LUND

UNIVERSITY

Digital baseband algorithmic and
architectural solutions to master complexity

LIANG LIU, DEPT. OF ELECTRICAL AND INFORMATION TECHNOLOGY, LUND
UNIVERSITY

.......




Massive number of antenna elements

... Leads to

Increased MIMO processing complexity

ey W T,

More antenna tranceiver units

More data to stored and send between
transceivers and baseband processing units

1. What can be done to make MIMO processing more
computational efficient?

2. How can digital baseband processing relax the
requirement on analog compoments?

3. How can we handle the massive data storage? S
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Efficient precoding and detection
architecture and circuitries




Distributed architecture for MRT
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Row m contains the Hermitian
transpose of the coefficient vector
from antenna m to all K users,
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Hybrid architecture for ZF precoding

HT _ HH(HHH)_l Eollect channel J

estimation

Distributed processing

(HHM)-1 calculated
once per channel
update

How can we
implement this
efficiently?

[Same as MRT, local LUND
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DSP assistants the use of low-cost
analog components




Enable low-cost analog components

IQ-MODULATOR BASED TRANSMITTER

Ichannel—'"@

Keep these as low
as possible to make
antenna units
inexpensive

Q channel
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Reducing PA dynamic range with
antenna reservation (concept)
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Calculate distortion
at users
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Size M2
Procoder

L IFFT

Transmit
correction
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Reducing PA dynamic range with
antenna reservation (performance)
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Implementation: Reserving 20 of 100 antennas with 10 users WHY)
reduces PA back-off by 3-4 dB at a cost of only 15% increase in L) i
precoding complexity (comparing to QRD-based ZF precoder) UNEER




Compensating 1Q-imbalance (system
model)
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Compensating 1Q-1imbalance (scheme)

Pre-coded % 1Q Imbal |
re-code Qlm EEnCE'-. RE Chain
data stream Pre-compensation
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Process ST 28nm
Large diagonal elements.
Power 0.61mW Can be efficiently
Latency 2clk @ implemented as a Jacobi
200MHz iterative solver
Gate count 24k R 5
One instance per antenna ULNHQR
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SNDR (dB)
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Compensating 1Q-imbalance (result)

SNDR without compensation
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Power loss at BS for downlink (dB)

Simulated I1Q imbalance with mean value
6% amplitude and 6 degree phase imbalance
(random on antennas)

B o
cannhlss
¥
LR - == —-———
.. e m =K==
-#_x 5o =7
A
X
-B- M =20 |7
. —t— A = 40
Increasing mw= M = R0
transmit power cewes M = 160
1 2 3 R 5 6

SNDR (dB)

30

.---16dB
L= 1Q imbalance
pee=” 14dB estimate
o0 ' __..J2dB quality

10

SNDR with compensation

Example:
M=20 antennas

(F Increasing

transmit power
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FPower loss at BS for downlink (dB)
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Reciprocity calibration (system model)

« Channel reciprocity is used to realize efficient TDD
Massive MIMO

---------------------
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Reciprocity calibration (scheme)

 Calibrate by referering to the same base-station antenna

— Calibration within base-station

— Use antenna coupling for the estimation

Base
station

Calibration with
in base station:

Calibration between
reference ante. and
UE: down-link pilot

o
oAy

( Y )
o i) e
R
\&n%@@mk )

slow changes

25

LUND

UNIVERSITY



26

Reciprocity calibration (processing

distribution)

Reuse matrix
operation for both
uplink and downlink

Distribut processmg

<—§— Channel Est.

rI

e
> b1->1h]_ L

Distributed
compensation

 Localize data transfer
« Simplify memory access
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Parallel memory for channel matrix
storage
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Memory subsystem in Massive MIMO

» High capacity and throughput

O Storage v.s. processing (150 subcarriers)

Channel matrix Memory QRD-based ZF precoder

0.28mm? 0.13mm?

» Multiple access patterns

O Column wise: HHH

U Row wise: Hy

O Diagonal wise: HHH+al

» Adjustable operand matrix size
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Hardware implementation of a 16-bank
parallel memory

» Capacity 128kB: 15 subcarriers of 128 X16 MIMO system

» Row/Column/Diagonal (16 elements) access in one clock cycle
» 0.28 mm?in ST 28nm technique

» 64 GB/s Throughput@1 GHz Frequency

» Power consumption
O 197mW @write
U 246mW @fetch
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Exploiting the sparsity in massive
MIMO channel

Angle of arrival [degrees]
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Distribution of angle of arrival signals at base station
(Real measured result with linear array of 128 antenna elements)
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FFT-based channel data compression
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Conclusions

« Efficient MIMO processing using massive MIMO properties
« DSP enables low-cost analog components

« Memory is crucial to achieve energy- and area- efficient

baseband processing
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