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Abstract — this paper describes a radio frequency eceiver dimensioning methodology targeting the IEEEB02.16e
standard, mobile WIMAX. Based on direct conversionreceiver architecture, the distribution of the stardard

specifications to the individual receiver blocks isdiscussed. Design techniques and theoretical calations are
developed while considering ADC (Analog to DigitaConverter) full scale constraint. Simulation resuls are introduced
for noise figure (NF), gain and linearity (IIP3: Input-Third Order Intercept Point and ICP1: Input-1dB -Compression
Point). The studied receiver performs two gain modeto fulfill linearity and noise constraints. It achieves a total gain
of 45dB and a CP1 of -17.9dBm for low gain mode. ftrovides up to 106dB gain, 7.6dB noise figure an@5.9dBm CP1
for high gain mode.

Index terms — dimensioning methodology, IEEE 802¢€lGeceiver blocks, linearity, noise, gain.

I.  INTRODUCTION

Wireless communication and electronic fields hamewn a vast progress during the last few yearsehlsing the data
rate, expanding the coverage area and accommodating components on the same chip are the essewidations behind
designers to develop materials for these wirel@gsnsunication systems [1-2]. Moreover wireless have to offer
different services while satisfying minimum powemsumption; this in order to make them suitablerfmbile application.
Mobile WIiMAX (World Wide Interoperability for Micravave Access) is one of the new standards develpextent times.
It can cover an enormous distance and allows apritapt data rate [3-5].

Designing an RF (Radio Frequency) receiver for heo/iMAX application became a delicate task if wansider the
stringent challenges of this standard. Any desigjept start with a preliminary task known as rgeeidimensioning or
system level design. This step is very importargniauring the verification of the required perfontes at transistors level as
well as in shortening the time-to-market. The &slbn of an efficient frequency plan and receivedget is one of the most
compelling problems. Many tradeoffs have to be malden fixing the characteristics of each of thech[6-7].

The remainder of this paper is planned as folldsextion 1 describes RF parameters, receiver acthigs and WiMAX
standard Specifications. Section 2 explains recapecifications computation. Section 3 discusgasilated results. At last,
section 4 highlights the main finding and conclasid the proposed work.

Il. BASIC RECEIVER DESIGN
A. Receiver Parameters

Many design parameters have to be considered wimeendioning an RF receiver. The most common parensetre
sensitivity, noise figure (NF) and IIP3. Sensitwi is the key parameter of any receiver. By définj it is the minimum
input signal level expressed in dBm that can beatetl and correctly demodulated by the receiveraritbe expressed as [8-
9l

P
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Where -174dBm/Hz is the thermal noise power dR30@put resistance, B is the receiver channel badtfwéxpressed in
Hertz, SNR,, is the minimum Signal to Noise Ratio and NF istleése figure which is defined by the following eagsion,

NF =10lognf (2)
Where nf is the noise factor. Friis formula [10fides the noise factor of cascaded stages as:
nf, _1+_,_+ nf, -1
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Where nfis the noise factor and; G the power gain of the i-th block.
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Receiver can be also characterized by its lineaNtgreover, receiver blocks are nonlinear in genedbaie to these
nonlinearities, blockers can generate intermodutaproducts. Second order and third order interdaidun terms are the
most dominant products. Thus two parameters défi@dinearity which are the Input-Third Orders heept Point (1IP3) and
Input-Second Orders Intercept Point (1IP2) [8-9].

A similar equation to the cascaded noise factorbsanbtained for [IP3:

L= e By Bl 5)
P 1IPZ  1IPZ P2,

Where Gis the power gain of the i-th block.

B. Receiver Architectures

Three different receiver architectures are studéegherheterodyne, homodyne and low-IF. The ch@aetermined by
criterion including complexity, power, noise andfage.The most traditional architecture is the shgrodyne receiver. It
consists on down converting the RF signal spectauat least one intermediate frequency (IF). Iri,ftee RF signal is first
down-converted to the intermediate frequency IF, toen it is down-converted from IF to basebandaigBaseband is the
range of frequencies occupied by the signal befasdulation or after demodulation. The major problgithis architecture
is the image frequency and complexity (number ofth)[8]. In Low-IF receiver architecture, RF signhalre translated to
low-IF frequency which is then down-converted tedizand signal. This type of architecture presemsproblems which
are image rejection limitation and high power canption. The third studied architecture is the hoymedone. It translates
received signal directly from RF to baseband. Ia tiase the intermediate frequency is nujt£0). Hence this architecture is
called Zero-IF architecture or Direct IF architeetuThe homodyne receiver presents many advantsgesially the
simplicity (less hardware) and image problem régecf9]. Thus, total integration, high flexibilityintegration density and
low power consumption can be offered only by thenbdyne architecture. We deduced that this typeraiitcture is the
more suitable and, probably, allows attending thguired performances of WiIMAX standard. Therefore ehose this
architecture in our research. Figure 1 shows the iagram of the chosen architecture.
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Figure 1. WIMAX receiver schemati

