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1 Context and Introduction

As part of its charter, the IEEE 802.15.4a Task Group is developing new PHYs that operate in the designated UWB frequency bands between 3.1 and 10.6 GHz and from 250 to 750 MHz. Additionally, there will be a new PHY that operates in the 2400 MHz ISM unlicensed band.  To assure that these PHYs will provide reasonable performance when operating in the vicinity of other wireless devices, the 15.4a Task Group has adopted the policies and conventions of the IEEE 802.19 Coexistence Technical Advisory Group (TAG).

The IEEE 802.19 TAG has mandated that new wireless standards developed under IEEE 802 be accompanied by a “Coexistence Assurance” document.  Documents [1] and [2] provide guidelines for how coexistence can be quantified based on predicted packet error rates among IEEE 802 wireless devices.

This Coexistence Assurance Document is being provided by the IEEE 802.15.4a Task Group to satisfy the requirements of the IEEE 802.19 Task Group. The rest of this document proceeds as follows:

Section 2 of this document provides an overview of the original IEEE 802.15.4 with a brief description of each of the new PHYs defined in the TG4a draft standard.

Section 3 describes the mechanisms and anticipated usage of IEEE 802.15.4 (as amended by the Task Group 4a) that enhance its coexistence with other wireless devices and Section 4 provides additional background on regulatory constraints on UWB device operation with respect to 802.16 systems.

Section 5 introduces the Coexistence Methodology and details the overall assumptions made for this analysis.

Section 6 provides the specific parameters for the systems analyzed here and the specific quantitative results of this analysis. 

2 Overview of IEEE 802.15.4a Task Group

The standard for IEEE 802.15.4 [4], ratified in the spring of 2003, defines a “low-rate wireless PAN”, designed for price- and power-sensitive applications.  It defined three PHYs with distinct modulation schemes:

· O-QPSK operating in the 2.4GHz ISM band, with an effective bit rate of 250 kb/s.

· BPSK operating in the 868MHz ISM (Europe) band, with an effective bit rate of 20 kb/s.

· BPSK operating in the 915MHz ISM (North America) band, with an effective bit rate of 40 kb/s.

Task Group 4b (TG4b) was formed to revise the original IEEE 802.15.4-2003 standard.  Among the other work defined in the PAR, the group was given the charter to create additional PHYs operating in the sub-GHz bands with improved performance.  In response to this, the group has defined additional PHYs:

· O-QPSK operating in the 868MHz ISM (Europe) band, with an effective bit rate of 100 kb/s.

· O-QPSK operating in the 915MHz ISM (North America) band, with an effective bit rate of 250 kb/s.

· A form of ASK (“PSSS”) operating in the 868MHz ISM (Europe) band, with an effective bit rate of 250 kb/s.

· PSSS operating in the 915MHz ISM (North America) band, with an effective bit rate of 250 kb/s.

Subsequently, Task Group 4a was formed to further revise the original IEEE 802.15.4-2003 standard and the group was given the charter to create new PHYs that would provide more robust performance and also provide the capability for precision range measurements. In response to this, the group has defined two additional PHYs:

· An ultra-wideband form of combined BPSK and PPM (the “UWB PHY”) that operates in 3 different band groups from 250 to 750 MHz, from 3100 to 4800 MHz, and from 6000 to 10,600 MHz with a nominal effective bit rate of 851 kb/s.

· Chirp spread spectrum (CSS) operating in the ISM band from 2400 to 2481 MHz with an effective bit rate of [X] kb/s.

Two fundamental design goals of IEEE 802.15.4 are low cost and low power.  In TG4a the continued emphasis on low cost is achieved through simple demodulation schemes, low bit rates and low transmitter power, typically under -10 dBm for the UWB PHY and X dBm for the CSS PHY.  Low power is also achieved through low duty cycle operation.  

3 General Coexistence Issues for the UWB PHY

The draft standard created by TG4a provides several mechanisms that enhance coexistence with other wireless devices operating in the same spectrum. This section describes the mechanisms that are defined in the standard, which include:

· UWB modulation with extremely low power spectral density (PSD)

· Low duty cycle

· Low transmit power

· Dynamic Channel Selection

· Coordinated Piconet Capabilities

These mechanisms are each described briefly in the following sub-sections.

