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	Re:
	This contribution is in response to some of the concerns raised by document [03/271r0].

	Abstract
	This contributions explains why a multibanded system is allowed under the FCC rules and does not need to meet stricter emissions limits than that allowed for pulsed UWB waveforms.

	Purpose
	The purpose of this document is to assist the IEEE 802.15.3a task group in selecting an alternate physical layer.

	Notice
	This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.


Multibanding and FCC Compliance

Introduction

A multiband system, as proposed in document [03/267], is fully compliant with the current FCC rules without impacting the available transmit power.  However, a recent paper [03/271] raises some concerns about the use of multibanding for UWB systems and the possible impact the FCC rules would have on the available transmit power for multiband systems.  This document provides a clarification to these issues in order to clear up some of these concerns.    

Q1:  Will a multiband system need to comply with additional regulatory constraints defined by the FCC for frequency hopping systems compared to pulsed systems?

A1:  No.  The concern the FCC has with frequency hopping systems is mainly regarding frequency hopping systems or frequency swept systems with narrowband modulation that rely on frequency hopping and/or sweeping to fill up the 500 MHz minimum bandwidth required for UWB systems.  The discussion regarding hopping and frequency swept systems is reflected in the FCC first report and order, which states the following:
 “…Thus, as long as the transmission system complies with the fractional bandwidth or minimum bandwidth requirements at all times during its transmission, we agree that it should be permitted to operate under the UWB regulations. We recognize that this may preclude certain types of modulations, such as swept frequency (e.g., FMCW), stepped frequency or frequency hopping systems.  The current measurement procedures require that measurements of swept frequency devices be made with the frequency sweep stopped.   The sweep is stopped because no measurement procedures have been proposed or established for swept frequency devices nor has the interference aspects of swept frequency devices been evaluated based on the different measurement results that would be obtained from measurements taken with the sweep active.  Similarly, measurements on a stepped frequency or frequency hopping modulated system are performed with the stepping sequence or frequency hop stopped.  With the sweep, step function or hopping stopped, it is unlikely that swept frequency (linear FM or FMCW) or stepped frequency modulated emissions would comply with the fractional bandwidth or minimum bandwidth requirements.  It also is unlikely that frequency hopping systems would comply unless an extremely wide bandwidth hopping channel is employed.” [FCC First Report and Order, FCC 02-48]

A further reference can be found in “Memorandum Opinion and Order and Further Notice of Proposed Rule Making, March 2003, 03-33, par. 48”, referenced by the document [03/271], that states: “The Commission specifically declined to include UWB systems under its rulemaking proposal if those systems employed linear sweep or similar modulations to achieve the wide bandwidths”. It is clear from this language that the frequency hopping systems the FCC is worried about is not the one similar to a multiband system that occupies the required 500MHz bandwidth at all times. (i.e., employing an extremely wideband hopping channel).

The multiband proposals, whether based upon pulsed multiband waveforms or OFDM waveforms, intentionally occupy more than 500 MHz of BW at all times during its transmission, thus meeting the FCC definition for UWB waveforms.  As will be discussed below, there is no technical justification for imposing additional constraints on a system that uses multiple frequency bands rather than a single band.  

Q2:  Will multiband systems need to disable the hopping when measuring average Tx power?  How will this impact the average power that can be transmitted by a multiband system?

A2:  There appears to be some confusion about what it means to “disable” the hopping in a multiband system.  The following figure illustrates what happens when all but one band of a  multiband system is disabled, and then compares this with the measurement method suggested in [03/271r0].  Figure 1-a shows the original multiband system, with three bands, each greater than 500 MHz.  F1, F2, and F3 represent the center frequencies of the respective bands.   Figure 1-b shows the original multiband system with switching among bands F1, F2, and F3 disabled.  Figure 1-b falls into the category of the classic UWB pulsed systems.   Figure 1-a represents a UWB pulsed system, with additional symbols on different frequencies transmitted during the “off” period of System B.  
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(c)  Suggested measurement technique proposed in [03/271r0]

Figure : Measuring the average transmit power of a single band in a multi-band system

In the above figure, System B is fully compliant to the FCC rules since it occupies more than 500 MHz of bandwidth and would simply need to meet the power spectral density and peak power limits defined for UWB devices.  Note that all the symbols transmitted by system A are compliant with the minimum 500 MHz bandwidth requirement for UWB systems, and thus also meets the minimum bandwidth requirements without the use of frequency hopping.