C.WIMAX Standard Specifications

WIMAX stands for World Wide Interoperability for Miowave Access. The main characteristic of thismi the huge
distance which it can cover (up to 50 Km) and tin@artant data rate insured (up to 70 Mb/s). Nowadayobile WiMAX
represents a very interesting norm since it caeroffireless connection everywhere at any time. WK/Has two versions:
the first one is for fixed network (IEEE 802.164&);this case the frequency band is between 2-113He. second is for
mobile applications (IEEE 802.16€); the frequenandis restricted to 2-6GHz [11]. WIMAX, for fixeapplications, adopts
orthogonal frequency division multiplexing (OFDM)odulation scheme. Mobile WIiMAX uses only OrthogoRaéquency
Division Multiple Access (OFDMA). The channel baridth is variable from 1.25 MHz to 20 MHz. The subi@ spacing is
set to 10 KHz. Each subcarrier can be modulatet different modulation schemes (QPSK, 16 QAM or@4M). The
standard specifies the noise figure to be less 8d&nin addition to a maximum of 5dB from implematitn losses. The BER
have to be less then £0The WIMAX receiver shall be able of detecting atetoding a maximum input signal of -30dBm,
the minimum input signal can be calculated withftilkowing expression [11]:

P, . =101+ SNR, +10I09[F3.% 10°] P, i =—101+ SNRy, +1OIog[FS.% 10 6)

- FFT FFT
Where:
. -101 [noise Floor + 8dB noise figure (NF) + 5dB implertagion losses (IL)] expressed in dBm/MHz,



. SNRzx the receiver SNR in dB,
. Fs Sampling frequency in MHz,
. Nused Number of used subcarriers,

L4 NFFT 1024.

According to [12], FFT size and channel bandwidtpehd on frequency band. Table | lists some ofribbile WiMAX
profiles and their corresponding channel bandwaaitth N-r+.

TABLE I. WIMAX PROFILES

range (GHz) (MHz) mode
5 512
2.3-24 10 1024 TDD
8.75 1024
5 512
3.3-34 7 1024 TDD
10 1024
5 1024
3.4-3.6 7 1024 TDD
10 1024

Assuming that to design a mobile WiMAX receiver @imnal at the 3.4-3.6GHz frequency band, the nbhhbhandwidth
would be 10MHz and the dd; corresponding value is 1024. The receiver seiitsitis computed by means of equation (6), it
is estimated to be around -94.5dBm [7].

Ill. RECEIVER SPECIFICATIONSCOMPUTATION

Dimensioning methodology is based on two stepsivec parameters computation and blocks specifinatiindeed, the
link budget analysis uses several key parameteatsteyrmine the receiver line up and the requiremefhteceiver blocks such
as SNR, dynamic range, ICP1 and IIP3. These paeasnate not directly given by the standard. Thclly involves their
calculations.

B. SNR and Dynamic Range

Signal-to-Noise Ratio (SNR or S/N) is a measuralusecalculate how much a signal is corrupted higenaBy definition
it is the ratio of signal power by the noise powarRF, the minimal signal to noise ratio at thpuihof the receiver SNfRcan
be calculated as [13]:

SNRLminz Pin_min—N (7)

Where:
« N=10 log KTB/10? : thermal noise,
e T=288 Kelvin; thermal temperature,
*  B=10MHz : channel bandwidth of mobile WiMAX,
« K= boltzman constant = 1.38 1)

*  Pn_minis the minimal sensitivity calculated above = 83#Bm,

In our application SNR minis 13dB.
SNR at the input of the ADC can be calculated 8% [1
SNRu:= SNR,_apc= Eu/Np - 10log(PG) 8)



Where: PG=BW/R= bandwidth/rate ang/lf; is the energy per bit to noise power spectral itheratio.
It can also be calculated as [13]:
NF = SNR,- SNR,:= SNR, - SNR, apc (9)
SNR_apc= SNR, - NF

Knowing NF and SNR values, SNR apcis computed and it is equal to 5dB.

