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tional clipping and filtering method [37]-[39].
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less systems. In application of OFDM to MIMO, the space diversity benefit is
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mission performance is firstly evaluated in SU-MIMO-OFDM systems [46]-
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space diversity benefit which is decreased by the traditional clipping and filter-
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which is an essential technique to realize the fifth-generation (5G) mobile com-

munications systems, the influence of the nonlinear distortion becomes severe
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the BER performance in comparison with the traditional clipping and filtering
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nonlinear distortion after passing through a high power amplifier (HPA) [10]-

[12], [16], [17]. The influence of its nonlinearity on the OFDM signal is de-

pendent on a HPA characteristic. In this chapter, we evaluate the influence of
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the IBO is defined as
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¿²¼ Ð¿ª» indicates the average input power, respectively. Therefore, the influ-

ence of nonlinear distortion becomes significant with decrease in the IBO.
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modifies the transmit OFDM signals and its change can be relaxed with increase
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radiation becomes significant with decrease in the IBO. This is because the

½´·°°·²¹ » »½¬ ¾»½±³»­ ­»®·±«­ ©·¬¸ ¬¸» ¼»½®»¿­» ·² ¬¸» ×ÞÑò Ø»®»ô ·¬ ­¸±«´¼ ¾»

²±¬»¼ ¬¸¿¬ ¬¸» ±«¬ó±ºó¾¿²¼ ®¿¼·¿¬·±² ´±©»®­ ¬¸» ­°»½¬®«³ «¬·´·¦¿¬·±² » ½·»²½§

¿²¼ ¸»²½» ¬¸» ±«¬ó±ºó¾¿²¼ ®¿¼·¿¬·±² ¸¿­ ¬± ¾» ­«°°®»­­»¼ ¿­ ³«½¸ ¿­ °±­­·¾´»ò

Ú·¹«®» îòïé ­¸±©­ ¬¸» ­·¹²¿´ ½±²­¬»´´¿¬·±² ±º ¬¸» ÑÚÜÓ ­·¹²¿´ ¿º¬»® °¿­­·²¹

¬¸®±«¹¸ ¬¸» ØÐß ©·¬¸ ¿ °¿®¿³»¬»® ±º ×ÞÑò Ì¸» ÑÚÜÓ ­·¹²¿´ ·²°«¬ ¬± ¬¸» ØÐß

is also shown for reference. From Fig. 2.17, it is confirmed that each signal
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Here, the influence of the number of sub-carriers on the peak-to-average

power ratio (PAPR) is discussed and the definition of PAPR is defined as
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OFDM signal is not distorted by the HPA. Thus the influence of the nonlinear
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Here, the influence of the nonlinear distortion on the BER performance un-
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becomes significant in use of a higher level modulation. This is because the

higher level modulation uses the amplitude component which is significantly
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been proposed [18]. More specifically, clipping and filtering [19]-[22], partial
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From a practical point of view, clipping and filtering can be seen as an at-
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tational complexity, and the IBO margin. However, clipping and filtering has

a critical problem of the significant BER degradation because clipping signifi-
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the peak power regrowth after passing through a filter [33] have been proposed.
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degradation of clipping and filtering at the transmitter or the receiver side, these
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parison with the traditional clipping and filtering method [37]-[39].
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ping and filtering method. And next, Section 3.2 describes that of the proposed

OFDM clipping and filtering method employing transmit power control based
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Clipping and filtering method has been well known as an e »½¬·ª» ¬»½¸²·¯«»
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extensively investigated [19]-[22]. Clipping and filtering method clips the time
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inates the out-of-band radiation by means of the filtering process. In detail, the
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to the clipping process is filtered out from the clipped OFDM signals. There-

fore, clipping and filtering can be seen as a practical and e »½¬·ª» ¬»½¸²·¯«» ¬±

­¿¬·­º§ ¬¸» ­°»½¬®¿´ ³¿­µ ½±²­¬®¿·²¬ò Ø±©»ª»®ô ¬¸» ½´·°°·²¹ °®±½»­­ ½¿«­»­ ¬¸»

significant modification of the transmit OFDM signals and further modification

is given by the specific frequency characteristic of the filtering process, which

¼»¹®¿¼»­ ¬¸» ÞÛÎ °»®º±®³¿²½»ò ×² ¬¸·­ ½±²¬»¨¬ô ¿´¬¸±«¹¸ ·¬ ½¿² ¾» ­¿·¼ ¬¸¿¬

clipping and filtering perfectly suppresses the out-of-band radiation, there is a

critical problem of the significant BER degradation.
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3.1.2 System Configuration

Figure 3.1 shows the overall configuration of the clipping and filteringmethod.
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nent caused by the clipping process is eliminated by the filtering operation in the
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the rectangular filter as the characteristics of clipping and filtering, respectively.
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In this section, we evaluate the performance of the clipping and filtering
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filtering method with a parameter of a CR. Table 3.1 shows the simulation pa-
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the clipping process for reference. From Fig. 3.2, we can confirm that the peak

power of the OFDM time domain waveform after clipping and filtering can be

suppressed in comparison with the case before clipping and filtering. Moreover,
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clipping and filtering method. This is because the filtering process addition-

ally gives the modification of the clipped time domain waveform. Therefore, in

general, the iterative signal processing is adopted for the clipping and filtering
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Figure 3.3 shows the PAPR performance with the clipping and filteringmethod.
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¸±© ³«½¸ ¬¸» » ect of the peak power regrowth due to the filtering process. It

is found from Fig. 3.3 that the peak power regrowth is caused by the filtering
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regrowth becomes more severe in the lower CR. This is because, the influence

of the clipping process becomes significant in the lower CR and then, the more

severe modification of the clipped signals is caused at the filtering process. This
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filtering method with a parameter of the IBO. Table 3.3 shows the simulation

parameters. Here, the performance without clipping and filtering is also shown

for reference. It can be observed from Fig. 3.4 that the clipping and filtering

method can significantly suppress the out-of-band radiation compared with the

case without clipping and filtering. This is because the filtering process per-
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filtering method over AWGN and frequency selective fading channels. Table

íòí ­¸±©­ ¬¸» ­·³«´¿¬·±² °¿®¿³»¬»®­ò ×¬ ·­ º±«²¼ º®±³ Ú·¹­ò íòë ¿²¼ íòê ¬¸¿¬ ¬¸»

clipping and filtering method causes the BER degradation compared with the

case without clipping and filtering regardless of the modulation scheme and the

channel model. This is because clipping and filtering significantly modifies the
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the BER degradation. Briefly speaking, clipping and filtering is an attractive
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In order to overcome the BER degradation of clipping and filtering, we pro-

pose the clipping and filtering employing the transmit power control based on

ÍÒÜÎ ÅíéÃóÅíçÃò Ú·¹«®» íòé ­¸±©­ ¬¸» ½±³°¿®·­±² ·² ¬»®³­ ±º ¬¸» ½±²½»°¬ ±º

clipping and filtering between the proposed method and the traditional method.
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before the traditional clipping and filtering processes, which clearly shows the

¼· erence from the traditional method. Although clipping and filtering is quite
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of the BER degradation. This is because clipping and filtering significantly dis-
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and filtering is attractive for complying with the bandwidth regulations, which

contrarily sacrifices the BER performance. Therefore, the proposed method

aims to improve the BER performance of clipping and filtering while suppress-
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distortion appearing in clipping and filtering. This approach comes from the
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filtering in comparison with the traditional method and then consequently gen-
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and filtering.
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control before clipping and filtering.

