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1 Proof of Theorem 1

Before the formal derivation process of Eq. (18), we first prove a mathematical conclusion required for
the subsequent part.
Lemma S1 For deterministic matrices A, B € CM*M and W € CV*V, while A and B are both unitary
matrices, there is

E{HYAH.WHYBH,} = Tr{W}Tr{AB}Iy + Tr{A}Tr{ B}W. (S1)

Proof  We define HQ = [J1,J2,...,dn], where J,, € CM*1 1 < n < N, and each component is
independent and satisfies J,, ~ CN(0, I)s). Therefore, the (i, )" element in HY AH,W HBH, can be

written as

N N
ﬁEAﬁQWﬁEBﬁQ} =3 Jr AT B, (S2)
v =1m=1

where w,,;, is the (m,h)™ element of W. Since IE;{JEAJkJEBJk} = Tr{AB} + Tr{A}Tr{B}, the
expectation of diagonal elements in HY' AH,W H!B H can be calculated as follows:

N
ﬁgAﬁQWﬁgBﬁz} =E(JM AT JEBIY +ES Y JRATwn I B,

0,1
’ m=1,m##i

N
=w, B{JF AT T BT} +ES Y wmJ AR{J,, I} BJ;

m=1,m##i

(S3)

N
=w;;(Tr{AB} + T{A}Te{B}) + > wmnTr{AB}

m=1,m%#i

—wy; Tr{ AVTr{ B} + Tr{AB}Tr{W .

The expectation of non-diagonal elements in H. %{Aﬁ QWﬁ EB/I? o can be derived through the following
process:

(HYAH,WHYBH,| = E(J]' AJuw,; T/ BJ;}
2,7

= w; E{JIATVE{JIBJ;} (54)
= w;; Tr{ A} Tr{ B}.

Therefore, by combining the above two equations, the conclusion in Lemma S1 can be obtained.
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1.1 Derivation of the noise term

As gy, can be written in the form of Eq. (16), we divide it into four components:

qi = Ckaé‘k (HQ@D,% }_'Lk) ) (]]2C = Cka (HQ@R\%/RJ@E’]“) ) (85)
a} = Vs (R @D hy) . af = /o (HaREBRYy )
where qx = g} + g} + qj + g The expansion of EY3i; (@) can be written as
. 4 4
E(@) = Blla)® = E{afla} = > > E{(a0)"a} } - (6)
w=1¢=1

Due to the assumption that the components of hy, and H. 2 areii.d. complex Gaussian random variables
with zero mean and unit variance, E{}‘f{bz(@) can be simplified as follows:

4
By (@) = Y E{(a)" a} (87)

w=1
where
E { (g})" q;} = cpdeiE {BED;/ e HYA,8D)/ QBk}
— cederM (R} D *@"anali @D, ks ) (S8)
= crdep M| fr(P)]?,

E{(a})" 4t} = B { ARV @ HI HoO R . |
= k0 MTr (Ho®Ryg P HYY) (59)
= cxOM fr1,1(P),

E{(a})" ai} = aeiE {RID} @ R HI H, R @D, *hy. }

= ckex MBI D, *$" R 8D}/ * by, (S10)
= cperM frp2(P),

H ~ — —— ~
E{(a})"al} = o B{RIRYE @R HIHLRIPORYS s}
= CkMTI' (RriSSpRVR,k@H) (Sll)
= Ckak’g,l(di).
The values of fi,(D), fr.1.1(P), fir2(P), and fi 3.1(P) are given in Eq. (22). In summary, the result of
the noise term E{’,‘I’{Sz(@) is

BV (P) =ci {01 M| fi(P)|* + 0M fio1,1(P) + ek M frn2(P) + M fr51(P)} - (S12)



