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UWB devices cause a raised noise floor and generate severe spurious emissions into the receiver bands
for GSM, UMTS, Bluetooth and 802.11b. Consequently this results in degradation of the sensitivity
performance of these receivers. Based on measurements performed, the solution for this problem was
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Abstract 
In this thesis project, an upcoming technology for Wireless Personal Area Network 
systems called Ultra Wideband (UWB) radio is investigated. Test plans to verify the 
performance of a UWB device and the RF interference between UWB and other radios 
are developed and the interference measurements are conducted.  
 
There are two typical interference problems in a multi-radio platform, i.e. blocking due to 
the saturation of the front end of a receiver by the high power radiation from another 
transmitter, and desensitization of the receiver by the in-band noise generated by the 
other transmitter. The UWB device is not an exception.  
 
In the coexistence study, two different development kits containing a UWB radio are 
investigated. The UWB devices cause a raised noise floor and generate severe spurious 
emissions  into the receiver bands for GSM, UMTS, Bluetooth and 802.11b. 
Consequently this results in degradation of the sensitivity performance of these receivers. 
Based on measurements performed, the solution for this problem was found by inserting 
a band-pass filter or a high-pass filter at the transmit path of the UWB device. 
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1 Introduction 
UWB, an emerging technology for low-power high-speed WPAN radios, has great 
potential for future mobile phone applications. It is already on its way to the market 
through the new Wireless USB technology. The IEEE 802.15, task group 3a is 
developing a common standard for short range WPAN operation. Two different 
technologies are left in the elimination process and behind them are representatives from 
many major companies.  
 
One of the challenges with UWB is to measure the radio signal accurately between 3.1 
and 10.6 GHz with an instantaneous bandwidth of greater than 500 MHz, and verify 
against specification. A test plan for this verification is one part of this report. When 
putting different radios together in a handheld device with preferable characteristics such 
as small size and low weight, the short distance make them extremely sensitive to mutual 
interference. Hence, another subject is to study its possible interference property and 
secure its RF coexistence with its wireless neighbourhood in a mobile phone.  
 
The goals for this thesis work are to gain knowledge in basic RF measurement techniques 
for various communication systems and to lay ground for a possible integration of UWB 
into mobile phones in the future.  
 
The report begins with a background and theory about UWB and the radios that exist in 
the mobile today. It continues with a test plan which includes a transmitter test plan, a 
receiver test plan and a coexistence test plan. Finally, RF coexistence measurements 
between an UWB device and  GSM, UMTS, 802.11b and Bluetooth are performed. 
Results of the measurements and solutions for the desense problems are discussed. 
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2 Theory 
In this chapter, theory of ultra wideband can be found, as well as basics of the radios that 
exist in the mobile phone studied in this report. At the end of the chapter, there is a 
theoretical part of the RF coexistence between a MB-OFDM UWB device and a mobile 
phone. 

2.1 UWB – Ultra Wideband 
UWB is defined by FCC (Federal Communications Commission) as any signal that has a 
bandwidth of at least 20% of the carrier frequency or at least 500 MHz. Traditionally, 
UWB (or pulsed UWB) transmitters send billions of short pulses (< 1ns) occupying a 
bandwidth of several gigahertz as shown in Figure 1.  
 

 
Figure 1, Traditional UWB 
 
Since FCC allocated the unlicensed spectrum between 3.1 – 10.6 GHz for commercial 
use in the USA year 2002, there have been a lot of activities around the technology and 
the IEEE organization is developing a standard body for WPAN (Wireless Personal Area 
Network) systems named IEEE802.15.3a. For WPAN, high data rates over short 
distances are the wanted characteristics. Typical applications can be home applications to 
replace the wire in the connection between a DVD player and a TV or between a PC and 
a digital camera. These modern UWB communication systems use other modulation 
techniques. Two proposals remain aft er a long elimination progress: The MB-OFDM 
radio uses QPSK (Quadrature Phase Shift Keying) and DCM (Dual Carrier Modulation) 
together with the popular OFDM (Orthogonal Frequency Division Multiplexing) 
technology. The DS-UWB radio uses BPSK (Binary Phase Shift Keying) and 4-BOK (4-
Bi-orthogonal Keying) with DS-SS (Direct Sequence Spread Spectrum).  
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2.2 MB-OFDM 

2.2.1 The OFDM principles 
This section begins with basic OFDM theory. Frequency division multiplexing (FDM) is 
a technology that transmits multiple subcarriers simultaneously in a single transmission 
path, such as a cable or wireless system. Each signal travels at its own carrier frequency, 
which is modulated by the data that can be text, voice, video, etc. The subcarriers do not 
have to originate from the same source and the data do not have to be evenly divided 
between them.  
 
An advantage with FDM over single carrier systems is that a narrowband interferer will 
only affect the transmission in one or a few subcarriers in the band. A disadvantage is 
however that the subcarriers have to be separated with a guard band to prevent them from 
interfering with each other. This causes a drop of the spectral efficiency when comparing 
FDM with a single-carrier system.  
 
In Orthogonal frequency division multiplexing (OFDM), the subcarriers are orthogonal 
or uncorrelated to each other and the guard bands are no longer necessary. This allows 
the subcarriers to overlap and increases the spectral efficiency. This is achieved by using 
the orthogonal set of sinusoids in the DFT (d iscrete fourier transform) operation. If the 
signal at the input of a DFT has some energy at a specific frequency, there will be a peak 
of the correlation of the input signal and the basis sinusoid at that specific frequency. This 
is made at a set of orthogonal frequencies to create an estimation of the signal in the 
frequency domain.  
 
Used in the other direction, modulated data can be the input to an inverse DFT. The 
output subcarriers will then be able to overlap without interfering with each other and this 
is what is used in the ODFM technology. Another advantage of OFDM except from the 
high spectral efficiency and the robustness against narrowband interferers is its good 
multipath performance. This is because the number of subcarriers can be chosen so that 
the OFDM symbol becomes longer than the time span of the channel.  
 
The OFDM technique has been used for a number of systems. DAB (digital audio 
broadcasting), DVB (digital video broadcasting) the ADSL standard, WiMax and a few 
WLAN standards such as the 802.11a/g/n also uses OFDM. 

2.2.2 MB-OFDM Radio 
In the Multiband OFDM technology, the spectrum is divided into several smaller OFDM 
frequency bands of 528 MHz each. The 528 MHz band consist of 128 subcarriers that are 
spaced 4.125 MHz apart. 122 are used as data tones, pilots and guards. The 14 frequency 
bands are placed together three by three to form a total of five band groups as shown in 
Figure 2. In the first generation, only band group 1 are mandatory. 
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Figure 2, MB-OFDM spectrum usage  
 
To achieve frequency diversity and a higher transmit power, the MB-OFDM switches 
between the bands in each bandgroup using different hopping patterns called TFC (Time-
Frequency Codes). There are a total of seven TFC:s where three are used for transmission 
in a single band. These TFC:s are called FFI (Fixed Frequency Interleaving) and are 
simply FDMA. In contrast are the TFI (Time-Frequency Interleaving) that provide a 
hopping pattern within each bandgroup . The hopping pattern for TFC2 in bandgroup 1 is 
shown in Figure 3. The hopping is made every symbol which lasts for 312.5 ns (242.42 
ns data +70.08 ns zero suffix). The zero padded suffix (shown in green) is added for the 
frequency settling time and for multipath performance. 
 

 
Figure 3, Spectrogram MB-OFDM with TFC2 (3-2-1-3-2-1) 
 

2.2.3 Frame format 
Figure 4 shows the MB-OFDM PHY frame, which consists of three major parts: The 
PLCP preamble, the PLCP header and the PSDU. The preamble can be cut into smaller 
parts since it consists of a packet/frame synchronization sequence and a channel 
estimation sequence. The headers major function is to provide the receiver with 
information needed to decode the PSDU which is the major part of the frame. The PSDU 
includes the frame payload, which consist of the data from the MAC (Medium Access 
Control) layer.  
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Figure 4, MB-OFDM PHY frame format 

2.2.4 Baseband and modulation 
In Figure 5, a block diagram of the Tx chain is showed. First the  data is scrambled. The 
scrambler is used to randomize the symbols and therefore get an even spectral 
distribution of energy transmitted within the channel. The scrambler seed is an initial 
value that is used to start the pseudo-randomizer to scramble the bits. The seed value used 
is exposed in the header which is not scrambled. Therefore, both the transmitter and 
receiver know the seed value and the scrambling can be reversed at the receiver.  
 

 
Figure 5, MB-OFDM Tx chain 
 
Next, the data is encoded with a convolutional encoder. The convolutional encoder is 
used together with a Viterbi decoder at the receive chain and performs forward error 
correction (FEC). Values are encoded using a shift register which computes modulo-two 
sums over a sliding window of input data. The length of the shift register is specified by 
the constraint length. The convolutional codes specify which bits in the data window 
contrib ute to the modulo-two sum. The encoder rate is the ratio of input to output bit 
length thus, for example a rate 1/2 encoder outputs two bits for each input bit. Similarly, 
a rate 1/3  encoder outputs three bits for each input bit. MB-OFDM uses a constraint 
length of 7 and a coding rate of 1/3.  
 
Then, the puncturer removes selected bits to get the final data rate. This is made by 
removing a number of bits and therefore, increases the coding rate. These bits are then 
replaced by dummy zeros at the receiver. After that, the data are interleaved and mapped 
(QPSK or DCM). The interleaving block is used in conjunction with the error correction 
codes to spread bursts of errors over several blocks so that the maximum number of 
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errors in each block stays within the number of correctable errors. In MB-OFDM, three 
different interleavers are used. A cyclic shifter and a symbol- interleaver that spread bits 
over time are used to achieve time and frequency (due to band hopping)  diversity. Finally 
there is a tone- interleaver that spreads the bits over different subcarriers. This is to get 
robustness over narrow band interferers.  
 
Table 1, MB-OFDM – rate dependent parameters  
Data rate Modulation Coding rate Spreading 

(time/frequency) 
53.3 QPSK 1/3 YES/YES 
80 QPSK 1/2 YES/YES 
106.7 QPSK 1/3 YES/NO 
160 QPSK 1/2 YES/NO 
200 QPSK 5/8 YES/NO 
320 DCM 1/2 NO/NO 
400 DCM 5/8 NO/NO 
480 DCM 3/4 NO/NO 
 
The symbols (QPSK or DCM) is mapped and sent to a 128 point IFFT. Dual carrier 
modulation is added to the MB-OFDM standard to get robustness for fading channels 
when transmitting at higher data rates where the coding rate is low. Here, two 64-QAM 
look-alike symbols are mapped into two different subcarriers that are separated with 50 
tones. After the IFFT operation, the time domain signal is converted via the DAC, 
upconverted and transmitted at the specific frequency. Additional operations as preamble 
prepend and guard/pilots insertion are made in conjunction to the IFFT. Table 1 shows a 
few rate dependent parameters for MB-OFDM. 
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2.3 DS-UWB 

2.3.1 DS-UWB radio 
In the DS-UWB proposal, the spectrum is divided into two frequency bands. One is 
between 3.1 – 4.9 GHz while the other stretches between 6.2 – 9.7 GHz. The system uses 
direct sequence spread spectrum (DS-SS). Different acquisition codes and small 
frequency offsets provide support for 6 piconet channels in each band. The spectrum 
usage for DS-UWB is shown in Figure 6. 
 

 
Figure 6, DS-UWB spectrum usage 
 
The DS-SS is commonly known as code division multiple access (CDMA) and uses high 
rate spreading codes to spread the data over a wider bandwidth. This DS-SS technique is 
modified for the DS-UWB proposal to be able to use the full bandwidth. The system will 
therefore support data rates from 28 – 1320 Mbps in the lower band.  

2.3.2 Frame format 
The PHY frame for a DS-UWB system is illustrated in Figure 7. The preamble is used for 
clock/carrier acquisition and for receiver training. There are three different preambles that 
vary from 5 us to 30 us depending on the link quality. The PHY Header serves the 
function of providing the receiver with information needed for the demodulation of the 
data, such as the scrambler seed and the Forward Error Correction (FEC) scheme that is 
used. 
 

 
Figure 7, DS-UWB frame format 
 

2.3.3 Baseband and modulation 
Figure 8 shows a Tx-chain for a DS-UWB transmitter. First, the data is scrambled using 
the same scrambler as the one in the MB-OFDM proposal. Then, the data is encoded with 
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a convolutional encoder. The coding rate coding rate is ½ and the constraint length is 4 or 
6, depending on the data rate. An additional coding rate of ¾ is achieved by puncturing 
on the output of the encoder.  
 

 
Figure 8, DS-UWB Tx chain 
 
After the data is encoded and punctured, it is interleaved with a bit interleaver. The bit 
interleaver consists of a number of shift registers of different lengths. The data is shifted 
through the registers to create time spreading for the data. See Figure 9. The data is 
modulated into BPSK (binary phase shift keying) or 4-BOK (bi-orthogonal keying) 
symbols. Every device shall be support transmission of both types of symbols while 
supporting and take advantage of reception of 4-BOK symbols is optional. 
 
 

J 

2J 

(N-2)J 

(N-1)J 

Encoded 
 bits 

Interleaved 
bits 

 
Figure 9, Bit interleaver 
 
Finally, the data is spread by the spreading code and shaped by a root raised cosine low-
pass filter. The length of the spreading code varies from 1 chip/symbol for the highest 
data rate down to 24 chips/symbol for the header, the preamble and the lowest data rate.  
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2.4 GSM 
The GSM radio in the coexistence tests is able to operate in the Extended GSM900 band, 
the DCS1800 band and in the PCS1900 band. The frequencies are shown in Table 2. 
 
