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Abstract 

 
At the present time the task of designing a highly integrated ZigBee radio frequency 
(RF) receiver with an excellent coexistence performance is still very demanding and 
challenging. This paper presents a number of system issues and design considerations 
for a ZigBee  RF receiver, namely IEEE 802.15.4, for coexistence with wireless devices 
in the 2.4-GHz ISM-band. With regard to IEEE 802.15.4, the paper analyzes receiver 
performance requirements for; system noise figure (NF), system third-order intercept 
point (system-IIP3), local oscillator phase noise and selectivity. Based on some 
assumptions, the paper illustrates the relationship between minimum detectable signal 
(MDS) and various situations that involve the effects of electromagnetic interference 
generated by other wireless devices. We infer the necessity of much more stringent 
specification requirements than the published standard for various wireless 
communication field environments 
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1. Introduction 

Recently, the desire for wireless connectivity has resulted in exponential growth in wireless 
communications.  In particular, wireless sensor networks are a potential wireless network 
application for future wireless connectivity systems. Wireless sensor networks are an 
emerging research area with potential applications in environmental monitoring, surveillance, 
military, health and security. Such a network consists of group nodes called sensor nodes, 
each having one or more sensors, an embedded processor and a low power radio. Typically, 
these nodes are linked by a wireless medium to perform distributed sensing tasks [1]. 

In recent years, the concept of a standardized low rate wireless personnel area network 
(LR-WPANs), namely ZigBee, has emerged. Impelled by the need to enable inexpensive 
wireless sensor network applications, in December, 2000, Task Group 4 under the IEEE 802 
Working Group 15 was formed.  The goals of Task Group 4 are to begin the development of 
a LR-WPAN standard IEEE 802.15.4 and provide a standard that has the characteristics;  
ultra-low complexity, low-cost and extremely low power for wireless connectivity among 
inexpensive, fixed, portable and moving devices [2]. 

In the 2.4 GHz industrial, scientific and medical (ISM) band, LR-WPAN devices are 
intended to operate with other IEEE 802 wireless devices such as IEEE 802.11b (WLAN) 
and IEEE 802.15.1 (Bluetooth). The IEEE 802.15.4 and IEEE 802.11b standards support 
complimentary applications; e.g., IEEE 802.15.4 devices are used to support a wireless 
sensor array within a home or industrial complex. They could be collocated with IEEE 
802.11b devices in order to provide WLAN support. Wireless devices based on these three 
standards are likely to be collocated and therefore their ability to coexist needs to be 
evaluated [3][4][5][6][7][8][9]. 

The system performance of the major specifications required by the IEEE 802.15.4 
physical layer is greatly degraded by interference generated by wireless devices in the ISM-
band. Thus, an analysis of the electromagnetic interference environment based on distance 
may be required to solve coexistence problems.  

Section 2 of this paper presents the analysis and simulation of RF receiver requirements, 
considering the coexistence problems between IEEE 802.15.4 and IEEE 802.11b/802.15.1. 
Discussion of the key results of this paper is presented in Section 3. Conclusions are 
presented in Section 4. 

2. Analysis of RF Receiver Requirements, Considering Device 
Coexistence 

The IEEE standard specification for part 15.4 specifies that “the Packet Error Rate (PER) 
shall not exceed 1%” at the receiver sensitivity level [10]. 

The first step for receiver-design is to establish the signal to noise ratio (SNR) required for the 
input of a digital baseband demodulator in order to obtain the required-PER. This is because the SNR 
determines the noise figure requirement of the RF front-end. Generally, this minimum SNR is 
determined by an Eb/N0 and processing gain with frequency de-spreading process. Although a power 
control algorithm may be properly executed, Eb/N0 can’t be accurately determined because of 
variations of data-rate in service applications and the distance between an access point (AP) and a 
mobile station. Thus, the minimum SNR having a baseband-margin of a few dB is used for these 
variations as a design margin. The second step is to determine the SNR consisting of a desired signal, 
and various noises generated by various wireless devices in the 2.4 GHz ISM-band, at the input of the 
RF receiver. When these various noise components are adequately considered, the system noise figure 
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can be determined [11][12][13][14]. With an interferer profile, the important specifications such as 
phase noise of a local oscillator, system-IIP3 and channel selectivity are determined in a real RF 
receiver system. 