3.1 Direct Sequence Ultra-Wideband Modulation

The UWB PHY specified for IEEE STD 802.15.4a uses a UWB direct sequence modulation.  This power-efficient modulation method achieves low requirements for signal-to-noise ratio (SNR) and signal-to-interference ratio (SIR) through the use of a signal bandwidth that is significantly larger than the symbol rate.  A defining feature of systems that use UWB modulation is that they are less likely to cause interference in other devices due to their reduced power spectral density.  In fact, even the least restrictive regulations for UWB devices today require the emission PSD levels to be at or below the levels allowed for unintentional emissions by other electrical or electronic devices. In some cases the UWB PSD limits are as much as 35 dB below these same unintentional emissions limits. For the same reason, UWB devices have some degree of immunity from interfering emitters, making them a good choice for environments where coexistence may be an issue.

3.2 Low Duty Cycle

The specifications of IEEE STD 802.15.4-2003 are tailored for applications with low power and low data rates (a maximum mandatory burst rate of 850 kb/s and down to 20 kb/s). Typical applications for IEEE 802.15.4 devices are anticipated to run with low duty cycles (under 5%). This will make IEEE 802.15.4 devices less likely to cause interference to other standards.

An important contribution of the TG4a work is the definition of new a new UWB PHY with higher optional bits rates.  In the UWB bands, the data rates have been increased to a nominal mandatory rate of 850 kb/s. Although not designed to provide continuous higher throughputs, the UWB PHY also provides for higher optional data rates as high as 27 Mb/s. These rates are not designed to support high rate applications such video transport, but instead are provided to allow devices in close proximity to shorten their transmission duty cycle by as much as a factor of 32 relative to the mandatory rate, further reducing the likelihood that these devices will interfere with or be subject to interference by other devices when conditions allow

3.3 Low Transmit Power

The new UWB PHY defined by Task Group 4a will operate under strict regulations for unlicensed UWB devices worldwide. At the time of this writing, the least restrictive regulations for UWB are available under the FCC rules, US 47 CFR Part 15, subpart F. Under these rules, the highest allowable limits for UWB emissions are based on an equivalent emission PSD of (-41.3) dBm/MHz. Other future UWB regulations in other regions will likely be at this same level or even lower. Under these limits, the allowable transmit power for a 500 MHz bandwidth UWB device would be less than -14 dBm, or about 37 microWatts transmit power. This transmit power level is at or below the limits for unintentional emissions from other electrical or electronic devices, as well as less than the out-of-band emission limits for other unlicensed devices operating in designated bands such as the 2.4 GHz ISM or 5 GHz UNII bands. Additionally, since this transmission power is spread over at least 500 MHz of bandwidth, the highest power in the operating bandwidth of a typical narrowband 20 MHz victim system is less than -28 dBm, or about 1.5 microWatts of transmit power per 20 MHz. These very low power levels emitted into the operating band of any potential victim system will reduce the likelihood that these devices might interfere with other systems. 

3.4 Dynamic Channel Selection

When performing dynamic channel selection, either at the time of network initialization or in response to an outage, a UWB IEEE 802.15.4a device will scan a set of channels specified by the ChannelList parameter. For UWB IEEE 802.15.4a networks that are installed in areas known to have spectrum restrictions, the ChannelList parameter can be defined as the above sets in order to enhance the coexistence of the networks.

3.5 Coordinated Piconet Capabilities
Interoperability with other systems is beyond the scope of IEEE STD 802.15.4-2003. However, certain schemes may be envisaged for the coordination of piconet activity for purposes of coexistence. For example, the PAN coordinator may coordinate the timing of its PAN with other systems. This type of neighbor piconet support capability may further alleviate interference with other systems.