1.2 Derivation of the signal term

Due to E{,’%{nzl(@) =E|q:||* =E {q}'a'q}'qr }, we have

dgnal g _ N~ N wiyH ) ([ gwayH e\
Eviy (P) Z Z E{(((Ik )" 4y )((qk )" 4y ) }

w1,YP1 wa,P2
((Q%)Hq}f) ((Qf)H‘IZ})H} +2 24: 24: E{((q}ﬁl)HfI‘;ﬁl) ((qzlpl)qul“)H}

4 4
{ wi=1 )1 =w; +1
+ 2Re {E { ((a0)"a7) ((q,i’)Hqii)H}} + 2Re {E { ((a0)"aq}) ((QE)Hq;‘i)H}}
+ 2Re {E { ((a)"ar) ((q;‘i)Hqi)H}} + 2Re {E { ((g)"qp) ((qi)Hqi)H}} :
(S13)

Then we classify different values of w1, 91, w, 1, and first calculate the result of
4 4 -
Y>3 E { ((Q%)Hq}f) ((q;?)Hq}f> } :
w=1y=1

The formula can be further simplified into the following form:

E { ((a)"a}) ((Q?)qu’)H}

B{((a0)"a) ((@)"a)" } +23 > E{((«::)Hq;f) ((quq;f)H}.

1 w=1¢Y=w+1

4

vt (S14)

M- M-

w

The specific calculation of the first part 21:1 E { ((g)gqy) ((q,“j)Hq,f)H} is as follows. When w = 1,

we have

_ _ _ _ 2
E{((ah)"a}) ((a))"a})" } = <ckaek>2E{\hED;/QéHH;*H@D;/w }

2
. . 1
_ (ckégk)2E{‘(hEDi/ *@'lay ) allrar (8D} hy)| } (515)
= M?(cxder)’| fr(®)]".
The value of fj(®) is given in Eq. (22). When w = 2, we have
- . o _ 2
B{ (@) ((a2)"a)"} ~(eo e { [ RYE 0" HE R |}
2 1/2 H 7 H 13 1/2 2
=(0)* { T ( (RVS (2" HY H0 R ) 1

o 2
+ ’Tr(Ri//Ii,kQHHé{HQQSRi/Iik)‘ }

—(@20)? (fer12(®) + | fr11(®))



The values of fir 1,2(®) and fi 1,1(P) are given in Eq. (22). When w = 3, we have
- _ R 2
e {(tabat) (e} ~(uee 2 { Dl o 2 )

—(cker)?RID 2SR/ (MTr(Rl/ 3D *h, R DU R Iy

ris ris ris

+M2R)[*®D,*h Rl D} * S R ) R @D,/ (817)
_ _ 2
:(Ck‘sk)QM(M + 1) ‘hEDi/gﬁHRnséD[};/2hk‘
=(cxer)* M (M + 1) | fir.2(P)|*.
This derivation uses Eq. (30), where A = B = Iy and
1/2 x 1 1/25 7Hp1/2 1/2
W = RY/’®#D}/*h,hl! D, *®" R!/*.

The value of fir 2(P) is given in Eq. (22). When w = 4, we have
- N L _o2
B {((al)"ad) (ah)"ad) "} e { [l R @ R A AR ey

—2E {BER%?) (BUR!/? (MTr(Rl./ *BRY? i RIRY: SR Iy

ris ris ris

Tis Tis ris

+MRORYL PR RYS SRR ORYS
A+ DR (AR SR ORY: BB R, SRR )
—EM(M + 1) {Tr (" Rus@Ryns)’) + [Tr(@" Ris®@ Ry )|}
=AM +1) (fur2(®) + i1 (B))
(S18)
The values of fy32(P) and fi 31(P) are given in Eq. (22). Then we calculate the result of the second
part 22:::1 Z?ﬁl:wﬁl E { (g ) ;) ((q;fl)Hq;c/fl>H}. First, we consider the terms with w = 1. When