2.1 Overview of physical layer of LR-WPANs 
With the direct sequence spread spectrum (DSSS) technique, LR-WPAN is intended to 
support two physical layer options. Both physical layers utilize the same basic packet 
structure for low duty cycle and low power operation. Between both physical layers, the 2.4 
GHz specifies operation in the 2.4 GHz ISM-band with nearly worldwide availability. This 
band distances from 2.4 to 2.483 GHz and offers 16 channels with a channel spacing of 5 
MHz, operating at a raw data rate of 250 kb/s, using the offset quadrature phase shift key 
(OQPSK) modulation technique.  With 90 degree constellation transition shift, the OQPSK 
modulation method is more power-efficient than QPSK modulation. This requires less linear 
power amplification for low power consumption. The IEEE 802.15.4 standard specifies a 
receiver sensitivity of -85 dBm for the 2.4 GHz band. The standard specifies a transmit 
power capability of 1 mW, although it can vary within governmental regulatory bounds. The 
physical layer uses a common packet structure enabling the definition of a common medium 
access control interface. The physical layer protocol data unit (PPDU) contains a preamble, a 
packet length, a start of packet delimiter, and a payload field. The 32 bit preamble is 
designed for acquisition of symbol and chip timing. 

2.2 Derivations of RF receiver specification from standard 
The data in LR-WPAN are coded into the carrier with direct sequence spread spectrum 
(DSSS), an inherently robust wireless communication technique improving multi-path 
performance and receiver sensitivity through signal processing gain (PG). This PG decreases 
the minimum-SNR (SNRmin) required by a digital baseband demodulator for the achievement 
of a desired bit error rate (BER). The SNRmin can be described by (1) [11][12] 

 
                                        SNRmin [dB] =Eb/N0 -PG + BB_margin.                                 (1) 

 
The PG can be defined as the ratio of chip rate to data rate and implies the spectrum-

despreading gain of a digital baseband demodulator. Eb/N0 can be defined as the ratio of 
traffic channel bit energy to noise density. Though the power can be exactly controlled, 
Eb/N0 is varied by the power control deviation and affected by multi-path fading, data rate, 
communication distance and interference generated by other devices. With these effects and 
baseband implementation loss, a baseband demodulator margin (BB_margin) is defined. In 
this paper, the BB_margin will be set at +2 dB. The required noise figure (NFrequired) 
incurring a BB_margin is shown in (2) [11][12] 

 
NFrequired [dB] = SNRin - SNRout 

                                   = (Psignal – KTB) - (Eb/N0 - PG + BB_margin).                            (2) 
 
Psignal represents the desired-signal power injected into the antenna and KTB is the thermal 

noise power with respect to bandwidth. For example, when a PG is used with a data rate of 
250 kbps, the NFrequired becomes +23 dB with a Psignal of -85 dBm, KTB of -111 dBm, Eb/N0 
of 10 dB, PG of +9 dB, and BB_margin of +2 dB. 

Generally, the system-IIP3 can be derived from the inter-modulation distortion (IMD) test 
condition suggested in any standard specification. This performance parameter indicates the 
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extent of the distortion of an RF/analog-path due to strong interference generated by other 
users. The IEEE Standard for Part 15.4 [4] doesn’t include the interferer’s state, so the 
assumed distribution of receiver noise power for LR-WPAN is shown in Fig. 1. The major 
noise components inducing the SNR-degradation of a receiver consist of a normal-noise 
component  (Pnomal_noise) and a distortion-noise component (Pdistortion_noise) generated by other 
systems. The assumed noise power distribution is; Pnomal_noise: 50%, Pdistortion_noise: 50% of 
Paccept_noise. As shown in Fig. 1, Pnomal_noise consists of; thermal noise power (Pthermal) and 
Psystem-NF  associated with a system noise figure from RF/analog blocks. And, the Pdistortion_noise 
consists of ; PIMD: from inter-modulation effects, PMOD-block: from modulated-blocking effects, 
PCW-blocking: CW-blocking effects, PLO: reciprocal-mixing effects originating from interferers. 
The assumed distortion noise power distribution is; PIMD: 15%, PMOD-block: 15%, PCW-blocking: 
15%, PLO: 5% of Paccept_noise of power, as shown in Fig. 1 [5]. The acceptable noise power 
(Paccept_noise) for a receiver is [11][12] 

 

 
 

Fig.1. Assumption about distribution of receiver noise power for LR. 
 

