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Background

@ Massive MIMO systems are capable of providing significant
gains in both spectral efficiency and energy efficiency
[Marzetta '10] [Ngo '13].

@ Relaying technique can enhance coverage and improve
throughput, etc.

@ [Suraweera '13] investigated the one-way amplify-and-forward
relay system, and the conclusion showed that the transmit
power of each source or relay station can be made inversely
proportional to the number of relay antennas while
maintaining a given quality-of-service.

@ As discussed by [Ngo '13] and [Jin '14], massive MIMO can
be wellapplied in two-way AF relaying with distributed and
centralized antennas.
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Our work

@ In this paper, we investigate the uplink of a multiuser massive
MIMO amplify-and-forward relay system, where K
single-antenna users simultaneously communicate with the
base station through a fixed relay station.

e Contribution in this paper:

o We derive closed-form approximations of the ergodic
achievable rate of the aforementioned system while MRC or ZF
is performed at the relay station and the base station.

o We study the power scaling laws, the conclusion shows that
the transmit power of users or relay station can be cut down
inverse proportionally to the number of the relay station
antennas or the number of the base station antennas.
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The model of relay system in cellular with large antenna
arrays

M, Antennas
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@ Scenario I: MRC is performed at both relay station and base

station.
@ Scenario Il: ZF is performed at both relay station and base

station.
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°o G = HlDi/2 denotes the channel matrix between users and
relay station, where H; € CM1*K and the diagonal matrix
D; € REXK represent fast fading and slow fading
coefficients, respectively.

o Gy = 7];/21‘12 € CM2xK denotes the channel matrix between
relay station and base station.

@ For Scenario |, relay station and base station use aerGI and
G; to process the received signal, respectively.

@ For Scenario Il, relay station and base station use
=il =l
Qzf (GJ{Gl) GJ{ and (G;G2> G; to process the received
signal, respectively.

@ amyc and ays are instantaneous power coefficients which make
relay station satisfies the power constraint.
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the received signal for MRC

@ The received signal at the base station for MRC:

S’BS :amrcn2®D1/2@Di/2X
+ ameer2ODy “Hing + 0y *Hings. (1)

@ The instantaneous power coefficient for MRC:

P,
Tr (D}/*eD,PeD; *+03D1*oD /%)

Amrc =

()

@ P, denotes the transmit power of the relay station.

e P is a diagonal matrix, where P; (jth element of P) denotes
the transmit power of jth user.
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the received signal for ZF

@ The received signal at the base station for ZF:

VYBS =X + aZfDl_l/Z(I)_lHJ{nR

4+ 772_1/28_1H£n33. (3)

@ The instantaneous power coefficient for ZF:

P
Tr [P—l—o%%Dl_l/z(ID_lDl_l/ﬂ '

Qyf =
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MRC

@ The ergodic rates of the jth user can be written as
1 My MsP; Prny
R; ~ log, (1 4 ety r7713772>.
2 SNMRC + 51
® SNyre and St are defined as
Tr (D?P) N Tr (D;) Tr (D, P)
My Ui

Tr (D Tr (D
FOU] 4 hop, U, (g
My My

_ 2
SNmrc =0 BS 1

+ Po%n [Mz +

Zi;éj Pﬂﬁz’
Mj

St =M P + M2 P32 Z#j Py

Zi;ﬁj Pimi

+ P Tr (Dy)
1
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Ergodic rate for ZF

yAS

@ The ergodic rates of the jth user can be written as

(My — K) (M — K) PjPrmjn2
EﬁqZF

1

|- ®
@ SNy is defined as

SN = (My — K) Tr (P) opgmj + (M — K) Progmp
+ ohropsmyTr (D). (9)
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Power Scaling Laws

@ Three cases are considered in our work.
o CaSGl:PjZEj,PTZET/Mg.
o Case ll: Pj:Ej/Ml,PT:ET.
e Case Il Pj:Ej/Ml,PTZEr/MQ.

e F, is fixed.
e K, FE,, -, Ex are fixed.
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Power scaling laws for MRC

MRC

@ The upper bound of case I:

1 E;E.m2m2
R; = =1 1+ ———L—~]. 10
7= 5% < 0%, Tr (D2E) (10)
@ The upper bound of case Il:
1 Ejm;
@ The upper bound of case Ill:
1 E;E.n3ms
Rj:§10g2 1+ 2 7 2 2 :
oggTr (DlE) + Eroxm ne + 050pgTr (D) A

(12)
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Power scaling laws for ZF

yAS

@ The upper bound of case I:

1 EE.n
Rj = -1 1+ 52 ). 13
] 9 OgQ ( + O'%STI' (E)> ( )
@ The upper bound of case Il:
1 Eim;
R; = ~log, <1 4+ JZ“) . (14)
2 on
@ The upper bound of case Ill:
1 E;Ermiine
R; = Zlogy | 1+ LY —
T < U%STT(E)UU-+f%0%n2%—U%U%SUUTYCDII%u
(15) &
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Numerical Results

Sum rate of users for fixed transmit powers
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Numerical Results

Sum rate of users for case |

T T
=t = I= = i
AR
p—
—~ B LY 4
I 2
> &
254 & 1
s a
.
§.7 |
o N
£
5 |
@ 34 R
2 —A— - Simulation(MRC) |
Analytical(MRC)
1h —B8— - Simulation(ZF) |
— Analytical(ZF)
0 i i i L
50 100 150 200 250
Number of Relay Antennas
K=5D=I5n=10%=104g=1E =Ey=---=E5 =5, E. =50, My = 2M.



Power Scaling Laws for Massive MIMO Relay Systems with Linear Transceivers

Numerical Results

Sum rate of users for case Il
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Sum rate of users for case lll
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Conclusion

@ We derived the approximations of the ergodic rate lower
bounds in closed-form while MRC or ZF is performed.

@ To maintain a certain achievable rate, the average transmit
powers of users can be cut down by increasing the number of
relay antennas. Similarly, the transmit power of relay station
can be cut down by increasing the number of base station
antennas.
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