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Background: Capacity of MIMO Channels

What is the maximum possible rate for communication?

e Capacity of Rayleigh fading channels
— Fading channel known at the receiver (Foschini, Telatar)
— Fading unknown at the receiver (Marzetta and Hochwald)

— Asymptotic expression for capacity (Zheng and Tse)

e Capacity of Rician fading channels

— Fading known at the receiver (Farrokhi et. al.)
— Isotropically random specular component (Godavarti et. al.)

— Static specular component (Godavarti et. al.)
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Figure 1. Diagram of a multiple antenna communication system




Channel Model

e Fading Model: Send x M signal matrixS, Receivel x N signal

matrix X
X =/ PsHyw
M

— H: M x N matrix of channel coefficients

x Gaussian distributed for Rayleigh channel
x deterministic for AWGN channel

— W: T x N matrix of CN (0,1) random variables
— M: Number of antennas at the transmitter
— N: Number of antennas at the receiver

— T: Symbol Coherence Interval

— p: Average signal to noise Ratio at the receiver antennas




MIMO Rayleigh Capacity: avg power constraint: tr(E[SS]) < MT
e T/R-informed capacityH = VAUT known to both T/R

E[C(H)], (bits/sedh2)

maxi (S X|H) =T In ‘IM +HTZSH‘
SH

min{M,N}

T ; In(UAID)]T,  p:tr(Ss) = MT.

After T/R spatial transformations (Beamforming)

S — SV, X — XU

Capacity achieving source:

S~ N(©OIr®3s), =s=diag((L—1/N})T)
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MIMO Rayleigh Capacity: avg power constraint: tr(E[SS]) < MT

¢ R-informed capacityH known to R only

Cy = rrg)axE[I (X,9H)]

Capacity achieving source: i.i.d. Gaussian
S~ N(@O Ir)Im)

Capacity achieving receiver: generalized beamforyher XU

e Uninformed capacityH unknown to either T/R

C = maxE [logPys(X|S)/Px(X)]

Capacity achieving source
S~ VA




Rician Channel Model

e Combined Rayleigh and Specular Multipath Fading:

H=v1-rG++IrHn
Gmnare i.i.d.CN (0,1)

Hm deterministic matrix such thatftid,H} = NM

r fraction of channel energy devoted to specular component
Hqy known to both the transmitter and receiver

G not known to the transmitter

e After spatial transformation (beamforming) at TRy, = [D, 0]




R-informed Rician Capacity: Rank one Hy, known to T/R

Capacity:

Cq = rr|131xT Elogdetly +
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Figure 3. Numerical optimization yeilds+ 0 and values of d shown
as a function of r for different values pf
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General Rank Hy,

e Capacity achieving sign@= ®VW whered is independent o¥
and¥
— @: T x T isotropically random unitary matrix
— V: T x M random diagonal matrix

— W: M x M random unitary matrix

e Low SNR Rician capacity

Cr~ TP [MmadHmH ) + (1= )N

e High SNR Rician capacity fof > 2M andM < N
Cr~ M(T —M)logp

achieved by = +/T® for T — oo.
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Rayleigh Training-Based Communications
e T;: number of channel uses devoted to traininga®n
e S: training signal
K: fraction of the energy devoted to communication
T. =T — Ti: number of channel uses devoted to communication
S communication signal

Channel in the training phase

X = S(\/FHm‘l'\/l—l’G)""\M

— Xt Tt x N
- S i xM
— Energy constraint on the training sigritr{S S }] < (1—k)TM




e Generate MMSE estimate &f via recieved training signal

G=v1-r(cly+(1-r)F9)1S X - /rSHn|
e Channel in the communication phase
Xe = S(vHm+vV1—rG) +We

e Lower bound on normalized training capacis/[if{ S }] < KTM)

Pef f
M

Cr > (T —T)Elog det(lM +

HiH, )
where

— Hi1 = /ThewHm+v1— rne\/\é'
r

Mnew = r+(1—r)o§3
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Figure 4. Plot of r,ewas a function of parameter r for M= N = 5,
T =40and Hy = Iy
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Figure 5. Plot of optimal energy allocatior as a function of Rician
parameterr for M=N =5, T =40and H, = Iy
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Capacity upper bounds

Capacity (bits/T)

Capacity lower bounds
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Figure 6. Capacity upper bound Er(H)] and lower bound € as
function of M for T=40, N=40, p=1, Hn=[Im,0].
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Conclusions

e Mixed specular and diffuse fading require new signaling strategie

At low SNR p specular beamforming is optimal a@g = C;.

At high SNRp combined beamforming and unitary signaling is
optimal

For high SNR and large coherence interVaRayleigh optimal
signaling achieves capacity

Exploration of optimal power allocation and optimal transmit
diversity for training via capacity bounds

Codes that attain these capacities?