Paccept_noise [dBm] = Pnormal_noise + Pdistortion_noise 
                                                  = Psignal - SNRout                                                  (3) 

(SNRout [dB]= Eb/N0 - PG + BB_margin). 
 

From equation (3), assuming a Psignal of -82 dBm and a SNRmin of +1 dB, the Paccept_noise 
will be accepted for -83 dBm, with a Pnomal_noise of -86 dBm and a Pdistortion_noise of -86 dBm, 
respectively.  In this paper, since the PIMD and PLO are assumed to be 15 and 5 % of 
Paccept_noise,  respectively, as shown in Fig. 1, the PIMD can be accepted for -91 dBm and the 
PLO for -96 dBm. The system-IIP3 required by a receiver is [11][12] 
 
                                        system-IIP3 [dBm]= Psignal + 0.5(Psignal – PIMD).                         (4) 
 
Assuming the IMD test scenario with a Psignal of -82 dBm and a PIMD of -52 dBm, the 

system-IIP3 must berequired is-34 dBm (@10M/20MHz). The phase noise required by a 
local oscillator (LO) is shown by (5) [11][12] 
 
                                              PNLO [dBc/Hz]= PLO – Psignal – 10log(BW)                           (5) 
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Assuming an IMD and a blocking test scenario with a Pblocker of -52 dBm, the PNLO 

required must be: -87 dBc/Hz (@1MHz). 
The selectivity of a receiver for in-band and out-of-band rejection will be determined by 

the attenuation performance of the RF/IF/baseband filters. In these specifications, the 
adjacent-alternate channel rejection (AACR) is defined by the relative attenuation of the 
adjacent-channel power and the alternate channel power. The Selectivity required by a 
receiver at 5/10 MHz-offsets frequency is [11][12] 

 
Selectivity [dBc] (@5MHz) ≥ Pblocker – Paccept_noise 

                                                : Adjacent channel                                                     (6) 
Selectivity [dBc] (@10MHz) ≥ Pblocker – Paccept_noise 

      : Alternate channel. 
 
Assuming the test scenario with power of blockers of -82 and -52 dBm, the selectivity 

required is: +1 and +31 dBc (@ 5/10MHz), respectively. 

2.2 RF receiver requirements with regard to coexistence 
In the physical layer standard specification of IEEE 802.15.4, channel-selection methods are 
introduced with channel clear assessment and energy detection / link quality indication. With 
strong interferers, the channel link through these methods is not available, so it should wait 
for the current channel or move into other channels. In these situations, the addition of more 
devices using the 2.4 GHz ISM-band will lead to a lower probability of link-success. Thus, 
in this paper, we will identify more practical specifications for the physical RF path to 
increase the probability of link-success under coexistence circumstances.  

Unfortunately, the interference profiles can’t be precisely specified in the 2.4 GHz 
unlicensed frequency band, which has many types of wireless communications. In fact, 
possible strong blockers will considerably degrade the performance of a RF-receiver system. 
Thus, a system budget is required, which contains specifications of the performance 
parameters of a receiver with respect to strong interferers.  

The communication block-diagram of a LR-WPAN relative to interferers generated by 
various communication systems in the 2.4 GHz ISM-band is shown in Fig. 2. In this figure, 
the receiver of FFD1 only wants to communicate with the transmitter of RFD2. However, it 
simultaneously receives transmitters’ signals from a UE1 and a UE4 of an NT2-network 
(IEEE 802.11b) and an NT3-network (IEEE 802.15.1), respectively.  In this case, the FFD1 
receives undesired blockers’ signals; Pb1 and Pb2 based on distance d1 and d2, respectively. 
For example, with a worst-case field environment such as a very short distance, i.e., one 
meter, and maximum transmission power allowed, the sensitivity of the receiver is rapidly 
degraded because of inter-modulation distortion products and reciprocal mixing products 
generated by strong interferers. 