Ò»¨¬ô ¬¸» ¾¿­·½ ³»½¸¿²·­³ ±º ¬¸» ÍÒÜÎó¾¿­»¼ ¬®¿²­³·¬ °±©»® ½±²¬®±´ ·­

¼»­½®·¾»¼ ÅëêÃò Ú·¹«®» íòè ­¸±©­ ¬¸» ®»´¿¬·±²­¸·° ¾»¬©»»² ¬®¿²­³·¬ °±©»® ½±²ó

¬®±´ ¿²¼ ·²°«¬ó±«¬°«¬ ½¸¿®¿½¬»®·­¬·½ ±º ØÐßò ß­ ­¸±©² ·² Ú·¹ò íòèô ¬¸» ·²½®»¿­»

·² ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ´±©»®­ ¬¸» ­·¹²¿´ó¬±ó¼·­¬±®¬·±² °±©»® ®¿¬·± øÍÜÎ÷

©¸·´» »²¸¿²½·²¹ ¬¸» ­·¹²¿´ó¬±ó²±·­» °±©»® ®¿¬·± øÍÒÎ÷ò Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ¬¸»

¼»½®»¿­» ·² ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ »²¸¿²½»­ ¬¸» ÍÜÎ ©¸·´» ´±©»®·²¹ ¬¸» ÍÒÎò

×² ¬¸·­ ­»²­»ô ¬¸»®» ³¿§ ¸¿ª» ¬¸» ±°¬·³¿´ ¬®¿²­³·¬ °±©»® ´»ª»´ ¬± ¿®¾·¬®¿¬» ¾»ó

¬©»»² ¬¸» ÍÒÎ ¿²¼ ¬¸» ÍÜÎò Ì¸» ³¿·² º»¿¬«®» ±º ¬¸» ¼»¬»®³·²·­¬·½ ¬®¿²­³·¬

°±©»® ½±²¬®±´ ·­ ¬± ¼»¬»®³·²» ¬¸» ¿°°®±°®·¿¬» ¬®¿²­³·¬ °±©»® ´»ª»´ ­¿¬·­º§·²¹

¬¸» ³¿¨·³«³ ÍÒÜÎ ¾§ «­·²¹ ¬¸» ­·³°´» ³¿¬¸»³¿¬·½¿´ º±®³«´¿ò ×² ¼»¬¿·´ô ©»

­»¬ ¬¸» ­»ª»®¿´ ¬®¿²­³·¬ °±©»® ´»ª»´­ ¿²¼ ½¿´½«´¿¬» ¬¸» ÍÒÜÎ ±º »¿½¸ ¬®¿²­³·¬

°±©»® ´»ª»´ò Ì¸»² ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ©·¬¸ ¬¸» ³¿¨·³¿´ ÍÒÜÎ ·­ ­»´»½¬»¼

¿­ ¬¸» ¾»­¬ ¬®¿²­³·¬ °±©»® ´»ª»´ò

×² ¬¸·­ ¼·­­»®¬¿¬·±²ô ©» °®±°±­» ¬¸» ¼· »®»²¬ ¬©± ¿°°®±¿½¸»­ ¬± ®»¿´·¦» ¬¸»

¬®¿²­³·¬ °±©»® ½±²¬®±´ æ ±²» ·­ ¬¸» ¼·­½®»¬» ½±²¬®±´ ¿°°®±¿½¸ ¿²¼ ¬¸» ±¬¸»® ·­ ¬¸»

½±²¬·²«±«­ ½±²¬®±´ò Ú·¹«®» íòç ­¸±©­ ¬¸» ½±²½»°¬ ±º °®±°±­»¼ ¬®¿²­³·¬ °±©»®

�ìê�



½±²¬®±´ò ß­ ­¸±©² ·² Ú·¹ íòçô ¬¸» ¼·­½®»¬» ½±²¬®±´ ½¿´½«´¿¬»­ ¬¸» ÍÒÜÎ ¾§ «­ó

·²¹ ½®±­­ó½±®®»´¿¬·±² ¾»¬©»»² ¬¸» ¬®¿²­³·¬ ­·¹²¿´ ¿²¼ ¬¸» ½´·°°»¼ ­·¹²¿´ò ×² ¬¸»

¼·­½®»¬» ½±²¬®±´ô ­·²½» ¬¸» ½®±­­ó½±®®»´¿¬·±² ·­ ±¾¬¿·²»¼ ·² ¿ ­§³¾±´ó¾§ó­§³¾±´

³¿²²»®ô ¬¸» ­§³¾±´ó©·­» ¬®¿²­³·¬ °±©»® ½±²¬®±´ ½¿² ¾» ®»¿´·¦»¼ò

Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ¬¸» ½±²¬·²«±«­ ½±²¬®±´ °»®º±®³­ ¬¸» ¬®¿²­³·¬ °±©»® ½±²ó

¬®±´ ¾§ «­·²¹ ¬¸» ÍÒÜÎ ¾¿­»¼ ±² ¬¸» ­¬¿¬·­¬·½¿´ °®±°»®¬§ô ©¸·½¸ »²¿¾´»­ ¬± ®»ó

duce the system complexity. Briefly speaking, the heavy calculation such as the

­§³¾±´ó©·­» ½¿´½«´¿¬·±² ·­ ²±¬ ®»¯«·®»¼ ·² ¬¸» ½±²¬·²«±«­ ½±²¬®±´ò ×² ¬¸» ½±²¬·²ó

«±«­ ½±²¬®±´ô ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ ·­ °»®º±®³»¼ ¿­­«³·²¹ ¬¸¿¬ ¬¸» » »½¬

±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ±² ¬¸» ÑÚÜÓ ­·¹²¿´ ·­ ®»¹¿®¼»¼ ¿­ ¾»·²¹ ½±²­¬¿²¬ò

×² ¬¸·­ ¼·­­»®¬¿¬·±²ô ¬¸» » »½¬·ª»²»­­ ±º ¬¸» °®±°±­»¼ ¬®¿²­³·¬ °±©»® ½±²¬®±´

³»¬¸±¼ ©¸·½¸ ½¿² ¾» ®»¿´·¦»¼ ¾§ ¬©± ¿°°®±¿½¸»­ ¿®» ·²ª»­¬·¹¿¬»¼ò

Ì·³» Ò±®³¿´·¦»¼ ¾¿²¼©·¼¬¸

Ò±®³¿´·¦»¼ ¾¿²¼©·¼¬¸
Ì·³»

Í¿¬«®¿¬·±² °±©»®
ßª»®¿¹» ·²°«¬ °±©»®

Í¿¬«®¿¬·±² °±©»®

ßª»®¿¹» ·²°«¬ °±©»®

ÚÚÌ

ÚÚÌ

ÍÜÎ æ Ø·¹¸ ÍÒÎ æ Ô±©

ÍÜÎ æ Ô±© ÍÒÎ æ Ø·¹¸

×² ½¿­» ±º ¸·¹¸ ¬®¿²­³·¬ °±©»® ´»ª»´

×² ½¿­» ±º ´±© ¬®¿²­³·¬ °±©»® ´»ª»´

Ú·¹«®» íòèæ Î»´¿¬·±²­¸·° ¾»¬©»»² ¬®¿²­³·¬ °±©»® ½±²¬®±´ ¿²¼ ·²°«¬ó±«¬°«¬ ½¸¿®ó

¿½¬»®·­¬·½ ±º ØÐßò

�ìé�



íòîòî Ì¸»±®»¬·½¿´ Ü»®·ª¿¬·±² ±º ÍÒÜÎ

×² ¬¸» ½¿­» ±º ¿ ®»´¿¬·ª»´§ ´¿®¹» ²«³¾»® ±º ­«¾ó½¿®®·»®­ô ¬¸» ½±³°´»¨ ¾¿­»ó

¾¿²¼ ÑÚÜÓ ­·¹²¿´ ½¿² ¾» ³±¼»´»¼ ¿­ ¿ ½±³°´»¨ Ù¿«­­·¿² °®±½»­­ ¾»½¿«­» ¬¸»

½»²¬®¿´ ´·³·¬ ¬¸»±®»³ ¸±´¼­ ¬®«» ÅëéÃò Ì¸»®»º±®»ô ¬¸» ¿²¿´§­·­ ±² ¬¸» ²±²´·²»¿®

¼·­¬±®¬»¼ ÑÚÜÓ ­·¹²¿´­ ½±³»­ ¼±©² ¬± ¹»²»®¿´ ®»­«´¬­ º±® ²±²´·²»¿® ¼·­¬±®¬»¼

Ù¿«­­·¿² ­·¹²¿´­ò

Ì¸» ÍÜÎ ±º ¬¸» ÑÚÜÓ ­·¹²¿´­ ·­ ¼»®·ª»¼ ¾§ ¬¸» «­» ±º Þ«­­¹¿²¹ù­ ¬¸»±ó

®»³ ÅëèÃóÅêïÃò Í·²½» ¬¸» »¨¬»²­·±² ±º Þ«­­¹¿²¹ù­ ¬¸»±®»³ ¬± ½±³°´»¨ Ù¿«­­·¿²

·²°«¬­ ³¿µ»­ ·¬ °±­­·¾´» ¬± »¨°®»­­ ¬¸» ²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ ­¼ø¬÷ ¿­ ¬¸»