1 = 2, we have

H — _ _ ~ |2
25 {((ah)"a?) ((ab)"a?)"} = 2(cuor s { [l D} et Y el |

= 2(cr0)exhf D, POV HY Hy, @ RY;,  E{h. Wi} R @' HY H,® D, hy,
— 2(cx6)%erhl D/ * " HY Hy @ Ry " HY H, 8D,/ * by,
= 2M (ck6)%er fi(P) fr1,1 (D).
(S19)
When ¢ = 3, we have
H
21E{((q;i)Hq;§) ((g)"q) }
_ _ ~ _ 12
:2(ckak)26E{’hEDi/QePHH;{HgR;/deDi/ R }
—2(crer)20hil D,/ * @M HYE{ H,R)/*®D, i} h}! D,*®" R[> H}Y H,®D, "’ h, (S20)

—2(crer)? R D,* @ HY H,# D,/ *h) Tr(RY/*® D, *h.hl D, * " R/?)
=2(cxer)26(RE D 2@ HE H,# D)/ *hy) (R D}/ * @V R, ® D, * hy,)
=2M (cker)6] (@) fun,2(P).



When ¢ = 4, we have

28 { ((ah)"a?) ((a})"a)" |

_ _ ~ ~ 12
—2c20,E { hiD 2o B RO RV }

ris

=2c30e,hil D, * OV HY Hy® D, "y E{Te (R PRy,  hihi Ry "R}
=2c20e, (R}l D,/ @ HY Hy® D, hi)E{ R} RV P Rt Ry )

=2Mc3oer|fr(P) |2fk,3,1 (P).

=2c}derhil D, * SV HYE{ H, R’ Ry, AR\ "R}’ HY'} H,# D, by, (S21)

Second, we consider the terms with w = 2. When ¢ = 3, we have

21E{((q;3)Hq;§) ((QE)Hq}Z’)H}

~ _ ~ 12
:20%65;@1}3{’hERi/I%k@HHEHle/Q@Di/ Qhk’ }

ris

=220k { B RS @M HYE(H R @D, *hl!D\*@" R[* IV o B R | ($22)

ris ris

—2¢2 66, Tr(Hy® Ryp @ HY) (R D, *®" R,;. 8D, *hy,)
=2c30¢k fr1.1(P) fur2(P).

=2c30e, E{hIIRYy; (@ HI Ho @Ry Y Te(R 2D, * Rl *# R

When ¢ = 4, we have

H
2E { ((a})"at) ((a)"ai)" }
~ _ ~ ~ |2
—2c20E { RIRY @ HI LR ORY }
=228 { 'R @  HYE(E R OR ki RS @V R A LR )

r r1is

Tis

=208 { RV (@ H, Ho® RS T (RICORYE b RV "R } (23)
—2c20F { R RY: (" HY Io @RS ok RYE B R RS |
=220 {Tx(RY 2" HY TR RV ) T (R @ R PR )
+Tr(RY; @ HY Ha®Ryn i@ R @RV ) |
=220 (fr,1,1(P) fr,3.1(P) + frrs5(P)) -

The value of fir 5(®) is given in Eq. (22). Third, we consider the terms with w = 3. When ¢ = 4, we



have
H
2E{((qi’)qu§) ((a)"az) }
—9c2¢ E{'hHDl/QdiHRl/Z)HHFIl/QdSRI/Q h ‘2}
=2CEk kY ris 12 g VR, k'Yk
—2¢2¢,E {BI,jD,ﬁ/ "R HY A& Ry, $URY?HV A, R/ 5D Qﬁk}

r1is ris ris ris

ris ris ris ris ris ris

—2e b DY PO R (M (R @Ry k@ R In+ MR * O Rvi k@ R} ) R @D,/
—2c2e, (MTr(RriSq&RVR,kq&H) RIDY2 U R, BD k), + MR D!/ *$ R, B Ry 8" Ryi,BD)/ QBk)

=2ciekM (fik,2(D) fr,3.1(P) + M frra(P)) .
(S24)

The value of fir 4(P) is given in Eq. (22). Next, we calculate the result of
4 4 -
2> 3wl (@)}
w1=1Y1=wi+1
in Eq. (S13).