The SNR-degradation of a receiver incurring IMD and reciprocal mixing effects from 
interferers is shown in Fig. 3. To reduce the SNR-degradation from strong interferers, there 
are two solutions. One method is to decrease the distortion-noise components included in a 
desired-in-channel, by the reduction of the interferers’ signal power. Using the transmitter’s 
power control algorithm of another communication standard, this is the most efficient 
method. However, this is not a good solution because of problems beyond the scope of our 
standard (IEEE802.15.4) category. The other method is to increase the requirements of the 
receiver performance parameters. In this paper, we will identify the major parameters of 
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receiver performance: system-IIP3, PNLO, and selectivity, taking into consideration worst-case 
interference environments. 

 

 
 

Fig.2. Communication block-diagram of LR-WPAN against interferers generated by various communication 
systems in the 2.4 GHz ISM-band. 

 

 
 

Fig. 3. SNR-degradation of a receiver containing inter-modulation dist-ortion (IMD) and reciprocal 
mixing effects by interferers. 
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The receiver sensitivity with regard to system-IIP3 and the strength of blockers is 

 
Sensitivity [dBm] = NF + 10log(KTB + PIMD) + SNRdemod 

[where, PIMD [dBm]= ∑
=

k

1n
b_n )(P3 - 2IIP3, (k=1,2, ···), 

SNRdemod [dB]= SNRmin = Eb/N0 - PG + BB_margin, 
                                         Pb_n [dBm]= Pb_n_max. – 20log(4π·d·f/c)].                               (7) 

 
Here, the system-IIP3 is related to the linearity performance of the receiver. The PIMD can 

be expressed by system-IIP3 and a summation of blockers generated by IEEE 802.11b and 
IEEE 802.15.1 stations. The Pb_n represents all blocker signals coming into the antenna 
input-port of desired RF-receiver; Pb_n_max is the maximum blocker signal powers of various 
wireless devices; KTB is thermal noise power with respect to bandwidth (BW); SNRdemod is a 
minimum SNR required for a digital baseband modem; f is the frequency [Hz]; c is the 
velocity of light [meter/sec], and d is a physical distance between a desired IEEE 802.15.4 
station and a position of a blocker [meters].  Under any channel environment, the signal 
power of a blocker is exponentially decreased through a path-loss which is dependent on 
distance. Thus, the path-loss can be calculated by an air channel model fitted to real world 
environments. 

However, in this paper, it is calculated under the assumption of the general free space 
channel condition for a simple computation. Indeed, the air channel model issue having a 
high accuracy is not a focus in this paper. The relationship between sensitivity and distance 
based on system-IIP3 is shown in Fig. 4. 
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Fig.4. Sensitivity vs. distance, based on various system-IIP3. 

 
 The blockers used in this analysis are generated by various wireless communication 

devices: IEEE 802.11b and 802.15.1. In this graph, there is degradation of receiver 
sensitivity because of the increasing strength of the blocker signal power with decreasing 
distance. Also, we see the loss of sensitivity associated with lowering the system-IIP3. In 
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particular, in the case of a less than ten-meter distance, we can see the drastic degradation of 
sensitivity. So, note that the system-IIP3 must be more than -10 dBm to guarantee a receiver 
sensitivity of -95 dBm relative to strong interferers at short distances. The receiver 
sensitivity dependence on phase noise of the local oscillator and the strength of blockers is 
given by 
 

Sensitivity [dBm] = NF + 10log(KTB + PLO) + SNRdemod 

[where, PLO [dBm]= ∑
=

k

1n
b_n )(P - PNLO + 10log(BW),  (k=1,2, ···),               

                                               Pb_n [dBm]= Pb_n_max. - 20log(4π·d·f/c)].                              (8) 
 

Here, the PNLO is related to the spectral purity performance of the local oscillator. The 
PLO is expressed by a LO-phase noise and a summation of maximum blockers generated by 
IEEE 802.11b and IEEE 802.15.1 stations. Also, the frequency bandwidth (BW) of IEEE 
802.15.4 is 2 MHz. The relationship between sensitivity and distance based on a LO-phase-
noise is shown in Fig. 5. 
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Fig.5. Sensitivity vs. distance based on various LO phase-noise. 