Table 2, GSM frequency bands  
Frequency band Frequencies 

BS Rx / MS Tx (MHz)  
Frequencies 
BS Rx / MS Tx (MHz) 

E-GSM900 880 - 915 925 – 960 
DCS1800 1710 - 1785 1805 – 1880 
PCS1900 1850 - 1910 1930 - 1990 
 
The GSM system uses a combination of frequency division multiple access FDMA and 
time division multiple access (TDMA). The frequency bands are divided into two 
different bands depending on the data direction. Each band is further divided into 200 
kHz channels and the digital signal modulates the carrier frequency using Gaussian 
minimum shift keying (GSMK). In a dedicated channel, a device is able to transmit data 
in one out of eight timeslots. The duration is called a burst period and eight of them 
together forms a time frame.  

2.5 WCDMA 
The UMTS WCDMA is a direct sequence CDMA system. The data is spread with 
random bits that are derived from spreading codes. Two frequency division duplex (FDD) 
bands are allocated for 3G systems. The frequencies between 1920 – 1980 MHz are used 
for uplink and 2110 – 2170 MHz for downlink. The channel width is 3.84 MHz and the 
separation between is 5 MHz. 

2.6 Bluetooth 
Bluetooth wireless technology is a short-range communications system intended to 
replace the cable(s) connecting portable and/or fixed electronic devices. The key features 
of Bluetooth wireless technology are robustness, low power, and low cost. 
The Bluetooth operates in the unlicensed ISM band at 2.4 GHz. During typical operation 
a physical radio channel is shared by a group of devices that are synchronized to a 
common clock and frequency hopping pattern. The symbol rate is 1 Ms/s and the will 
together with 8-DPSK (8 phase differential phase shift keying) support an efficient bitrate 
of approximately 2.1 Mb/s. More common is however the modulation GFSK (Gaussian 
frequency shift keying) with data rates below 1 Mb/s. The applications for Bluetooth vary 
from simple file transfers to wireless accessories, such as headsets and keyboards. 

2.7 802.11b 
WLAN stands for Wireless Local Area Network. 802.11 is a family of standards, 
developed by the IEEE and consist of 802.11, 802.11a, 802.11b and 802.11g. They work 
in the 2.4 GHz and/or 5 GHz bands and support data rates between 1-54 Mb/s. The 
phones that are studied are equipped with a 802.11b transceiver and support data rates of 
11 Mb/s with DSSS technique and CCK (complementary code keying) modulation.  
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2.8 RF Coexistence – MB-OFDM as interferer 

2.8.1 Possible problems - Blocking 
Blocking problems occur if the total amount of power saturates the front-end of a victim 
receiver. This is when the LNA reaches its 1 dB compression point. See Figure 10. 
 

 
Figure 10, 1 dB compression point for an amplifier 
 
When investigating the MB-OFDM impact on the different radios in the mobile phone, a 
few assumptions are made for the blocking performance: 
 

1. Because of a lower maximum amplitude, the harm from a wide-band, noise- like 
MB-OFDM signal is less than- or equal to a corresponding CW signal with the 
same amount of power. 

 
2. With the 1 dB compression point of the LNA in consideration, the C/I relation at a 

low power PS+3dB, 3 dB over the  actual measured sensitivity level P S is less than- 
or near the C/I at an higher input power level P SR+3dB, 3 dB above the reference 
sensitivity level PSR. This is because the total power to the LNA is lower and the 
margin to the compression point is larger. 

 
3. To get no degradation at all (<1 dB), a margin of 10 dB is assumed to be enough 

and is used for comparison in the analysis. 
 

4. The antenna-to-antenna isolation (AAA) between a given radio antenna and the 
UWB antenna in a mobile phone, is assumed to be 15 dB. The assumption is 
based on minimum values achieved between other antennas in the mobile phone 

 
The UWB signal has a really low PSD (power spectral density). -41.3 dBm/MHz in a 
bandwidth as wide as 3x528 MHz gives a band power PUWB of -9.3 dBm (~ -10 dBm). As 
an example, is it probable that an interfering UWB signal might put the GSM LNA to its 
1 dB input compression point? To investigate the risk the AAA of 15 dB and a non-
selective Rx/Tx switch are assumed. To this, based on typical values in a mobile phone 
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application, there is a band-pass filter that will attenuate signals at UWB frequencies with 
about 30 dB. A block diagram is shown in Figure 11. 
 

 
Figure 11, UWB power to LNA  
 
The UWB power that reaches the LNA can be calculated as follows: 
 
PLNA = PUWB - AAA - ATR - ABPF  
PLNA = -10 dBm -15 dB - 0 dB - 30 dB = -55 dBm 
 
This can be compared with the 1 dB input compression point of the LNA which for low 
input signals is somewhere in the range -20 dBm to -30 dBm. By using -30 dBm as the 
compression point for the LNA we have a margin of -30 dBm + 55 dBm = 25 dB. 
Therefore, blocking due to a UWB interferer shall not be an issue for a GSM receiver. 
 
Another way to explore the risk is to look at the UWB Tx power compared to the 
blocking performances for the different radios. According to 3GPP.TS45.005, the out-of-
band blocking performance for GSM900, DCS1800 and PCS1900 at 3.1 – 4.8 GHz is 
referenced to an interfering CW power PI = 0 dBm at an input power PSR+3dB = -99 dBm 
(3 dB above sensitivity reference PSR). This gives a C/I ratio of P SR+3dB – PI = -99 dB. 
With the same C/I at an input power of PS+3dB ~ -106 dBm (3 dB above typical measured 
sensitivity levels PS), interfering signals with a power of at least PS+3dB + C/I = -106 dBm 
+ 99 dB = -7 dBm should be tolerable for GSM devices that fulfils the blocking 
requirements. To avoid any degradation, a margin of a 10 dB is wanted. This results in a 
maximum PI of -17 dBm. Since PUWB = -10 dBm, a total attenuation of PUWB – PI = -10 
dBm – (- 17 dBm) = 7 dB is needed. If we assume the antenna isolation AAA = 15 dB we 
have an attenuation that is 8 dB above the minimum value. Any degradation in the 
sensitivity due to blocking issues is unexpected. 
 
For WCDMA at band I, the blocking requirement according to 3GPP25.101 at the MB-
OFDM frequencies is an interfering CW power PI = -15 dBm at a reference input power 
PSR+3dB = -103.7 dBm. This gives a C/I = -103.7 dBm + 15 dBm = -88.7 dB ~ -89 dB. By 
using the same discussion as for GSM, a narrow-band interferer with a power PI = PS+3dB 
+ C/I = -107 dBm + 89 dB = -18 dBm should be tolerable at a PS+3dB = -107 dBm. Since a 
margin of 10 dB is wanted, the maximum tolerable PI should be -28 dBm. The MB-
OFDM power is -10 dBm and an attenuation of 18 dB is needed. If we assume the AAA of 
15 dB here as well, additionally 3 dB are needed and small degradation can be expected 
for a device that just passes the blocking requirements in the 3GPP specification. 
However, a typical application does have a margin to the required -15 dBm and this 
should be safe. 
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The Bluetooth module used in the DUT is equipped with a band-pass filter for the 
coexistence between Bluetooth and the cellular radios. In another hardware solution, this 
filter might not be used and the analysis stars with the Bluetooth module alone. 
 
According to the Bluetooth test specification Ver. 1.2/2.0/2.0+EDR, Bluetooth is 
supposed to block signals with a power PI = -10 dBm for frequencies above 3 GHz at 
PSR+3dB = -67 dBm. This corresponds to a C/I = PSR+3dB - PI = -67 dBm + 10dBm = -57 dB. 
The PS for the Bluetooth module in the DUT is rather somewhere around -88 dBm. Any 
degradation to that value due to an MB-OFDM interferer is unwanted. With the theory of 
a constant C/I at power levels 3 dB above PS, the tolerable interferer power should be PI = 
PS+3dB – C/I = -85 dBm + 57 = -28 dBm. With a margin of 10 dB, we are down to power 
levels of -38 dBm. If the Rx sensitivity level of a BT module is as low as -88 dBm and 
the blocking requirements are fulfilled without margin, The MB-OFDM power of -10 
dBm  have to be attenuated by PUWB – PI = -10 dBm + 38 dBm = 28 dB. With the AAA of 
15 dB, 13 dB extra attenuation is needed and for the Bluetooth module alone, the MB-
OFDM signal is expected to cause serious degradation. 
 

 
Figure 12, Filter characteristics for Filter C 
 
At the frequencies in question, the Bluetooth module used in the DUT has at least the 
required blocking performance of PI = -10 dBm and is , as mentioned, equipped with a 
band-pass filter (Figure 12) that most certainly will suppress the signal with additionally 
15-30 dB. Therefore, the needed 13 dB extra attenuation is achieved. Problems are 
therefore not expected. 

2.8.2 Possible problems – In-band noise and spurious emission from 
UWB 

In-band noise and spurious emission from UWB are the power transmitted in the pass- 
band of a victim receiver. If it will increase the noise floor, it will lower the signal-to-
noise ratio (SNR) for the signal that is processed. See Figure 13. At low power levels of 
the processed signal, this would have a direct impact on the performance of the receiver. 
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Figure 13, Noise and spurs from UWB 
 
Assumptions: 
 

1. The power limits that are stated in EIRP are treated as conducted power 
limitations. This is because no UWB module of interest in a mobile application is 
delivered with the suitable antenna. Therefore, the device is assumed to pass the 
EIRP limits in a conducted setup. 

 
2. The raised levels of the noise floor will be proportional to the degradation of the 

sensitivity. This is because the characteristics of the MB-OFDM signal are not 
much more stressful characteristics than the background noise. 

 
3. To get no degradation at all, the power added by the interferer has to be 

significantly less than the power of the noise floor so that Pnoise + PI ~ Pnoise. For 
degradations <1 dB, 6 dB below the noise floor is enough, In this analysis, 10 dB 
extra attenuation is added for input power levels close to the sensitivity level PS. 

 
4. The antenna-to-antenna isolation (AAA) between a given radio antenna and the 

UWB antenna in a mobile phone, is assumed to be 15 dB. The assumption is 
based on minimum values achieved between other antennas in the mobile phone 

 
Since the FCC UWB spectral mask for hand held devices start at 960 MHz, the allowable 
UWB Tx power in the GSM 900 Rx band is found in another chapter of the FCC Part 15 
limits. In Subpart C – Intentional radiators, one can find maximum allowable power 
limits in the E-GSM Rx band (925 – 960 MHz). The field strength limit is 200 uV/m at 3 
meters and equals an EIRP of 20log(200E-3) + 20 log 3 – 104.8 = -14 + 9.54 -104.8 = -
109.4 dBm . This is measured with a bandwidth of 100 kHz. The power in a 200 kHz 
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GSM900 channel will be 3 dB above (-106.4). With the formula for Rx sensitivity, the 
impact can be predicted. 
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kT = Thermal noise floor at 17oC 
F = noise factor = losses in front-end components and noise figure of the receiver  
(S/N)min = A minimum SNR for the baseband system 
 
If noise, caused by the MB-OFDM transmitter is added to the antenna port, the noise 
floor and therefore the sensitivity would rise with = PUWB,200k– 10log(kTBW) = -106.4 + 
121.7 = 15 dB in the 900 band. With an attenuation of 15 dB, the power is in the levels of 
the thermal noise floor which would make the noise floor rise with ~3 dB. To leave the 
noise floor unchanged, the power from the interferer has to be insignificant in comparison. 
10 dB is assumed to be enough. Hence 25 dB should be needed. With an AAA of 15 dB, 
extra attenuation of 10 dB should be enough. 
 
In the DCS and PCS bands according to the FCC UWB mask for handheld devices, the 
PSD is allowed to be -63.3 dBm/MHz. Since 200k/1M = 1/5 = -7dB, -63.3 dBm/MHz is 
equal to a power of -63.3 dBm – 7 dB = -70.3 dBm in a 200 kHz GSM channel. Here, the 
attenuation needed is -70.3 + 121.7 + 10 = 61 dB (or 46 dB extra if AAA = 15 dB). 
This is a worse-case scenario which indicates that an interfering UWB signal that passes 
the FCC UWB mask without margin will be devastating for a victim GSM receiver.  
 
Another way to get the same result is to look at the thermal noise power kTBW and 
compare it with the allowed power from the UWB signal. 
 
In the WCDMA Rx band and in the 2.4 GHz ISM band, the radiation from an UWB 
device is allowed to be as high as -61.3 dBm/MHz or -121.3 dBm/Hz. Therefore, the 
noise floor will rise and the sensitivity levels will degrade with PUWB,1 Hz – PNOISE, 1 Hz = -
121.3 dBm – (-174 dBm) = 53 dB. To drown this power in the noise floor, 53 dB + 10 dB 
= 63 dB is needed. With an AAA of 15 dB, extra attenuation of 63 dB – 15 dB = 48 dB is 
needed.  