4 Specific Regulatory Requirements for UWB Coexistence 
Surprisingly, despite the wide bandwidth of the UWB PHY, there is only one other IEEE standard waveform that may occupy the same frequency bands – namely, 802.16 systems below 10 GHz. Cognizant of the potential for coexistence issues, regulators in those parts of the world where 802.16 systems (such as WiMAX) may be deployed in bands overlaid by UWB spectrum are creating specific regulatory requirements to further reduce the likelihood of any coexistence problems. In both Asia and in the EU, regulators are creating rules for unlicensed UWB operation that will require specific active mitigation mechanisms to ensure peaceful coexistence with 802.16 systems or other similar systems used for fixed or mobile wireless access.   

4.1 Mitigation of interference from UWB devices using low piconet duty cycles

One proposal made to the TG4a is to use a lower duty cycle within a UWB piconet to reduce potential interference effects. Low duty cycle piconet scenarios could be used where: 

· IEEE 802.15.4a devices are deployed in high density in a limited area, e.g., hot-pot deployment scenarios; or 

· UWB victim systems cover much larger area than the cover range of a typical IEEE 802.15.4a piconet.

In these cases, transmissions from every device in the piconet can affect the victim receiver. For reasons of less complexity, lower power consumption, as well as physical limitations, it is difficult for simple IEEE 802.15.4a devices to detect victim system reliably. The aggregate interference from the piconet increases with increment in number of piconet members. The interference to victim systems could be limited by controlling duty cycle of the piconet through general active/inactive period. The UWB traffic can only occur in the active period. Victim systems would then be free of interference in the inactive period. The interference level could be controlled by the ratio of active period to the total period. 

5 Coexistence Assurance: Methodology and Assumptions

In order to quantify the coexistence performance of the 802.14.4a UWB PHY, we have adapted the techniques described in [1], “Estimating Packet Error Rate Caused by Interference – A Coexistence Assurance Methodology”.  

The Coexistence Assurance Methodology predicts the Packet Error Rate (PER) of an Affected Wireless Network (AWN, or victim) in the presence of an Interfering Wireless Network (IWN, or assailant).  It its simplest form, the methodology assumes an AWN and an IWN each composed of a single transmitter and a receiver.  The methodology takes as input a path loss model, a quantitative model for the bit error rate of the AWN, and predicted temporal models for packets generated by the AWN and for “pulses”, i.e. packets generated by the IWN.  Based on these inputs, the Methodology predicts the PER of the AWN as a function of the physical spacing between the IWN transmitter and the AWN receiver.

The appeal of the Coexistence Assurance Methodology is that multiple networking standards can be characterized and compared with just a few parameters, notably:

· Bandwidth of AWN and IWN devices

· Path Loss Model for the networks

· BER as a function of Signal to Interference Ratio (SIR) of AWN devices
.

· Temporal model for AWN packets and IWN “pulses” (interfering packets)

The following sub-sections describe the general assumptions made across all of the PHYs covered under this document.  

5.1 UWB PHY Coexistence

5.1.1 Victims and Assailants
At present, the TG4a draft standard for a UWB system described in this document is the only wireless networking standard in the UWB band groups bands covered under IEEE 802. The only other IEEE wireless standard waveforms that overlap this same spectrum are 802.16 systems occupying 3400 to 3800 MHz licensed frequency bands in some regions (parts of Europe and Asia).

In addition to IEEE standardized wireless systems, another UWB standard produced by ECMA is specified in ECMA 368. We also provide a limited analysis of the coexistence between this system and the TG4a draft standard waveform.

In our analysis, we assume that the PHYs will serve as both ‘victims’ (participants in Affected Wireless Networks) and as ‘assailants’ (participants in Interfering Wireless Networks).  

5.1.2 Bandwidth for UWB systems

The TG4a UWB PHYs that operate in any of the three UWB band groups have one or more channels, approximately 500 MHz wide or, optionally, 1300 MHz wide. The ECMA 368 PHY has a nominal bandwidth of 1500 MHz. In contrast to these UWB systems, the narrowband 802.16 PHYs that operate in the 2-10 GHz band have multiple defined channels, each 20 MHz wide or less.  The Coexistence Methodology assumes that any UWB device in an AWN or IWN will have a much greater bandwidth than a narrowband device in a corresponding AWN or IWN (so BUWB >> BNB).