­«³ ±º ¿ ¼»­·®»¼ ½±³°±²»²¬ ¿²¼ ¿² «²½±®®»´¿¬»¼ ²±²´·²»¿® ¼·­¬±®¬·±² ²¼ø¬÷ô ¬¸»

²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ ·­ »¨°®»­­»¼ ¿­

­¼ø¬÷ ã ­ø¬÷ õ ²¼ø¬÷å øíòï÷

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

×²°«¬ °±©»®

Í¿¬«®¿¬·±²
°±©»®

ßª»®¿¹» ·²°«¬ °±©»®
±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

Ú®»¯«»²½§

ÑÚÜÓ ­§³¾±´

Ü·­½®»¬» ½±²¬®±´
øÍ§³¾±´ó©·­»÷

ø¿÷ Ü·­½®»¬» ½±²¬®±´

×²°«¬ °±©»®

Ñ
«

¬°
«

¬
°

±
©

»
® ßª»®¿¹» ·²°«¬ °±©»®

±º ¬®¿¼·¬·±²¿´ ³»¬¸±¼

Í¿¬«®¿¬·±²
°±©»®

Ú®»¯«»²½§

ÑÚÜÓ ­§³¾±´

Ý±²¬·²«±«­ ½±²¬®±´
øÔ±²¹ó¬»®³÷

ø¾÷ Ý±²¬·²«±«­ ½±²¬®±´

Ú·¹«®» íòçæ Ý±²½»°¬ ±º °®±°±­»¼ ¬®¿²­³·¬ °±©»® ½±²¬®±´ò

�ìè�



©¸»®» ·­ ¬¸» ¿¬¬»²«¿¬·±² ½±» ½·»²¬ ¼«» ¬± ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ¿²¼ ­ø¬÷ ·­

¬¸» «²¼·­¬±®¬»¼ ÑÚÜÓ ­·¹²¿´ò

Ì¸» ½±³°´»¨ ª»®­·±² ±º ¬¸» Þ«­­¹¿²¹ù­ ¬¸»±®»³ ·²¬®±¼«½»­ ¬¸» »¨°®»­­·±²

±º ¬¸» ¿«¬±½±®®»´¿¬·±² ±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ ­¼ø¬÷ ¿­ ¹·ª»² ¾§

Î­¼ ­¼
ø ÷ ã ¶ ¶î Î­­ø ÷ õ Î²¼²¼

ø ÷å øíòî÷

©¸»®» Î­­ø ÷ ã î
­ ¿²¼ Î²¼²¼

ø ÷ ¿®» ¬¸» ·²°«¬ ¿«¬±½±®®»´¿¬·±² º«²½¬·±² ¿²¼ ¬¸»

²±²´·²»¿® ¼·­¬±®¬·±² ¿«¬±½±®®»´¿¬·±² º«²½¬·±²ô ®»­°»½¬·ª»´§ò

Ì¸» ¿¬¬»²«¿¬·±² ½±» ½·»²¬ ±º ¬¸» «­»º«´ ½±³°±²»²¬ ·­ ¹·ª»² ¾§

ã
Î­¼ ­øð÷

Î­­øð÷
ã

ÛÅ­¼ø¬÷­ø¬÷Ã
î

­
î
å øíòí÷

©¸»®» Î­¼ ­ø ÷ ¼»²±¬»­ ¬¸» ·²°«¬ó±«¬°«¬ ½®±­­ó½±®®»´¿¬·±² º«²½¬·±²ô ·­ ¬¸» ½±ó

» ½·»²¬ ±º ¬®¿²­³·¬ °±©»® ´»ª»´ô ­
î ·­ ¬¸» ¿ª»®¿¹» ­·¹²¿´ °±©»® ©·¬¸±«¬ ¬¸»

¬®¿²­³·¬ °±©»® ½±²¬®±´ò

Hence, the SDR after transmit power control can be defined as the power ra-

¬·± ¾»¬©»»² ¬¸» «­»º«´ ­·¹²¿´ ½±³°±²»²¬ ¿²¼ ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ½±³°±²»²¬

¿­ ¹·ª»² ¾§

¶ ¶î Î­­øð÷

Î­¼ ­¼
øð÷ ¶î Î­­øð÷

ã
¶ ¶î î

­
î

Î­¼ ­¼
øð÷ ¶î î

­
î
æ øíòì÷

Ý±²­·¼»®·²¹ ¬¸¿¬ ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ ¼»ó

°»²¼­ ±² ¬¸» ÍÒÎ ¿­ ©»´´ ¿­ ¬¸» ÍÜÎô ¬¸» ÍÒÜÎ ©¸·½¸ ¬¿µ»­ ¬¸»­» ¬©± º¿½¬±®­

·²¬± ¿½½±«²¬ ²»»¼­ ¬± ¾» ¼»®·ª»¼ò Ô»¬ ¿²¼ î
² ¼»²±¬» ¬¸» ½¸¿²²»´ ¹¿·² ¿²¼ ¬¸»

�ìç�



²±·­» ª¿®·¿²½»ô ®»­°»½¬·ª»´§ô ¬¸» ÍÒÜÎ ²¼ is defined as

²¼ ã
¶ ¶î ¶ ¶î î

­
î

¶ ¶î ¶ ¶î î
­
î

õ î
²

ã
¶ ¶î î

¶ ¶î î

õ
ï

ð

å øíòë÷

©¸»®» ð ã ¶ ¶
î

­
î î

² ·­ ¬¸» ¿ª»®¿¹» ÝÒÎ ¿¬ ¬¸» ®»½»·ª»®ò Ø»®»ô ·¬ ­¸±«´¼ ¾»

²±¬»¼ ¬¸¿¬ ¬¸» ¿ª»®¿¹» ÝÒÎ ©¸·½¸ ®»¯«·®»­ ´»­­ ­·¼» ·²º±®³¿¬·±² ¬¸¿² ¬¸»

sub-carrier CNR is notified from the receiver.

×² ¬¸» ¼·­½®»¬» ¬®¿²­³·¬ °±©»® ½±²¬®±´ô ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ©·¬¸ ¬¸» ³¿¨ó

·³«³ ÍÒÜÎ ½¿´½«´¿¬»¼ ¾§ «­·²¹ Û¯­ò øíòí÷óøíòë÷ ·­ ­»´»½¬»¼ º®±³ ¬¸» ¼·­½®»¬»

¬®¿²­³·¬ °±©»® ´»ª»´­ ·² ¿ ­§³¾±´ó¾§ó­§³¾±´ ³¿²²»®ò Ø±©»ª»®ô ¬¸·­ ¿°°®±¿½¸

®»¯«·®»­ ¬¸» ½®±­­ ½±®®»´¿¬·±² ½¿´½«´¿¬·±² ¿¬ »¿½¸ ¬®¿²­³·¬ °±©»® ´»ª»´ ¿²¼ ®»ó

­¬®·½¬­ ¬¸» ¼§²¿³·½ ®¿²¹» ±º ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ò Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ¬¸»

½±²¬·²«±«­ ¬®¿²­³·¬ °±©»® ½±²¬®±´ ·­ ¶«­¬ ¬± ¼»®·ª» ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ¬±

­¿¬·­º§ ¬¸» ³¿¨·³«³ ÍÒÜÎ ¾§ «­·²¹ ¬¸» ­·³°´» ½´±­»¼ º±®³ ³¿¬¸»³¿¬·½¿´ º±®ó

³«´¿ô ©¸·½¸ ³¿µ»­ ¬¸» ¼§²¿³·½ ®¿²¹» ±º ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ´·³·¬´»­­ ¿²¼