2.8.3 Possible problems – VCO leakage to the mixer 
In many receivers, the VCO is operating at 2x or 4x the RF frequency. A problem could 
be that these frequencies leak through to the mixer and convert out-of band signal 
components (called spurious response frequencies) down to the baseband for a homodyne 
receiver (Figure 14) and to the IF- frequency for a victim heterodyne receiver.  
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Assumptions: 
 

1. The harm from a wide-band, noise-like MB-OFDM signal is less than- or equal to 
a corresponding CW signal with the same amount of power. 

 
2. C/I relation at a power level 3 dB over the reference sensitivity level PSR is near 

the C/I at an input power level 3 dB above the actual measured sensitivity level PS. 
 

3. To get no degradation at all, the power added by the  interferer has to be 
significantly less than the power of the noise floor so that Pnoise + PI ~ Pnoise. For 
degradations <1 dB, 6 dB below the noise floor is enough, In this analysis, 10 dB 
is added to the C/I for input power levels close to the sensitivity level PS. 

 
4. The antenna-to-antenna isolation (AAA) between a given radio antenna and the 

UWB antenna in a mobile phone, is assumed to be 15 dB. The assumption is 
based on minimum values achieved between other antennas in the mobile phone 

 
For GSM900 where the VCO is operating at 4x the LO (fC) frequency, frequencies in the 
range between 3700 MHz (4x925 MHz) and 3840 MHz (4x960 MHz) are dangerous. 
Those frequencies fall in the band of an interfering MB-OFDM signal. For the DCS and 
PCS bands, the VCO is running at 2x fC. If this is a spurious response frequency it falls 
between 3610 MHz (2x1805 MHz) and 3760 MHz (2x1880) for the DCS1800 band and 
between 3860 MHz (2x1930 MHz) and 3960 MHz (2x1930 MHz) for the PCS1900 band.  
 
According to the specification, a PI = -43 dBm shall be tolerable at the spurious response 
frequencies for GSM. This is at a power PSR+3dB = -99 dBm. C/I = -99 + 43 = -56 dB. At 
PS+3dB = -106 dBm, the corresponding tolerable power would be PI ~ -106 + 56 dB = -50 
dBm. To avoid any degradation, the 10 dB margin is added to the C/I which then equals -
56 + 10 = -46 dB. The tolerable PI should be PI = PS - C/I = -109 + 46 = -63 dBm. The 
UWB power levels in 200 kHz at these frequencies are: 
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⋅−−=  This will most likely cause 

problems and attenuation of -48 dBm + 63 dBm = 15 dB is needed. An AAA of 15 dB will 
therefore be enough and no extra attenuation is needed. 

 
Figure 14, Homodyne receiver 
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In heterodyne receivers, the down-conversion is made through several stages (usually 
two). For the Bluetooth module used in the DUT which is a low-IF heterodyne receiver, 
the VCO is running at 2x(fLO – 1 MHz) which gives a minimum frequency of 4802 MHz 
for Rx. This is at an 4802 – 4488 = 324 MHz offset from the centre frequency of a MB-
OFDM transmitting at band #3. According to Figure 17, Transmit PSD mask for MB-
OFDM, the maximum power at this offset is ~ -41 – 18 = -59 dBm/MHz. Since the 
requirements are the blocking requirements and the tolerable PI = -38 dBm (See chapter 
2.8.1), problems are not expected. The other frequencies 2x(fLO – 1 MHz) are all at a 
larger offset from the MB-OFDM frequency bands and should be even less of a problem.  
 
For WCDMA, the requirements at PSR+3dB = -103.7 are -15 dBm. At -107 dBm, -18 
would be ok and with the 10 dB added to the C/I at PS (-110 dBm) -31 dB should be 
tolerable. Since the UWB power in 3.84 MHz = -41.3 dBm + 10log(3.84) = -35.5 dBm, 
no attenuation is needed here. 
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2.9 RF Coexistence – UWB as victim 

2.9.1 Possible problems – blocking 
The MB-OFDM is a low-power short range device and the modules are often not 
designed to work in an environment where the isolation from a GSM or a WCDMA 
transmitter can be as low as 15 dB. Based on estimates for the UWB development kits 
tested in this report, power levels above 0 to 10 dBm (depending on the frequency) for 
DVK1 and -20 dBm for DVK2 can damage the radio. If it is assumed that the blocking 
performance for the MB-OFDM receiver is at least 10 – 20 dB below the power levels of 
destruction, we are down to an interferer power of -10 dBm and ~ -35 dBm. As the GSM 
transmit power overrides 30 dBm, 70 dB antenna isolation is needed. If a typical value 
such as the 15 dB is assumed, at least 55 dB extra attenuation is needed! This is a rough 
estimation that gives a hint of the risks. 

2.9.2 Possible problems – in-band noise and spurious emission from 
GSM/DCS/PCS & WCDMA 

Since the minimum sensitivity level requirement of the MB-OFDM is -80.8 dBm at 53.3 
Mb/s, the noise levels can be assumed to be about -90 to -95 dBm. Any broadband noise 
levels above or around this should cause degradation. From the GSM radio and the 
WCDMA radio, broadband noise of these levels is not seen and narrow-band spurs 
should not be fatal to an MB-OFDM receiver.  
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3 Transmitter test plan 
This chapter is a test plan made to verify the functions and the performance of a MB-
OFDM transmitter. The references are FCC and ECMA-368.  

3.1 Basics 

3.1.1 Output power measurements 
For all intentional (transmitter etc.) and unintentional radiators, there are limits for how 
much they are allowed to radiate at different frequencies. The limits are different in 
different countries and are set by organizations to achieve a functional traffic over the 
limited resources in the air. Such organizations are FCC (Federal Communications 
Commission) who sets the limits in the United States, ETSI (European 
Telecommunications Standards Institute) in Europe and TELEC (Telecom Engineering 
Center) in Japan. Different PSD (power spectral density) masks are set for different 
frequency bands and for different applications. The PSD limits are often based on time-
averaged measurements, performed with specific settings such as the RBW (resolution 
bandwidth) and detector type.  

3.1.2 Transmitter PSD Mask 
To ensure that the transmitted signal does not interfere with adjacent channels, the 
specifications for different standards put demands on the sharpness of the transmitted 
spectrum. This is simply to limit the out-of-channel power which will be in the passband 
for a neighbour channel. 

3.1.3 Modulation quality - EVM 
EVM is a measurement of modulator/demodulator performance in the presence of 
impairments. EVM is a measurement of the distance (called error vector) between the 
ideal symbol position and the actual measured position, often shown on an I/Q-
constellat ion diagram. See Figure 15. 
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Figure 15, Error Vector Magnitude (EVM) 
 
The EVM, which is also referred to as “constellation error” is the error vector in dB or as 
a percentage of the voltage represented by the ideal symbol. For formats such as 64-
QAM where the symbols represent a variety of voltage levels, the reference can be the 
voltage of the outermost symbols instead. In digital communication standards, the EVM 
are often specified as RMS (root mean square) error and averaged over a large number of 
symbols. 
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v = ideal symbol vector 
w = measured symbol vector 
w-v = magnitude error 
? = phase error 
e = (w–v) = error vector 
e/v = EVM 
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3.2 TEST TYPE: Peak output power, PSD 
Reference/background 

FCC Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband Transmission 
Systems  
 
Peak output power and PSD are the main regulatory performance tests for a UWB transmitter. 
In the USA, the UWB power levels for handheld devices is limited by FCC, part 15, subpart F and 
especially 15.519. FCC requires measurement of a 1 ms averaged (RMS detector shall be used) 
PSD in a 1 MHz bandwidth. The peak output power is regulated in the same way. Even though the 
resolution bandwidth must be larger than the signal bandwidth to capture the true output power, 
the measurement shall be performed with a 1-50 MHz RBW scaled to a RBW of 50 MHz using 20 
log (x/50) dB. The change from 50 MHz RBW to a recommended 3MHz RBW is based on the 
performance of spectral analyzers and is a worse case assumption that changes in the peak levels 
follow the square of the change in the resolution bandwidth. This gives a useful indication on the 
impact of the widest victim receiver. For indoor and handheld UWB systems a waiver of the part 
15 regulations is  filed by the MBOA-SIG and the devices shall be measured in their normal 
operating mode. More information on the waiver follows: 

 
• The measurement of the average and peak emission levels for hopped, stepped, sequenced or 

gated systems shall be performed with the equipment operating in its normal mode and shall 
be repeated over multiple sweeps with the analyzer set for maximum hold until the amplitude 
stabilizes.  

• If provisions are made to operate using a different number of hopped, stepped or sequenced 
channels, the system shall be designed to ensure that it complies with the emission levels 
under all possible operating conditions. 

• This waiver shall not apply to the determination of the UWB bandwidth or the classification 
of a device as an ultra-wideband transmitter. The requirements in 47 C.F.R. § 15.503(a) and 
(d) continue to apply based on measurements performed with any frequency hop, step or band 
sequencing function stopped. 

• These waivers are effective until such time as the Commission finalizes a rule ma king 
proceeding dealing with these issues. 

Summary of FCC response to MBOA-SIG waiver 
 
For frequencies below 960 MHz, different limits are set. These limits are measured as field 
strength at a distance D away from the transmitter. The field strength can be converted to a power 
transmitted with the same amount of power in all directions by the formula EIRP  = E0 + 20 log10 
D – 104.8  where E0 = field strength (uV/m) and the EIRP (equivalent isotropic radiated power) is 
in dBm. This report is however delimited to the FCC UWB mask for handheld systems starting at 
960 MHz.  

Equipment required 
• Swept spectrum analyzer with RMS detector 
• 50 ohm low loss coaxial cable 

Initial Condition 
• The DUT is connected directly to the spectrum analyzer with the 50 ohm coaxial cable 
• DUT is configured to be transmitting at maximum power and with a maximum duty cycle. 
• The spectrum analyzer is configured to measure with RMS average detector and with a sweep 

time of less than or equal to 1ms per measure point. 
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Figure 16, FCC transmit mask for handheld UWB devices 
 
Table 3, FCC emission limits above 960 MHz for handheld UWB devices  

Frequency (MHz) EIRP (dBm/MHz) 
960-1610 -75.3 

1610-1990 -63.3 
1990-3100 -61.3 

3100-10600 -41.3 
Above 10600 -61.3 

Table 4, FCC additional emission requirements for handheld UWB devices 
Frequency (MHz) EIRP (dBm/kHz) 

1164-1240 -85.3 
1559-1610 -85.3 

 
Test Procedure 

1. Choose RBW = 1 MHz 
2. Measure span from 960 MHz up to 10GHz. PSD shall not exceed limits in Table 3. 
3. Center where the highest level of emissions occur. 
4. Change RBW to 3 MHz (1-50 MHz required where RBW > 3 MHz requires detailed 

description of test procedure  and equipment calibration) 
5. Compare the levels with the limit of 20log(RBW/50) dBm = 20log(3/50) = -24 dBm 

EIRP.  
6. Change RBW to 1 kHz. 
7. Measure span between 1164-1240 MHz and 1559-1610 MHz. PSD shall not exceed 

limits shown in Table 4. 
Expected outcome 

The PSD shall not exceed average limits in Table 3 or Table 4 at any point. 
The max peak power measured in a 50 MHz BW using RBW = 3 MHz is below -24 dBm 
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Uncertainties/Notes 
An official EIRP measurement shall be performed according to 15.31 in FCC, US 47 CFR and 
copies are available from Commission’s current duplicating contractor whose name and address 
are available from the Commission’s Consumer and Governmental Affairs Bureau at 1-888-CALL 
FCC (1-888-225-5322). 
 
The power limits that are stated in EIRP are treated as conducted power limitations. This is 
because no UWB module of interest in a mobile application is delivered with the suitable antenna. 
Therefore, the device is assumed to pass the EIRP limits in a conducted setup. 

 
Since the center frequencies lies between 3.1 and 4.8 GHz, the frequency of the highest emission 
is assumed to be between 960 MHz and 10 GHz. Below 960 MHz, EMC measurements with 
quasi-peak detector shall be made. 
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3.3 TEST TYPE: Transmit PSD mask 
Reference/background 

ECMA-368 
 
A Transmitter PSD mask specification for interoperability is defined in the MBOA-SIG 
specification and the limits are in dB relative a reference power level (or dBr). The limits are –12 
dBr with ±285 MHz offset from the carrier, and –20 dBr at ±330 MHz. The reference level is the 
maximum PSD within the range ±260 MHz of the center frequency. The limits between these 
points are specified through a straight line drawn with t he PSD in a logarithmic scale. The detector 
type and the sweep time are not specified. This is because the relations between the power levels 
at different frequencies are not much affected by this.  
 

 
Figure 17, Transmit PSD mask for MB-OFDM 
 
Equipment required 

• Swept spectrum analyzer with RMS detector 
• 50 ohm low loss coaxial cable 

Initial Condition 
• The DUT is connected directly to the spectrum analyzer with the 50 ohm coaxial cable 
• DUT shall be continuously transmitting. 
• Max power if Power Control available. 
• Hopping shall be off (FFI). An alternative to this is  to make a time-gated measurement at one 

of the frequency bands.  
• Note: (Sweep time and detector type are not defined) 

Test Procedure 
1. Choose RBW = 1 MHz 
2. Start with the Tx transmitting at the lowest frequency band 3432 ±256 MHz  
3. To get the reference level, find the maximum PSD within the range ±260 MHz of the 

center frequency. 
4. With the reference set, make sure that the PSD does not exceed levels in the mask in 

Figure 17 
5. Repeat 2 – 4 with RBW = 100 KHz 
6. Repeat 3 – 11 for the frequency bands 3960 ±256 MHz and 4488 ±256 MHz  
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3.4 TEST TYPE: Transmit centre and Symbol clock frequency 
tolerance 

Reference/background 
ECMA-368 
 
Transmitter centre frequency and symbol clock frequency tolerance is specified in the 
MBOA-SIG and shall be less than or equal to 20 ppm. 20 ppm equals 68640 Hz in frequency band 
#1, 79200 Hz in frequency band #2 and 89760 Hz in band #3. This measurement is important for 
OFDM where frequency offsets in the centre frequency cause degradation in the orthogonality in 
the FFT operation and the subcarriers begin to interfere with each other. 