5.2 Path Loss Model

The Coexistence Methodology uses a variant of the path loss model described [3], which stipulates a two-segment function with a path loss exponent of 2.0 for the first 8 meters and then a path loss model of 3.3 thereafter.  The formula given in [3] is:
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	(5.3‑1)


The constants in this formula are based on a 2.4GHz center frequency.  To adapt the model to a typical center frequency in the 3100 to 4800 MHz frequency band, we can generalize this as:
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	(5.3‑2)


where pl(1) is the path loss at one meter (in dB) , (1 is the path loss exponent at 1 meter (2.0), and (8 is the path loss exponent at 8 meters (3.3).  We compute the initial condition of pl(1) as:
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	(5.3‑3)


With (1=2.0, f=3400MHz, and C=speed of light=299792458 ms-1, we can compute pl(1)=43.08 and pl(8)=61.14.  The path loss function modified for 3400MHz is therefore: 
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	(5.3‑4)


A plot of the path loss as a function of device separation distance follows.
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5.3 BER as a function of SIR

For the PHY specifications analyzed in this document, there are not any analytic expressions the BER or SER of the signal due to the use of forward error correction methods to improve reliability. Additionally,  

In this analysis, we will use a method that is equivalent to using interpolation of table values. In order to simplify the calculations and still provide meaningful results, we will approximate the relationship between the changes in BER (on a logarithmic scale) and varying SNR as a linear with a slope of 0.6 dB per order of magnitude (10x) change in BER over the range of BER that is relevant to this analysis (about 1e-8 to 1e-5 BER). This approximation is reasonable for the FEC methods used for 802.16 (Reed-Solomon block code), and for ECMA-368 and the TG4a draft standard (convolutional coding). 

For each of the systems, we will characterize the effect of the IWN on the AWN by computing the rise in the effective operating noise floor of the AWN by the interference of the IWN (modeled as uncorrelated wideband noise). The analysis will assume a baseline operating effective noise floor (including effects of thermal noise floor, noise figure and an operating margin to account for other real-world effects such as multipath propagation effects and co-channel or adjacent channel interference). This approach will allow us to characterize the effect of the IWN on the AWN as the IWN is moved from a large separation distance (when the AWN has a baseline nominal PER) to a very close distance where the interference effect of the IWN dominates the PER during periods of operation (subject to duty cycle assumptions).

Although this analysis approach is perhaps not as elegant as the use of an analytic expression (not possible in these cases), it will provide a good characterization of the coexistence of these systems under real world conditions and can be used to estimate a range of effects for an equivalent range of assumptions about operating margin.
5.4 Temporal Model

In IEEE 802.15.4a, packet overhead is kept to minimum.  The maximum PSDU size is 128 bytes, and a typical packet may be only 32 bytes, including PSDU and synchronization bytes.  For our coexistence methodology, we assume all packets, whether belonging to the AWN or IWN, to be 32 bytes.

Although there is no duty-cycle limitation in the authorized UWB bands at this point, many 802.15.4a-based networks are expected to operate at well under 5% duty cycle, particularly those devices that are battery powered.  This 5% duty cycle level has also been used by regulators as a high value for expected UWB communications device operating levels on various coexistence studies as well. In addition, the TG4a draft standard is based on the use of an ALOHA contention-based access mechanism that is intended to support only lower duty cycle applications. Based on these factors, it is reasonable to expect that TG4a piconets used for many applications will operate at duty cycles as high as 10%.  For purposes of modeling coexistence, we assume that all UWB band devices operating in piconets will have a shared duty cycle of 10% and that such piconets will operate within a range of a few tens of meters. Based on this and a typical active device population of five devices per piconet, an average operating duty cycle of 2% is assumed for any particular device within a piconet. 

For the other wireless systems considered in this analysis (802.16 and ECMA-368), anticipated applications are focused higher bandwidth connectivity over wide areas for 802.16 and over short WPAN ranges for ECMA-368. Because these systems are not deployed in great numbers, it is not possible to qualify typical operating duty cycle. For this analysis, we therefore initially assume a very conservative continuous operation as a baseline worst-case scenario.