The dynamic range (DR is generally the parameter that defines the vecednd the received signals. PRan be
calculated as the difference between the maxindhainimal received signal. The maximal signal poSgy, is —30dBm and
the minimal signal is the reference sensibility &dBm. Thus dynamic range would be [15]:

DR= Pin_max' F)in_min: 61dB (10)

DR, or dynamic range of the analog part of receieer loe measured as [15]:
DR = DR, + SNR= 66dB (11)
The received signal at the antenna can be quitddeel, thus the receiver must provide a maximunm.gan the other

hand, it is limited by the ADC full scale level. @dering that the full scale 3§ equal to 13 dBm, we can compute the total
gain, provided for the weakest signal{{ and for the strongest signal {& [15]:

Gmin = St- Pin_max= 43dB (12)
Gmax= Sk— Pin_min: 104dB [13]
C. CP1 and IIP3 Computation

As mentioned in the precedent section, IEEE 802Zid€s the minimum input signal atj,Pmin=—94.5dBm and the
maximum input signal at;Pma=—30dBm. One can notice that received signal véilldra huge variation (~60dB of variation)
which is depending on signal path and distance d&&tvemitter and receiver. For low signal, LNA ar@A/have to furnish
the maximum of their gain to preserve constantadigtrength at the input of the ADC. For a powesiighal, LNA and VGA
gain will be reduced [16-17-18]. Thus receiver lieggitwo switched gain modes to carry out the désir amplification for
strong or weak input signal [7].

e Strong Signal: Low Gain Mode

When the input signal is strong, it does not rez@in important amplification. So receiver is wogkiat the low gain
mode. The required ICP1 for this mode would be:

ICP1 = Py, max+ 12=-18dBm (14)
Were 12dB is the PAPR (Peak to Average Power Ratil)e in WiMAX standard [19].

According to the rule of Thumb, the IIP3 is normgdlirger than ICP1 by 9~10 dB [20]. Consequenthg, tequired 11P3
for WiIMAX receiver would be around -8 dBm:
[IP3=ICP1 + 10 = -8dBm (15)
» Weak Signal: High Gain Mode
If signal is weak with low power, the receiver isnking at high gain mode and provides the maximdigeadn.

Assuming that the desired signal is generally agamed by a CW (continuous waveform) interfererhwat maximum
power of -30dBm, then the required back-off frone fCP1 is around 4dB approximately. Consequentty itiput-1dB-
compression point is measured as:

ICP1 = Py ma+ 4 = -26dBm (16)

The third order intercept point can be calculated a
[IP3 =ICP1 + 10 =-16dBm a7)



Table 1l and IV summarizes the WIMAX standard sSfieations and receiver parameters respectivelyl. tAése
parameters are dispatched through the receivekdloie using link budget analysis under ADS (Adeah Design System)
tool.

TABLE Ill. WIMAX STANDARD SPECIFICATIONS TABLE IV. WIMAX RECEIVERPARAMETERS
Parameters values Parameters High gain mode  Low gain mode
Frequency ban 3.4-3.6GH: ICP1 -26 dBm -18 dBmr
Channel bandwidth 10MHz Gain 104 dB 43 dB
Pi_min -94.5dBm 1IP3 -16 dBm -8 dBm
Pin_max -30dBm Sfs 13 dBm
NF 8dB SNRn_min 13dB
Modulation OFDMA SNRn_apc 5dB
Duplexing mode TDD DR, 61 dB
EET sizes 1024 DR, 66 dB

IV. BLOCKS SPECIFICATIONS

In this step, the distribution of WiMAX specificatis throw the different components of the RF remeis completed.
Budget simulations are completed while using AD&.tBach block characteristics, such as gain, ICFPB, NF, and output
power are obtained for both low gain and high gaode.

A. Receiver Dimensioning for Low Gain Mode

In this mode, receiver chain is simulated whilesidering the highest signal which can be receiv88dBm). The more
challenging constraint here is the linearity; intfave have to verify an 1IP3 around -8dBm for thieole receiver. As the input
signal is strong, LNA and VGA gain are low. Fig@eresents the gain evolution among different WiMpeeiver blocks,
where: block 0 is the RF filter, block 1 is the LNBlock 2 is the Mixer, block 3 is the channeldiilland the last block is the
VGA. Receiver provides 42.9dB of gain dispatchedadlsws: 10dB for LNA, 14dB for the mixer and 21dBr the VGA.
The 2dB difference shown in this figure is duehe tosses considered in the filter/duplexer andcéwivhich are supposed
around 2dB. Indeed, while simulating the ADS reeeimnodel, we took in consideration 2dB as insertasses (IL) for the
RF filter. Figure 4 shows the output power evolatiamong receiver blocks. The signal power falliogthe ADC is
maintained constant (12.9dBm~ADC full scales: 13¢Bffigure 5-6 shows ICP1 and IIP3 evolution amorifetnt
WIMAX receiver blocks. Simulations illustrate thEEP1 at the receiver input is around -17.8dBm (=B®: theoretical
value). The ICP1 value is dispatched as followdBi# for the LNA, 5dBm for the mixer and 15dBm faetVGA.
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B. Receiver Dimensioning for High Gain Mode