 
Equipment required 

• Swept spectrum analyzer with RMS detector  
• 50 ohm low loss coaxial cable 

Initial Condition 
• The DUT is connected to the PSA according with the 50 ohm cable 
• The DUT shall be configured to continuously transmitting an unmodulated carrier at different 

frequencies. TFI shall be used. 
Test Procedure 

1. Start with a RBW of 100 kHz 
2. Choose center frequency = 3234 MHz (band #1) and span = 500 kHz (fc ± 55-70 ppm) 
3. Center at found peak and lower the span to 200  kHz (fc ± 20-30 ppm) and center again 
4. If the peak is not narrow enough, Change RBW to 10 kHz. 
5. Measure frequency of the peak. 
6. Repeat 3-5 for 3960 MHz (band #2) and 4488 MHz (band #3)  
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3.5 TEST TYPE: Modulation analysis EVM 
Reference/background 

ECMA-368 
 
Modulation quality is specified in the MBOA-SIG specification as transmitter constellation error. 
There are not many tools today that have the possibilities to demodulate a MB-OFDM signal and 
calculate EVM. One is however ADS which is software that have the feature of demodulate a 
captured time record. Either a real signal captured with a high speed digitizer, or signal simulated 
with a software tool such as ADS itself or Matlab. 

 
Table 5, Relative constellation error limits for MB -OFDM 

Data rate No Tx attenuation Tx attenuation of 2, 
4, 6 dB 

Tx attenuation of 8, 10, 12 
dB 

53 to 200 Mb/s  -17.0 dB -15.5 dB -14.5 dB 
200 to 480 Mb/s -19.5 dB -18.0 dB -17.0 dB 

 
The Constellation error shall be averaged over all data and pilot subcarriers for at least 100 packets 
with a PSDU > 30 symbols. With a long preamble, this gives (NPREAMBLE + NHEADER + NPSDU ) x 
TSYM = (30 + 12 + 30) x 312.5 ns = 22.5 us per packet. 
 
 

 
Figure 18, ADS - EVM test schematic 
 
Equipment required 

• A high-speed digitizer capable of capturing at least one packet (22.5 us). Infiniium 54855A is 
used for this purpose  

• 89601 Vector signal analyzer 
• ADS software that is capable of demodulating MB-OFDM and calculating EVM. 
• 50 ohm low loss coaxial cable  
• N7622A Flatness correction tool 

Initial Condition 
• The DUT is connected directly to the digitizer with the 50 ohm coaxial cable 
• DUT shall be continuously transmitting at a single frequency band. FFI shall be used. 
• Max power if Power Control available 
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Test Procedure 
1. Capture a sample consisting of at least 100 packets with at least 30 symbols each 

generated from random data. This is made with the VSA software 
2. Save the waveform as “DataRate_FrequencyBand_TxAtt.dat” (Example, 

“80Mb_Band1_4dB.dat”  
 

 
Figure 19, ADS - Main window 
 

 
Figure 20, ADS - Open SDFRead Source File 
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3. Open ADS2005A  
4. Choose “Open Example project” and browse to “UWB” -> “UWB_OFDM_Tx_proj” 
5. In the “networks” folder, Open “UWB_OFDM_TxEVM_TruncatedSignal” in Schematic 

window 
6. Double-Click on the SDFRead component and change the source file to your recorded 

waveform 
7. Select the right Parameters on The UWB EVM block and Simulate 
8. If the Data Window does not popup after the simulation has finished, choose “Window” -

> “Open Data window” and browse for UWB_OFDM_TxEVM_TruncatedSignal 
Uncertainties/Notes 
 Flatness correction can be made on the recorded signal by using the N7622A. 
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4 Receiver test plan 
This chapter is a test plan made to verify the functions and the performance of a MB-
OFDM receiver. The reference is ECMA-368. 

4.1 Basics 

4.1.1 Bit Error Rate Testing / Packet Error Rate testing – BER/PER 
BER and PER testing are the fundamentals in many digital receiver performance tests. 
The outcome of the test is the erroneous bits or packets as a percentage of the total 
number of bits or packets received during an observation period T or during a number of 
transmitted bits/packets. The data sent are exclusively pseudo random binary sequences 
(PRBS) usually labled PNx where x stands for the length of the sequence as 2x. For BER 
and PER tests in mobile phones, a very popular method is loopback testing. When using 
loopback testing, a Bit error tester sends a test signal to the DUT where the data is 
demodulated with possible errors. The DUT modulates and transmits the data back to the 
tester where the data is demodulated and the bits compared. The data in direction to the 
tester are sent with a strong signal to avoid errors in this direction. 
 

  
Figure 21, BER Testing with CMU200 

4.1.2 Sensitivity measurement 
Sensitivity is one of the major measurements for a digital communication receiver. 
Sensitivity is the minimum signal level at a specific BER, FER or PER. The signal level 
is expressed in voltage or dBm which are related by ( ) 30/log10 0

2 +⋅= ZVdBm rms  where 
Vrms = receiver sensitivity in voltage rms, Z0 = receiver impedance (typically 50 ohm). To 
find the sensitivity value, the signal level at the source is set to a nominal level and 
decreased until the BER, PER or FER according to specification is obtained. Typical 
values for digital communication systems are between -70 dBm down to -110 dBm 
depending on different characteristics such as the bandwidth of the signal, the modulation 
technique and the noise figure in the receiver chain. 

4.1.3 Blocking performance 
Blocking performance is an important receiver parameter in wireless communication 
systems. The blocking performance at a specific frequency can be defined as the 
maximum power of a CW interferer that can be tolerated without exceeding a specific 
BER while processing a wanted signal at a specific power level (usually 3 dB over the 
sensitivity leve l).  
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4.1.4 CCA performance 
CCA (Clear Channel Assessment) is a logical function found within physical layers 
which determines the current state of use of a wireless medium. Such a function is found 
in IEEE 802.11 and the MB-OFDM proposal for WPAN and aids in contention 
avoidance. For MB-OFDM the CCA signal is used in the medium access layer (MAC) in 
conjunction with the CSMA/CA (Carrier Sense Multiple Access – Collision avoidance) 
functions. 

4.1.5 LQI performance 
A LQI (Link Quality Indicator) can be used in communication systems to indicate the 
quality of the received signal. The indicator can be a value proportional to a SNR 
measurement and is often used together with transmit power control at the  Tx side. The 
purpose is to decrease the transmitted signal levels without risking the quality of the link. 
Testing this function is necessary for communication systems such as the UWB, because 
the small amount of interference is the basic idea of the technique.  
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4.2 TEST TYPE: Receiver Sensitivity 
Reference/background 

ECMA-368 
 
Receiver sensitivity is the fundamental performance test for a UWB receiver. The limits where 
the PER shall not exceed 8% are set for the 1st band group and are shown in Table 6. 

 
Table 6, Receiver sensitivity requirements for MB -OFDM 
A noise figure of 6.6 dB (referenced at the antenna), an implementation loss of 2.5 dB, and a 
margin of 3 dB have been assumed.  

Data rate (Mb/s) Minimum sensitivity (dBm) for Mode 1 
53.3 -80.8 
80 -78.9 

106.6 -77.8 
160 -75.9 
200 -74.5 
320 -72.8 
400 -71.5 
480 -70.4 

 
With PER software, sensitivity measurements will be performed to ensure that the receiver reach 
the performance demands set by the MB-OFDM proposal.  

Equipment required 
• DUT, MB-OFDM receiver 
• MB-OFDM signal source 
• RF power meter capable of measuring UWB 
• Network analyzer 
• Suitable PER measurement software 
• Attenuators ~ 70 dB 
• Variable attenuator, 1 d B step at maximum. Minimum range ~ 10 dB 
• Various lengths low loss 50 ohm coaxial cables 
• 50 ohm load 

Initial Condition 
• The path losses are measured with the network analyzer  
• The MB-OFDM signal source power is measured with the RF Wattmeter directly connected 

to the antenna port  
• The DUT is connected according to Figure 59 
• The interference connector is connected to a 50 ohm load 
• The DUT is transmitting at a single frequency band (FFI) 
• Payload length is set to 1024 Byte according to specification 

Test Procedure 
1. Set DUT data rate to 53.3Mb/s  
2. Adjust the attenuator so that the power at the receiver antenna port (Measured source 

power – path loss – attenuator level) equals 20 dB above the required sensitivity level 
3. Increase the attenuator level until the PER exceeds 8%  
4. Repeat 2 and 3 for all mandatory rata rates 
5. Repeat 1-4 for all supported frequency bands 
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4.3 TEST TYPE: Link quality indicator 
Reference/background 

ECMA-368 
 
Link quality indicator is mandatory for MB-OFDM for SNR values of -6 to 12 dB and shall be 
made packet by packet. At static channel conditions, the LQ I shall be monotonically increasing 
with the signal power. The precision is in the form of a standard deviation measured over 1000 
packets. The payload shall be 1024 bytes and filled with random data. 

  
Table 7, Allowed standard deviation of the Link quality estimation for MB-OFDM.  
Measured over 1000 packets with a payload of 1024 bytes with random data 

Link quality estimation Maximum standard deviation 
-6 to -4 dB 1.3 dB 
-3 to 0 dB 1.1 dB 
1 to 6 dB 0.9 dB 
7 to 24 dB  0.7 dB 

 
Equipment required 

• MB-OFDM signal source 
• MB-OFDM DUT 
• RF Wattmeter capable of measuring UWB 
• Network analyzer 
• Suitable PER measurement software 
• Variable attenuator, 1 dB step at maximum. Range ~ (0 – 20 dB) 
• Various lengths low loss 50 ohm coaxial cables 

Initial Condition 
• The signal source is transmitting with a maximum power 
• The MB-OFDM signal source power is  set to max available and measured with the RF 

Powermeter 
• A device specific SNR after the FFT at a specific PER must be known  
• The DUT is connected to the signal source with a damping of P signal sourse  – PS,DUT 
• The DUT is transmitting at a single frequency band (FFI) 
• Payload length is set to 1024 Byte according to specification 

Test Procedure 
1. Set DUT data rate to 53.3Mb/s  
2. Set the attenuation until the sensitivity level is reached. 
3. Compare the reported link quality estimation with the given reference number at PER = 

8% (LQI = LQE + 7 dB) 
4. Make the comparison for all estimations -6 to +12(24) dB.  
5. Measure over 1000 packets and calculate the standard deviation. 
6. Repeat for all mandatory rata rates  and for all supported frequency bands 
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4.4 TEST TYPE: Receiver CCA performance 
Reference/background 

ECMA-368 
 
Clear channel assessment performance measurements will be performed to ensure the receivers 
ability to detect the state of the wireless medium. 

Equipment required 
• DUT, MB-OFDM receiver 
• MB-OFDM signal source 
• Fast oscilloscope 
• RF Wattmeter 
• Various lengths low loss 50 ohm coaxial cables 

Initial Condition 
• The signal source is set to transmit at a power corresponding to -80.8 dBm at the receiver 

antenna port  
• The oscilloscope is connected to the “CCA state” connector and the measurement is 

externally triggered by the OFDM transmission  
Test Procedure 
The start of a valid OFDM transmission at a receiver level equal to or greater than the minimum 
sensitivity for a 53.3 Mb/s transmission (-80.8 dBm) shall cause CCA to indicate that the channel 
is busy with a probability > 90% within pCCADetectTime (5.625 us) 
Repeat the measurement, a significant number of times and calculate the probability 
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5 RF Coexistence test plan 

5.1 TEST TYPE: GSM desense due to MB-OFDM 
Reference/background 

The purpose of the test is to investigate the impact from a MB-OFDM interferer on a victim GSM 
receiver. The sensitivity degradation in dB is measured at BER = 2.439%. The measurement will 
be performed with and without the interferer and repeated for three channels in each of the 
GSM900, DCS1800 and PCS1900 bands 

Equipment required 
• GSM DUT 
• Rhode&Schwarz CMU200 Communication tester with the GSM900, DCS1800 and PCS1900 

options. 
• UWB interferer source 
• Power splitter PS2-17 
• Various lengths low loss 50 ohm coaxial cables 
• 50 ohm load 

Initial Condition 
• The DUT and the CMU are connected according to Figure 57 with the 50 ohm load connected 

at the UWB port 
• The DUT is flashed with Baseline (s tandard software) 
• The MB-OFDM interferer is configured to be transmitting at maximum power and with a 

maximum duty cycle with different TFCs . 
• Path loss is measured with a network analyzer 

 

 
Figure 22, CMU - Path loss settings for GSM900  
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Test Procedure 
1. Start the GSM900 test program on the CMU200 
2. Add the measured path loss under “Connect Control” -> “AF/RF” 
3. Push “Connect mobile” under “Connection” to make a call to the DUT 
4. Push “Connect control” -> “menus” -> “Receiver quality” 
5. Push “Connect control” -> “menus” -> “BER” 