6 Coexistence Analysis

In this section, we detail the assumptions for the coexistence analysis an present the results for each of the cases analyzed.

6.1 Impact of TG4a devices on 802.16 networks
Assumptions:

· The 802.16 receiver is the victim (AWN) and is an indoor fixed or nomadic client node of the network. We assume that the base station node will not be susceptible to TG4a UWB interference due to site positioning. The AWN operates in 3.4 to 3.8 GHz licensed bands (available in most of world except the United States).

· We assume the 802.16 receiver is operating in a real-world environment in the presence of multipath fading and interference and assume 3 to 10 dB margin above sensitivity to function well. We assume a baseline PER of 1e-6 at 3 dB above sensitivity in the absence of any UWB device effects and a 6 dB receiver NF.

· UWB interference is wideband uncorrelated noise since the bandwidth is much wider than victim receiver. We assume a 10 dB difference in antenna gains since the indoor or outdoor 802.16 antenna will have gain in the direction of the desired base station downlink signal and we assume the UWB device will not directly block the LOS.

6.1.1 Coexistence Methodology Results

Table 1 shows the calculation of the allowable path loss that would result in a TG4a UWB emission level at the AWN equal to the effective operating noise floor. Base on this path loss, we compute the effect on AWN PER as a function of separation distance, shown in Figure 1.

	Quantity
	Value
	Units
	Notes

	UWB Transmit PSD Limit (PLIM)
	-41.3
	dBm/MHz
	Set by regulatory authority

	Average margin to limit (MBO)
	1.7 
	dB
	Transmit power back-off due to spectral ripple (0.5+ dB) and ~1 dB margin for manufacturing tolerance, etc.

	Average UWB antenna gain (GUWB)
	-2
	dBi
	Average gain from small, low cost UWB antenna to arbitrary victim receiver over 360(

	Average emissions PSD (PLIM -MBO+GUWB) seen by 802.16 device receiver
	-45
	dBm/MHz
	Average PSD seen in direction of arbitrary victim receiver

	
	
	
	

	802.16 Thermal noise floor (kTB)
	-114
	dBm/MHz
	Thermal noise floor (room temperature) 

	802.16 NF
	6
	dB
	Noise figure for indoor 802.16 terminal

	Average 802.16 Antenna gain in direction of  interfering UWB
	-4
	dBi
	Gain of 802.16 antenna in main beam (to desired 802.16 base station) is 6-7 dBi and to nearby UWB interferer (not blocking antenna main beam)  -4 dBi 

	802.16 operating margin (M16)
	 3-10 
	dB
	Operating margin for acceptable performance in presence of multipath fading and adjacent cell/channel interference 

	802.16 Effective operating noise floor for UWB interference susceptibility:

(kTB + NF16 - G16 + MOP)
	-101 to -94
	dBm/MHz
	This is the effective operating noise floor level for the 802.16 operating receiver   

	
	
	
	

	Level of wideband TG4a UWB interference that result in a 3 dB rise in 802.16 effective operating noise floor
	-101 to -94
	dBm/MHz
	For 3 dB rise, wideband UWB emissions in-band can be at the same level as effective operating noise floor for indoor 802.16 node receiver  

	Path loss (range) from UWB to 802.16 receiver (average case) for 3 dB rise in effective operating noise floor
	49 to 56
(2 to 4.5) 
	dB

(m)
	For 3 dB rise, wideband UWB emissions in-band can be at the same level as effective operating noise floor for indoor 802.16 node receiver  

	Path loss (range) from UWB to 802.16 receiver (average case) for 1 dB rise in effective operating noise floor
	55 to 61
(4 to 8) 
	dB

(m)
	For 1 dB rise, wideband UWB emissions in-band must be 6 dB below effective operating noise floor for indoor 802.16 node receiver  


Table 1: Computation of the acceptable levels of TG4a device emissions for an operating 802.16 client node
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Figure 1: Effect on 802.16 AWN as a function of separation distance from TG4a UWB device. 

