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RF Transceiver Implementation to Evaluate the Requirements of
3G W-CDMA User Equipment
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Abstract

This paper describes the RF performance issues of UE for W-CDMA system based on 3 GPP specifications.
The parameters of transmitter and receiver are derived from the viewpoint of RF performance. In order for UE
to achieve high performance, the transceiver performance requirements such as ACLR, EVM, Peak Code Domain
Error, spectrum emission mask, frequency error stability and TX power control dynamic range for transmitter and
reference sensitivity level, blocking characteristics, noise figure, ACS, AGC dynamic range for receiver are
considered. On the basis of the required parameters, the UE RF transceiver is implemented and then the evaluation
of RF performance is accomplished through practical test scenarios.
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1. Introduction

The user equipment (UE) standard of wideband-
code division multiple access (W-CDMA) system
delivers improved services for wireless communi-
cations including voice, data, image and multimedia
as compared to second generation (2G) cellular
systems[”. The W-CDMA based on third generation
partnership project (3GPP) begins with a signal at a

data rate of 12.2 kbps and it is variable up to 2
Mbps'?l. After processing of coding and interleaving,
the symbol rate becomes 30 kbps. This symbol
spreads with the special code to the chip rate of 3.84
Mcps. In the general characteristics of W-CDMA,
the uplink frequency band is from 1920 MHz to
1980 MHz and down link frequency band is from
2110 MHz to 2170 MHz. The nominal frequency
spacing is 5 MHz In the downlink, quadrature
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phase-shift keying (QPSK) modulation is employed
and root raised cosine (RRC) filtering is applied to
shape transmitting spectrum. The uplink uses a more
complicated hybrid QPSK modulation method to
minimize amplitude variations of transmitted signal.
Major RF parameters such as ACLR, EVM,
spectrum emission mask, frequency error stability for
transmitter and reference sensitivity level, blocking
characteristics, noise figure, ACS, AGC dynamic
range for receiver are reviewed to design transceiver
Pl For the verification of performance requirements,
the transceiver was implemented with commercial
components. Several factors such as 1/Q phase
imbalance, 1/Q amplitude imbalance, and LO leakage
are taken into consideration to design and implement
RF transceiver. Thereby it is realized that how much
RF design parameters have effect on performance
requirements of UE W-CDMA system. For the
practical test, W-CDMA signal generator and vector
signal analyzer are used. The characteristics of
transmitting and receiving of the implemented RF
transceiver are measured and then compared with the
performance requirements. The test results show that
how the RF design factors are related to system
performance and how well the implemented RF
transceiver meet UE W-CDMA requirements.

[I. Review on Performance Requirements of
UE for 3G W-CDMA

2-1 Analysis on UE Transmitting Characteristics

The peak to average ratio (PAR) of power for
uplink is shown as in Fig. 1. It reveals the relation-
ship between complementary cumulative distribution
function (CCDF) and PAR. The desired uplink
channel comprises the dedicated physical channel
(DPCH) carrying user data channel and control
channel. As data channels are increased, the PAR
grows up. In order to reduce amplitude variation of
transmitting signal, hybrid QPSK modulation method
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Fig. 1. PAR characteristic for uplink.

is used.

Adjacent Channel Leakage power Ratio (ACLR)
is the ratio of the transmitted power to the power
measured in an adjacent channel. Both the trans-
mitted power and the adjacent channel power are
measured with a filter that has a Root Raised Cosine
(RRC) filter response with roll-off ¢ = 0.22 and a
bandwidth equal to chip rate. The ACLR test sets
requirements to inter-modulation products, phase
noise, and DAC. With Tommp being the equivalent
temperature of the inter-modulation noise at the
output, the equivalent noise temperature for adjacent

channel is found from
Tor = Torvp + Toru +Tonac [K] )

Where Tor is the total equivalent noise
temperature at the output for adjacent channel. Tomp,
Toru and Topac are the equivalent temperature of the
inter-modulation noise, phase noise and DAC noise
at the output, respectively. The minimum require-
ment of ACLR is 33 dB at adjacent channel of
5 MHz from center frequency. At that time the
maximum output power of +21 dBm is defined for
conformance test.

After spreading & scrambling operations, base-
band I/Q data are applied to the inputs of transmit
base-band pulse shaping filters. The transmitting
base-band pulse shaping filter is RRC filter with
roll-off factor @ = 0.22. The ideal impulse response
of RRC filter RCy(t) at chip level is
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Fig. 2. The magnitude response of RRC filter.

sin[ﬂ: La —a)] +4a Lcos[n La +a)]
T, T, T.
RC,()= )

Where Tc = 1/ chip rate.