 

 
Figure 23, CMU - “Connect control” -> “connection” 
 

 
Figure 24, CMU - “Connect control” -> “menus” -> “BER” 
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6. Choose “Meas mode” = BER 
7. Choose “Test setup” = Test1 
8. Choose “Frames” = 100 
9. Choose “Stop condition” = none 
10. Push “Connect control” -> “BS signal” and choose channel #1 
11. Adjust the “TCH Level BER” until BER of 2.439% is found 
12. Replace the 50 ohm load with the UWB interferer and repeat step 10 
13. Repeat 11 and 12 for channel #62 and #124 
14. Repeat 1-13 with the test programs for DCS1800 and PCS1900 
 

 
Figure 25, CMU - “Connect control” -> “BS signal” -> “Channel” 
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5.2 TEST TYPE: WCDMA desense due to MB-OFDM 
Reference/background 

The purpose of the test is to investigate the impact from a MB-OFDM interferer on a victim 
WCDMA receiver. The sensitivity degradation in dB is measured at BER = 0.1%. The 
measurement will be performed with and without the interferer and repeated for three channels in 
the band 

Equipment required 
• WCDMA DUT 
• Rhode&Schwarz CMU200 Communication tester with WCDMA FDD option. 
• UWB interferer source 
• Power splitter PS2-17 
• Various lengths low loss 50 ohm coaxial cables 
• 50 ohm load 

Initial Condition 
• The DUT and the CMU are connected accord ing to Figure 57 with the 50 ohm load connected 

at the UWB port 
• The DUT is flashed with Baseline (standard software) 
• The MB-OFDM interferer is configured to be transmitting at maximum power and with a 

maximum duty cycle with different TFCs . 
• Path loss is measured with a network analyzer 

 

 
Figure 26, CMU - Path loss for WCDMA  
 

Test Procedure 
1. Start the WCDMA test program on the CMU200 
2. Make sure to reset the CMU200 to standard settings 
3. Add the measured path loss under “Connect Control” -> “AF/RF” 
4. Push “Connect UE” under “Connection” to make a call to the DUT 
5. Push “Connect control” -> “menus” -> “BER” 
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Figure 27, CMU - “Connect control” -> “Connection”  
 

 
Figure 28, CMU - “Connect Control” -> “BS signal Settings” -> “RF Channel” 
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Physichal Channel Relation to DPCH [dB] Relation to Chn. power [dB] 
P-CPICH 7 -3.3 
P-CCPCH 5 -5.3 
P-SCH 5 -5.3 
PICH 2 -8.3 
DPCH 0 -10.3 
Cellpower 10.3 0 
Downlink Physical Channels transmitted during a receiver quality connection 
 

6. Push “Connect control” -> “BS Signal Level” -> “Level” and change the levels according 
to Table X 

7. Push “Connect control” -> “BS Signal Settings” and choose channel #10562 
8. Adjust the “Output Chn Power” until BER of 0.1% is found 
9. Replace the 50 ohm load with the UWB interferer and repeat step 8 
10. Repeat 7 and 8 for channel #10738 and #10815 
 

 
Figure 29, CMU - “Connect Control” -> “BS signal Level” 
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5.3 TEST TYPE: Bluetooth desense due to MB-OFDM 
Reference/background 

This is a coexistence study between Bluetooth and MB-OFDM UWB where the impact of MB-
OFDM on a victim Bluetooth receiver is studied. 
According to the specification7 the BER shall not exceed 0.1% at an input power level of -70dBm. 
This is however straight forward to achieve and the limits are ignored. Instead, the current 
sensitivity level of the DUT and the degradation due to the MB-OFDM interferer is measured. The 
input power level is set to -80 dBm and decreased until the BER of 0.1% is found.  
The measurement will be done with and without the interferer and repeated for three channels in 
the band.  

Equipment required 
• DUT 
• Rhode&Schwarz CMU200 Communication tester with Bluetooth option 
• UWB interferer source 
• Power splitter PS2-17 
• Various lengths low loss 50 ohm coaxial cables 
• 50 ohm load 

Initial Condition 
• The DUT and the CMU are connected according to Figure 57 with the 50 ohm load connected 

at the UWB port 
• The DUT  is flashed with Baseline (standard software) 
• The MB-OFDM interferer is configured to be transmitting at maximum power and with a 

maximum duty cycle  with different TFCs . 
• Path loss is measured with a network analyzer 
 

 
Figure 30, CMU - Path loss settings for Bluetooth 
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Figure 31, CMU - “Connect control” -> “connection” 
 

Test Procedure 
1. Start the BT test program on the CMU200 
2. Add the measured path loss under “Connect Control” -> “AF/RF” 
3. Push “Inquire” in the menu to search for units, end with “stop inquire” 
4. Push “Connect test mode” in the menu to start the communication with the DUT 
5. Push “Slave signaling” to set transmission options 
6. Choose “Packet type” = DH1 
7. Choose “Pattern type” = static PRBS 
8. Choose “Hopping scheme” = Rx/Tx 
9. Choose Tx frequency #78 (2480 MHz)  
10. Choose Rx frequency #0 (2402 MHz) 
11. Push “Menu” button and “receiver quality” 
12. Choose BER = 10 000 packets (Number of DH1 packets > 1600000 / (27x8) = 7400) 
13. Push “Master signal” -> Tx-level and set it to -80 dBm. 
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Figure 32, CMU - BER test for Bluetooth  

 
14. Adjust the level until BER of 0.1% is obtained 
15. Replace the 50 ohm load with the UWB interferer and repeat step 12 and 13. 
16. Change Tx channel to #0 (2402 MHz) 
17. Repeat for Rx frequency #39 (2441 MHz) and #78 (2480 MHz) 
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5.4 TEST TYPE: 802.11b desense due to MB-OFDM 
Reference/background 

This is a coexistence study between 802.11b  and MB-OFDM UWB where the impact of MB-
OFDM on a victim 802.11b receiver is studied. , The sensitivity level on an 802.11b receiver is 
defined as the highest input power level where the PER does not exceed 8%. The current 
sensitivity level of the DUT and the degradation due to the MB-OFDM interferer is measured. The 
input power level is set to -80 dBm + path loss and decreased until the PER of 8% is found.  
The measurement will be done with and without the interferer and repeated for three channels in 
the band, channel #1 (2412 MHz), #7 (2442 MHz) and #13 (2472 MHz)  

Equipment required 
• 802.11b DUT 
• Agilent N4010A and WLAN Test Harness 
• UWB interferer source 
• Power splitter PS2-17 
• Various lengths low loss 50 ohm coaxial cables 
• URBAN module 

Initial Condition 
• The DUT and the CMU are connected according to Figure 58 with the 50 ohm load connected 

at the UWB port 
• The DUT is flashed with OTP (test software) 
• The segment “Test_Segment.WF1” is generated according to Figure 56 
• The MB-OFDM interferer is configured to be transmitting at maximum power and with a 

maximum duty cycle with different TFCs . 
• Path loss is measured with a network analyzer 

 

 
Figure 33, WLAN Test Harness instrument control 
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Test Procedure 
1. Start the program WLAN Test Harness 
2. Change the connection settings according to Figure 33 
3. Click on “Create” 
4. Click on the “AWG Control” tab 

 

 
Figure 34, WLAN Test Harness AWG control 
 

5. Load the segment “Test_Segment.WF1” and the sequence “Test_Sequence_10000.SEQ”  
6. Select frequency, output power (start at -80 dBm + measured path loss) and “Select 

DSSS”  
7. Switch and start the terminal program Rapid Test 32 
8. Make sure that the DUT is turned on and type “WLPU” (WLAN power up) in the 

terminal window 
9. Type “WLFD” (WLAN firmware download) 
10. Type “WSRX=1” (WLAN static Rx, channel #1) to start reception at channel #1 
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Figure 35, Rapid Test 32 
 
11. Switch to WLAN Test Harness and click on the “Trigger” button to start the test 
12. Wait until the test is done and switch back to Rapid Test 32. 
13. Type “WIDL” (WLAN idle) to turn off the receiver and put the WLAN into idle mode. 
14. Type “WLPR” and the HEX values for good packets  (0x30830), bad payloads (0x30834) 

and bad headers/preamble  (0x30838) are shown on the screen.  
15. Calculate the PER as PER = (sent packets – good packets ) / (sent packets) 
16. Type WLPD and repeat 6-15 with a slightly lower input power level until the PER = 8% 

is found. 
17. Replace the 50 ohm load with the interferer and repeat 7-15 
18. Repeat 6-17 for channel #7 and #13  
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5.5 TEST TYPE: MB-OFDM desense due to existing radios 
Reference/background 

This is a coexistence study between MB-OFDM UWB and the existing radios in the mobile phone 
where the impact of GSM900, DCS1800, PCS1900, WCDMA, Bluetooth and 802.11b  
transmitters on a victim MB-OFDM receiver is studied. , The sensitivity level on an MB-OFDM 
receiver is defined as the lowest input power level where the PER does not exceed 8%. The 
current sensitivity level of the DUT and the degradation due to the interferer is measured. The 
input power level is set to PS + 20 dB and decreased until the PER of 8% is found.  
The measurement will be done with and without the interferer and repeated for the three bands in 
Band Group 1  

Equipment required 
• MB-OFDM signal source 
• Interferer generator 
• RF Wattmeter capable of measuring UWB 
• Network analyzer 
• Suitable PER measurement software 
• Various attenuators 
• Variable attenuator, 1 d B step at maximum. Range ~ (0 – 20 dB) 
• Power splitter 
• Various lengths low loss 50 ohm coaxial cables 
• 50 ohm load 

Initial Condition 
• The path losses are measured with the network analyzer 
• The MB-OFDM signal source and the Interferer power is measured with the RF Wattmeter as 

shown in Figure 59 
• The DUT is connected according to Figure 59.  
• The interference connector is connected to a 50 ohm load 
• The DUT is transmitting at a single frequency band (FFI) 
• Payload length is set to 1024 Byte according to sensitivity specification 

Test Procedure 
1. Start with GSM900 
2. Set DUT data rate to 53.3Mb/s  
3. Adjust the attenuator so that the power at the receiver antenna port  equals PS + 20 dB 

above the required sensitivity level 
4. Increase the attenuator level until the PER exceeds 8% 
5. Replace the 50 ohm load with the interferer generator and repeat 3 and 4 
6. Repeat 3 - 5 for all mandatory rata rates and for the three frequency bands 
7. Repeat 2 - 6 with DCS, PCS, WCDMA, Bluetooth and 802.11b as interferers  

Uncertainties/Notes 
This test is an extension of the Sensitivity test since it always measures the un-interfered 
sensitivity as a reference. A difference is however that the result of this test is relative the un-
interfered connection. Therefore, the test equipment does not have to be as accurate as for the 
regulative sensitivity test.  
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6 Measurements 
In this section, measurements of the impact from a MB-OFDM radio on the existing 
radios in a mobile phone are performed. As the interferers, two different Wireless USB 
development kits containing MB-OFDM radios are used. The victim receivers are GSM, 
WCDMA, 802.11b and Bluetooth.  Test procedures are taken from chapter 5. 

6.1 The MB-OFDM interferers 
To investigate the impact from the MB-OFDM interfe rers, the power levels of the signals 
are analyzed. This analysis is based on the limits set by FCC and the requirements on the 
transmit PSD mask in the transmitter specification. Detailed test procedure is found in 3.2 
and 3.3. 
 
The DVKs will transmit at the highest possible duty cycle while still adhering to the 
MIFS timing (minimum interframe spacing). This gives a signal that is transmitting for 
~20 us and is quiescent for ~ 40 us, thus giving a duty of 30%. The PSDU data rate will 
be set to 53.3 MB/s. 

6.1.1 Peak output power, PSD 
The limits set by the FCC are in EIRP (equivalent isotropic power). In the test, the total 
average power is measured. EIRP means that the limits refer to a 100% isotropic antenna 
(0 dBi, shown in Figure 36) and such antennas do not exist. Any other value will force 
the total transmitted power levels to decrease. To this, the antenna loss due to mismatch 
and efficiency of such a wideband antenna can be approximated to somewhere around 2-
10 dB. The antenna for the device tested in this report has a loss of 2 dB. 

 
Figure 36, Characteristics of an isotropic antenna 
  
The spectrum that will be measured with 1 MHz RBW will use spectrum analyzer setup:  

• RMS average detector 
• span of 1 GHz 

-1201 measure points 
-sweep time = 1s 
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• span of 7 GHz 
-8001 measure points 
-sweep time = 7s 

• span of 3 GHz 
-3501 measure points 
-sweep time = 3s 

 
The spectrum that will be measured with 1 kHz RBW will use spectrum analyzer setup:  

• RMS average detector 
• span of 8 MHz 

-8001 measure points 
-sweep time = 7s 

 
The peak power measurement will be measured with the spectrum analyzer setup:  

• 3 MHz RBW 
• Peak detector 
• span of 300 MHz 

-601 measure points 
-sweep time = 500ms 

 
Table 8, PSD measurement results with DVK1, TFC1 - duty = 30%  
Frequency range 
[MHz] 

FCC EIRP limit 
[dBm/MHz] 

Measured 
maximum value 
TFC5 [dBm/MHz] 

960-1610 -75.3 -73.1 @ 1057 MHz 
1610-1990 -63.3 -85.7 @ 1920 MHz 
1990-3100 -61.3 -77.2 @ 2112 MHz 
3100-10600 -41.3 -33.6 @ 3960 MHz 
Above 10600 -61.3 Below noise = -86.2 
Frequency range 
[MHz) 

FCC EIRP limit 
[dBm/kHz] 

Measured 
maximum value 
TFC1 [dBm/kHz] 

1164-1240 -85.3 -104.6 @ 1170 MHz 
1559-1610 -85.3 -85.6 @ 1584 MHz 

 
As shown in Table 8, With DVK1 transmitting with TFC1, the highest average level of 
power is found at the frequency of the carrier. With this high amount of carrier leakage, 
the device will either exceed the mask, or be suffering from a low performance. When it 
comes to the wanted power levels measured (the unwanted carrier leakage is discarded), 
one can say that the PSD of -55 dBm/MHz (shown in Figure 37) is very low and the 
impact from this signal will be scaled to the levels as if the PSD was -41.3 dBm/MHz. 
 