 
 The blockers used in this analysis are generated by other wireless communication 

systems: IEEE 802.11b and 802.15.1. In this graph, we can see the degradation of receiver 
sensitivity with the increasing strength of the blocker signal power due to decreasing 
distance. Also, we see the loss of sensitivity associated with an increase in the phase noise of 
the LO. In particular, in the case of a less than ten-meter distance, we can see the rapid 
degradation of sensitivity. Note a PNLO must be less than -110 dBc at a 1 MHz-offset 
frequency for a guarantee of a receiver sensitivity of -95 dBm relative to strong interferers at 
very short distance.  

The relationship between sensitivity and distance based on a system-IIP3 and a PNLO is 
shown in Fig. 6. The blockers used in this analysis are generated by other wireless 
communication systems: IEEE 802.11b and 802.15.1. In this graph, note that sensitivity is 
much more affected by interferes generated by an 802.11b system than from an 802.15.1.  
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This is because of higher transmitter output power than 802.15.4 under the FCCI and ETSI 
regulations. 

The selectivity for the in/out of-band channel selection must be determined for the 
specification of RF/IF/baseband filters. The selectivity of a receiver relative to blockers 
generated by other wireless communication system is shown (9). In this equation, we can see 
that the selectivity of receiver is decided by a signal power of blockers. 
 

Selectivity [dBc] = Pb_n_max. - (MDS – SNRdemod), 
                                           (SNRdemod [dB]= Eb/N0 - PG + BB_margin).                           (9) 
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Fig.6. Sensitivity vs. distance under coexistence circumstances. 

 
The MDS represents the minimum detectable signal and SNRdemod describes a SNR 

required from a digital baseband-demodulator. The relationship between selectivity and 
distance under coexistence circumstances is shown in Fig. 7. For the 802.15.4 standard 
condition, the solid and dotted lines show the selectivity of a receiver at a 5 and 10 MHz 
frequency offset, respectively. The other lines show various selectivity values based on 
distance, in the case of a coexistence situation with one or more 2.4 GHz standards. In 
particular, in the case of less than twenty-meters of distance, we can see a hard requirement 
of selectivity. Note, the receiver selectivity  is required to be more than +50 dBc relative to 
strong interferers at a very short distance.  

The relationship between a battery lifetime, receiver sensitivity, TX output power and NF 
is shown in (10) 

 
PTX.Output ∝ 10log(IPA·V) ∝ NF ∝ Sensitivity-1, 

Battery lifetime [h] ∝ 
cycleduty[mA]I
[mAh]capacity Battery 

ON ⋅
,                                

[where, ION = kITX.ON + (1-k)IRX.ON , ITX.ON = IPA + Iother-TX.blocker , 

                                                k = a living weighting factor].                                         (10) 
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Fig.7. Selectivity vs. distance under coexistence circumstances. 

 
Here, PTX.OUTPUT is proportional to power amplifier current (IPA) and NF, but inversely 

proportional to sensitivity. The battery lifetime is related to battery capacity, duty-cycle and 
turn-on current (ION). Regardless of a living-weighting factor (k), the ION consists of the 
summation of transmitter on-current (ITX.ON) and receiver on-current (IRX.ON). Also, the 
ITX.ON consists of an IPA and the current of the transmitter at other stages(Iother-TX.blocker). For a 
desired PTX.Output, the battery lifetime can be increased by reducing IPA and ION. The 
relationship between battery lifetime, receiver sensitivity, PTX.Output and NF is shown in Fig.  
8. 
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Fig. 8. Relationship between battery lifetime / TX output power and noise figure / sensitivity. 
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3. Discussion 

The LR-WPAN system (or IEEE 802.15.4, ZigBee) will be a core-IP for future wireless 
connectivity systems. This system is in great demand for wireless communication modules 
satisfying low-cost, low-power consumption and ultra small size. Therefore, it is expected 
that the unlicensed 2.4 GHz worldwide ISM frequency band will be used worldwide. The 
minimum requirements of the physical layer component of LR-WPAN must be less 
demanding than that of other wireless communication standards because of the low-cost, low 
power consumption and ultra-small size requirements. 