The designed RRC filter for the UE transmitter
has a magnitude response as shown in Fig. 2.

Specifically, Nyquist bandwidth is 1.92 MHz and
the bandwidth including 99 % of energy is 2.082
MHz. The power level difference between signal and
2.5 MHz offset frequency is supposed to be —40
dBc and above in order to meet spectrum emission
mask requirement at RF output.

The values of the discrete coefficients h(k) for K<
40 and h(k) = h(39-k)=0 for K=>40 are given in
Table 1.

The Error Vector Magnitude (EVM) is a measure
of the difference between the measured waveform
and the theoretical modulated waveform (the error
vector). It is the square root of the ratio of the mean
error vector power to the mean reference signal
power expressed a percentage. The EVM of the
output signal of the transmitter is a result of many
factors that cause signal degradation. The significant
contributing factors are in-band ripple, 1/Q amplitude
imbalance, 1/Q phase imbalance, phase noise and LO
leakage. In-band ripple is specified for the desired
channel only. It includes in-band magnitude ripple
compared to RMS magnitude, and RMS phase ripple
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Table 1. Coefficients of h(k).

K h(k)
0, 39 -0.0076
1, 38 0
2, 37 0.0152
3, 36 0.0227
4, 35 0.0152
5, 34 -0.0076
6, 33 -0.0379
7, 32 -0.0379
8, 31 -0.0076
9, 30 0.0455
10, 29 0.0909
11, 28 0.0833
12, 27 0
13, 26 ~0.1136
14, 25 -0.189%4
15, 24 ~-0.1364
16, 23 0.0758
17, 22 0.4242
18, 21 0.7727
19, 20 1.0000

compared to the linearized in-band phase that causes
minimum RMS error. Amplitude ripple of 0.4 dB
results in an EVM of 4.7 %, while phase ripple of
4 degree results in an EVM of 7 %", An 1Q
amplitude imbalance of 1.4 dB generates an EVM of
8.0 %, while 5 degree of phase offset between the
I and the Q signal generates EVM of 4.4 %"}, The
degradation due to LO leakage is expressed as LO to
signal ratio (LSR). LSR is defined as the ratio
between the average power of the LO signal,
measured at the output of up-converter, and the
average power of the desired signal, measured at the
same place. LSR can be transferred directly to the
output of the transmitter, which makes it suitable for
specification of LSR induced EVM, EVM, found
by

EVMio = (LSR)'? X100 % )

For specification purposes the required LSR is
expressed in dB. For example, an LSR of —27 dB

is found to generate an EVM of 4.5 %. The 3 GPP
specification of UE requires that the EVM at the



RF Transceiver Implementation to Evaluate the Requirements of 3G W-CDMA User Equipment

Table 2. Spectrum emission mask requirement.

Freq. offset from
carrier (A4f)
2.5~ 3.5 MHz | -35-15%x(4f-2.5) dBC| 30 kHz
35~ 75 MHz | -35-1Xx(4f-3.5) dBc 1 MHz
75~ 85 MHz | -39-10x(4f-7.5) dBc|{ 1 MHz

Minimum requirement  |Meas, BW

8.5~12.5 MHz | -49 dBc 1 MHz
4
~35 . .
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Fig. 3. Characteristic of spectrum emission mask.

output of transmitter shall not exceed 17.5 %.

The spectrum emission mask of the UE applies to
frequencies, which are between 2.5 MHz and 12.5
MHz away from the UE center carrier frequency.
The out of channel emission is specified relative to
the UE output power measured in a 3.84 MHz
bandwidth. The spectrum emission mask requirement
is summarized in Table 2 and depicted in Fig. 3.

The peak code domain error is calculated by
projecting power of the error vector onto the code
domain at a specific spreading factor. The code
domain error for every code in the domain is defined
as the ratio of the mean power of the projection onto
that code, to the mean power of the composite
reference waveform. The peak code domain error is
defined as the maximum value for the code domain
error for all codes. The requirement for peak code
domain error is only applicable for multi-code
transmission and it shall not exceed —15 dB.

2-2 Analysis on UE Receiving Characteristics

The standard uses the user bit rate of 12.2 kbps
and the bit error rate (BER) should be below 107%,
The downlink channel has two or more orthogonal
channels, which include the dedicated physical
channel (DPCH) carrying user data, a synchroni-
zation channel and other user's data channel®. In
de-spreading and decoding process of the receiver,
the processing gain is represented as follows.

