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Abstract. Wireless Communication and mobile computing devices basically
work by battery power. It is very important to calculate and apply the power
consumption and furthermore to develop nice feasible techniques for reducing
the power consumption of wireless communication devices. RF and analog
parts in the mm-wave and EHF frequency domain typically consume more
energy compared to the digital parts. So, to design the wireless battery-driven
system more power efficiently, we have to investigate the system level energy
model for the RF front-end of a wireless transceiver. Also, the effects of the
signal bandwidth, PAR, date rate, modulation level, distance, specific attenua-
tion of frequency band, and the signal center frequency on the RF front-end
energy consumption and system capacity are considered. Eventually, we ana-
lyze the relationship between energy per bit and the data rate with the variation
of the system bandwidth so that we can find the minimum energy per bit in the
several Gbps data rate.

Keywords: Power model, Energy consumption, Power consumption, Energy
per bit.

1 Introduction

Wireless communication and mobile computing device are widely used in everyday
life such as cellular phone, smart phone, PDA, tablet PC, RF ID tags, and so on. All
of these devices are powered by batteries with a limited lifetime. Therefore, capacity
of battery and power consumption of device are very important at these devices. Since
the advance in battery technology have failed to keep up with increasing current con-
sumption wireless communication and mobile computing device, efficient techniques
to reduce the power consumption devices have to developed. The design of technique
for low power wireless communication systems constantly attracts a great deal of
researchers' attention.

Different approaches of low power wireless communication have been addressed
in recent years. These change of the modulation [1]-[2], multi-hop [3], scheduling
method [4]. These approaches are focused on power consumption at digital parts.
However, the wireless communication system consumes more power at RF parts. For
example, about 75% of the power is consumed by RF front-end in an IEEE 802.11-b
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wireless LAN card based on Intersil’s PRISM II chipset. Therefore, power model of
RF parts is required to design of wireless system.

Recently, the RF transceiver power model has been provided [5]. This paper was
modeling of transmitter and receiver each device part. Also, the analyses the system
quality apply to RF power model. But, this paper is only consider free space loss and
that has not been analyzed the system performance according to frequency band.

In this paper, we are considered the effect of signal bandwidth, PAR, symbol rate,
modulation level, transmission distance, specific attenuation of frequency band and
the signal center frequency on the RF front-end energy consumption and system ca-
pacity. Also, we analyze the relationship between energy per bit and the system
bandwidth.

2 Power Consumption Model

2.1 Transceiver Block

The wireless transmitter and receiver structure that we have used is described in Fig, 1
and Fig.2 [5]. The analog device blocks of transmitter are DAC, reconstruction filter,
mixer, RF synthesizer, power amplifier and RF filter. Also, the analog blocks of re-
ceiver are band select filter, LNA, mixer, RF synthesizer, baseband amplifier, base-
band filter and ADC. Also, we assume that the transmitter and receiver works in three
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Fig. 1. Basic block diagram of the transmitter
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Fig. 2. Basic block diagram of the receiver
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states : (1) active state when the signal is transmitted, (2) sleep state when there is no
signal transmission, and (3) transient state when the transmitter switches from sleep
state to active state or active state to sleep state. Therefore the total energy consump-
tion is given by [5]

E

total active™ active

=p, T . +P,T, +P
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In this paper, we only consider active state power consumption because the power
consumption of active mode is dominant. Since transmission energy is delivered by
PA [6].
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as Do s Lrs s Dy ,Pﬁher and PBA are the power consumption of the PA,
mixer, frequency synthesizer, low noise amplifier, filter and baseband amplifier,

respectively.

2.2  Power Model

In this section, we present the power models for each of the components in the analog

signal chain of a transmitter and receiver using the existing RF power model [5].
The power model of DAC can be express as a function of PAR (Peak-to-average ra-

tio), SQNR(Signal-to-quantization-noise ratio) signal bandwidth B and resolution.
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The power consumption of baseband active analog filter can estimate as follow [7],
Py, =n-kT-Q- f,-SNR* )

where n is a proportionality constant depending on the filter topology.
The power consumption of integer-N PLL frequency synthesizer with multiplica-
tion ratio of N can be estimated as follow [5],

Ppll:bl'Cl'Vddz'FLo+b2'C2'Vdd2'Frgf &)

where C, and C, represent the total parasitic capacitance loading of the RF cir-

cuits, F  1s the reference frequency and V,, is the supply voltage, which is also

assumed to be equivalent to the LO voltage swing.
The power consumption of VCO is given by [5],

R R
R/’CO = R 'kaz = szpkz = Rcza)czvpkz = sz 2 Vpk2 (6)

c



Power Model and Analysis of Wireless Transceiver System 277

where Vpk and [ sk 1s the peak voltage and current amplitude inside the tank cir-

cuit.
The power model of the mixer is a function of the noise figure NF' and the gain

K [6].
P .=k

mixer — “mixer

K/ NF (M

LNA amplifies the received signals with low input referred noise. LNA determines
the noise figure of receiver. The power model of LNA is a function of the noise figure

NF  and the gain A [6].
P =k Al NF 3

The efficiency 77 of Class A PA is proportional to the rms value of the output power
(7]
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The power model of PA is thus given by [6]

2
16-7>-d*-L ., . 1[ 1)‘ (10)
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where G, and G, are the transmitter and receiver antenna gain, d is free space

propagation at distance(meter). L is the system loss factor not related to propaga-

tion, and A is the carrier wavelength. This equation only consider MQAM. There-
fore, for other modulation scheme, the PA model is similar but Q function is different.