For the same signal, the peak power found at the place of the maximum PSD (3960 MHz, 
see Table 9) is -22.69 dBm. This is equivalent to a power of -10.47 dBm in a 50 MHz 
bandwidth and will pass the 0 dBm limit without problems. 
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Table 9, Peak power in 50 MHz with DVK1 TFC1 - duty = 30%  
Frequency of 
highest average 
emissions [MHz] 

FCC peak power 
limit 
[dBm/50MHz]  

Measured 
maximum value in 
3 MHz RBW [dBm]  

Scaled to 50 MHz 
BW according to 
FCC [dBm] 

3960 0 -22.69 -10.47 
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Figure 37, Full spectrum measurement of DVK1 with TFC1 (pink) and TFC5 (yellow)  
 

Table 10, PSD measurement results  with DVK1, TFC5 - duty = 30%  
Frequency range 
[MHz] 

FCC EIRP limit 
[dBm/MHz] 

Measured 
maximum value 
TFC5 [dBm/MHz] 

960-1610 -75.3  -71.1 @ 1057 MHz 
1610-1990 -63.3 -78.3 @ 1652 MHz 
1990-3100 -61.3 -72.3 @ 2202 MHz 
3100-10600 -41.3 -32.0 @ 3960 MHz 
Above 10600 -61.3 Below noise = -87.4 
Frequency range 
(MHz) 

FCC EIRP limit 
(dBm/kHz) 

Measured maximum 
value TFC5 
(dBm/kHz) 

1164-1240 -85.3  -106.23 @ 1170 
MHz 

1559-1610 -85.3 -85.45 @ 1584 MHz 
 
With DVK1 at TFC5, the same discussion as for TFC1 can be made. Here the 
problematic carrier leakage at 3960 MHz is out of band and still the point of the highest 
average PSD. If this is discarded and the focus is put on the in band power, a comparison 
can be made with TFC1. The PSD when transmitting with TFC5 is ~5 dB higher than 
when transmitting with TFC1. Why is unclear. One explanation can be that the device 
and its software are configured to pass the PSD limits as they were before the waiver 
(FCC 05 48), where the hopping was required to be turned off. That would make the 
average power decrease with 10log(1/3) = -4.8 dB. As for TFC1, the impact will be 
scaled to the levels as if the PSD was-41.3 dBm/MHz. The full spectrum is shown in 
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Figure 37. The noise floor of the spectrum analyzer is about -95 dBm/MHz to -90 
dBm/MHz depending on frequency.  
 
For TFC5, the peak power found at the place of the maximum PSD (3960 MHz) is -24.76 
dBm. This was right at the leakage of the 3960 MHz LO. The peak power at the 
frequency of the second highest PSD (3432 MHz) is -25.24 dBm. Scaled to a 50 MHz 
bandwidth, the power levels are -12.63 dBm and -13.02 dBm which are well below 
required level of 0 dBm. See Table 11.  
 
Table 11, Peak power in 50 MHz with DVK1, TFC5 - duty = 30% 
Frequency of 
highest average 
emission [MHz] 

FCC peak power 
limit 
[dBm/50MHz]  

Measured 
maximum value in 
3 MHz RBW (dBm)  

Scaled to 50 MHz 
BW according to 
FCC (dBm) 

3960 0 -24.76 -12.63 
3432 0 -25.24 -13.02 
 
For the other development kit DVK2, the signals are shown in Figure 38 and are 
compared with the FCC mask for handheld UWB devices. The signals look nice and the 
power levels are set to the maximum values. Peak levels of the signal are not measured 
for DVK2. 
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Figure 38, Full spectrum measurement of DVK2 with TFC1 (dark blue), TFC5 (pink), TFC6 (yellow) 
and TFC7 (light blue) 
 

6.1.2 Transmit PSD mask 
The transmit PSD mask is measured for the MB-OFDM devices when transmitting with 
TFC5. As for the spectrum measurement, the following settings are used: 
 

• RMS average detector 
• RBW = 1 MHz 
• span of 1 GHz 
• 1201 measure points 
• sweep time = 1s 



 58 

 

 
Figure 39, Transmit spectrum for DVK1 and DVK2 transmitting with TFC5 compared to the 
required PSD mask 
 
The result is shown in Figure 39 and shows that the mask requirements are no problem to 
fulfil (if the carrier leakage at 3960 is discarded for DVK1). A bigger problem could be 
the 500 MHz bandwidth required for UWB classification. This problem looks even worse 
at the 3rd frequency band at 4488 MHz. See Figure 37. When looking at the DVK2 with 
TFC5, The mask requirement is no problem to fulfil. If coexistence problems are found at 
the frequencies at the edges of this mask, the margin to the mask requirement will be 
taken into account for a further discussion.  

6.1.3 Band power 
With DVK1, the TFC5 signal has an average PSD of ~ -50 dBm/MHz. This is equivalent 
to an average band power of -50 dBm/MHz + 10log(528M/1M) = -50 dBm + 27 dBz = - 
23 dBm. The band power when transmitting with TFC1 ~ -55 dBm/MHz + 
10log(3x528M/1M) = -55 dBm + 32 dBz = -23 dBm.  
 
With DVK2, all TFCs have an average PSD of ~ -41.3 dBm. This give band power levels 
of -41.3 dBm/MHz + 10log(528M/1M) = -41.3 dBm + 27 dBz = - 14.3 dBm for TFC5, 
TFC6 and TFC7. For TFC1 the band power level is -41.3 dBm/MHz + 
10log(3x528M/1M) = -41.3 dBm + 32 dBz = -9.3 dBm. 
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6.2 GSM desense due to UWB 
The measurements are performed according to chapter 5.1. The test setup is according to 
Figure 40 and the paths of the 3-port network are measured. Because DVK1 can only 
tolerate a maximum power of +10 dBm on the antenna port, 9 dB extra attenuatio n is 
added to protect the UWB transmitter from getting destroyed by the GSM Tx power. The 
S-parameters is measured with a network analyzer with the results shown in Figure 41. In 
the S-parameter measurements, port 1 is at the DUT, port 2 at the interferer source and 
port 3 at the source of the test signal.  
 

 
Figure 40, Initial test setup for MB -OFDM impact on a GSM/WCDMA receiver 
 

 
Figure 41, S-parameters for the initial test setup for MB-OFDM impact on a GSM/WCDMA receiver 
 
When looking at the increased noise levels in the GSM frequency bands that are caused 
by the MB-OFDM signal from DVK1, degradation of the GSM receiver performance is 
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expected. The channels for the test are chosen at some critical frequencies from the noise 
spectrum shown in Figure 42. 
 

 
Figure 42, Noise in the GSM bands, caused by MB -OFDM UWB DVK1 interferers with TFC1 (pink) 
and TFC5 (yellow). 
 
The coexistence test with DVK1 shows problems in the DCS1800 and PCS1900 
frequency bands where spurs and noise from the UWB interferer increase the sensitivity 
levels dramatically. See Table 12. With an attenuation of 12-13 dB and a MB-OFDM 
interferer transmitting with a duty cycle of 30% and an average PSD of -55 to -50 
dBm/MHz, the sensitivity level degrades with over 11 dB at channel 761 (1980 MHz) in 
the PCS1900 band. This degradation fades as the attenuation increases and is (within 
error limits) no longer seen at 33 to 34 dB. 
 
Table 12, GSM receiver sensitivity at problematic channels with and without the presence of MB-
OFDM UWB interferers (DVK1). 
Band/channel/frequency 
(MHz) 

Sensitivity 
reference (dBm) 

Sensitivity 
TFC1 

Sensitivity TFC5 

Attenuation GSM/DCS/PCS Rx = 12-13 dB / UWB Tx = 12-13 dB 
dcs1800/512/1805.2 -109.8 -108.1 -107.5 
dcs1800/730/1848.8 -109.2 -107.6 -106.7 
pcs1900/512/1930.2 -109.4 -108 -107.8 
pcs1900/761/1980 -109.4 -98.8 -98.6 
Attenuation GSM/DCS/PCS Rx = 19-20 dB / UWB Tx = 19-20 dB 
dcs1800/512/1805.2 -109.4 -109.1 -109.0 
dcs1800/730/1848.8 -109.0 -108.5 -108.5 
Attenuation GSM/DCS/PCS Rx = 25-26 dB / UWB Tx = 25-26 dB 
pcs1900/512/ -108.9 -109 -108.9 
pcs1900/761/1980 -108.9 -106.7 -107.6 
Attenuation GSM/DCS/PCS Rx = 33-34 dB / UWB Tx = 33-34 dB 
pcs1900/761/1980 -109.2 -108.4 -108.6 
Attenuation GSM/DCS/PCS Rx = >70 dB / UWB Tx = 7 dB 
dcs1800/512/1805.2 -109.4 -109.4 -109.4 
dcs1800/730/1848.8 -109.1 -109.2 -109.1 
pcs1900/512/1930.2 -109.3 -109.3 -109.3 
pcs1900/761/1980 -109.2 -109.2 -109.2 
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To ensure that the degradation is caused by the noise and the spurs in the GSM bands and 
not by blocking issues, the non-selective attenuation is replaced with a HP-filter cutting at 
2.8 GHz. The test procedure repeated. With an attenuation of 7 dB at UWB frequencies 
and more than 70 dB at the GSM bands, the problem is no longer seen. Therefore, the 
conclusion can be drawn that this is caused by in-band noise and for the PCS band, a 
filter is recommended as long as the antenna isolation there does not override 40 dB. For 
DCS, approximately 20 dB is sufficient while the earlier assumed 15 dB would be 
enough in the GSM900 band.  
 

 
Figure 43, Test setup for MB-OFDM impact on GSM/WCDMA/802.11a/Bluetooth due to blocking 
issues 
 
The test is repeated with DVK2. For DVK2 which can be damaged by a power of – 20 
dBm at the antenna port, the extra attenuation is 22 dB, which gives total attenuation of 
26dB. With this isolation between the antenna ports, A desense of the GSM receiver is 
found in all bands (See Table 13). Especially when transmitting with TFC1 and 7. The 
reason is the raised noise levels than can be seen in Figure 44. With an attenuation of 33 
dB, the problem is not seen. 
 

 
Figure 44, Noise in the GSM bands, caused by MB -OFDM UWB DVK2 interferers with TFC1 (dark 
blue) TFC5 (pink), TFC6 (yellow) and TFC7 (light blue). 
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Table 13, GSM receiver sensitivity at problematic channels with and without the presence of MB -
OFDM UWB interferers (DVK2 ). 
Band/channel/frequency 
(MHz) 

Sensitivity 
reference 
(dBm) 

TFC1 TFC5 TFC6 TFC7 

Attenuation GSM/DCS/PCS Rx = 25-26 dB / UWB Tx = 25-26 dB 
gsm900/1/935.2 -109.6 -108.5 - - - 
dcs1800/512/1805.2 -109.3 -108.3 - - -108.3 
dcs1800/885/1878.8 -108.7 -107.1 - - -107.1 
pcs1900/512/1930.2 -109.1 -106.5 - - -106.4 
pcs1900/661/1960 -108.7 -105.4 - - -105.2 
pcs1900/810/1989.8 -108.1 -104.7 - - -104.9 
Attenuation GSM/DCS/PCS Rx = 33-34 dB / UWB Tx = 33-34 dB 
dcs1800/512/1805.2 -109.4 -108.9 - - -109.1 
dcs1800/885/1879.8 -108.9 -108.7 - - -108.7 
pcs1900/512/1930.2 -109.1 -109.0 - - -108.9 
pcs1900/661/1960 -108.7 -108.8 - - -108.8 
pcs1900/810/1989.8 -108.2 -108.1 - - -108.1 
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6.3 WCDMA desense due to UWB 
The measurements are performed according to chapter 5.2. The setup in Figure 40 is used. 
Table 25 and Table 26 show the settings for the test.  
 
By looking at Figure 45 which shows the power unintentionally transmitted in the 
WCDMA Rx band by DVK1, one can be sure that sensitivity degradations will take place. 
The power in a 3.84 MHz WCDMA channel is as high as -75 dBm at worse. In the test, 
three channels are studied: 10562 at 2112.4 MHz, 10738 at 2147.6 MHz and 10815 at 
2163 MHz.  
 