»²¿¾´»­ «­ ¬± »¿­·´§ ¼»¬»®³·²» ¬¸» ¾»­¬ ¬®¿²­³·¬ °±©»® ´»ª»´ò

×² ¬¸» ½¿­» ±º ¿ ®»´¿¬·ª»´§ ´¿®¹» ²«³¾»® ±º ­«¾ó½¿®®·»®­ô ¬¸» ¿³°´·¬«¼» ¼·­ó

¬®·¾«¬·±² ±º ¬¸» ÑÚÜÓ ­·¹²¿´­ °ø®÷ ·­ ­«¾¶»½¬ ¬± Î¿§´»·¹¸ ¼·­¬®·¾«¬·±² ¿­ ¹·ª»²

¾§

° ø®÷ ã
î®
î î

­

»
®î

î î
­ æ øíòê÷

Ô»¬ º ø®÷ ã ¹ø®÷ » ¶ ø®÷ ¾» ¿ ½±³°´»¨ ²±²´·²»¿® ¼·­¬±®¬·±² º«²½¬·±²ô ­¼ø¬÷ ·­

®»©®·¬¬»² ¿­

­¼ø¬÷ ã º ø®ø¬÷÷» ¶ ø¬÷å øíòé÷

©¸»®» ®ø¬÷ ¿²¼ ø¬÷ ¿®» ¬¸» ¿³°´·¬«¼» ¿²¼ ¬¸» °¸¿­» ±º ¬¸» «²¼·­¬±®¬»¼ ­·¹²¿´ ­ø¬÷ô

�ëð�



®»­°»½¬·ª»´§ò

Ë­·²¹ Û¯ò øíòê÷ô ¬¸» ¿¬¬»²«¿¬·±² ½±» ½·»²¬ ¿²¼ ¬¸» ¿«¬±½±®®»´¿¬·±² ±º ¬¸»

²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ Î­¼ ­¼
ø ÷ ¿®» »¨°®»­­»¼ ¿­

ã
Î­¼ ­øð÷

Î­­øð÷
ã

ÛÅ­¼ø¬÷­ø¬÷Ã
î

­
î

ã
ÛÅ¹ø®÷ ®Ã

î î
­

ã
ï

î î
­

ï

ð

¹ø®÷ ® °ø®÷¼®

ã
ï

î î
­

ï

ð

¹ø®÷ ®
î®
î î

­

»
®î

î î
­ ¼®å øíòè÷

Î­¼ ­¼
øð÷ ã

ï

ð

¹îø®÷ ° ø®÷ ¼®

ã

ï

ð

¹îø®÷
î®
î î

­

»
®î

î î
­ ¼®æ øíòç÷

ß­­«³·²¹ ¿ ­±º¬ »²ª»´±°» ´·³·¬»®ô ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² º«²½¬·±² º ø®÷ ã

¹ ø®÷ ˙ ø®÷ ·­ ®»°®»­»²¬»¼ ¿­

¹ ø®÷ ã
® ® ß

ß ® â ß

ø®÷ ã ðæ

øíòïð÷

ß­­«³·²¹ ¿ ­±º¬ »²ª»´±°» ´·³·¬»®ô ¬¸» ¿¬¬»²«¿¬·±² ½±» ½·»²¬ ¿²¼ ¬¸» ¿«¬±ó

½±®®»´¿¬·±² ±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬»¼ ­·¹²¿´ Î­¼ ­¼
ø ÷ ¿®» ¼»®·ª»¼ ·² ¿ ½´±­»¼ º±®³

º±®³«´¿ ¿²¼ ¿®» »¨°®»­­»¼ ¿­

�ëï�



ã
ï

î î
­

ï

ð

¹ ø®÷ ® ° ø®÷ ¼®

ã
ï

î î
­

ß

ð

®î ° ø®÷ ¼® õ
ï

ß

ß ® ° ø®÷ ¼®

ã
ï

î î
­

ß

ð

®î ¯ð ø®÷ ¼® õ
ï

ß

ß ® ¯ð ø®÷ ¼®

ã
ï

î î
­

®î¯ ø®÷
ß

ð

ß

ð

î® ¯ ø®÷ ¼® õ ß ® ¯ ø®÷ ïß ß
ï

ß

¯ ø®÷ ¼®

ã
ï

î î
­

ßî ¯ øß÷ õ î
­

ß

ð

¯ð ø®÷ ¼® ßî ¯ øß÷ ß
ï

ß

¯ ø®÷ ¼®

ã
ï

î î
­

î î
­ ¯ ø®÷ ß

ð ß
ï

ß

»
®î

î î
­ ¼®

ã
ï

î î
­

î î
­ ø¯ øß÷ ï÷ ß

ï

ß
­

» ¬î

­¼¬

ã
ï

î î
­

î î
­ ï »

ßî

î î
­ õ

ß ­

°

î
»®º½

ß

­

ã ï »
ßî

î î
­ õ

ß
°

î ­
»®º½

ß

­

ã ï » î õ

°

î
»®º½

°

å øíòïï÷

Î­¼ ­¼
øð÷ ã

ß

ð

®î ° ø®÷ ¼® õ
ï

ß

ßî ° ø®÷ ¼®

ã

ß

ð

®î ¯ð ø®÷ ¼® õ
ï

ß

ßî ¯ð ø®÷ ¼®

ã ®î ¯ ø®÷
ß

ð

ß

ð

î® ¯ ø®÷ ¼® õ ßî ¯ ø®÷ ïß

ã ßî ¯ øß÷ õ î î
­

ß

ð

¯ð ø®÷ ¼® õ ßî ø ¯ øß÷÷

ã î î
­ º¯ øß÷ ï¹

ã î î
­ ï » î å øíòïî÷

�ëî�



©¸»®» ã ßî î
­ ·­ ¬¸» ·²°«¬ó¾¿½µ± ø×ÞÑ÷ ¿²¼ ¯ ø®÷ ã »¨° ®î î

­ ò

Í«¾­¬·¬«¬·²¹ Û¯­ò øíòïï÷ ¿²¼ øíòïî÷ ·²¬± Û¯ò øíòì÷ô ¬¸» ÍÜÎ ·­ ­«½½»­­º«´´§

®»°®»­»²¬»¼ ·² ½´±­»¼ º±®³ ¿­ ¹·ª»² ¾§

¶ ¶î î
­
î

Î­¼ ­¼
øð÷ ¶î î

­
î

ã

ï » î õ

°

î
»®º½

° î

ï » î ï » î õ

°

î
»®º½

° î
æ øíòïí÷

Í·²½» ¬¸» ¬®¿²­³·­­·±² °»®º±®³¿²½» ±º ¬¸» ²±²´·²»¿®´§ ¼·­¬±®¬»¼ ­·¹²¿´ ¼»ó

°»²¼­ ±² ²±¬ ±²´§ ¬¸» ÍÜÎ ¾«¬ ¿´­± ¬¸» ÍÒÎô ©» ¸¿ª» ¬± ¼»®·ª» ¬¸» ÍÒÜÎ

·²½´«¼·²¹ ¬¸» » »½¬ ±º ¬¸»­» ¬©± º¿½¬±®­ò Ì¸» ÍÒÜÎ ²¼ ·­ ®»°®»­»²¬»¼ ¿¹¿·² ¿­

²¼ ã
¶ ¶î ¶ ¶î î

­
î

¶ ¶î ¶ ¶î î
­
î

õ î
²

ã
¶ ¶î î

¶ ¶î î

õ
ï

ð

æ øíòïì÷

Þ§ ­«¾­¬·¬«¬·²¹ Û¯­ò øíòïï÷ ¿²¼ øíòïí÷ ·²¬± Û¯ò øíòïì÷ô ·¬ ·­ ±¾­»®ª»¼ ¬¸¿¬ ¬¸»

ÍÒÜÎ ²¼ ®»­«´¬­ ·² ¬¸» ½´±­»¼ º±®³ ­±´«¬·±²­ô ©¸·½¸ ·³°´·»­ ¬¸¿¬ ¬¸» ½±²¬·²«ó

ous transmit power control approach can easily find the optimal transmit power
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3.2.3 System Configuration

Figure 3.11 shows the overall system configuration of the proposed method
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íòí Í«³³¿®§