One of the unique aspects of UWB systems is the ability of the transmitter to pulse the transmitted waveform and to increase the instantaneous peak transmit power inversely proportionally to the pulsing factor.  The FCC rules are designed to allow for this to occur, and the interference studies conducted during the FCC rule-making process took this feature of UWB into account.  

Figure 1c represents a system when both hopping and pulsing are turned off.  If the pulsing is turned off during the measurement of the average power spectral density (according to the diagram in Figure 1c), the typical increase in instantaneous peak power due to UWB pulsing would not be allowed.  However, this type of measurement does not accurately represent the actual power that would be emitted in a particular band during normal operation.  When measurements are done on a single-band, pulsing should remain enabled.  This can be illustrated in the following figure.
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Figure 2: Illustration of a multiband UWB system with pulse gating

For illustrative purposes, the above figure is a slight modification of Figure 1 in [03/271r0] to show how the gating function influences the output of an actual multiband system, even when only a single band is enabled.  In the above figure, if all but one band is “disabled”, this corresponds to the commutator stopping rotation, just as illustrated in Figure 1 in [03/271r0], but, in this case, pulse gating still occurs.  Of course, the FCC does not dictate a particular implementation, so the above figure is illustrative only.  Rather, the FCC is interested in the actual emissions during normal operation.  Thus, measuring the emitted power when only a single band is enabled, but when pulsing is still active, reflects the actual emissions during normal operation, while the procedure described in [03/271r0] would not be reflective of actual system operation.  
Q3:  Will a multiband system cause more interference if the average power spectral density is measured with the pulsing enabled?

A3:  No.  From an interference perspective into a narrowband receiver, there will be no difference between a transmitter using a pulsed 500 MHz waveform or a transmitter using a multiband waveform which hops between different center frequencies, assuming the average transmit power spectral density and peak powers remain the same for both.  This is explained further by referring to Figure 1-a and 1-b above.  In Figure 1, as mentioned previously, System B is fully compliant to the FCC rules since it occupies more than 500 MHz of bandwidth and would simply need to meet the power spectral density and peak power limits defined for UWB devices.  System A represents a multiband system that transmits additional symbols on different frequencies during the “off” period of System B.  Again, note that all the symbols transmitted by System A are compliant to the minimum 500 MHz bandwidth requirement for UWB systems (i.e., the hopping of the frequency bands is not used to spread the bandwidth to meet the FCC rules).  A narrowband receiver, operating in the frequencies in band F1, receives the exact same interference from System A and System B, since the symbols transmitted in band F1 from both systems will be identical in terms of average transmit power, peak power, and even waveform shape.  The transmission in F2 and F3 are out of band for a victim narrowband receiver in F1, and are thus not detected by the narrowband receiver.  In fact, a narrowband receiver would not be able to tell the difference between the two systems, since they will look identical from its perspective.  Therefore, there is no technical reason for System A to reduce the transmit power relative to System B, since both systems look exactly the same from the perspective of a narrowband system occupying the same frequency bands as long as both systems comply with the same average power spectral density and peak power limits.

Q4:  Will multiband waveforms have high instantaneous transmit powers?

A4:  No.  Since multiband waveforms must meet the same peak power limits as other UWB waveforms, it will not have a higher instantaneous transmit power compared to other similar duty cycle UWB waveforms.  The multiband proposals are also designed to be integrated into CMOS, which requires very low peak powers in order to use the low voltages available in current and future CMOS processes.  In fact, the multiband waveform has lower instantaneous peak power than other radios that are approved under the FCC UWB regulations.

Conclusions

A multibanded UWB waveform, as proposed in document [03/267], is compliant with the current FCC rules, and there is no technical justification for requiring stricter emissions limits for multibanded UWB waveforms when compared to other pulsed UWB waveforms. 
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