However, under real environments where various wireless devices coexist, the minimum 
requirement of the physical layer of LR-WPAN should be more stringent than the published 
standard. Of course, the IEEE 802.15 TG2 group has been researching algorithm-oriented 
solutions for coexistence problems, but these have many constraints in real-world operations. 
Thus, we suggest much more stringent specification requirements than the published 
standard, through increasing RF functionality in terms of major system performance 
parameters such as sensitivity, selectivity, NF, system-IIP3 and LO phase noise. The RF 
system-parameters for LR-WPAN are shown in Table 1. 

Table 1. RF-system parameters for LR-WPAN. 

Requirements Standard Spec. 
(IEEE802.15.4) 

Reasonable Spec. 
(This paper) 

NF / Sensitivity 
[dB/dBm] +25 / -85 +14 / -95 

IIP3 [dBm] -32.4 -10.8 

LO-Phase noise 
[dBc/Hz, @ 1MHz] -87 -110 

Selectivity 
[dBc, @5MHz] +1 +52 

Selectivity 
[dBc, @10MHz] +31 +58 

 
In this paper, for -95 dBm of minimum sensitivity, the required NF must be 14 dB. The 

required system-IIP3 must bemore than -10 dBm, for a receiver sensitivity of -95 dBm, 
relative to strong interferers at a very short distance. The LO phase noise must be more than -
110 dBc, at a 1 MHz-offset frequency, for a receiver sensitivity of -95 dBm, relative to 
strong interferers. It must be more than +50 dBc of the receiver selectivity, relative to strong 
interferers at very short distance. A LR-WPAN having these stringent specifications can be 
implemented with manufacturing technology for sub-micron semiconductors and integrated 
circuit techniques. 

4. Conclusion 

The desire for wireless connectivity has resulted in exponential growth in wireless 
communication. In particular, wireless sensor networks are a potential wireless network 
application for future wireless connectivity systems. Therefore, the design of a highly 
integrated ZigBeeTM  radio frequency (RF) receiver with an excellent coexistence 
performance is still very demanding and challenging.  

This paper presented a number of system issues and design considerations for an RF 
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receiver for ZigBee, namely IEEE 802.15.4, with regard to coexistence with wireless devices 
in a 2.4-GHz ISM-band. With regard to the IEEE 802.15.4 standard specification, we 
provided analysis of receiver performance requirements incurring NF, system-IIP3, LO 
phase noise and selectivity. In addition, we illustrated the relationship between the sensitivity 
of a receiver in various situations with respect to interferers generated by other wireless 
communication devices, based on distance. We inferred the necessity of much more stringent 
specification requirements than the published standard for various wireless communication 
field environments. In further work we aim to adopt various channel models to enhance the 
accuracy of the required specification of IEEE 802.15.4 standard under coexistence 
circumstances, for the 2.4 GHz worldwide ISM frequency band. 

Acknowledgements 

The authors wish to thank: Kwang-Ho Won, Yeonkug Moon, and Seong-Dong Kim of the 
Ubiquitous Computing Center, DongSu Kim of the Electronic Materials & Packaging Center,  
and Youn-Sung Lee, Hyun-Sik Kim and Dong-sun Kim of the DxB. Center of Korea 
Electronics Technology Institute (KETI) for their discussions about the technical contents of 
this paper.  

References 
[1] S. Coleri, A. Puri, P. Varaiya, “Power efficient system for sensor networks,” Proceedings of the 

Eighth IEEE International Symposium on Computers and Communication. (ISCC’03), pp. 837-
842, Feb. 2003. 

[2] Sean Middleton, “IEEE 802.15 WPAN Low Rate Study Group PAR,” Document number IEEE 
P802.15-00/248r3, submitted Sept. 2000. 

[3] I. Howitt, J.A. Gutierrez, “IEEE 802.15.4 Low Rate–Wireless Personal Area Network 
Coexistence Issues,” IEEE Wireless Communications and Networking (WCNC 2003), Vol. 3, pp. 
1481-1486, March. 2003. 