In this chapter, the proposed clipping and filtering employing transmit power

½±²¬®±´ ¾¿­»¼ ±² ¬¸» ÍÒÜÎ ¸¿­ ¾»»² ¼»­½®·¾»¼ ¿²¼ ·¬­ » »½¬·ª»²»­­ ·­ ¼»³±²ó

­¬®¿¬»¼ ¾§ ³»¿²­ ±º ½±³°«¬»® ­·³«´¿¬·±²­ò Ú·®­¬´§ô ¬¸» ¬®¿¼·¬·±²¿´ ½´·°°·²¹ ¿²¼

filtering method has been described. In detail, the concept and the system con-

figuration of the traditional method have been described and its performance in

¬»®³­ ±º ¬¸» ÑÚÜÓ ¬·³» ¼±³¿·² ©¿ª»º±®³ô ¬¸» ÐßÐÎ °»®º±®³¿²½»ô ¬¸» º®»ó

quency spectrum, the BER performance has been clarified. Next, the concept

and the configuration of the proposed method have been described and its ef-

º»½¬·ª»²»­­ ·² ¬»®³­ ±º ¬¸» º®»¯«»²½§ ­°»½¬®«³ ¿²¼ ¬¸» ÞÛÎ ¸¿­ ¾»»² ¼»³±²ó

strated in comparison with the traditional clipping and filtering method with the

½±²­¬¿²¬ ¬®¿²­³·¬ °±©»® ´»ª»´ò Ú®±³ ¬¸»­» ®»­«´¬­ô ¬¸» º±´´±©·²¹ ¬¸·²¹­ ½¿² ¾»

º±«²¼ò

Although the traditional clipping and filtering can e »½¬·ª»´§ ­«°°®»­­ ¬¸»

±«¬ó±ºó¾¿²¼ ®¿¼·¿¬·±²ô ¬¸» ÞÛÎ ¼»¹®¿¼¿¬·±² ·­ ½¿«­»¼ ¾§ ½´·°°·²¹ ¿²¼ ¬¸»

°»¿µ °±©»® ®»¹®±©¬¸ò

Considering that the filtering process causes the peak power regrowth, the

½´·°°·²¹ ®¿¬·± ·² ¬¸» ½´·°°·²¹ °®±½»­­ ­¸±«´¼ ¾» ­³¿´´»® ¬¸¿² ¬¸» ×ÞÑ ±º ¬¸»

ØÐßò

The proposed clipping and filtering method provides far better BER perfor-

³¿²½» ¬¸¿² ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ®»¹¿®¼´»­­ ±º ¬¸» ×ÞÑ ¿²¼ ¬¸» ½¸¿²²»´

³±¼»´ ©¸·´» °»®º»½¬´§ ­«°°®»­­·²¹ ¬¸» ±«¬ó±ºó¾¿²¼ ®¿¼·¿¬·±²ò

Ì¸» ½±²¬·²«±«­ ¬®¿²­³·¬ °±©»® ½±²¬®±´ ½¿² ¾» ®»¿´·¦»¼ ¬¸¿²µ­ ¬± ¬¸» ­·³ó

°´» ³¿¬¸»³¿¬·½¿´ º±®³«´¿ ©¸·½¸ ®»°®»­»²¬­ ¬¸» ®»´¿¬·±²­¸·° ¾»¬©»»² ¬¸»

¬®¿²­³·¬ °±©»® ´»ª»´ ¿²¼ ¬¸» ÍÒÜÎò
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ì ÑÚÜÓ Ý´·°°·²¹ ¿²¼ Ú·´¬»®·²¹ Û³°´±§·²¹ Ì®¿²­³·¬ Ð±©»®

Ý±²¬®±´ º±® ÍËóÓ×ÓÑ Í§­¬»³­

Í·²¹´» «­»® ³«´¬·°´» ·²°«¬ ³«´¬·°´» ±«¬°«¬ øÍËóÓ×ÓÑ÷ ¸¿­ ¾»½±³» ¿ °®±³·­ó

·²¹ ¬»½¸²·¯«» º±® ¿½¸·»ª·²¹ ¸·¹¸ó­°»»¼ ¬®¿²­³·­­·±² ±º ¬¸» ­·²¹´» «­»® ¾§ «­·²¹

³«´¬·°´» ·²°«¬ ¿²¬»²²¿­ ¿²¼ ³«´¬·°´» ±«¬°«¬ ¿²¬»²²¿­ ÅìðÃô ÅìïÃò Ú«®¬¸»®³±®»ô

¬¸» ½±³¾·²¿¬·±² ±º ÍËóÓ×ÓÑ ©·¬¸ ÑÚÜÓ øÍËóÓ×ÓÑóÑÚÜÓ÷ ¸¿­ ³«½¸ ¿¬ó

¬®¿½¬»¼ ¿­ ¬¸» º«®¬¸»® ·³°®±ª»³»²¬ ±º ¬®¿²­³·­­·±² ¯«¿´·¬§ô ¿²¼ ·¬ ¸¿­ ¿´®»¿¼§

¾»»² ¿¼±°¬»¼ ·² ©·®»´»­­ ÔßÒô ¾®±¿¼½¿­¬·²¹ô ¿²¼ ­± ±² ÅìêÃóÅëðÃò ×² ¬¸·­ ½¸¿°ó

ter, the proposed clipping and filtering method is adopted for SU-MIMO and its

» »½¬·ª»²»­­ ·­ ·²ª»­¬·¹¿¬»¼ ¾§ ³»¿²­ ±º ½±³°«¬»® ­·³«´¿¬·±²­ ÅìëÃò

ìòï Ð®±¾´»³­ ·² ÍËóÓ×ÓÑóÑÚÜÓ Í§­¬»³­

ß­ ¼»­½®·¾»¼ ¿¾±ª»ô ÍËóÓ×ÓÑ ¸¿­ ¾»½±³» ¿ °®±³·­·²¹ ¬»½¸²·¯«» º±® ¿½¸·»ªó

·²¹ ¸·¹¸ó­°»»¼ ¬®¿²­³·­­·±² ·² ­·²¹´» «­»® ­§­¬»³­ ¿²¼ ¬¸» ½±³¾·²¿¬·±² ±º ÍËó

Ó×ÓÑ ©·¬¸ ÑÚÜÓ ·­ ¯«·¬» » »½¬·ª» ¬± ³»»¬ ¬¸» ®»¯«·®»³»²¬ ¬± ­·³«´¬¿²»±«­´§

®»¿´·¦» ¸·¹¸ó­°»»¼ ¬®¿²­³·­­·±² ¿²¼ ·²¬»®ó­§³¾±´ ·²¬»®º»®»²½» ­«°°®»­­·±² ¼«»

¬± ³«´¬·°¿¬¸ º¿¼·²¹ ½¸¿²²»´­ò

Ø±©»ª»®ô ÍËóÓ×ÓÑóÑÚÜÓ ¸¿­ ¿² ·²¸»®»²¬ °®±¾´»³ ±º ¬¸» ÞÛÎ ¼»¹®¿¼¿ó

tion in the presence of the nonlinear distortion, which significantly loses the

½¸¿²²»´ ½¿°¿½·¬§ò Ú·¹«®» ìòï ­¸±©­ ¬¸» ½±²½»°¬ ±º ÍËóÓ×ÓÑóÑÚÜÓ ­§­¬»³­

·² ¬¸» °®»­»²½» ±º ²±²´·²»¿® ¼·­¬±®¬·±²ò ß­ ­¸±©² ·² Ú·¹ò ìòïô ¬¸» » »½¬ ±º ¬¸»

²±²´·²»¿® ¼·­¬±®¬·±² ¿¬ »¿½¸ ¬®¿²­³·¬ ¿²¬»²²¿ ½¿«­»­ ¬¸» ÞÛÎ ¼»¹®¿¼¿¬·±² ¿¬ ¬¸»

®»½»·ª»® ­·¼»ô ©¸·½¸ ´»¿¼­ ¬± ¬¸» º¿½¬ ¬¸¿¬ ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ÍËóÓ×ÓÑó

