"5 UBBV= 0" ?-! ' !4)

4+1." )6" ,+0"# -11+?-)(+! ,#+K1"5 UBZV '+# - $(."! S= -!8

)6"! ?+5,-#" )6" #"4L1)4 '+# -11 ,+44(K1" ?6+(?"4 +' S -!8

4"1"?) )6" K"4) +!" 06(?6 1"-84 )+ )6" 5(!(5L5 )+)-1 ,+0"#

?+!4L5,)(+!J

@! )6" +KE"?)(." 'L!?)(+! UBZV= )6" 1-4) )0+ )"#54 -#" ?+!4)-!)

06"! S (4 $(."!J 36"#"'+#"= 0" +!1% !""8 )+ 5(!(5(H" )6"

)#-!45() ,+0"# +' -11 9:4= (J"J=
∑Nb

i=1
P tx

i

µ
=

∑Nb

i=1
θ

T
i ·p

µ
=

06(?6 (4 -! (!?#"-4(!$ 'L!?)(+! +' p 4(!?" )6" "!)#("4 +' θi

-#" ?+!4)-!)4 06"! S (4 ' !"8J ]#+5 UBZ-V= 0" ' "8 )6-) )6"

5(!(5L5 .-1L" +' p (4 p∗ = [P 1
0 , · · · , PM

0 ]T J f" -44L5" )6-)
p∗ 4-)(4' #4 )6" b9b* (! UBZKV=B (J"= θ

T
i ·p∗ ≤ P J 36"! p∗ (4

EL4) )6" 4+1L)(+! +' )6" +,)(5(H(!$ ,#+K1"5 UBZVJ

36" 5(!(5L5 )+)-1 ,+0"# ?+!4L5,)(+! (! )6" ?1L4)"# '+# -

$(."! S (4 +K)-(!"8 -4

B@' p∗ ?-! !+) 4-)(4'% UBZ-V= )6" '"-4(K1" #"$(+! +' )6" +,)(5(H-)(+! ,#+K1"5
(! UBZV (4 "5,)% -!8 )6L4 6-4 !+ 4+1L)(+!J f" 0(11 !+) ?+!4(8"# )6(4 ?-4" (!
+L# -!-1%4(4 +' )6(4 ,-,"#J

Ps(S) =
1

µ

Nb
∑

i=1

θ
T
i · p∗ +

Nb
∑

i=1

ai(S)Pc

+

Nb
∑

i=1

[bi(S)(Po − P̃o) + P̃o]. UBOV

/(''"#"!) -!)"!!- -!8 9: ,-))"#!4 S 1"-8 )+ 8(''"#"!)

5(!(5L5 ,+0"# ?+!4L5,)(+! Ps(S) (! UBOVJ 36" !L5K"# +'
-11 ,+44(K1" -!)"!!- -!8 9: ,-))"#!4 ?-! K" +K)-(!"8 -4

N = 2NbNt −
M
∑

k=1

(

k − 1
NbNt

)

. UB^V

9% "W6-L4)(."1% 4"-#?6(!$ +."# )6"4" N -!)"!!- -!8 9:

,-))"#!4= 0" ?-! ' !8 )6" K"4) ,-))"#! )6-) $(."4 #(4" )+ )6"

5(!(5L5 )+)-1 ,+0"# ?+!4L5,)(+! (! UBOVJ

:(!?" θi 8"' !"8 -')"# UaV 8","!84 +! )6" 45-11&4?-1"

'-8(!$ ?6-!!"14 )6-) 5-% .-#% 0()6 )(5"= )6" +K)-(!"8 5+8"

4"1"?)(+! 4?6"5" -K+." 0(11 +,"#-)" (! - 8%!-5(? 5-!!"#J @)

(4 L!-??",)-K1" (! #"-1&0+#18 ?"11L1-# 4%4)"54 )+ '#"GL"!)1%

?6-!$" )6" -!)"!!- -!8 9: ,-))"#! 8L" )+ )6" #"4L1)(!$ 1-#$"

4($!-1(!$ +."#6"-8 -!8 )6" '#"GL"!) 40()?6(!$ +! -!8 +'' +'

)6" ?(#?L()4J

@! )6" 4"GL"1= 0" 8"#(." - 4"5(&8%!-5(? 5+8" 4"1"?)(+!

4?6"5"= 06"#" )6" -?)(." -!)"!!- -!8 9: ,-))"#! 8","!84 +!

)6" -."#-$" ?6-!!"1 $-(!4J
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f" ,#+,+4" )+ 4"1"?) )6" 4"5(&8%!-5(? +,)(5-1 -!)"!!- -!8

9: ,-))"#! K-4"8 +! )6" -."#-$" 5(!(5L5 ,+0"# ?+!4L5,)(+!