Gp= 10 logi(3.84 Mcps / 12.2kbps) =25 dB (4)

To meet a BER of 107°, a (Ey/Ny) of 5.2 dB is
needed. It is suggested that base-band implemen-
tation margin must be accounted. The required eff-
ective Eo/N; is then supposed to be (Ep/Nper = 7
dB"”.

The reference sensitivity level is the minimum
receiver input power at the antenna port, which does
not degrade the specified BER performance. The
total incoming signal power is —106.7 dBm and the
wanted signal level prior to de-spreading (Ec/l) is -
117 dBm. Using (Ew/Nyeff, user data processing
gain, the maxim acceptable level after de-spreading

(Pn) within the channel bandwidth result in'®:

Pn(acceptable) = Ec/l — (Eo/Nerr + Gp (5)

The value of Pn(acceptable) is —99 dBm. When
the noise figure (NF) and the bandwidth (BW) are
known, the actual noise power is determined using

Pn(actual) = NF + 10 logo (kTB) (6)

Where k is Boltzmann's constant and T is standard
noise temperature (300 K). The value of Py (actual)
is NF -108 dBm. Since the actual noise power must
be lower or equal to the acceptable noise power, the

tolerable noise figure becomes as
NF <Px(acceptable) +108 dBm =9 dB N

Adjacent channel selectivity (ACS) is a measure
of receiver's ability to receive a W-CDMA signal at
its assigned channel frequency in the presence of an
adjacent channel signal at a given frequency offset
from the center frequency of the assigned channel.
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Adjacent channel selectivity is the ratio of the
receive filter attenuation on the assigned channel
frequency to the receive filter attenuation on the
adjacent channel(s). The requirement of ACS shall
be better than 33 dB where the BER shall not
exceed 10, Received power of the wanted signal at
antenna input is —92.7 dBm. The desired signal
power before de-spreading Ec/l is —103 dBm. The
first adjacent channel, Paci, has a power of —-52
dBm centered at 5 MHz offset from center fre-
quency. By treating the adjacent channel signal as
noise, the required first adjacent channel selectivity
can be derived. The acceptable interference level, Py,
is determined in the same way as equation (5).
Therefore an acceptable interference level, Py, is —
85 dBm. If the adjacent channel interference signal
is treated as Gaussian noise like interference, the
required adjacent channel selectivity is derived:

ACS=P;-Po=-52 dBm+85 dBm =33 dB (8)

. The Design and Implementation of UE RF
Transceiver

On the basis of performance requirements men-
tioned previously, the RF transceiver was designed.
The block diagram of RF transceiver is shown as in
Fig. 4. In receiving path, incoming RF signal is
translated to intermediate frequency (IF), which is
usually much lower than the received frequency
band. Channel select filtering is done at this IF.
Automatic gain control is operated by a control
signal from digital demodulator. The receiving
dynamic range must be 80 dB and above. Analog
base-band I/Q signal is retrieved through 1/Q
demodulation process. In transmitting path, analog
base-band 1/Q signal is modulated with IF carrier
frequency. The channel filtered IF signal is up-
converted to RF frequency and then is amplified.

The super-heterodyne architecture is used in
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Fig. 4. Block diagram of RF transceiver.
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Fig. 5. Cascaded level diagram of receiving block.

implementing RF transceiver instead of homodyne
structure since the work is more focused on per-
formance evaluation than integration point of view.
The discrete commercial components are selected in
each block and then integrated to meet the per-
formance requirements. The calculated cascaded level
diagram of receiving block and transmitting block is
shown as in Fig. 5 and Fig. 6, respectively.
Basically, the control signals for power control and
frequency correction are coming from digital demo-
dulator. However, for the verification of transceiver
itself, the control signals are generated in the RF
transceiver.

The basic simulation for receiving and trans-
mitting path is achieved using system calculator
(SysCal 4). The simulation result of receiver and
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Fig. 6. Cascaded level diagram of transmitting block.
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Fig. 8. Simulation result of transmitter.
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Fig. 9. UE test-bed configuration.

Fig. 10. Implemented RF transceiver.

transmitter is shown in Fig. 7 and Fig. 8, respecti-
vely.

Test-bed of UE system is configured as in Fig. 9
and the implemented RF transceiver on the basis of

simulation results is shown as in Fig. 10.