First, we consider the terms with w; = 1. When ¢ = 2, we have

2E{((qé)Hqé) ((qi)Hqi)H} = 2E {((q)"ax) } E{((a0)"ak) } = 2M (c&d)’er| f1(@) fe1.1(B).  (S25)
When 91 = 3, we have

21E{((q;i)Hq;i) ((Qi’)HQi’)H} =2E {((ax)"ax) } E{((a2)"ai) } = 2M*(cier)?0| fu (D) fun,2(B).  (S26)
When ¢, = 4, we have
28 { ((a})"at) ((a})"at)" } = 2B {((a})"a})} E{((a})"a}) } = 2M2cR0ek| fu( @) fua (@), (527)
Second, we consider the terms with w; = 2. When ¢, = 3, we have
28 {((a})"a?) ((a})"a)" } = 2B {((a})"a}) }E{((a})"a}) } = 2MFoei fir 1 () fona(®). (528

When 91 = 4, we have

2E{((Q§)Hq;3) ((q;‘i)HQi)H}
=208 { RV @  HY o0 RS bk RS @ R PELHI L) R DR |
=22 ME { R RV} @' HY o RS bl RV (0" R @RV ) 59
—2coM {Tr(RY: @ HY o RS ) T (RY; OV R @RV )

+Tr(RY; @ HY Ha®Ryn i@ R @RV ) |
=26;0M (fi,1.1(P) fr,3,1(B) + S5 (D)) -



Third, we consider the terms with wy; = 3. When 1¢; = 4, we have
H
28 { ((g))"q}) ((a)"ai)" |
=2}, E{h D, * @ R’ HI H R’ ®D,* Wi b, R @M R[> HI HoRYP PR, | I}
~2cie,E { R D @V R[] (MTY(RI/QQDl/QhthRl/Z) BRIy
1/2 1/2 1/2 1/2 1/2 1/2 1/2 3 S30
+M2ers ¢D hthRVR erls diHers ) er/s diRVR k } ( )
=2c}e, Mh! D, *®" Ry ® R\ \E{hih} R}, (8" Riss® D)% by,
+2¢2exs MR D, *#" R D, "Ry E{ R R\ #" R ® RV .}
=2cierM (M frr2(®) fr3.1(P) + frra(P)).
Finally, we focus on the remaining terms in Eq. (S13):
H
2Re {E { ((a0)"az) ((a)"ar) }}

=2Re { R0, b DY 2@ HY Ho 0 R BRI RV 0" RYPE(HY Ho} R)*®D) *hy |

(S31)
—2M 262, Re {EED;/ 2" AN A, SRy, ;8" R, . $D/ QBk}

=2M ci0erRef firo(P)},

2Re {E { ((a})"a}) ((a})"a)" } }
=2ct6eiRe {E { R} D} * 0" HY LRI @D, * by k! RV, (" R HIHY SR B} |
~2cterRe { R DY 20" HY Hy @R B b RV @7 Roi® D) *Ry | (S32)
—2¢262,Re {h}jD;/ 2" HYH,8Ryy, , " R, #D)/ 2,—%}

=2c;6ckRe{ frr6 (D)},

2Re {E { ((a)"ax) ((qi)Hqi’)H}}
—2cioeRe (B { R RYS @ HY 20D, *h bl D} * 0" R E( A F} R ORY | |
=2cte MRe {E {hl RV} @' HY Ho® D, *hy R} D} * " Ry SR | | (S33)
262625 MRe {BI,;ID;/ 2" HYH,&Ryy, ;" R, . $D,/ 2ﬁk}

=2M cioeRe{ frr.6(P)},

2Re { { (a7

_2ck55kRe{
{e

—2¢26c,Re {BED” " R, BRY: E{h WY RYZ &1 HY H, 4D}/ Qhk}
=2C%§€kRe{fkk)6(45)}.

The value of fri6(P) is given in Eq. (22). Therefore, by combining the above parts, the result of

E{;ﬁnzl(eﬁ) can be obtained as shown in Eq. (20).