Table 1. RF power consumption[5]

Power model function PAR = 10dB

PA P (PAR, d, b, SER) 246 mW
Mixer P (K, NF) 303 mW

ES PCw, F, F,) 67.5 mW
LNA P (A, NF) 20 mW
ADC P (PAR, SNR, f) 5.85 mW
DAC P (PAR, SNR) 243 mW
Filter P (SNR, f) 5mW

BA P@B, a,,) 5 mW

3 System Capacity

In this section, we study on the effect of channel propagation on the system capacity.
We use channel propagation model (ITU-R 676-1) that is dry air and water vapour
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model. Also, we simulate the system capacity according to frequency band using
Shannon capacity formula.

3.1  Specific Attenuation

The specific attenuation due to dry air at ground level (pressure = 1, 013 hPa) and at a
temperature of 15°C is given by the following equation [8],

6.09 4.81
£2+0.227  (f-57)*+1.50

Yaw =17.19x107 + } #2107 dB/km  for f <57GHz (1D

Also, the specific attenuation due to water vapour at ground level is given by the
following equation,
3.6 10.6

+

- ={0.050+0.0021p + :
7=t P (f=222)"+85 (f—183.3)"+9.0 (12)

8.9

+———— 1 f?p10™* dB/km for f<350GHz
(f—325.4)2+26.3}fp f

where, f is frequency expressed in GHz, and is the water vapour density ex-

pressed g/m’.
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Fig. 3. Specific attenuation - dry air and water vapour condition (1-60GHz frequency band)

3.2  System Capacity

The system SNR of the receiver is defined as the receiving power over the system
noise figure, F. So, the SNR at the input of the demodulator can be written by [9]
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SNR —_— SNRI‘ —_— P(JHI ) Gr ) GI
dm—F  PL-F-KTB

where, PL is free space loss and F is noise factor. This equation only consider

13)

free space loss. So, we add the specific attenuation. Therefore, SNR,,, is given by

SNRdgm — SNRV — Pout ) Gr ) GI (14)
F ~ PL-F-KTB-L,

where, LSP is specific attenuation that is dry air and water vapour.
The Shannon capacity formula is
C = Blog,(SNR+1) 5)
Therefore, system capacity is given by

C = Blog,(SNR,, +1) (16)

dem

m— Free space (d=1Km)
m— Dry+Water vepour (d=1Km)

Fig. 4. System capacity using Shannon capacity formula (d=1km, Pout =10 dBm, Noise figure
= 6dB, bandwidth = 1.5GHz, G =1, G,=1)

Fig.4 shows the system capacity according to frequency band. In this figure, we
can see that the system capacity has been falling sharply in 53 GHz - 60GHz because
specific attenuation by dry air. Also, the system capacity is decrease at the high fre-
quency band. Because that the free space loss of high frequency band is higher than
low frequency band.
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4 Power Consumption

In this section, we simulate the total power consumption according frequency band.
We use the RF power model from section 2. Table 2 summarizes the related parame-
ters for the power consumption of PA and ADC. From the power models described in
Section 2, we can see that center frequency directly affects the power consumption of
ADC, PA and filter. Therefore, we simulate the ADC, PA and filter according the
center frequency.

Table 2. PA and ADC simulation parameter.

Parameter Parameter
Bandwidth 20MHz SER 1074
Frequency band 1-60GHz G_r 1
Distance 1km G_t 1
Modulation QPSK, 16QAM Loss 0.8
Noise power -101 dBm v_dd 3V
Roll-off factor 0.2 L_min 0.4 um

From the equation (15), we can define the SNR at the input of the demodulator. So,
equation (16) can be written as

£R .G -
SNR,, =2* _1=M (18)
KTB-PL-F-L,
where &£ =1 and is a pure number. So, the out power of the transmitter becomes
M:KMJWFLWP?_q (19)
GG,
The total energy is given by
B
E;of = 77 +Pmucer +[)FS +[}ilfer +PDAC ’ T; +B ’ T; (20)

R is receiver power consumption in LNA, BA, mixer, frequency synthesizer, filter,

base-band amplifier and ADC. So, we find that R 1s 427.73 mW at 60GHz.
P =P

mixer

+ P+ P

a T Pﬁlm + PBA + PADC @2y

Also, the total power consumption is given by

1
P

tot = Et()t [ — (22)
T,+7,



Power Model and Analysis of Wireless Transceiver System 281

Next, the energy per bit is becomes

1
Eh = Pt()t R (23)
R,
Therefore, the energy consumption per bit, E , is found as
KTB-PL-F-L £R
E:{[z —1]-T,+P,.~T,] Lo 24)
G, -G n T+T, R,
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Fig. 5. Energy per bit (center frequency = 60GHz, d = 20m, €=1. 7] =5%, F=12.6, Tt=
T =1).

Fig.5 shows the effect of bandwidth and R on the energy per bit. At R<5Gbps, the
energy per bit is equal bandwidth 1GHz and bandwidth 2GHz. But, energy per bit of
bandwidth 1GHz is higher than energy per bit of bandwidth 2GHz at R > 5Gbps.
Because this energy per bit is increase the according to 22 (R /B) . Therefore, the

energy per bit has an affinity with the bandwidth.

5 Conclusion

In this paper, we analyze the system power consumption using the RF power model.
Also, we analyze the relations between energy per bit and system bandwidth. The
system power consumption is increase according to frequency band. Also, the power
consumption of PA is more dominate the RF parts. And fixed the distance and com-
pare the system capacity, we can see that higher frequency band, the lower the system
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capacity. But, high frequency band can be easily securing the wide system bandwidth.
Therefore, the system frequency band and bandwidth is more important for low power
consumption.
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