(!4)"-8 +' Ps(S)= 06(?6 ?-! K" +K)-(!"8 '#+5 UBOV K% )-2(!$

)6" -."#-$" +."# )6" 45-11&4?-1" ?6-!!"14= (J"J=

Ps(S) = E {Ps(S)} .  !"#

$%&' &()& %*+, &(' - !.& &'/0  12'23 &(' &/)*.01& 4%5'/# 1*

 !6# 7'4'*7. %* &(' .0)++ .8)+' 8()**'+2 9('/'-%/'3 1* &('

-%++%51*:3 5' )*)+,;' &(' )<'/):' &/)*.01& 4%5'/2

=/%0 &(' 7'- "1&1%* 1* .'8&1%* >>3 5' ?*%5 &()& θ i 1. ) <'8&%/

8%*.1.&1*: %- &(' 71):%*)+ '+'0'*&. %- &(' 0)&/1@ WHΦiW2

9(A.3 &(' j&( '+'0'*& %- θi3 12'23 θi,j 3 8)* B' '@4/'..'7 ).

wH
j Φiwj 3 5('/' wj ∈ CNbNt×1 1. &(' j&( 8%+A0* %- W2

9('*3 &(' &/)*.01& 4%5'/ 1*  !6# 8)* B' '@4/'..'7 ).
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∑
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M
∑
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5('/' || · || 1. &(' &5%D*%/02 >- 5' )..A0' &()& )++ A.'/. ()<'

&(' .)0' E%F /'GA1/'0'*&  12'23 P j
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∑
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{
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H
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&(' .)0' +)/:'D.8)+' 8()**'+ :)1*. -/%0 )++ IF.3J 12'23 αij = α
-%/ )++ i = 1, · · · , Nb, j = 1, · · · , M 2 >* &(1. 8).'3 HeH

H
e 1.

) 51.()/& 0)&/1@ K!6L 51&( A(S) 7':/''. %- -/''7%03 5('/'

A(S) ,
∑Nb

i=1 ai(S) 1. &(' *A0B'/ %- )8&1<' )*&'**). 1* &('

5(%+' 8+A.&'/ -%/ ) :1<'* 4)&&'/* S2 M1&(  !""# $%&' 1* K!6L3

5' %B&)1* &()&

E{Tr
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H
e )−1

}

} =
M

α2(A(S) −M)
.  !N#

9('/'-%/'3 &(' )<'/):' 01*10A0 4%5'/ 8%*.A04&1%* 1*  !"#

8)* B' 7'/1<'7 ).

Ps(S) =
MP0

µα2(A(S) −M)
+ A(S)Pc

+ B(S)(Po − P̃o) + NbP̃o,  !O#

5('/' B(S) ,
∑Nb

i=1 bi(S) 1. &(' &%&)+ *A0B'/ %- )8&1<' IF.2

$%&' &()& &(' - !.& &5% &'/0. 1*  !O# 7'4'*7 %* &(' *A0B'/

%- )8&1<' )*&'**).3 12'23 A(S)3 )*7 &(', /'.4'8&1<'+, 8%//'.4%*7

&% &(' &/)*.01& 4%5'/ )*7 &(' )*&'**) 81/8A1& 4%5'/2 M('* &('

*A0B'/ %- )8&1<' )*&'**). 7'8/').'.3 &(' &/)*.01& 4%5'/ :/%5.

5(1+' &(' 81/8A1& 4%5'/ /'7A8'.2

9(' *A0B'/ %- )8&1<' IF.3 12'23 B(S)3 7'4'*7. %* &(' <)+A'

%- A(S)2 >* %/7'/ &% /'7A8' &(' %<'/)++ 4%5'/ 8%*.A04&1%*3

5' .'& B(S) = ⌈A(S)
Nt
⌉3 5(18( 0')*. &()& 5' )8&1<)&' ).

-'5 IF. ). 4%..1B+'2 9('*3 &(' )<'/):' 01*10A0 &%&)+ 4%5'/

8%*.A04&1%* 1*  !O# B'8%0'. ) -A*8&1%* %- A(S)3 )*7 &('

%4&10)+ .'+'8&1%* %- )8&1<' IF. )*7 )*&'**). 1. 'GA1<)+'*& &%

.'+'8&1*: &(' %4&10)+ *A0B'/ %- )8&1<' )*&'**). A(S)2
>- 5' 1:*%/' &(' 8'1+1*: %4'/)&1%* )*7 .'& B̃(S) = A(S)/Nt3
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=/%0  JP#3 5' 8)* .'' &()& &(' %B&)1*'7 0%7' .'+'8&1%*

7'4'*7. %* &(' +)/:'D.8)+' -)71*: :)1* α3 &(' *A0B'/ %- )8&1<'

A.'/. M 3 &(' E%F /'GA1/'0'*& %- ')8( A.'/ P j
0 3 )*7 &(' 4%5'/
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*A0B'/ %- )8&1<' )*&'**). %/ IF.2 =/%0 &('.' <)+A'. %- S
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1*-%/0)&1%*2