ÑÚÜÓ ·­ ©±®­» ¬¸¿² ¬¸¿¬ ±º ­·²¹´» «­»® ­·²¹´» ·²°«¬ ­·²¹´» ±«¬°«¬ ÑÚÜÓ øÍËó

Í×ÍÑóÑÚÜÓ÷ ÅìëÃò

Ý±²­·¼»®·²¹ ¬¸» ¾¿½µ¹®±«²¼ ¼»­½®·¾»¼ ¿¾±ª»ô ©» ¿¼±°¬ ¬¸» °®±°±­»¼ ½´·°ó

ping and filtering method for SU-MIMO-OFDM and clarify the e »½¬·ª»²»­­

of the proposed approach in comparison with the traditional clipping and filter-

·²¹ ³»¬¸±¼ ÅìëÃò
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4.2 System Configuration

In this section, we explain the overall configuration of the proposed clipping

and filtering method deployed on SU-MIMO-OFDM systems. Figure 4.2 shows

the overall configuration of proposed method deployed on SU-MIMO-OFDM

­§­¬»³­ò Ø»®»ô ¾±¬¸ ¬¸» ¼·­½®»¬» ½±²¬®±´ ¿²¼ ¬¸» ½±²¬·²«±«­ ½±²¬®±´ ¿®» ½±²­·¼ó

»®»¼ ¿­ ¬¸» º±®³ ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ò ß¬ ¬¸» ¬®¿²­³·¬¬»®ô ³«´¬·°´» ¼¿¬¿

­¬®»¿³­ ¿®» ¹»²»®¿¬»¼ ¿²¼ »¿½¸ ¼¿¬¿ ­¬®»¿³ ·­ ³¿°°»¼ ·²¬± ¬¸» ­«¾ó½¿®®·»® ­·¹ó

²¿´­ ©·¬¸ ¿² ¿®¾·¬®¿®§ ³±¼«´¿¬·±² ´»ª»´ò Ì¸» Òó°¿®¿´´»´ ³±¼«´¿¬»¼ ­·¹²¿´ ¿®» º»¼

·²¬± ¬¸» Òó°±·²¬ ×ÚÚÌ ½·®½«·¬ ­± ¿­ ¬± ¾» ½±²ª»®¬»¼ ·²¬± ¬¸» ¬·³» ¼±³¿·² ÑÚÜÓ

­·¹²¿´­ ©·¬¸ ¬¸» ­¿³°´·²¹ °»®·±¼ ±º Ì­¿³ò ß¬ »¿½¸ ¬®¿²­³·¬ ¿²¬»²²¿ô ¬¸» ÍÒÜÎ

±º »¿½¸ ·²°«¬ °±©»® ´»ª»´ ·­ ¬¸»±®»¬·½¿´´§ ½¿´½«´¿¬»¼ ¿²¼ ¬¸» ·²°«¬ °±©»® ´»ª»´ ¬±

­¿¬·­º§ ¬¸» ³¿¨·³«³ ÍÒÜÎ ·­ ¼»¬»®³·²»¼ò Ì¸»² ¬¸» ¬®¿²­³·¬ ¬·³» ¼±³¿·² ­·¹ó

²¿´­ ­½¿´»¼ ¬± ¬¸» ¿°°®±°®·¿¬» °±©»® ´»ª»´ ·­ °±©»® ´»ª»´ ·­ ·²°«¬ ¬± ¬¸» ½´·°°·²¹

and filtering process. It should be noted that the optimal power level ±°¬ ¸¿­

¬± ¾» ¼»¬»®³·²»¼ ¿¬ »¿½¸ ¬®¿²­³·¬ ¿²¬»²²¿ ¾»½¿«­» ¬¸» » »½¬ ±º ¬¸» ²±²´·²»¿®

Ì®¿²­³·¬¬»®

º

Î»½»·ª»®

Ú·¹«®» ìòïæ Ý±²½»°¬ ±º ÍËóÓ×ÓÑóÑÚÜÓ Í§­¬»³­ ·² ¬¸» Ð®»­»²½» ±º Ò±²´·²ó

»¿® Ü·­¬±®¬·±²ò
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¼·­¬±®¬·±² ¿²¼ ¿ª»®¿¹» ÝÒÎ ·­ ²±¬ ¿´©¿§­ ¬¸» ­¿³» ¿³±²¹ ¼· »®»²¬ ¬®¿²­³·¬

antennas. After passing through the clipping and filtering process, the transmit

OFDM signals are amplified by the HPA and are transmitted at each transmit

¿²¬»²²¿ò

ß¬ ¬¸» ®»½»·ª»®ô ¬¸» ±ª»®´¿°°»¼ ÑÚÜÓ ­·¹²¿´­ ¿®» ®»½»·ª»¼ ¿¬ »¿½¸ ®»½»·ª»¼

¿²¬»²²¿ò ß¬ »¿½¸ ¿²¬»²²¿ô ¬¸» ®»½»·ª»¼ ÑÚÜÓ ­·¹²¿´­ ¿®» ½±²ª»®¬»¼ ·²¬± º®»ó

¯«»²½§ ¼±³¿·² ­·¹²¿´­ ¿²¼ ¿®» ·²°«¬ ¬± Ó×ÓÑ ­·¹²¿´ ¼»¬»½¬·±²ô ©¸»®» ±ª»®ó

´¿°°»¼ ÑÚÜÓ ­·¹²¿´­ ¿®» ¼»½±³°±­»¼ ·²¬± ­·²¹´» ¬®¿²­³·¬ ¼¿¬¿ ­¬®»¿³­ ¾§ ¿

­·¹²¿´ ¼»¬»½¬·±² ­½¸»³»ò ×² Ó×ÓÑ ­·¹²¿´ ¼»¬»½¬·±²ô ¬¸» ½¸¿²²»´ »­¬·³¿¬»­ ·²ó

½´«¼·²¹ ¬¸» » »½¬ ±º ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´ ±º ¬¸» ¶ó¬¸ ¬®¿²­³·¬ ¿²¬»²²¿ ±°¬ ¶

·­ »­­»²¬·¿´ ¬± »´·³·²¿¬» ¬¸» » »½¬ ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ò Ì¸»®»º±®»ô ¬¸»

modified channel estimates from the ¶ó¬¸ ¬®¿²­³·¬ ¿²¬»²²¿ ¬± ¬¸» ·ó¬¸ ®»½»·ª»¼

¿²¬»²²¿ ¿®» ¹·ª»² ¾§

¸ð· ¶ ã ±°¬ ¶¸· ¶æ øìòï÷

Ø»®»ô ·¬ ­¸±«´¼ ¾» ²±¬»¼ ¬¸¿¬ ¬¸» ¬®¿²­³·¬ °±©»® ´»ª»´­ ±º ¿´´ ¿²¬»²²¿­ ¸¿ª» ¬±

be notified to the receiver and then are used for MIMO signal separation. Al-

though this notification of the transmit power level causes some degradation in

¬¸» ¬®¿²­³·­­·±² » ½·»²½§ô ·¬­ ¼»¹®¿¼¿¬·±² ·­ ²»¹´·¹·¾´» ½±²­·¼»®·²¹ ¬¸» ²«³¾»®

±º ­«¾ó½¿®®·»®­ò ßº¬»® ÚÚÌ °®±½»­­·²¹ ¿¬ »¿½¸ ¿²¬»²²¿ô Ó×ÓÑ ­·¹²¿´ ¼»¬»½¬·±²

®»½±ª»®­ ¬¸» ­·²¹´» ¬®¿²­³·¬ ¼¿¬¿ ­¬®»¿³­ º®±³ ¬¸» ±ª»®´¿°°»¼ ÑÚÜÓ ­·¹²¿´­ò

ìòí Ò«³»®·½¿´ Î»­«´¬­

×² ¬¸·­ ­»½¬·±²ô ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ ·­ »ª¿´«¿¬»¼

and then its performance is compared with the traditional clipping and filtering

©·¬¸ ¬¸» ½±²­¬¿²¬ ¬®¿²­³·¬ °±©»® ´»ª»´ ·² ±®¼»® ¬± ½´¿®·º§ ¬¸» » »½¬·ª»²»­­ ±º ¬¸»

°®±°±­»¼ ¿°°®±¿½¸ò

Ú·¹«®» ìòí ¿²¼ Ú·¹«®» ìòì ­¸±© ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ô