Jiat) ((ah)"a)) "}
{RIRYE @ By 1, R ORYS bl D) 0" R A 0D} Ry | |

=2ct6erRe {B { (R @R okl D" R RERY (" HY H20D) Ry } | (S34)



1.3 Derivation of the interference term

Due to Ivr ki (®) = E{|q}lq;|*} = E{q}'q:q} qi.}, we have

Iyp i (P Z Z E{( POt 2’“) ((q”)Hqipz)H}

w1,9Y1 w2,P2

:iiE{((q;ﬁ)qu’)(( q’ }+2Z Z ]E{ Hfl)((qﬁl)qupl)H} (S35)

w=1¢=1 wi=1 11 =w;1+1
+2Re {E {(q;"q7) (¢i"a)) "}} + 2Re {E{((gD)"a}) ((a)"a)) "} }-

As the forms of Iy i (®) and E{,’%{nzl(eﬁ) are similar in Eq. (S35), we adopt the same processing method.
Therefore, we divide I'yvg ki (P) into different parts and calculate them sequentially. In the following, we first

H
calculate the result of 21:1 Z?z;:l E { ((q‘,j)Hq;/’> ((q‘,j)quz’) } The formula can be further rewritten into

the following form:

>3 E{(@) a (@) e} = DB (@) e (@) a) "} + >0 > E{ (@) ) () )"}
w=1¢Y=1 w=1 w=1Y#w

The specific calculation of the first part .0 _| E {((g)"aq?)((g¥)"g¥)™} is as follows. When w = 1,
we have

2{((ah"a}) ((ab)"a})"}

:Ckci(SQEkEiE { ’BI;Di/QQSHﬂ—%{EIQ@DZI/QBl

}

=cpc;0%epe; B { ‘ (BI,;ID,i/QQSHaN)aIA{/IaM(a%@Dg/zﬁi)

2} (S37)

—creid®eresM°E { (R D} *@"an) (o} @D} *h:) (R} D} *@"ax) (@l @D, *hu) }
=M?crcid’eneil fu(P)?] fi(P)[.

When w = 2, we have

E{((a)"a?) ((a})"a?)"}

=i 6°E { ‘hHRIV/Ff WO HIH, R b

“[}
—creid®E { R RYE @ HY Ho@ R E{RRI RYS 0" HY Ho RS |

(S38)

=cnci0?Te{ R , @ HY Ho® Ryg (" HY Hy PR

VR, k
=¢i0% fri1o(P).



When w = 3, we have
E{((a))"a?) ((a)"a?)" }

—crcieneiE { ’hHD”stHRl/Z‘HEFIgRl/QqSD”Qh

ris T1S

}

—creizreihfl D@ R (MTe(RY @D} *h:hI D} *# " R}[?) Iy
$39
+M*RY*®D}"*h, hHD1/2q5HR1/2) RY’®#D}*h,, (539

ris

1/2

125

ris

—cpciene M <hHD1/2diHRmS¢Dl/2h hED!*®" R, . HD!"*h, +M’

7)

=crciereiM (fkk,z(fp)fii,z(@) + M|fki,2(¢)|2) .
This derivation uses Eq. (30), where A = B = Iy and
W = R/’®#D}*h,h'D}*®"R!/*.

When w = 4, we have
£ {((ah)"a!) ((a})"a!)"}

—cvGiE { RIRVE @R HE LR ORY

T1S T1S

i
—reiE { R RS @R (MTr (R @RV E{RRIT RS 0" RY ) Iy

CMPRPERY BRI RS SR RPORYE ) (540
—cre; ME (if,jRi/; PR BRYY  hy Tr(Ru®Ryr /")

+MRIRY? &" R, ® Ry 4" R ®RYZ b )
=cpeiM (fr31(P)fi3.1(P) + M friz2(P)).

