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RF Chains
Shahar Stein loushua, Amir Daichik,
Golan Robinsohn, Ell Shoshan, Moshe Namer,

Roee Katz, Ell Laks, Maxim Meltsin,
Harel Moalem and Yonina C. Eldar

Theoretical Background

Main Contributions
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®* Employs 4 antennas and only 2 RF chains

\___ shifters, gains and switches

scenario

®* When the channel matrix is low rank the RF reduction does not increase the channel’s MSE
®* Demonstrates an analog combiner that consists of controllable analog network of phase

® This prototype demonstrates a MIMO receiver with reduced number of RF chains ® Performs MMSE channel estimation for Kronecker channel model in a multi-user MIMO

_

Conventional MIMO Receiver

Y RF Chain ]—»

Yr RF Chain ]-.
Baseband

Y processing
[ RF Chain J—’
z( RF Chain ]—»

® Each antennas is followed by a dedicated RF
chain

® All the analog inputs from the antennas are
accessible at the baseband

® All the signal processing operations are
k performed in baseband (fully-digital)

W

Optimal Analog Combiner

® Due to the separable structure of the
Kronecker model, an optimal analog
combiner can be derived.

® [Stein and Eldar '2018]

Wopt — 1—'171<

® U, - First 2 eigenvectors of R,

® T - Any 2 X 2 invertible matrix

Hybrid MIMO Receiver Problem Formulation

Analog

YCombining_[ RF'Chain }Processing

low number of RF chains

correlation

Y ® Multi-user MIMO scenario with 2 ® Kronecker channel model:
VY user terminals and a base station
o M o copand with 4 antennas and 2 RF chains

H—R:HR?

N

3
Receive side A\ite channel matrix Transmit side
with entries ~V"(0,1) ~ correlation

® Vectorized received signal:

y=(S@W)h

"’N(O, Rt ® RT)

® MMSE channel estimator

Y ® The users transmit known,
orthogonal pilot sequences of
* An analog combiner projects the high number length 7 to the base station, over
of analog inputs from the antennas onto the a TDD uplink channel

h — [RtS* (SR,8*) ' ® R, W* (WRTW*)_I} y

* The analog combiner consists of a controllable * Received signal at the baseband
network of phase shifters, gains and switches eeved vy — WELST
digital signal _ 4 X = Pilot sequences
® Only alow number of measurements are Analog combiner Channel matrix ~ matrix
k accessible in baseband k matrix

J

Overview of Hardware Architecture

p

MMSE
- h estimation ﬁ[ ADC 1 H RF Chain 1 ]7
y—“’[ ADC N,.¢ H RF Chain N, f ]7

Digital
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Channel Estimation with Reduced RF Chains

Technical Specification Theoretical MSE

Carrier Frequency - .= 1GHz

® For the suggested combiner W ,,,; the

theoretic MSE in a noise free scenario 1s
the sum of 2 smallest eigenvalues of the
receive-side correlation:

Baseband BW = 125MHz — can be extended up to 2GHz

DAC - 4 output channels at 250MSPS

4

= \3 (R.) + M\ (R,

2 ||| H — H|?

ADC -4 input channels

\_

Sampling Rate — 250MHz for each channel

® Best case scenario:
rank(R,) < 2. In this case the MSE is:

2 ||| B~ HJ?| =0

Measurement Result

® Worst case scenario:
Al(Rr) — /12 (Rr) — /13 (Rr) — 14(Rr) = Q.

o h SHR [d8) |H-H estimator| based on 4 RF chains MSE : . o

s ( J) st i o 3564 097 008 04 - In this case the optimal combining scheme
= Mo Hiarlne il e c - | ' . . .

. » . " » - is a simple “antenna-selection” scheme,

Bady » . Vi S .
— 0 IN: 0.12 £ 0, and the MSE is:
St gealn ew s ~
bt ﬂ . 5
, o 2 ||| B~ H|P?| =

H-H estimator| based on 2 RF chains + optimal analog combiner |H-H estimator| based on 2 RF chains + simple antenna selection
1.96 0.18 0.16 MISE 047 0.08 0.04 sk
(58 0.2 044 0.35M (58 144 033 0.3867
0.35 0.25 J.18 118 0.22 0.38
1 02 0.7 043 Camey 02 i 0.12 TR

Analog Pre-Processor (APP) Board

APP filters the receiver data
coming from four channels
into two channels

* 16-bit 8-channel digitizer

APP in a single chassis

* 16-bit 4-channel DAC for
— . -
el o Waveform Generation By

Z = 2, ;.Lu)
S (0o e * Analog signal phase shift
il e A resolution - 0.5°
T ” . .
* Amplitude modulation

Qase shifters and Amplitude shifters easily configured by FPGA controllerJ k

User Interface

ﬁl.'.'?‘?.’.'.'f‘!!"_':' Channel Estimation with Reduced RF Chains

“S_A_MPL

Sipgnal Acquisition Modeling
and Processing Lab

- Full RF chains receiver performance
NGO |nput mMmode state
Olse Scenariao selection

enableZzdisable

FAGE SNR [dBE] |H-H estimator| based on 4 RF chains MSE
Hardware - Simulatoll Regular -
8.564 Q.87 0.08 Q.04
— v = 0.1392
.-.F' l-._- a-='=| _ Ml IS i B TRl HI.rI:-_JI A% I-I I::I_EE D_ 1 3 D_EE.
 Generate rew channel e - D17 e s
. 0.2 0.78 0.12 £ 0408
| Star wioul JENeraion New Params Suggested optimal combiner performance P, - 0-874,
L Q e i1 d
IH-H estimator| based on 2 RKF chains + :::ptir‘nal EIT'IEH:IIQ combiner MSE |H-H estimatmﬂ based on 2 RKF chains + Eil“l"l[:l|E antenna selection =
1.85 0.18 0.1&a = 0.0%a D.04
0.59 0.2 0.49 0.3571 0.58 0.44 0.33 03867
0.35 0.25 0.18 B 1.18 0.22 0.38 B
1.03 0.92 0.43 T RADE 0.2 0.78 D12 A
i v P DLE i | [ S 2.8
i ."'- 1 Lid I.I'- 1

Calibration values Antennas selection combiner performance

Reduced =F chaimnm 1

Ancalog Combiner
2 Sampling '

A rripdify Fha R (Dlegree:
0.55 130

1 COptimal combiner
= 0.3 -163.82 weights
3 0.75 -5 02

o - 022 =-111.82

— ADC 1 || _RFCh1 |+

:_[ ADC 2 |- RFCh2 |+ Reduced RF chain 2

043 =180

i

Faenarabor =2 085 11456
| o4 =5 .03
< 0_43 =33 75
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