©¸»®» î î ÍËóÓ×ÓÑóÑÚÜÓ ·­ ¿­­«³»¼ò Ì¿¾´» ìòï ­¸±©­ ¬¸» ­·³«´¿¬·±² °¿ó

®¿³»¬»®­ò ×¬ ·­ º±«²¼ º®±³ Ú·¹­òìòí ¿²¼ ìòì ¬¸¿¬ ¬¸» °®±°±­»¼ ³»¬¸±¼ °®±ª·¼»­
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¾»¬¬»® ÞÛÎ ¬¸¿² ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ®»¹¿®¼´»­­ ±º ¬¸» º±®³ ±º ¬¸» ¬®¿²­³·¬

°±©»® ½±²¬®±´ò ×² ¿¼¼·¬·±²ô ·¬­ » »½¬·ª»²»­­ ½¿² ¾» º±«²¼ ·®®»­°»½¬·ª» ±º ¬¸»

³±¼«´¿¬·±² ­½¸»³» ¿²¼ ¬¸» ×ÞÑò Ì¸·­ ·­ ¾»½¿«­» ¬¸» °®±°±­»¼ ³»¬¸±¼ » »½ó

¬·ª»´§ ¿´´»ª·¿¬»­ ¬¸» » »½¬ ±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ¾§ ®»¼«½·²¹ ¬¸» ¬®¿²­³·¬

°±©»® ´»ª»´ ©¸·´» ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ¼·­¬±®¬­ ¬¸» ¬®¿²­³·¬ ÑÚÜÓ ­·¹²¿´­ ·²

¬¸» ½´·°°·²¹ °®±½»­­ò

Ó±®»±ª»®ô ·² ¬¸» ½¿­» ±º ÆÚô ÓÓÍÛô ¿²¼ ÊóÞÔßÍÌô ¬¸» ¼·­½®»¬» ½±²¬®±´ °®±ó

ª·¼»­ ­´·¹¸¬´§ ¾»¬¬»® ÞÛÎ ¬¸¿² ¬¸» ½±²¬·²«±«­ ½±²¬®±´ »­°»½·¿´´§ ·² ¬¸» ´±© ×ÞÑò

Ì¸·­ ·­ ¾»½¿«­» ¬¸» ¼·­½®»¬» ½±²¬®±´ ½¿² ®»¿´·¦» ¬¸» ­§³¾±´ó¾§ó­§³¾±´ ¬®¿²­³·¬

°±©»® ½±²¬®±´ ©¸·´» ¬¸» ½±²¬·²«±«­ ½±²¬®±´ ¾¿­»¼ ±² ¬¸» ­¬¿¬·­¬·½¿´ °®±°»®¬§ ·­

±¾´·¹»¼ ¬± ¾» °»®º±®³»¼ ·² ¿ ®»´¿¬·ª»´§ ´±²¹ ¬»®³ò

Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ·² ¬¸» ½¿­» ±º ÓÔÜô ¬¸» ½±²¬·²«±«­ ½±²¬®±´ »´·³·²¿¬»­ ¬¸»

error floor while there is the error floor in the discrete method. This is because

ÓÔÜ ·­ ³«½¸ ­»²­·¬·ª» ¬± ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ¬¸¿² ÆÚ ¿²¼ ÓÓÍÛ ¿²¼ ¬¸»

continuous control can find out more appropriate transmit power level thanks to

¾»·²¹ ²± ¼§²¿³·½ ®¿²¹» ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ò

Ò»¨¬ô Ú·¹«®» ìòë ¿²¼ Ú·¹«®» ìòê ­¸±© ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» °®±°±­»¼

³»¬¸±¼ô ©¸»®» ì 4 SU-MIMO-OFDM is assumed. It can be also confirmed

º®±³ Ú·¹­òìòë ¿²¼ ìòê ¬¸¿¬ ¬¸» °®±°±­»¼ ³»¬¸±¼ °®±ª·¼»­ ¾»¬¬»® ÞÛÎ ¬¸¿² ¬¸»

¬®¿¼·¬·±²¿´ ³»¬¸±¼ ®»¹¿®¼´»­­ ±º ¬¸» º±®³ ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ò ×²

¿¼¼·¬·±²ô ·¬­ » »½¬·ª»²»­­ ½¿² ¾» º±«²¼ ·®®»­°»½¬·ª» ±º ¬¸» ³±¼«´¿¬·±² ­½¸»³»

¿²¼ ¬¸» ×ÞÑò ×² ¬¸» ½¿­» ±º ÊóÞÔßÍÌ ¿²¼ ÓÔÜô ·¬ ·­ ±¾­»®ª»¼ ¬¸¿¬ ¬¸» °®±°±­»¼

method exploits much more diversity benefit than 2 î Ó×ÓÑ ½¿­» ­¸±©² ·²

Ú·¹­ò ìòí ¿²¼ ìòìô ©¸·´» ¬¸» ÞÛÎ ±º ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ·­ ­´·¹¸¬´§ ©±®­» ¬¸¿²

¬¸¿¬ ±º î î Ó×ÓÑ ½¿­»ò Ì¸«­ ·¬ ½¿² ¾» ­¿·¼ ¬¸¿¬ ¬¸» °®±°±­»¼ ³»¬¸±¼ «­·²¹

¬®¿²­³·¬ °±©»® ½±²¬®±´ ½±²¬®·¾«¬»­ ¬± ®»¬¿·²·²¹ ¬¸» ®»¿­±²¿¾´» ­°¿½» ¼·ª»®­·¬§

benefit originally coming from MIMO.

Ú·¹«®»­ ìòéóìòïð ­¸±© ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ ·²

¿¼±°¬·±² ±º ½¸¿²²»´ ½±¼·²¹ò Ú®±³ ¬¸»­» ®»­«´¬­ô ·¬ ½¿² ¾» ­»»² ¬¸¿¬ ¬¸» » »½ó

¬·ª»²»­­ ±º ¬¸» °®±°±­»¼ ³»¬¸±¼­ ·­ ­¬·´´ ®»¬¿·²»¼ ·² ¿¼±°¬·±² ±º ½¸¿²²»´ ½±¼·²¹ò
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Ú·²¿´´§ô Ú·¹«®» ìòïï ¿²¼ Ú·¹«®» ìòïî ­¸±© ¬¸» ÞÛÎ °»®º±®³¿²½» ±º ¬¸» °®±ó

°±­»¼ ³»¬¸±¼ ¿­ ¿ º«²½¬·±² ±º ¬¸» ×ÞÑô ©¸»®» ¬¸» ¿ª»®¿¹» ÝÒÎ ïë¼Þò ×¬

·­ ±¾­»®ª»¼ º®±³ Ú·¹­ò ìòïï ¿²¼ ìòïî ¬¸¿¬ ¬¸» °®±°±­»¼ ³»¬¸±¼ °®±ª·¼»­ ¾»¬ó

¬»® ÞÛÎ °»®º±®³¿²½» ¬¸¿² ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ®»¹¿®¼´»­­ ±º ¬¸» ²«³¾»® ±º

¬®¿²­³·¬ ¿²¼ ®»½»·ª» ¿²¬»²²¿­ò Û­°»½·¿´´§ ·² ¿ ®»´¿¬·ª»´§ ´±© ×ÞÑô ¬¸» » »½¬·ª»ó

²»­­ ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ ¾»½±³»­ ®»³¿®µ¿¾´» ¾»½¿«­» ¬¸» °®±°±­»¼ ³»¬¸±¼

»³°´±§·²¹ ¬®¿²­³·¬ °±©»® ½±²¬®±´ ¿´´»ª·¿¬»­ ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ½¿«­»¼ ¾§

clipping and filtering and e »½¬·ª»´§ ®»¬¿·²­ ¬¸» ®»¿­±²¿¾´» ­°¿½» ¼·ª»®­·¬§ ¾»²ó

efit.