Then we calculate the result of the second part 30 _, Z?#UJE {((qz’)qup)((qu)qup)H} First, we

consider the terms with w = 1. When ¢ = 2, we have
H
E{((a)"a?) ((ah)"a?)" |

—cpei2erE { ’BED;/ ‘P HI H, PRy i

}

S41
=creid%ehl D OV HI Ho @Ry, E{h:hI YR S HY H,8D, by, (541)
—cpeib2ehl Dy 245HH§{H245RVR71-45HH§{H245D,1/ *hy,
=Meycider| fr(®)* fin (D).
When ¢ = 3, we have
H
E{((a})"a}) ((a})"a}) }
=Ckci5€k6i]E{’ W 2R2®D,*h }
—cpeidepeihli D)/ ngHHHE{HZRif@D” k' D} $" R!/Z HYYH, 8 D)/ * by, (S42)

—cpeidepeihil DL PN HY Hy® D, * by Tr(R/?® D)’ h; k' D} *®" R}/?)
—creiders; (R DL * @ HY H,® D,/ *hy) (R D}/ * & R, ® D}/ h,)
=Mecycidere:| fu(D)| fii (D).



10

When ¢ = 4, we have

E{((a)"a}) ((ah)"a!)"}

—=cpcidexE { ‘hHDl/z@HHf?H R’®RY; z~

1/2

—crcidenhl D" HYE { IR OR; hih RV "R HY | H:8D,*h,

ris

=cpeidephll D, O HY Hy® D, "R E{Te (R PRy, h:h Ry P R))

=ccider(hi D, * @M HY Ho# D, " by )E{h' R\ 8" Rii® Ry B}
:MCkCi55k|fk(¢)|2fi,3,1 (P).

Second, we consider the terms with w = 2. When ¢ = 1, we have

E{((QE)Hqil) ((q%)Hqil)H} =E { ((a)"qp) ((qil)qu)H} = Meyc;6%i| fi(P) | fr1,1(P).

When ¢ = 3, we have

1/2

E{((a)"a}) ((a})"a})" }
1/2

—cpeideiE { (hHRlv/{g’ BUVHIH, R/

1)

—creideiE { R RV kdiHFIHE{IEIQRl./,245D-1/ *h DO R HY ) @RV ()

=creide BRI RY; , O HY Hy®RY,,  hi Y Te(RY @D, *h; k' D} *@#" R

=creibe; Tr(Hy® Ry o8 HY) (R D!/ *®" R, D) *h,)
= Ci0€; fr,1,1(P) fii2(P).

When ¢ = 4, we have
H
E{((@)"a}) ((a))"a))" |
=crei6E hERlv/Ii DPUHYHL R ORY; b

)

{
—cpcidE {

{n

}

VR, k ris

h
=c, ¢ OE § hy,

i %//Ig k‘pHH HQQSRi//R khk Tr(Rré PRy, ‘pHRii(sz)}

=ckeid Tr(Ryy (" HY Ho@ Ry, ) Tr(Ry PSRy k1 R,

=, Ci0 fr,1.1(P) fi,3,1(DP).

Third, we consider the terms with w = 3. When ¢ = 1, we have
H
E{((a})"a}) ((a)"a})" } = Mercidereil fi(®@) fr2(®).
When ¢ = 2, we have

E{((QE)HQ?) ((qg)H(I?)H} = cpCidek fi1,1(P) frr,2(P).

PRV @ HSE { IR ORYE E(hRIYRYT S R HI ) B R |

(543)

(S44)

(S45)

(S46)

(S47)

