ABSTRACT

This work presents the approaches and methods towards the power consumption emu-
lation of the analog part of the transceiver chain (RF device). Status quo emulation
methodologies are only compatible with digital designs as the emulated power is ex-
tracted from the RTL designs

MOTIVATION

The rapidly growing wireless telecommunication technology demands high data rates

at low costs and low power consumption. Sophisticated modulation and access
schemes such as the Orthogonal Frequency Division Multiplex (OFDM) in Long Term
Evolution (LTE) have been introduced to meet the high data rates demand, but the low
cost and power consumption criteria are much influenced by the Base Band (BB) and
RF (Radio Frequency) devices.

The focal point of this work is the definition of a power emulation model to be used
for the analysis of the dissipated electrical power (with the intent of optimization) of
the RF devices before the production of the handsets.

LTE TECHNOLOGY

B Fundamentals

® Orthogonal Frequency Division Multiple Access (OFDMA)
® The single carrier- Frequency Multiple Access (SC-FDMA)

® The Multiple Input Multiple Output

OFDMA VS SC-FDMA
QPSK EXAMPLE USING M=4 SUBCARRIERS

The fundamental technologies, OFDMA for downlink and SC-FDMA for uplink, of the LTE and their main differences are illustrated
below. The OFDMA is a multi-carrier technology utilizing orthogonal subcarriers separated by 15KHz whereas SC-FDMA is a single car-
rier spectrum inefficient technology. Though the OFDMA technology is the most spectrum efficient, it is only used in the downlink ® Hum idity
direction due to its high PAPR demand (12dB) compared to the 3 dB PAPR of the signals generated using the SC-FDMA methodology.

REF POWER CONSUMPTION EMULATION OPTIMIZED WITH
INTERVAL VALUED HOMOTOPIES

RF power emulation system

S T PO ER AT O] RESULTS OF THE 1.OGICAL The power consumption of the wireless device,
LHERE Dli]g]j_]l; l_']tjc_ﬁ ])R\;I: 'ERSION INT-ERFACE ANALYSIS with the RF device of interest, was analyzed using
A TECTURE

the setup in the previous column.

The power consumption of the RF device of the architecture below is P ﬁ] =V 1_] x ([Vd ET(I] X [% %} It is only the RF— BaseBand logical interface param-
emulated in this work e comeumeton Ve Bardiuidth and T | j_m s eters that are analyzed in this work. In this work, it _ ‘
0.5 oo o P @ T2 is assumed that the measurements are conducted E Power emulation SyStem
I/Q modulator "'-t "“ , 34.:' 314:-, -,3 o —_— in‘a ‘constant room temperature with constant hu- = Parameter RF power
L 3 e midity Extractor emulator
— Driver N EORETS L 0.4 5MHz HB The work with continuous temperatures and hu-
o / . B S 035 13%; hBB midity is pending. And it is planned to model the
TXF TX output E o gmi I power consumption as a function of these continu- « Parameter extractor
E 03 10MHz il ous variables as convex homotopies. « Extracts the parameters of interest online/offline Host PC
Q — PA § 0.95 // By utilizing interval analysis, the precisions in the » RF power emulator =
8 measurement tools (power supply, resistor and NI « Computes the power using a predefined model as s
& 02 - power card) are implicated in the computation of a function of the extracted parameters above T(seq)
,{{/[/ the power consumption. The power consumption is
2RF 0-15 / - : :
/# thus provided in terms of low and high bounds as a
PLL % Div2 0.1 pa— _-_;,."..:y function of the measurement tools uncertainties.
fawes 0.05 Here the power consumption of the RF device while
“30 -20 -10 0 10 20 30

Tx power(dBm) operating at 3, 5 and 10 MHz is plotted.

POWER INFLUENCING PARAMETERS

m RF-BaseBand logical interface parameters MODELING OF THE RF POWER CONSUMPTION CONCLUSION AND FURTHER WORK
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ANALYSIS OF THE LOGICAL INTERFACE
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