>V2 F>WXYU9>Q$ Z[FXY9F
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7,*)018 )*7 .'01D7,*)018 0%7' .'+'8&1%* .8('0'. )*7 .(%5

&(' 4%&'*&1)+ %- 1*8/').1*: &(' [[ B, )7)4&1<'+, .51&8(1*: %--
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9(' 8%%4'/)&1<' 8+A.&'/ %- Nb ('@):%*)+ 8'++. 1. 8%*.17'/'7

51&( ) 8'++ /)71A. R = 250 02 9(' 4)&( +%.. 1. 0%7'+'7

). α2
ij = α2

0(R/dij)
τ 3 5('/' α2

0 1. &(' 4)&( +%.. )& &('

71.&)*8' R3 dij 1. &(' 71.&)*8' B'&5''* A.'/ j )*7 IF i3
)*7 τ = 3.76 1. &(' 4)&(D+%.. '@4%*'*&2 F()7%51*: 1. *%&

8%*.17'/'7 1* &(' .10A+)&1%*2 9(' 8'++D'7:' F$Z 1. 7'- !'7

). &(' /'8'1<'7 F$Z %- &(' A.'/ +%8)&'7 )& &(' 71.&)*8' R
-/%0 &(' IF3 5('/' &(' 1*&'/D8+A.&'/ 1*&'/-'/'*8' 1. 1*8+A7'7

)*7 /':)/7'7 ). 5(1&' *%1.'2 >* &(' 4%5'/ 0%7'+3 5' .'& &('

0)@10A0 &/)*.01& 4%5'/ ). P = 40 M3 &(' 81/8A1& 4%5'/

%- &(' )*&'**) )*7 &(' IF ). Pc = 12.5 M3 Po = 56 M3

P̃o = 39 M3 )*7 &(' '-- "1'*8, %- 4%5'/ )04+1- #/. µ = 0.2283

5(18( 8%//'.4%*7. &% &(' 018/%D8'++ .8'*)/1% 1* K6L2 9(' E%F
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-%++%51*: .10A+)&1%*.2

0.5 1 1.5 2 2.5 3
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

Required QoS (bps/Hz)

E
n

e
rg

y
−

E
ff

ic
ie

n
c
y
 (

b
it
/J

/H
z
)

 

 

Nt=8, M=2

Nt=4, M=2

Nt=8, M=4

Nt=4, M=4

Dynamic Switching

No Switching

=1:2 !2 \%04)/1.%* %- &(' [[ B'&5''* &(' 7,*)018 0%7' .51&8(1*: )*7
51&(%A& 0%7'+ .51&8(1*:3 Nb = 2 )*7 &(' 8'++D'7:' F$Z ] !P 7I2
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+%8)&1%* !PPPP 121272 ^)A..1)* .0)++D.8)+' -)71*: 8()**'+. )/'

)<'/):'72 M' 8)* .'' &()& .51&8(1*: %-- )*&'**). )*7 IF. 8)*

.1:*1- ")*&+, 104/%<' &(' [[3 '.4'81)++, -%/ &(' .,.&'0. 51&(

0%/' )*&'**). )& ')8( IF )*7 &(' /'GA1/'7 E%F %- ')8( A.'/

1. (1:(2 M('* &(' /'GA1/'7 7)&) /)&' 1. 6 B4._`; -%/ ) .,.&'0

51&( Nt = 8, M = 23 5' 8)* %B.'/<' )* )B%A& !PPa [[
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Dynamic (edge−SNR= 20dB)

Dynamic (edge−SNR= 10dB)

Semi−dynamic (edge−SNR= 20dB)

Semi−dynamic (edge−SNR= 10dB)

No Switching (edge−SNR= 20dB)

No Switching (edge−SNR= 10dB)
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.,.&'0 51&( 0%/' )*&'**). )& ')8( IF )8(1'<'. +%5'/ [[2 I,

8%*&/).&3 5('* &(' %4&10)+ 7,*)018 0%7' .51&8(1*: 1. )44+1'73
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edge−SNR = 10dB

edge−SNR = 20dB

Num of active antennas

Num of active BSs

=1:2 62 Q4&10)+ *A0B'/ %- )8&1<' )*&'**). )*7 IF. A*7'/ &(' .'01D7,*)018
.51&8(1*:3 Nb = 33 Nt = 4 )*7 M = 32

>* =1:2 63 5' .(%5 &(' %4&10)+ *A0B'/ %- )8&1<' )*&'**).

)*7 IF. 5('* &(' .'01D7,*)018 .51&8(1*: .8('0' 1. '0D

4+%,'73 5(18( 1. %B&)1*'7 *A0'/18)++, -/%0 &(' '@4/'..1%* %-

 JP#2 M' 8)* .'' &()& &(' *A0B'/. %- )8&1<' )*&'**). )*7 IF.

)/' )7)4&1<' &% &(' E%F /'GA1/'0'*&. )*7 &(' 8'++D'7:' F$Z2
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