[4] R. Giuliano, F. Mazzenga, “Capacity Analysis for UWB Systems with Power Controlled 
Terminals under Power and Coexistence Constraints,” IEEE Transactions on Wireless 
Communications, pp. 3316-3328, Nov. 2006. 

[5] Wei Yuan, Xiangyu Wang, Jean-Paul M.G. Linnartz, “A Coexistence Model of IEEE 802.15.4 
and IEEE 802.11b/g,” IEEE Symposium on Communications and Vehicular Technology, Nov. 
2007. 

[6] Tingfang Ji, H.J. Chao, Nan Feng, “Wireless coexistence: Pareto optimality,” IEEE Global 
Telecommunications Conference, pp. 3803-3807, Dec. 2004. 

[7] D. Cassioli, R. Giuliano, F. Mazzenga, “Analysis of UWB system capacity in a realistic 
multipath environment with coexistence constraints,” IET Communications, pp. 391-397, June. 
2007. 

[8] Jing Zhu, Alan Waltho, Xue Yang, Xingang Guo, “Multi-Radio Coexistence: Challenges and 
Opportunities,” Proceedings of 16th International Conference on Computer Communications 
and Networks, Aug. 2007. 

[9] Joo Ghee Lim, Chun Tung Chou, Sanjay Jha, “Non-Cooperative Coexistence of Co-located 
Independent Wireless Mesh Networks,” IEEE International Conference on Mobile Adhoc and 
Sensor Systems, Oct. 2007. 

[10]  IEEE Computer Society, “IEEE Standard for Part 15.4: Wireless Medium Access Control 
(MAC) and Physical Layer (PHY) specifications for Low Rate Wireless Personal Area Networks 
(LR-WPANs),” IEEE Std 802.15.4TM-2003. 

[11]  Hae-Moon Seo, Chang-Gene Woo, et al., “RF Receiver Requirements For UMTS Basestation 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 2, NO. 1, FEBRUARY 2008 49

and User Equipment,” 2002 International Conference on 3G Wireless and Beyond, Delson 
Group, pp. 185 – 189, May. 2002. 

[12]  Hae-Moon Seo, et al., “Relationship between ADC performance and requirements of digital-IF 
receiver for WCDMA base-station,” IEEE Transactions on Vehicular Technology, Vol.52, pp. 
1398 – 1408, Sept. 2003. 

[13]  S. Roy, J.R. Foerster, V.S. Somayazulu, D.G. Leeper, “Ultrawideband radio design: the promise 
of high-speed, short-range wireless connectivity,” Proceedings of the IEEE, pp. 295-311, Feb. 
2004. 

[14]  E. Mustafa Sahin, Huseyin Arslan, “System Design for Cognitive Radio Communications,” 
Conference on Cognitive Radio Oriented Wireless Networks and Communications, June. 2006.  

 
 
 
 
 
 

 

Hae-Moon Seo was born in Daegu, Korea, on December 8, 1971. He received B.S. 
and M.S. degrees in Electronic Engineering from Kyungpook National University, South 
Korea in 1998 and 2000, respectively. He is now a PhD. candidate in Electronic 
Engineering at Kyungpook National University (KNU). In 2000, he joined the 
telecommunication R&D Center of Samsung Electronics, where he was engaged in RF-
transceiver system design of WCDMA for software defined radio (SDR). From 2002 to 
2004, he was with the  RFIC group of the SoC research center of Samsung Electronics, 
where he was engaged in RFIC for GSM/GPRS transceiver. Since 2004, he has been a 
member of the Ubiquitous Computing Research Center, Korea Electronics Technology 
Institute (KETI) in Korea. His research interests include silicon technology-based RFIC 
and system-level RF transceiver system design for wireless communication. 
 

 

Yong-Kuk Park received B.S. and M.S. degrees at the school of electronic 
engineering from ChungAng University, Seoul, Korea, in 1994 and 1996, respectively. 
Since 2001, he has been working at the Korea Electronics Technology Institute (KETI), 
South Korea, where he is presently senior researcher of the Ubiquitous Computing 
Research Center. His research interests include wireless RFIC design for realizing 
advanced RF, especially for wireless personal area networks (WPAN), and system-level 
RF transceiver system design for wireless communication. 
 