-105

-100

-95

-90

-85

-80

-75

-70

2110 2120 2130 2140 2150 2160 2170

f [MHz]

P
S

D
 [

d
B

m
/4

M
H

z]

 
Figure 45, Noise in the WCDMA Rx band, caused by MB -OFDM UWB DVK1  interferers with TFC1 
(pink) and 5 (yellow). 
 
Table 14, WCDMA receiver sensitivity at problematic channels with and without the presence of 
MB-OFDM UWB interferers (DVK1) 
Channel/frequency 
(MHz) 

Sensitivity 
reference (dBm) 

Sensitivity TFC1 Sensitivity TFC5 

Attenuation  WCDMA Rx = 12-13 dB / UWB Tx = 12-13 dB 
10562/2112.4 -109.4 -96 -95.8 
10815/2163 -109 -107.3 -107.3 
Attenuation  WCDMA Rx = 17-18 dB / UWB Tx = 17-18 dB 
10562/2112.4 -109.4 -99.6 -99.3 
10815/2163 -109 -108.4 -108.3 
Attenuation WCDMA Rx = 33-34 dB / UWB Tx = 33-34 dB 
10562/2112.4 -109.4 -108.6 -108.5 
Attenuation WCDMA Rx = 70 dB / UWB Tx = 7 dB 
10562/2112.4 -109.5 -109.5 -109.4 
10815/2163 -109.2 -109.2 -109.1 
 
The degradation is found when measured with an attenuation of 12-13 dB. To get a 
number of what isolation is needed, extra attenuation is added until the degradation is no 
longer seen. The problem is within the assumed error percentage when the attenuation is 
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over 33 dB. See Table 14. As for the GSM, the suspected issue is in-band noise. To 
ensure this, the setup in Figure 43 is used. This gives a total isolation in the WCDMA Rx 
band of 70 dB and only 7 dB in the UWB Tx band. The degradation is no longer seen. 
The conclusion is that the degradation is due to in-band noise and that a total attenuation 
(antenna + filtering) of over 33 dB is needed. 
 
With DVK2, a desense of over 7 dB is found when measured with an attenuation of 19-
20 dB. The desense is removed step by step as the attenuation increases to 33 dB. Results 
can be seen in Figure 46 and in Table 15. Here to, the source of the desense is noise in the 
WCDMA Rx band. 
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Figure 46, Noise in the WCDMA Rx band, caused by MB -OFDM UWB interferers with TFC1 (dark 
blue) TFC5 (pink), TFC6 (yellow) and TFC7 (light blue). All from DVK2 . 
 
Table 15, WCDMA receiver sensitivity at problematic channels with and without the presence of 
MB-OFDM UWB interferers (DVK2) 
Channel/fre
quency 
(MHz) 

Sensitivity 
reference 
(dBm) 

Sensitivity 
TFC1 

Sensitivity 
TFC5 

Sensitivity 
TFC6 

Sensitivity 
TFC7 

Attenuation  WCDMA Rx = 19-20 dB / UWB Tx = 19-20 dB 
10562/2112.4 -109.7 -103.8 -107.5 -107.2 -106.3 
10738/2147.6 -109.3 -103.3 -106.9 -107.3 -106.5 
10815/2163 -109 -103.5 -107.1 -106.9 -106.5 
Attenuation WCDMA Rx = 33-34 dB / UWB Tx = 33-34 dB 
10562/2112.4 -109.9 -109.2 -109.5 -109.5 -109.5 
10738/2147.6 -109.5 -108.9 -108.8 -108.9 -109 
10815/2163 -109.1 -108.9 -109 -109 -109.1 
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6.4 802.11b desense due to UWB 
The measurements are performed according to chapter 5.4. 
 

 
Figure 47, Initial test setup for MB -OFDM impact on a 802.11b receiver 
 
When looking at Figure 48 which shows the UWB power in the ISM band, it is clear that 
a desense will take place. The unintentionally transmitted power in this band is over -90 
dBm as worst with DVK1. Problems are expected for both 802.11b and Bluetooth. 
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Figure 48, Noise in the 2.4 GHz ISM band, caused by MB-OFDM UWB DVK1 interferers with TFC1  
(pink) and TFC5 (yellow) 
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DVK1 with TFC1 cause serious degradation in all bands and a high-pass filter shows that 
it is caused by in-band noise. An attenuation of 17 dB is needed before the degradation is 
limited below 2 dB. See Table 16.  
 
Table 16, 802.11b receiver sensitivity at problematic channels with and without the presence of MB-
OFDM UWB interferers (DVK1) 
Channel/frequency Sensitivity 

reference (dBm) 
Sensitivity TFC1 Sensitivity TFC5 

Attenuation  ISM 2.4 = 5 dB / UWB = 5 dB 
1 / 2412 -81 -71 -77 
6 / 2437 -81 -73 -80 
11 / 2462 -82 -75 -79 
Attenuation  ISM 2.4 = 11 dB / UWB = 11 dB 
1 / 2412 -82 -77 -81 
6 / 2437 -81 -78 -81 
11 / 2462 -81 -79 -80 
Attenuation  ISM 2.4 = 17 dB / UWB = 17 dB 
1 / 2412 -82 -80 - 
6 / 2437 -81 -80 - 
11 / 2462 -81 -81 - 
Attenuation  ISM 2.4 = 19 dB / UWB = 19 dB 
1 / 2412 -82 -81 - 
Attenuation  ISM 2.4 = 40 dB / UWB = 8 dB 
1 / 2412 -82 -82 -82 
6 / 2437 -82 -81 - 
11 / 2462 -82 -82 -82 
 
With DVK2, The noise levels are even higher. Measurements are not performed and a 
comparison with the results for Bluetooth (see below) is made. This indicates that an 
attenuation of 34 dB should be needed. 
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6.5 Bluetooth desense due to UWB 
The measurements are performed according to chapter 5.3. 
 

 
Figure 49, Initial test setup for MB -OFDM impact on a Bluetooth receiver 
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 Figure 50, Noise in the 2 .4 GHz ISM band, caused by MB -OFDM UWB DVK1  interferers with 
TFC1  (pink) and TFC5 (yellow) 
 
With DVK1 as the UWB interferer, problems are found especially when transmitting 
with the band-hopping TCF1. When transmitting at the lowest MB-OFDM band (TFC5), 
the degradation was much less prominent. With an attenaution of 4.2 dB, the desense is 
as high as ~10 dB in the lowest channel for TFC1. With a more realistic separation of the 
antennas (13.2 dB), the degradation is limited to 3 dB in the same channel. Results can be 
seen in Table 17.When the high-pass filter where added, the problems where removed. 
This indicates that blocking the MB-OFDM signal from DVK1 is not a problem and that 
the cause of the desense is the in-band noise and spurs in the 2.4 GHz band. See Figure 
50. 
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Table 17, Bluetooth receiver sensitivity levels at different channels, with and without the presence of 
MB-OFDM UWB interferers (DVK1). 
Channel/frequency 
(MHz) 

Sensitivity 
reference (dBm) 

Sensitivity TFC1 Sensitivity TFC5 

Attenuation  ISM 2.4 = 4.2 dB / UWB = 4.2 dB 
0 / 2402 -88 -78.9 -86.2 
39 / 2441 -87.1 -80.5 -86.2 
58 / 2460 -87 -82.8 -86.3 
78 / 2480 -86.1 -82.8 -85.9 
Attenuation  ISM 2.4 = 13.2 dB / UWB = 13.2 dB 
0 / 2402 -87.5 -84.4 -85.3 
39 / 2441 -87.1 -85.6 -86.8 
58 / 2460 -86.8 -85.5 -86.2 
78 / 2480 -86.8 -86.1 -86.6 
Attenuation  ISM 2.4 = 19.2 dB / UWB = 19.2 dB 
0 / 2402 -87.7 -87 -86.9 
39 / 2441 -87.3 -86.9 -87 
58 / 2460 -86.7 -86.8 -87.1 
78 / 2480 -86.9 -86.4 -86.5 
Attenuation  ISM 2.4 = 40 dB / UWB = 7 dB 
0 / 2402 -88 -87.6 -87.5 
39 / 2441 -87.1 -87 -87.4 
58 / 2460 -87 -86.8 -87 
78 / 2480 -86.1 -86.4 -86.5 
 
With DVK2 as the interferer, the problems are bigger. A desense of 16 dB is found for 
TFC1 and an AAA of 34 dB is needed before the degradation is removed. With an 
attenuation of 13.2 dB, the degradation is still as large as 12 dB. For TFC5, 6 and 7, an 
attenuation of 26 dB is sufficient to remove the problems. See Figure 51 and Table 18. 
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 Figure 51, Noise in the 2 .4 GHz ISM band, caused by MB -OFDM UWB interferers with TFC1 , 5, 6 
and 7 (DVK2) 



 69 

Table 18, Bluetooth receiver sensitivity levels at different channels, with and without the presence of 
MB-OFDM UWB interferers (DVK2). 
Channel/frequency 
(MHz) 

Sensitivity 
reference 
(dBm) 

Sensitivity 
TFC1 

Sensitivity 
TFC5 

Sensitivity 
TFC6 

Sensitivity 
TFC7 

Attenuation  ISM 2.4 = 13.2 dB / UWB = 13.2 dB 
0 / 2402 -87.1 -79.1 -83.2 -82.7 -82.2 
39 / 2441 -86.3 -78.3 -82.4 -81.9 -81.7 
58 / 2460 -86.2 -78.3 -82.3 -81.7 -81.7 
Attenuation  ISM 2.4 = 19.2 dB / UWB = 19.2 dB 
0 / 2402 -87.1 -83.2 -85.7 -85.4 -85.4 
39 / 2441 -86.4 -82.8 -85.2 -85.0 -84.8 
58 / 2460 -86.4 -82.5 -85.1 -84.9 -84.8 
Attenuation  ISM 2.4 = 26.2 dB / UWB = 26.2 dB 
0 / 2402 -87.0 -85.9 -86.7 -86.6 -86.6 
39 / 2441 -86.4 -85.3 -86.1 -85.9 -85.9 
58 / 2460 -86.6 -85.2 -86.1 -86.1 -85.9 
Attenuation  ISM 2.4 = 34.2 dB / UWB = 34.2 dB 
0 / 2402 -87.0 -87.0 - - - 
39 / 2441 -86.4 -86.3 - - - 
58 / 2460 -86.6 -86.5 - - - 
Attenuation  ISM 2.4 = 40.0 dB / UWB = 7.0 dB 
0 / 2402 -87.1 -87.1 -87.2 -87.2 -87.2 
39 / 2441 -87.5 -87.5 -87.4 -87.3 -87.4 
58 / 2460 -86.4 -86.3 -86.3 -86.3 -86.3 
 
At MB-OFDM frequencies between 3.1 – 4.8 GHz, the blocking performance for the 
Bluetooth module with the extra band-pass filter is somewhere between 5 dB and 20 dB 
dBm. With these values, blocking the MB-OFDM signal caused no problems. Whether 
the extra BPF is needed or not is not concluded. The calculated values do however 
indicate that it should be. Keeping the extra band-pass filter instead of a high-pass filter 
for the coexistence between BT and GSM/UMTS is therefore recommended also for the 
coexistence between BT and MB-OFDM. 
 
When looking at the in-band noise levels, one can conclude that an isolation between the 
Bluetooth antenna and the UWB antenna must be as high as 34 dB and if this can not be 
achieved, a filter at the MB-OFDM Tx is needed. 
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6.6 RF filter choices 
The numbers proposed in this chapter are based on the analysis with MB-OFDM UWB as 
the interfering signal. With a maximum tolerable input power of -20 dBm as for DVK2, 
The attenuation in the Tx bands of the different radios have to be much higher. 
Theoretical values for the GSM Tx bands and the WCDMA FDD Tx band are as high as 
70 dB! For Bluetooth and 802.11b, the number would be 45 dB. As mentioned, these 
values are discarded in the filter choice below. 
 
Table 19, Attenuation needed between the UWB transmitter and a victim receiver at 3100-4800 MHz 
 Theoretical W.C. [dB] Meas. (DVK1) [dB] Meas. 

(DVK2) 
[dB] 

Victim ATOT ABPF 
needed 
with AAA = 
15 dB 

ATOT needed 
for PUWB  = -
23 dBm 

Scaled to 
PUWB = 
PUWB,MAX 

ATOT 
needed for 
PUWB = 
PUWB,MAX 

E-GSM 15 0 < 7 < 20 < 7 
DCS 15 0 < 7 < 20 < 7 
PCS 15 0 < 7 < 20 < 7 
WCDMA 18 3 < 7 < 20 < 7 
Bluetooth 28 13 - - - 
Bluetooth 
module in 
DUT + 
Filter C 

13 -2 (2 dB 
margin) 

< 7 < 20 < 7 

802.11b in 
DUT + 
Filter C 

- - < 8 < 21 - 

 
Table 19 shows the attenuation needed to protect the different victim radios from 
blocking issues if integrating the MB-OFDM radio from DVK1 or DVK2 into a Sony 
Ericsson mobile phone in the future. The theoretical values are calculated worse case 
assumptions and show that if an AAA of 15 dB can be established, the  only radios that 
should suffer from the MB-OFDM signal at 3.1 – 4.8 GHz are a Bluetooth receiver that 
just passes the blocking requirement and maybe also the 802.11b receiver. Since blocking 
requirements for the 802.11b receiver do not exist, a theoretical analysis is difficult 
without numbers from the vendor. The WLAN module in the DUT is equipped with 
Filter C and the measured values do not indicate any problems with blocking. 
Measurements of a Bluetooth module without the extra filter (Filter C) are not made.  
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Table 20, Attenuation needed between the UWB transmitter and a victim receiver at victim Rx 
frequencies 
  Theoretical W.C. 

