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Introduction

Boosting was introduced in the base 802.22 Standard. The intent of boosting was to allow faraway stations to receive the downstream data over longer distances. However, there are severe limitations to its use, limitations that effectively nullify its value as perceived at the time.
Findings

However, after detailed analysis, it has been confirmed that one always gains more by reducing the modulation complexity (going from 64-QAM to 16-QAM and finally to QPSK) and hardening the FEC (rates: 5/6 => 3/4 => 2/3 => 1/2) than by boosting the amplitude of the subcarriers for specific PPDUs. In fact, the use of boosting only makes sense in the case of the most robust modulation and FEC (QPSK rate: ½). The FCH is transmitted in QPSK rate: ½ and may be repeated twice, giving it some added robustness. However, the MAP messages are only transmitted once, in QPSK rate: ½ and with the nominal output level corresponding to the boosting level 4. If boosting is required for faraway stations to recover data bursts that follow the MAP message, it also means that unless the MAP messages are also boosted, they will not be received reliably and the receiver will not know what to do with the data bursts, even if it receives them more reliably than the MAPs due to boosting. Therefore, boosting of data bursts has no advantage if the MAP PPDUs don’t follow.

Boosting also has severe repercussions on the complexity at the BS. The OFDM signal already requires 12 dB headroom because of its PAPR requirement. For a nominal 1 Watt conducted output power, the transmitter needs to be able to output peak power of 16 Watts without distortion. If a 9 dB boost capability is needed over an entire symbol, this requires the transmitter be able to output peaks of 128 Watts without distortion. This also requires the D/A converter driving the modulator to have 2 additional bits of dynamic range, therefore increasing their cost. In order to produce such a high output power, given that the signal swing at the output of the D/A converted is normally constrained to around 1 volt, the power amplifier needs more gain. This added gain amplifies the thermal noise at its input, causing the BS to fail the out-of-band noise specifications in the FCC spectral mask.

 

AmeriSys has worked hard on "smart" scheduling techniques to eliminate most of the dynamic range problems by allowing data bursts that would need positive signal boosting (for faraway CPEs) with data bursts that could use negative signal boosting (for close-in CPEs) for a balanced power level in the same symbol, to only realize that this comes at the cost of an excessive data scheduling complexity and considerably (read unacceptable) reduced  throughput possibly going as low as 600 kbit/s compared to the maximum of 22 Mbit/s.

 

Given all these facts, it has become clear that significant work would be required to implement effective subcarrier boosting in 802.22 WRAN systems. The value of such effort is questionable given the added complexity in the scheduling, the loss of throughput and the difficulty in meeting the PAPR in the RF portion of the system. It is very doubtful that a revised Standard containing such boosting capability with its resulting added complexity would pass the PAR requirement of "technical feasibility", given the limits imposed by FCC requirements.
However, the use of negative amplification gain levels allows for possible reduction of the transmit power in the cases where the amplitude of the signal received by close-in CPEs is more than adequate for proper reception. Such negative gain for a portion of a symbol would potentially allow a reduction of its PAPR and thus facilitate meeting the out-of-band rejection requirement for a given set of modulator and RF amplifier. A trade-off can then be made between the data throughput and the signal PAPR for each symbol and, hence the meeting of the out-of-band emission over the typical integration time of 10 seconds by the regulators.
Conclusion 
The notion of positive boosting levels needs to be removed from the Standard.

Proposed modifications to the IEEE Std 802.22TM- 2011
Insert the following to the Table of acronyms on page 16:  “SPC
Subcarrier Power Control”

Replace the word “Boosting” by “Subcarrier power control” or its acronym: “SPC” throughout the entire text of the Standard depending on what seems to be most appropriate.

In subclause 7.4a.3, first paragraph of page 41, remove the phrase: “ … and the boosting level inidicated in the SCH.”

Remove the 7th parameter from Table 1 (page 50) related to: “Boosting level of the initial four broadcast MAC control messages”.

Remove the three positive amplitude gain levels: 111, 110 and 101 from the 6th parameter of Table 26 on page 83.

Remove the three positive amplitude gain levels: 111, 110 and 101 from the 6th parameter of Table 29b on page 90.

Remove the three positive amplitude gain levels: 111, 110 and 101 from the 8th parameter of Table 29c on page 91.

Remove the three rows corresponding to the three positive amplitude gain levels: 111, 110 and 101 from Table 228 on page 600.

In Table 273, modify the Maximum value of the 3rd parameter as follows: “+9 dB” to “0 dB” on page 754.
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Abstract


In our work to create test vectors and testing an implementation for compliance to the base 802.22 standard, it was discovered that the positive amplification gain levels utilized in the selective boosting of transmitted subcarriers is not advantageous for the performance of the 802.22 transmission and in many cases detrimental because of the need to tightly control the level of e.i.r.p. for each symbol. This leads to very complex scheduling algorithms, many constraints imposed on the mapping of the data transmitted and reduction of the transmission efficiency. In contrast, the use of negative amplification gain levels allows for possible reduction of the transmit power in the cases where the amplitude of the signal received by close-in CPEs is more than adequate for proper reception. It is proposed to remove the three positive boosting levels in the new version of the IEEE Std. 802.22TM.
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