IV. Evaluation of RF Performance Parameters

W-CDMA signal generator (MG 3681A, Anritsu)
and signal analyzer (MS 8608A, Anritsu) arc used to
evaluate RF performance parameters. The test confi-
guration is shown as in Fig. [1. The data rate of
12.2 kbps is used as signal source. The Primary
Common Control Physical Channel (P-CC PCH) and
Synch Channe! (SCH) are assigned to channel 1 and
then applied to antenna input at 2140 MHz of carrier
frequency to measure receiving characteristics'”.
Spreading factor is 128 and channelization code

Rx Test Equipment Setup

' NEDMA
SEAP e
ESTBEO

Tx Test Equipment Setup

WCDM:

Signal | WCDMA
Source L PRAR
MG A - BED.
(Apritsu}

Fig. 11. Test configuration of RF performance.
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number is 0.

The Dedicated Physical Control Channel (DPCCH)
is assigned to chl and the Dedicated Primary Data
Channel (DPDCH) is assigned to ch4 for transmitting
performance test. The spreading factor for DPCCH is
256 and the spreading factor for DPDCH is 64. The
channelization code number is 0 and the carrier
frequency is 1950 MHz for transmitting test.

When the sensitivity level of —106.7 dBm is
applied to antenna input, 10 dB and above of code
domain error was obtained as in Fig. 12. The
required value is 7 dB and above.

For ACS test, desired signal of -~92.7 dBm and
interference signal of —52 dBm at 5 MHz offset
frequency are combined and then are used as an
input signal. 20 dB of code domain error was
measured as in Fig. 13, which meets 7 dB and above
of standard requirement.

The spectrum mask characteristic at 2.5 MHz offset
frequency was measured with —39.77 dBc as shown

Fig. 12. Measurement result of sensitivity level.

Fig. 13. Measurement result of ACS.
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Fig. 16. Test result of peak code domain error.

in Fig. 14. The required value is —35 dBc below.

The requirement of maximum output level at
antenna is +21 dBm and above. The measured value
was +24.03 dBm. At that time the ACLR at 5 MHz
offset is required with —33 dB below. The measured
value was —43.77 dB as in Fig. 15.

The required peak code domain error at maximum
output power is —15 dB below and the measured
value was —19.23 dB as in Fig. 16.
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Fig. 17. The measured EVM value and frequency
error.

Fig. 18. The measured occupied bandwidth.

The standard requires 17.5 % below of EVM and
the test result showed 4.76 %. The frequency error
stability requires +0.1 ppm when automatic fre-
quency error correction is working. The frequency
error of 0.07 ppm was obtained through practical
test. The test results of EVM and frequency error are
shown in Fig. 17.

Occupied bandwidth is a measure of the band-
width containing 99 % of the total integrated power
of the transmitted spectrum, centered on the assigned
channel frequency. The occupied channel bandwidth
shall be less than 5 MHz based on a chip rate of
3.84 Mcps. The test result of 4.15 MHz is obtained
as in Fig. 18.

The amount of carrier leakage should be below -
56 dBm in the minimum output level at antenna
port. The measured value was —72 dBm.

The receiving dynamic range of 85 dB and above
(from —110 dBm to —25 dBm) is required for the

0 05 1 15 2 25 3 35

Fig. 19. The measured receiving dynamic range.

140 Lo
0 0.5 1 15 2 2.5 3 3.5

Fig. 20. The measured transmitting dynamic range.

power control operation. The variation of RF input
power level versus control voltage of variable gain
amplifier is measured. The receiving dynamic range
of 85 dB and above was obtained as in Fig. 19.

The transmitting dynamic range for power control
operation should be 71 dB and above (+21 dBm ~
~50 dBm). The control signal is supposed to be
come from digital demodulator, however, the analog
control signal is generated in RF transceiver for
practical test. The 80 dB and above of transmitting
dynamic range is obtained as in Fig. 20.

V. Conclusions

The RF related parameters for the performance of
UE in W-CDMA system such as ACLR, EVM, Peak
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Code Domain Error, spectrum emission mask and
frequency stability error for transmitter and reference
sensitivity level, blocking characteristics, noise
figure, ACS, AGC dynamic range for receiver are
reviewed. After considering of several factors having
effect on the RF performance, the RF transceiver
was designed and implemented using commercial
discrete components. Using test equipment of signal
source and signal analyzer instead of digital
modulator and demodulator, performance items are
evaluated. —43.77 dB of ACLR, 4.76 % of EVM,
—-19.23 dB of peak code domain error, —39.77 dBc
of spectrum mask at 5 MHz offset, 80 dB of
transmitting dynamic range, —106.7 dBm of recei-
ving sensitivity level, 85 dB of receiving dynamic
range, —72 dBm of carrier leakage were obtained.
The all measured values are good enough to meet
conformance test requirements of UE performance in
W-CDMA system.
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