[dB] 
Meas. (DVK1) [dB] Meas. 

(DVK2) 
[dB] 

Victim f [MHz] ATOT 
needed 

ABPF 
needed if 
AAA = 15 
dB 
assumed 

ATOT 
needed for 
PUWB  = -23 
dBm 

ATOT 
needed 
Scaled to 
PUWB  = 
PUWB ,MAX  

ATOT 
needed 
for PUWB 
= 
PUWB,MAX  

E-GSM 925-960 25 10 < 12 < 25 25 
DCS 1805-1880 61 46 20 33 33 
PCS 1930-1990 61 46 34 47 33 
WCDMA 2110-2170 63 48 34 47 33 
Bluetooth  2400-2485 63 48 19 32 34 
802.11b 2400-2485 63 48 19 32 - 
 
Table 20 shows the great need of an additional filter to get rid of the noise in the victim 
Rx bands. With a worse case scenario and an AAA of 15 dB, additional damping of 48 dB 
is needed in the WCDMA Rx band and in the 2.4 ISM band. In DCS and PCS, the value 
is 46. Based on the measurements made with the UWB DVKs, 47 – 15 dB = 32 dB extra 
attenuation is needed in DCS, PCS, and WCDMA while 34 – 15 = 19 dB shall be enough 
in the ISM 2.4 GHz band. In the GSM900 band, extra 10 dB are needed. 
 
A solution for the problems would be to look at a band -pass or a high-pass filter at the Tx 
of the DVKs. Since few MB-OFDM transmitters will behave as the theoretical worse 
case, the filter choice will be based on the values measured with the DVKs. Two possible 
filters are under investigation and both are band-pass filters. Figure 52 and Table 22 show 
the mentioned characteristics of a Filter A while Figure 54 and Table 23 show the 
characteristics of Filter B. Filter A is also measured with a network analyzer with the 
results in Figure 53. Filter A have attenuations of 15 to 20 dB in the WCDMA and the 
GSM bands and > 20 dB in the ISM band. This will together with an AAA of 15 give total 
attenuation in the bands as shown in Table 21.  
 
Table 21, Attenuation achieved between the UWB transmitter and a victim receiver at victim Rx 
frequencies when using Filter A or Filter B and having an AAA of 15 dB. 
Frequency band Typical attenuation achieved 

with Filter A 
Typical attenuation achieved 
with Filter B (preliminary) 

GSM900 35 dB 45 dB 
DCS1800 35 dB 60 dB 
PCS1900  34 dB 60 dB 
WCDMA FDD 32 dB 45 dB 
ISM 2.4 GHz 35 – 40 dB 40 dB 
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For both DVKs used in the tests, FilterA should be just enough for all bands except for 
WCDMA where a little bigger desense can be expected. If DVK1 was transmitting with 
maximum output power, the attenuation needed would be 47 dB in the PCS and in t he 
WCDMA bands. 
 
Filter B which has a typical physical size of 4.5x3.2x0.9 mm, would solve the problem 
for all bands except for the WCDMA band where a desense of a couple of dB would be 
expected. 2 dB extra. However, Filter B is under development and the performance is not 
guaranteed. 
 

 
Figure 52, Characteristics of Filter A, provided by the filter vendor  
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Figure 53, Measured characteristics of Filter A 
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Table 22, Characteristics of Filter A 
Parameter f [MHz] MIN TYP MAX UNIT 
Insertion 
loss 

3200-4800  1.02 1.5 dB 

Attenuation 824-960  16.2  dB 
Attenuation 1500-1700 14 27.8  dB 
Attenuation 1710-1990  20.7  dB 
Attenuation 1980-2170  17.6  dB 
Attenuation 2400-2500 5 17.0  dB 
Attenuation 6000-10000 14 17.9  dB 
 

 
Figure 54, Characteristics of Filter B (preliminary), provided by vendor 
 
Table 23, Characteristics of Filter B (preliminary) 
Parameter f (MHz) MIN TYP MAX UNIT 
Insertion loss 
(T=25C) 

3168-4752   1.9 dB 

Insertion loss 
(T=30C to 
T=85C) 

3168-4752   2.2 dB 

Input return 
loss 

3168-4752 10   dB 

Attenuation DC-2200 30   dB 
Attenuation 2200-2500 26   dB 
Attenuation 5150-5300 23   dB 
Attenuation 5300-7000 26   dB 
Attenuation 7000-14000 15   dB 
 
The coexistence measurements are repeated with Filter A and the resulting desenses are 
shown in Table 24. For DVK1, Filter A and an AAA of 14 dB is not sufficient at the lower 
channels in the WCDMA Rx band. Here, 9 dB more attenuation is needed. In the 
GSM900 and DCS1800 bands, no desense at all is seen. 
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Table 24, Desense when using Filter A. 
Victim receiver /channel Sensitivity reference Sensitivity / DVK / TFC 
Attenuation = 7.5 dB 
Bluetooth / 39 -87 -85.8 / DVK2 / TFC1 
Attenuation = 14 dB 
PCS / 661 -108.6 -107.4 / DVK2 / TFC1 
PCS / 661 -108.6 -107.4 / DVK2 / TFC7 
WCDMA / 10562 -109.9 -103.6 / DVK1 / TFC1 
WCDMA / 10562 -109.9 -103.8 / DVK1 / TFC5 
WCDMA / 10815 -109.6 -108 / DVK2 / TFC1 
WCDMA / 10815 -109.6 -108.5 / DVK2 / TFC7 
Attenuation = 23 dB 
WCDMA / 10562 -109.7 -108.9 / DVK1 / TFC1 
WCDMA / 10562 -109.7 -108.9 / DVK1 / TFC5 
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7 Results and Discussions 
First of all, a detailed study about Ultra Wideband and RF measurement techniques for 
digital communication systems is made. It includes the physical layers for DS-UWB and 
MB-OFDM. Because of the availability of MB-OFDM DVKs and the facts that the MB-
OFDM MAC & PHY are chosen as a radio platform for Wireless USB, the study takes 
natural course towards the MB-OFDM technology and  measurements techniques for this 
radio. The study leads to the development of RF test plans to verify the radio aspects of a 
MB-OFDM device. The references for the test plan are regulatory power limitations set 
by FCC and the chapters “Transmitter specifications” and “Receiver specifications” in 
the MB-OFDM PHY specification. For these tests, a survey over possible instruments is 
made. The equipment choices in the test plan are based on this survey and the equipment 
available for this thesis work. 
 
Secondly, the RF interference from a MB-OFDM radio to the other radios is studied. It 
starts with an analysis of the receiver chains and the frequencies in question to find high 
risk problems with an interfering MB-OFDM signal. The possible problems are suspected 
to be the out-of-band blocking, blocking at spurious response frequencies and noise in the 
receiver frequency bands. To test this, a test plan to investigate the coexistence is 
developed.  
 

 
Figure 55, Basic test setup for the MB-OFDM impact on a GSM/WCDMA/Bluetooth receiver 
 
The basic test setup for testing the impact from a MB-OFDM UWB on a GSM, WCDMA 
or a Bluetooth radio is seen in Figure 55. A conducted setup is preferred instead of an 
over-the-air test setup. The CMU is used for loopback testing and replaced by a N4010A 
from Agilent when testing the impact on an 802.11b receiver. For the tests, the MB-
OFDM interferer is set to a maximum power with a maximum duty cycle while the 
attenuation X starts with a lower value and is increases until no desense is seen. 
 
The presence of a MB-OFDM UWB interferer causes great desensitization for other 
receivers in the mobile phone. A sharp measurement high-pass filter is used to filter out 
the noise in the frequency bands of these victim receivers and thus, determines whether 
the interference is noise in the passband or a strong signal outside. The tests show that the 
desense is caused by noise. The power limits in these victim bands are set by FCC to -
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63.3 to -61.3 dBm/MHz. These limits are not enough to secure the coexistence when 
putting the radios together in a mobile handset where the lowest antenna isolation 
between the MB-OFDM and another radio is typically around 15 dB. The interfering 
UWB signals in the test have  greater margin to these power limits and are still harmful to 
both GSM900, DCS1800, PCS1900, WCDMA, Bluetooth and 802.11b. According to 
measurements and calculations, the minimum isolation between the UWB antenna port 
and the victim antenna ports are found. Theoretical worst case values indicate that the 
total attenuation has to be above 61 to 63 dB at the victim RF frequencies, which is 
unattainable to achieve without a filter. The measured values are between 25 to 35 dB 
and only the AAA of 15 dB is not enough. 
 
To get the radios to work together without the negative impact from the UWB signal, a 
band-pass filter or a high-pass filter has to be added to the UWB transmit chain . At least 
two such filters are found currently available on the market. Both of them are UWB 
band-pass filters. One of these filters has a minimum attenuation of 30 dB for frequencies 
below 2.2 GHz. The filter is under development and samples are unavailable. With Filter 
A which has typical attenuations of 15 to 20 dB below 3 GHz, the RF coexistence 
measurements were repeated. For DVK2, this filter and an AAA of 15 dB is sufficient and 
the desense were limited to about 1 dB in the worst case. For DVK1, an additional 9 dB 
attenuation is required in the PCS receiver frequency band where a spur caused greater 
desense at 1980 MHz. With the theoretical worst case values in mind, none of these 
filters should be enough. 
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8 Conclusions 
A test plan to verify an MB-OFDM device against specification is developed. A 
theoretical analysis of the desense due to an UWB interferer is also made. A test plan to 
measure the coexistence between UWB and the existing radios GSM, WCDMA, 802.11b 
and Bluetooth is developed and measurements are performed. The UWB devices cause a 
raised noise floor and generate severe spurious emissions into the receiver bands for 
GSM, UMTS, Bluetooth and 802.11b. Consequently this results in degradation of the 
sensitivity performance of these receivers. The solution for this problem is inserting a 
band-pass filter or a high-pass filter at the transmit path of the UWB device. Filter A was 
proven to be enough for UWB DVK2 if a minimum isolation of 15 dB can be achieved 
between the antennas. For UWB DVK1, additionally 8 dB has to be achieved for the 
lower channels in the WCDMA Rx band. Since 15 dB is a minimum value, Filter A can 
be a good choice if integrating a MB-OFDM radio into a mobile phone. This filter 
solution does however only take the interference from UWB to the other radios into 
account and not the other way around. 
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9 Future work 
For a future work, it would be interesting and necessary to investigate the impact from 
the other radios to the MB-OFDM device. This part was left out due to unavailability of 
DVKs and instruments. Investigating the coexistence with internal interference sources 
such as data buses, clock harmonics, and etc. would be interesting as well. This requires a 
prototype since the hardware design including mechanics is a crucial factor for this. If or 
when, Europe and Asia accepts this technology, different PSD masks with other power 
limits will be developed. Then, this analysis has to be updated and a complement has to 
be made. 
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Appendix A – tables & figures 
 
Table 25, WCDMA receiver quality CMU settings 
Data source DTCH PRBS9 
Dedicated channel type RMC 
SRB 2.5 kbps 
Connection Loop Mode 2 
Reference channel type 12.2 kbps DL/UL 
UL CRC Off 
Number of blocks 500 
 
Table 26, Downlink physical Channels transmitted during a WCDMA receiver quality connection 
Physical Channel Relation to DPCH (dB)) Relation to Chn. power (dB) 
P-CPICH 7 -3.3 
P-CCPCH 5 -5.3 
P-SCH 5 -5.3 
PICH 2 -8.3 
DPCH 0 -10.3 
Cell power 10.3 0 
 
Table 27, 802.11b test signal settings 
Modulation CCK / DSSS 
Datarate 11 
Preamble format Long 
Payload Scrambled PRBS9, 1024 Bytes  
 
Table 28, Bluetooth receiver quality CMU settings 
Number of packets 7400 
Packet type DH1 
Pattern type Static PRBS 
Length of test sequence 27 bytes 
Hopping pattern Hopping off 
Connection Loopback testing 
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Figure 56, Test signal  settings for 802.11b coexistence test 
 

 
Figure 57, Initial test setup for  MB-OFDM impact on a GSM/WCDMA/Bluetooth receiver 
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Figure 58, Initial test setup for MB -OFDM impact on a n 802.11b receiver 
 

 
Figure 59, Test setup for MB-OFDM receiver sensitivity with and without the presence of 
GSM/WCDMA/802.11b/Bluetooth interferers 
 
 



 84 

Appendix B – Equipment solution 
 
Hardware 
Instruments 
N4010A Wireless Connectivity Test Set from Agilent 
PSA4445A Spectrum analyzer from Agilent 
54855A DSO Infiniium Digitizing Oscilloscope  from Agilent  

• Sampling rate >20GSa/s 
CMU200 Communication tester from Rhode&Schwarz 

• GSM900, DCS1800, PCS1900 
• WCDMA 
• Bluetooth 

Cables and other equipment 
Urban module 
PS2-17 Power splitter / Combiner 
K&L 5DH1 2800/T8000 -OP/O High-pass filter  
Various attenuators max 2W 
50 ohm low loss cables 
 
Software 
WLAN Test Harness fro m Agilent 
89601A Vector signal analysis software from Agilent 
Advanced Design System 2005A from Agilent 
 
 