6.2 Impact of an 802.16 devices on TG4a UWB networks
Assumptions:

· The TG4a UWB device is the affected device (AWN) and the 802.16 device is the interferer (IWN) and is an indoor fixed or nomadic client node of the network. We assume that the base station node will have less interference effects on TG4a UWB devices due to UWB device deployment much closer to subscriber or mobile 802.16 devices. The IWN operates in 3.4 to 3.8 GHz licensed bands (available in most of world except the United States). For this analysis, we assume the IWB operates at a conservative 50% duty cycle (802.16 subscriber uplink)

· We assume the TG4a UWB receiver is operating in a real-world environment in the presence of multipath fading and interference and assume 3 dB margin above sensitivity during operation. We assume a baseline PER of 1e-7 at 3 dB above sensitivity in the absence of any UWB device effects and a 10 dB receiver NF.

· UWB interference is wideband uncorrelated noise since the bandwidth is much wider than victim receiver. We assume a 10 dB difference in antenna gains since the indoor or outdoor 802.16 antenna will have gain in the direction of the desired base station downlink signal and we assume the UWB device will not directly block the LOS.

6.2.1 Coexistence Methodology Results

Table 2 shows the calculation of the allowable path loss that would result in a TG4a UWB emission level at the AWN equal to the effective operating noise floor. Base on this path loss, we compute the effect on AWN PER as a function of separation distance, shown in Figure 2.

	Quantity
	Value
	Units
	Notes

	802.16 client device transmit power  (P16)
	17
	dBm
	Assumes subscriber station in small cell

	802.16 client device bandwidth
	5 
	MHz
	

	TG4a UWB device bandwidth
	500 
	MHz
	

	Average 802.16 antenna gain (G16)
	-2
	dBi
	Average gain from antenna to arbitrary victim receiver over 360( (IWN typically not in main beam)

	Average emissions PSD (P16+G16 – 10Log(BUWB) seen by TG4a UWB device receiver
	-12
	dBm/MHz
	Average PSD seen in direction of arbitrary victim receiver (assumes that UWB receiver can spread interference epower into receiver bandwidth)

	
	
	
	

	TG4a UWB Thermal noise floor (kTB)
	-114
	dBm/MHz
	Thermal noise floor (room temperature) 

	TG4a UWB NF
	10
	dB
	Noise figure for low cost TG4a device

	TG4a UWB operating margin (MUWB)
	 3 
	dB
	Operating margin for acceptable performance in presence of multipath fading (assumes no interference other than IWN) 

	TG4a UWB effective operating noise floor for UWB interference susceptibility:

(kTB + NFUWB + MUWB)
	-101
	dBm/MHz
	This is the effective operating noise floor level for the TG4a operating receiver   

	
	
	
	

	Level of interference power density to achieve a 3 dB rise in TG4a UWB effective operating noise floor
	-101
	dBm/MHz
	For 3 dB rise, 802.16 power emissions in-band can be at the same level as effective operating noise floor for UWB receiver  

	Path loss (range) from 802.16 to UWB receiver (average case) for 3 dB rise in effective operating noise floor
	89

(48) 
	dB

(m)
	For 3 dB rise, 802.16 power emissions in-band can be at the same level as effective operating noise floor for UWB receiver  

	Path loss (range) from 802.16 to UWB receiver (average case) for 1 dB rise in effective operating noise floor
	95

(75) 
	dB

(m)
	For 1 dB rise, wideband UWB emissions in-band must be 6 dB below effective operating noise floor for indoor 802.16 node receiver  


Table 2: Computation of the acceptable levels of TG4a device emissions for an operating 802.16 client node
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Figure 2: Effect on TG4a UWB AWN as a function of separation distance from 802.16 IWN device. 

6.3 Impact of TG4a devices on ECMA-368 networks 
Assumptions:

· The ECMA-368 receiver is the victim (AWN). The AWN operates using frequency hopping in bands across the 3.1 to 4.8 GHz unlicensed UWB bands (available only in the United States at this time), but the TG4a device operates only in band 3 (mandatory).