The linearity challenges are more suitable in tihaise since the input signal is weak; however nmseaffect and degrade
easily the signal quality. In this mode, only thdA and VGA parameters are modified and this whdés$ying noise and
linearity conditions. All the others block speciions have the same values as previously, thigliton make the
distribution of the parameters more delicate. is thode the receiver chain is simulated wile cogrdid) the minimum input
signal (-94.5dBm).

Figure 7 shows the NF budget among receiver blo€ke 2dB difference shown in this figure is duethe losses
considered in the filter/duplexer and switch. Tatalse figure is equal to 7.68dB. Thus standarcifipations is verified
(<8dB). The total gain provided by the receiveriohia 104dB distributed as follows (figure 8): 2048 the LNA, 14dB for
the mixer and 72dB for the VGA. Figure 9 demonstadhat receiver output remainders constant (13dBmgh enables it to
be treated by the ADC. Figure 10 and 11 introdbeeevolution of ICP1 and IIP3, respectively, amdimg receiver blocks.
The total ICP1 is around -25.9dBm distributed dloves: -15dBm for the LNA, -5dBm for the mixer aBdBm for the VGA.

o |
NF=7 683dB
8 1

NF_Refln_dB

|
|
|
|
T T T ‘
T T
3 4

Cmp_Index
Figure 7. Evolution of noise figure along WiMAXaeiver blocks for high gain mode
20 m5S
120
i Out_gain=104dB I’T‘2 - Oui_power=13dBm
100—
o i
O, 80— %
£ § N
& 60 2
= il 5
40—
8 i o
20—
0 T T T T ‘ T T T T ‘ T T T T ‘ T T T T
0 1 2 3 4
Cmp_Index Cmp_Index
Figure 8. Evolution of gain along WiMAX receivielocks for Figure 9. Evolution of output power along WiMAEaeiver
high gain mode blocks for high gain mode
20 30
b 20—
10— A i
5 ] 510
©, 0 2 i
an} 1 5‘ 0—|
S a0 = < 1IP3=-16 727dBm
o £ -10m3
c ICP1=-25.969dBm 3
ZOW 20—
_30““““““““““ '30 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 00 05 10 15 20 25 30 35 40
Cmp_Index Cmp_Index
Figure 10. Evolution of CP1 along WiMAX receivaocks for Figure 11. Evolution of IIP3 along WiMAX receivblocks for
high gain mode high gain mode

The WIMAX receiver characteristics are summarizedable 1. The total gain for low gain mode is and 43dB, and
104dB for high gain mode. These results satisfWtiIAX standard requirements.



TABLE Il. BLOCKS SPECIFICATIONS

LNA ) VGA
Parameters ———  —  Mixer
HGM LGM HGM  LGM
Gain (dB) 20 10 14 72 21
NF (dB) 2.5 6 8 20 17
ICP1 (dBm) -15 -5 -5 8 5
I1P3 (dBm) -5 5 5 18 15
A comparison between theoretical and simulatedIteess listed in table Ill. Comparison shows thhedretical

calculations are verified for NF, CP1 and the caver of the studied receiver.

TABLE Ill. RECEIVERSPECIFICATIONS

Theoretical Experimental Relative error

Gain mode Parameters calculations results (%)
NF (dB) 8 7.68 4
High Gain CP1 (dBm) -26 -25.96 0.15
Mode IIP3 (dBm) -16 -16.72 -4.5
Out_power (dBm) 13 13 0
NF (dB) 8 - -
Low Gain CP1 (dBm) -18 -17.87 0.72
Mode IIP3 (dBm) -8 -8.57 7.1
Out_power (dBm) 13 12.93 0.53

Relative Error = (experimental results — theorétizdculation)/theoretical calculation*100

V. CONCLUSION

In this paper, a system level design methodology prasented. At first, receiver architecture aatdard specifications

was introduced. Receiver parameters such as SNRCP1 and 1IP3 were then computed. WiMAX receigperated in two
gain modes in order to attempt linearity conditio@smulations that generate specifications for tliéerent receiver
components were presented and discussed. For liowrgale the receiver performed a gain of 45dB antlR3 of -8.-dBm.

For high gain mode, the receiver achieved up tadB0O&f gain, 7.6dB NF and -16.7dBm IIP3. All recaiymrameters were
verified using budget link analysis via ADS tool.
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