(948)
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When ¢ = 4, we have

E{((a)"a}) ((a))"a})"}

_ckciekE{‘l_zI,fDi/ ‘" RPHI'H,R[’®RY; .h

7}

V2@ Ryp S R PHN A, R ®D ) hy, }

ris ris ris

—cpeierE {hHD1/2q5HR1/2H§H R

ris

—creie bl DY PO R (MTx (R @Ry i@ RY) Iy

ris (849)
+M2RY2®Ryy stHRl/“‘) R/*®D!/*h,
- H\7zH l/25H 1/273
=CLCiEL (MTI‘(RrisdiRVRJdS )h’k Dk b RrisdsDk hk
+M2R) D * 8" Ry, @ Ry 1 18" R D, * )
=crciekM (fer,2(P) fi,3,1(P) + M fria(P)).
Fourth, we consider the terms with w = 4. When ¢ = 1, we have
H
E{((a!)"a}) ((a1)"a})" } = Mepeidzil fi(@) P fis1 (@). (S50)
When ¥ = 2, we have
E{((g))"q?) ((g})"q2)" } = chcidfirr (P & S51
((Qk) qz) ((qk) qz) = ¢i0 fi,1,1(P) fr,3,1(P). (S51)
When ¢ = 3, we have
H
E{((a)"a?) ((a1)"a})" } = excieald (fiio(@) i1 (@) + M fia(P)). (852)

Next, we calculate the result of 2 Zilzl E?ﬁl:wﬁ-l E { ((gr")"g:) ((q%)qupl) } in Eq. (S35). Due

to the fact that h;, hi, and Hs are independent of each other, the expression can be further simplified as
follows after removing the terms with zero expectation:

22 Z { Hqi”)((qzlpl)HqZ”l)}

wi=1lyY=wi+1 (853)
—2Re {E{((ah)"a}) ((a})"a?)" }} + 2Re {E{((a})"a?) ((a})"a})" } }.
Therefore, we calculate the two items separately.
2Re {E { ((ar)"a}) ((qi)Hq?)H}}
=2cc:0z,eiRe { R D,/*®" B B, D} bl D} * 0" RY*B{ A} Flo} R)*® D) by |
—2Mepeidepe;Re {BED;/ 26" HY H,& D/ *h,h D/ *@V R, . $ DY Qhk} (S54)

—2M2cpeideneRe {BED;/ 2d"ayaid D bR D * 3" R, B D)/ 2ﬁk}

:2M20kci56keiRe {fk1’7(45)f1k’2(515)} .
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2Re {E{ ((a})"a?) ((a})"a})" } }
—2c.c,0ereiRe {E { W}l D}/ *@" A B2 D} *h: bl D} * 0" R} *E{ A Ho} R "Dl | |
—2MercioRe {E {hIRYE (@™ HY Ho® Ry 10" R R (P} | (855)
—2MercioRe {Tr { RYZ ,@" HY Ho @ Ryr i 9" R RS } |
=2cic;iORe{ fris(P)}.

Finally, we focus on the remaining terms in Eq. (S35). The derivation process of the first item is as
follows:

H
2Re {E { ((an)"q?) ((a2)"q;) }}
—9Re {ckciéskf_LEDi/ 2" A} H,®RY2 E{h,h}RY2 " R![*E{HY H,} R & D,/ Qﬁk}

T1S T1S (856)
—2McpeiderRe{h D}/ *®" HY Hy® Ryg ;8" Ry« ®D)/*hy}

=2Mcyc;doepRef{ fric(P)}.

The derivation process of the second item is as follows:

2Re {E{((a})"a}) ((a1)"a?)" }}
—2Re {E {creideihf RV @ HY Hy@D!*hihi D} 0" R PE{ HI L) R PR | |
=2cci0e,MRe {E (R RV (" HIH, @D *hihl D} 8" Ry RV o } | (857)
—2¢y.c;06; MRe{h!' D}’ ®" R,;.® Ry " HY H,# D} *h,}
=2Mcpc;de;Re{ fir.6(P)}.
Therefore, by combining the above parts, the result of Ivgy () can be obtained as shown in Eq. (21).

Based on the value of 7 and the superposition of various terms, the final result is Zfil ik IVR i (®). Then,
the uplink approximate achievable rate of user k can be obtained by substituting the results of E{‘,‘ﬁsg (D),

BN (@), and 321,y Ive.ki(P) into the original Eq. (18).
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