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Explosive Growth in Wireless Traffic

Figure 1. Cisco Forecasts 15.9 Exabytes per Month of Mobde Data Traffic by 2018 Figure 10. Mobile Video Will Generate Over 69 Percent of Mobile Data Traffic by 2018
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Mobile data traffic

projected to grow Potentially up to
10-12x 1000x
from 2010-2015 from 2010-2020
New Techniques Network Offload More Spectrum Het Nets
(Qualcomm)



Cm-Wave and Mm-wave Wireless: 10-300 GHz

A unique opportunity foraddressing the wireless data challenge

— Large bandwidths (GHz)

— High spatial dimension: short wavelength (1-30mm)

Compact high-dimensional multi-antenna arrays

6” antenna: 6400-element antenna array (80GHz)

Highly directive narrow beams

Large antenna gain
(dense spatial multiplexing)
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Contributions

Key functionality: Electronic multi-beam steering & MIMO data multiplexing
Goal: Design linear multiuser MIMO precoders for high-dimensional systems

Challenge 1: Hardware & software complexity due to the high dimension
— Beamspace MIMO — multiplexing data onto orthogonal spatial beams
— Channel sparsity & beam selection: near-optimal dimensionality reduction
— Analog beamforming: dramatic reduction in hardware complexity

Challenge 2: Linear precodingtypically requires coherent signaling
— Requires phase/frequency synchronization between the TX/RX local oscillators
— Limited by oscillator phase noise
— Differential MIMO — enables MIMO spatial multiplexing with differential signaling

Solution: Differential Beamspace MIMO (DB-MIMO) for multiuser systems



Multiuser System Model: Downlink
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steering (TX)/response (RX) vector
((T))) (n-dimensional spatial sinusoid)

Access Point (AP)
n-element
uniform linear array (ULA)

<<T>> K <n

Mobile Stations (MSs) -

Channel model: hy, = a,,(6x)

K X n MIMO system: r = HEx + v

Linear Precoding: x = Gs
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Spatial frequency: 8 = 0.5sin ¢

RX signal at the kth MS: T = thX + Vg

H = [hy,ho, ..., hyl

r=H7Gs+v

E [|x]?] = tr(GA,GY) < p

s = [s1,82,...,8k]" , Ay = E[ss"]

(TX power constraint)




Beamspace MIMO & Channel Sparsity
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r — Hb Gps +v hb,k — UO h; Sparsity masks for K=20 using a 2-beam mask
Hy = [hy1,hy,. .., hy k] p X K low dimensional system (p ~ mK)

r=HZGys+v H, = [Hp(4, )] eem




Differential SISO vs Differential MIMO

Assumption phase offset o remains constant (or varies slowly)
* Information encoded in the phase A¢ difference between symbols

= s(t r=el%s4 v
s = st s = Ael? = I2%5. .
sr=s(t—T) rr=el%s v,

. . A
SISO Differential measurement: 77, = ss. + sv. +vs, + vv, = e’ ? 4w

@ MIMO ( Special case 2x2 example)

Assumption MIMO channel H remains constant (or varies slowly)
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MIMO Differential measurement: z= vec(rr;’ )= .| =HaX+w  x=vec(ss?)
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h31hi1 hi1haz hishin haohao
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Differential transmit vector elements
corresponding to the differential symbols

H; = (H* @ H) =
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Multiuser DB-MIMO System Model

p X K MIMO systeminduced via beam selection

Differential measurements

G, _ > 171,
Differential Linear -g T > ToTs.
Transmission Precoding < U
(7]
l K differential symbols (e.g. QPSK) T > TKT I,
S1 L ) j
Agy =
S= .
Ag=| ' H
SK S1r
Adx . o~ Y~
Sr=1 : r = HbiS + v r- = HbiST + Vr
SKr
DB-MIMO System Equation
z = vec(rr) = HfdGb,d X+ w
DB-MIMO channel: H, = (H; ® Hyp)
DB-MIMO precoder: Gra= (G} ®Gyp)
MS differential measurements: Tk"“;:T <:> Elements of X: Sks,’:T — eI APk




Quasi-Coherent DB-MIMO Precoders

MU-MIMO precoders (based on the coherent channel)

~ ~ ~ = 1 o’K
Gy =aoF =alf;,f,,...,fx] Fyr=H, Fyr=HHI+ 'Hy, (=

Quasi-Coherent channel: what can be estimated at the AP

ﬂb = ﬁb,oA¢ A¢ = diag(ej¢1, co ey ej¢K)
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Quasi-coherent precoder applied at the AP: (:'Jb,o = (:;}bA;"p
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Does not affect differentially encoded information
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Quasi-Coherent Channel Estimation

Assumption: system operates in a TDD mode with channel estimation performed during uplink
Noise-free uplink differential measurements
f‘b = ﬂbx f'bT — be’T

z = vec(fpiil) = (H} @ Hy)vec(xx?) = Hy X + W

I:Ib,d — [fl;,l & ﬂb,. flz,2 & ﬂb, ey flz,K & ﬂb]

[flz,l ®hy1, flz,l ®hpo,..., ﬁ§,1 ® hy k]

Only need to estimate of the quasi-coherent channel I:Ib,o (sub-matrix of Hb,d)
Quasi-coherent channel estimation

Training for the k" MS: X = X, = €k =)z = ("

K
. b
Send one on consecutive symbols ’

£=mk

LN . . 1 )
z = h’z,k(mk)hb,k 'g(mk) - ‘hb,k(mk”z |:> hb,k,o = WZ = hb,ke

Repeat sequentially for all K MSs

—jZhy k(M)

ﬂb,o —= [Bb,l,O) flb,2,07 .o uy Bb,K,O] —= IthA;,kb A — diag(e_]éﬁb,k(ml), ey e_Jéﬁb,k(mK))
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Numerical Results

AP equipped with a ULA of dimension n=81 (6” linear antenna at 80 GHz)
K=20 MSs, p~40
P. computed numerically over 1,000,000 BPSK symbol vectors

Channel realization (random MS Iocations{Ok}szl) changes every 200 symbols
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Conclusions

* Multiuser DB-MIMO transceiver architectures
— Beamspace MIMO techniques for near-optimal complexity reduction
— Differential MIMO extended to multiuser setting
— Relaxes phase coherence requirements on multiuser systems

 TDD Quasi-coherent channel estimation procedure presented

* Numerical results: minimal performance loss compared to
coherent counterparts
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