From these results, it is concluded that the proposed clipping and filtering

³»¬¸±¼ ¼®¿³¿¬·½¿´´§ ·³°®±ª»­ ¬¸» ÞÛÎ °»®º±®³¿²½» ½±³°¿®»¼ ©·¬¸ ¬¸» ¬®¿¼·ó

tional clipping and filtering method thanks to performing the transmit power
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ìòì Í«³³¿®§

In this chapter, the proposed clipping and filtering method is adopted for SU-

Ó×ÓÑ ¿²¼ ·¬­ » »½¬·ª»²»­­ ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ ±² ÍËóÓ×ÓÑ ¸¿­ ¾»»²

investigated by comparing with the traditional clipping and filtering method.

×² ¼»¬¿·´ô ¬¸» °®±¾´»³ ±º ÍËóÓ×ÓÑóÑÚÜÓ «²¼»® ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ·­

firstly addressed and then the overall configuration and the BER performance

¿®» ­¸±©² ©·¬¸ ¿ °¿®¿³»¬»® ±º ¬¸» ×ÞÑ ¿²¼ ¬¸» ²«³¾»® ±º ¬®¿²­³·¬ ¿²¼ ®»½»·ª»

¿²¬»²²¿­ò Ú®±³ ¬¸»­» ®»­«´¬­ô ¬¸» º±´´±©·²¹ ¬¸·²¹­ ½¿² ¾» º±«²¼ò

Ì¸» °®±°±­»¼ ³»¬¸±¼ °®±ª·¼»­ ¬¸» º¿® ¾»¬¬»® ÞÛÎ ¬¸¿² ¬¸» ¬®¿¼·¬·±²¿´

³»¬¸±¼ ®»¹¿®¼´»­­ ±º ¬¸» º±®³ ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ ¿²¼ ¬¸» «­»

±º ½¸¿²²»´ ½±¼·²¹ò Ì¸·­ ·­ ¾»½¿«­» ¬¸» °®±°±­»¼ ³»¬¸±¼ » »½¬·ª»´§ ¿´´»ó

ª·¿¬»­ ¬¸» » »½¬ ±º ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ¾§ ®»¼«½·²¹ ¬¸» ¬®¿²­³·¬ °±©»®

´»ª»´ ©¸·´» ¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ¼·­¬±®¬­ ¬¸» ¬®¿²­³·¬ ÑÚÜÓ ­·¹²¿´­ ·²

¬¸» ½´·°°·²¹ °®±½»­­ò

×² ¬¸» ½¿­» ±º ÆÚô ÓÓÍÛô ¿²¼ ÊóÞÔßÍÌô ¬¸» ¼·­½®»¬» ½±²¬®±´ °®±ª·¼»­

­´·¹¸¬´§ ¾»¬¬»® ÞÛÎ ¬¸¿² ¬¸» ½±²¬·²«±«­ ½±²¬®±´ »­°»½·¿´´§ ·² ¬¸» ´±© ×ÞÑò

Ì¸·­ ·­ ¾»½¿«­» ¬¸» ¼·­½®»¬» ½±²¬®±´ ½¿² ®»¿´·¦» ¬¸» ­§³¾±´ó¾§ó­§³¾±´ ¬®¿²­ó

³·¬ °±©»® ½±²¬®±´ ©¸·´» ¬¸» ½±²¬·²«±«­ ½±²¬®±´ ·­ ±¾´·¹»¼ ¬± ¾» °»®º±®³»¼

·² ¿ ®»´¿¬·ª»´§ ´±²¹ ¬»®³ò

In the case of MLD, the continuous control eliminates the error floor while

the error floor remains in the discrete method. This is because MLD is

³«½¸ ­»²­·¬·ª» ¬± ¬¸» ²±²´·²»¿® ¼·­¬±®¬·±² ¬¸¿² ÆÚ ¿²¼ ÓÓÍÛ ¿²¼ ¬¸» ½±²ó

tinuous control can find out more appropriate transmit power level thanks

¬± ¾»·²¹ ²± ¼§²¿³·½ ®¿²¹» ±º ¬¸» ¬®¿²­³·¬ °±©»® ½±²¬®±´ò

×² ¬¸» ½¿­» ±º ì ì Ó×ÓÑ ©·¬¸ ÊóÞÔßÍÌ ¿²¼ ÓÔÜô ¬¸» °®±°±­»¼ ³»¬¸±¼

exploits much more diversity benefit than 2 î Ó×ÓÑô ©¸·´» ¬¸» ÞÛÎ ±º

¬¸» ¬®¿¼·¬·±²¿´ ³»¬¸±¼ ·­ ­´·¹¸¬´§ ©±®­» ¬¸¿² ¬¸¿¬ ±º î î Ó×ÓÑ ½¿­»ò

Ì¸»®»º±®»ô ¬¸» °®±°±­»¼ ³»¬¸±¼ ½±²¬®·¾«¬»­ ¬± ®»¬¿·²·²¹ ¬¸» ®»¿­±²¿¾´»
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space diversity benefit originally coming from MIMO.

×² ¿ ®»´¿¬·ª»´§ ´±© ×ÞÑô ¬¸» » »½¬·ª»²»­­ ±º ¬¸» °®±°±­»¼ ³»¬¸±¼ ¾»½±³»­

®»³¿®µ¿¾´» ¾»½¿«­» ¬¸» °®±°±­»¼ ³»¬¸±¼ ¿´´»ª·¿¬»­ ¬¸» ¼·­¬±®¬·±² ½¿«­»¼

by clipping and filtering and e »½¬·ª»´§ ®»¬¿·²­ ¬¸» ®»¿­±²¿¾´» ­°¿½» ¼·ª»®ó

sity benefit.
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­§­¬»³­ ÅìîÃóÅììÃò Û­°»½·¿´´§ ·² ½»´´«´¿® ­§­¬»³­ ¿²¼ ©·®»´»­­ ÔßÒ ­§­¬»³­ô

­·²½» ¬¸» ²«³¾»® ±º ¿²¬»²²¿­ ±º ¿ ³±¾·´» ­¬¿¬·±² øÓÍ÷ ·­ ´·³·¬»¼ ¬± ¿ º»© ©¸·´»

¿ ´±¬ ±º ¿²¬»²²¿­ ½¿² ¾» ·²­¬¿´´»¼ ·²¬± ¬¸» ¾¿­» ­¬¿¬·±² øÞÍ÷ô ÓËóÓ×ÓÑ ½¿²

¾» ­»»² ¿­ ¿² » »½¬·ª» ¬»½¸²·¯«» ¬± ³»»¬ ¬¸·­ ®»¯«·®»³»²¬ò Ý±²­·¼»®·²¹ ¬¸·­

¾¿½µ¹®±«²¼ô ÓËóÓ×ÓÑ ¸¿­ ¿´®»¿¼§ ¾»»² ¿¼±°¬»¼ ·² ÔÌÛ ­§­¬»³ ÅêîÃ ¿²¼

×ÛÛÛèðîòïï¿½ ÅêíÃò Ú«®¬¸»®³±®»ô ÓËóÓ×ÓÑóÑÚÜÓ ©¸·½¸ ·­ ¶«­¬ ¿ ½±³ó

¾·²¿¬·±² ±º ÑÚÜÓ ©·¬¸ ÓËóÓ×ÓÑ ½¿² ¾» ­»»² ¿­ ¿² ¿¬¬®¿½¬·ª» ¿°°®±¿½¸

¬± ­·³«´¬¿²»±«­´§ ¿½¸·»ª» ¸·¹¸ó½¿°¿½·¬§ ¿²¼ ®»´·¿¾´» ©·®»´»­­ ²»¬©±®µ ÅëíÃó

[55]. In this chapter, the proposed clipping and filtering method is adopted

º±® ÓËóÓ×ÓÑ ¿²¼ ·¬­ » »½¬·ª»²»­­ ·­ ·²ª»­¬·¹¿¬»¼ ¾§ ³»¿²­ ±º ½±³°«¬»® ­·³ó

«´¿¬·±²­ ÅëïÃô ÅëîÃò

ëòï Ð®±¾´»³­ ·² ÓËóÓ×ÓÑóÑÚÜÓ Í§­¬»³­
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Figure 5.2 shows the overall configuration of traditional MU-MIMO-OFDM
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5.3 System Configuration

Figure 5.6 shows the overall configuration of the proposed method for MU-
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©¸»®» ¶ is the transmit antenna identifier.
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