 

Woo-Chool Park was born in Korea, on December 10, 1971. He received B.S., M.S. 
and Ph.D degrees in Electronic Engineering from Hanyang University, South Korea in 
1995, 1997 and 2002 respectively. Since 2002, he has been a member of the Ubiquitous 
Computing Research Center, Korea Electronics Technology Institute (KETI) in South 
Korea. His research interests include wireless sensor networks and the 2.4GHz 
coexistence problem. His current research focuses on the ZigBee Mac layer, security 
issues, mesh networking, and ubiquitous application systems. He is a member of KICS 
and IEEE. 
 

 
 
 
 

Dongsu Kim received  B.S. and M.S. degrees in electronic and electrical engineering 
from Kyungpook National University, Daegu, South Korea in 1997 and 1999, 
respectively, and  M.S. and Ph.D. degrees in electrical and computer engineering from 
Georgia Institute of Technology, Atlanta, USA in 2001 and 2004, respectively. His 
doctorial work includes design, fabrication, and characterization of ferroelectric devices, 
beam forming networks, and smart antenna systems for WLAN applications. In 2001, he 
was with Micro Coating Technologies, Chamblee, GA, where he was involved with the 
design and analysis of ferroelectric devices. In 2004, he joined the Electronic Materials 
& Packaging Research Center at Korea Electronics Technology Institute (KETI), South 
Korea. He has conducted research in the areas of dual-band power amplifier modules 
based on LTCC, a power amplifier module integrated with a duplexer, a triple-band 



Hae-Moon Seo et al.: System Design Considerations of ZigBee RF Receiver for Coexistence with Wireless Devices in the 2.4GHz ISM 50 

 
 
 
 

 
 
 

 
 
 
 

 

SAW duplexer module for wireless communication systems. His current research 
focuses on ferroelectric tunable devices, LTCC-based multilayer module developments, 
and System-in-Package. 
 
Myung-Soo Lee was born in Incheon, Korea, on December 8, 1966. He received a 
B.S. in Electronic Engineering from Inha University in 1989. From 1989 to 1996, he was 
with the Hyundai Electronics R&D Center, where he was engaged in MPEG codec 
algorithm design for HDTV. Since 1997, he has been a member of the Ubiquitous 
Computing Research Center, Korea Electronics Technology Institute(KETI) in SOUTH 
Korea. From 1997 to 2002, he was engaged in HDTV channel receiver design and set-
top-box. Up to the present time, he has been leading several projects about ubiquitous 
sensor network(USN) system development,  and  a wireless communication system for 
Intelligent Transportation System(ITS). 
 
Hyeong-Seok Kim was born in Seoul, South Korea, on October 9, 1962. He received 
his B.S., M.S. and Ph.D. degrees from the Department of the Electrical Engineering of 
Seoul National University, Seoul, South Korea in 1985, 1987 and 1990, respectively. 
From 1990 to 2002, he was with the Division of Information Technology Engineering, 
Soonchunhyang University, Asan, South Korea. In 1997, he was a Visiting Professor of 
Electrical Computer Science Engineering, Rensselaer Polytechnic Institute, Troy, NY. In 
2002, he transferred to the School of Electrical and Electronics Engineering, Chungang 
University, Seoul, South Korea where he has been a Full Professor since September 
2005. His current research interests include numerical analysis of electromagnetic fields 
and waves, analysis and design of passive and active components for wireless 
communication, RFID applications, and electromagnetics education. 
 
Pyung Choi received a B.S. degree from Yonsei University, Seoul, South Korea in 
1980, an M.S. degree from The Ohio State University, Columbus, Ohio, USA in 1985, 
and a Ph.D. degree from the Georgia Institute of Technology, Atlanta, Georgia, USA in 
1990. He is currently a Full professor in the Department of Electrical Engineering at 
Kyungpook National University. His major interests are analog VLSIs, devices and IC 
modeling, and CAD. Dr. Choi is currently a President of the Kyungpook National 
University Techno-park, supporting a venture business. Dr. Choi is a member of IEEK 
and IEEE. 

 