· We assume the ECMA-368 receiver is operating in a real-world environment in the presence of multipath fading and interference and assume a 5 dB margin above sensitivity to function well. We assume a baseline PER of 8e-2 at sensitivity (8e-7 at 3 dB above sensitivity) in the absence of any UWB device effects and a 6 dB receiver NF.

· UWB interference is wideband uncorrelated noise since the bandwidth is much wider than victim receiver. We assume a 10 dB difference in antenna gains since the indoor or outdoor 802.16 antenna will have gain in the direction of the desired base station downlink signal and we assume the UWB device will not directly block the LOS.

6.3.1 Coexistence Methodology Results

Table 3 shows the calculation of the allowable path loss that would result in a TG4a UWB emission level at the AWN equal to the effective operating noise floor. Base on this path loss, we compute the effect on AWN PER as a function of separation distance, shown in Figure 3.

	UWB Transmit PSD Limit (PLIM)
	-41.3
	dBm/MHz
	Set by regulatory authority

	Average margin to limit (MBO)
	1.7 
	dB
	Due to spectral ripple (0.5+ dB) and ~1 dB margin for manufacturing tolerance, etc.

	Average UWB antenna gain (GUWB)
	-2
	dBi
	Average gain from small, low cost UWB antenna to arbitrary victim receiver over 360(

	Average emissions PSD (PLIM-MBO+GUWB)
	-45
	dBm/MHz
	Average PSD seen in direction of arbitrary victim receiver

	
	
	
	

	UWB victim Thermal noise floor (kTB)
	-114
	dBm/MHz
	Thermal noise floor (room temperature) 

	UWB victim NF
	6
	dB
	Noise figure for the ECMA-368 receiver

	UWB victim frequency diversity
	3
	dB
	ECMA UWB system uses 2x band frequency diversity for then encoding of each bit as part of its frequency hopping scheme

	UWB victim operating margin (MECMA)
	 5 
	dB
	Operating margin for acceptable performance in presence of multipath fading and RF interference 

	802.16 Effective operating noise floor for UWB interference susceptibility:

(kTB + NFECMA368 + DFD + MOP)
	-100
	dBm/MHz
	This is the effective allowable interference power level for the ECMA-368 operating receiver   

	
	
	
	

	Level of wideband UWB emissions that result in 3 dB rise in ECMA-368 effective operating noise floor
	-100
	dBm/MHz
	For 3 dB rise, TG4a UWB emissions in-band can be at the same level as effective operating noise floor for AWN device receiver  

	Path loss (range) from UWB to ECMA-368 receiver (average case) for 3 dB rise in effective operating noise floor
	55

(3) 
	dB

(m)
	For 3 dB rise, wideband UWB emissions in-band can be at the same level as effective operating noise floor for  AWN device receiver  

	Path loss (range) from UWB to ECMA-368 receiver (average case) for 1 dB rise in effective operating noise floor
	61

(6) 
	dB

(m)
	For 1 dB rise, wideband UWB emissions in-band must be 6 dB below effective operating noise floor for indoor 802.16 node receiver  


Table 3: Computation of the acceptable levels of TG4a device emissions for an operating ECMA-368 device
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Figure 3: Effect on ECMA-368 AWN as a function of separation distance from TG4a UWB device.

7 Conclusions

These analyses characterize the expected coexistence behavior between TG4a UWB devices and 802.16 devices. Also described are the expected effects of a TG4a device on an ECMA-368 receiver. One conclusion that can be drawn is that the relative effects of the TG4a device and 802.16 device to each other are quite different. The TG4a device is impacted by the 802.16 device at much longer range than vice versa. The implication is that the TG4a device would not be able to operate at all at ranges where its emissions would impact the 802.16 device because of the large asymmetry in the transmit power levels (+17 dB for 802.16 versus -15 dBm for the TG4a device). In such case, the TG4a device would either accept the much higher PER or else it could simply use a different channel or some other form of interference mitigation.
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�Although the methodology described in � REF _Ref87624221 \r \h ��[1]� uses Symbol Error Rate (SER) to characterize PHY performance, we have chosen to use Bit Error Rate (BER) in this document instead because available error models are more commonly defined as BER rather than SER.
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