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ɄŮɟɑɚɖɣɖ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ˊŮɟɘɔɟŬűɐ əŬɘ ɛŮɚɏŰɖ Űɖɠ 

Ůˊɑŭɞůɖɠ Űɤɜ ŰŮɢɜɘəɩɜ Ɏɛɓɚɡɜůɖɠ ŭɘŬɚŮɑɣŮɤɜ ůŰɖɜ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɕŮɨɝŮɤɜ əɞɟ-

ɛɞɨ 5ɖɠ ɔŮɜɘɎɠ. 

ɆŰɞ 1ɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɖ ŮɘůŬɔɤɔɐ ůŰŬ ŬůɨɟɛŬŰŬ ŭɑəŰɡŬ 5ɖɠ ɔŮɜɘɎɠ, ůŰɖɜ ˊɞɚɡ-

ŮˊɑˊŮŭɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡɠ, ůŰɘɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ Űɞɡɠ. ɆŰɞ 2ɞ əŮűɎ-

ɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ ɖ ɓŬůɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɖɠ ɞˊɘůɗɞɕŮɡəŰɘəɐɠ Ůˊɘ-

əɞɘɜɤɜɑŬɠ (backhauling), ɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ RAN (Radio Access Network) 

Backhaul 2G əŬɘ ɖ Ůɝɏɚɘɝɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖɜ əɎɚɡɣɖ Űɤɜ ŬˊŬɘŰɐ-

ůŮɤɜ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ LTE RAN Backhaul. 

ɆŰɞ 3ɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞəɚɐůŮɤɜ ɔɘŬ Űɞ backhaul 

əŬŰɎ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɞɡ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əɨɟɘŮɠ ŮɟŮɡɜɖŰɘəɏɠ əŬŰŮɡ-

ɗɨɜůŮɘɠ ɚɨůŮɤɜ Űɤɜ ˊŬɟɧɢɤɜ ɡˊɖɟŮůɘɩɜ ŭɘəŰɨɞɡ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

Űɞɡ ůɢŮŭɘŬůɛɞɨ RAN Backhaul ɔɘŬ Űɖɜ Ɏɟůɖ Űɖɠ ůɡɛűɧɟɖůɖɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ŰŬ ŭɨɞ 

ɛɞɜŰɏɚŬ əɑɜɖůɖɠ ˊɞɡ ɛŮŰɟɞɨɜ Űɖɜ ɟɡɗɛŬˊɧŭɞůɖ backhaul. 

ɆŰɞ 4ɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ. ɀɞɜŰŮɚɞ-

ˊɞɘɞɨɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ Űɞ əɡɟɑŬɟɢɞ ˊɟɧɓɚɖɛŬ 

ŭɘɎŭɞůɖɠ ůŰɘɠ ɛɘəɟɞəɡɛŬŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ ɛɏůɤ Űɤɜ ůɡůŰɎůŮɤɜ Űɖɠ ITU-R əŬɘ ŬɜŬ-

ɚɨɞɜŰŬɘ ɞɘ ŰŮɢɜɘəɏɠ ŭɘŬűɞɟɘůɛɞɨ ɢɟɧɜɞɡ, ɢɩɟɞɡ əŬɘ ɞ́ɚɚŬˊɚɩɜ əŮɟŬɘɩɜ. ȰˊŮɘŰŬ, 

ɛɏůɤ ˊɟɞůɞɛɞɑɤůɖɠ ůŰɞ MATLAB  əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ŭŮŭɞɛɏɜŬ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ Ůɚ-

ɚɖɜɘəɏɠ ˊɧɚŮɘɠ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ɛŮ ŭɘŬɔɟɎɛɛŬŰŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ɡˊɏɟɓŬůɖɠ ɚɧɔɤ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ Ŭɞ́əɞˊɐɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ŰŮ-

ɢɜɘəɩɜ ŭɘŬűɞɟɘůɛɞɨ.  

ɇɏɚɞɠ, ůŰɞ  5ɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ Űɤɜ 

backhaul ŭɘəŰɨɤɜ 5ɖɠ ɔŮɜɘɎɠ. 

 

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ 
 

ɃˊɘůɗɞɕŮɡəŰɘəɐ ŮˊɘəɞɘɜɤɜɑŬ, 5G, ŬɟɢɘŰŮəŰɞɜɘəɐ backhaul, ˊɟɞəɚɐůŮɘɠ backhaul ŭɘ-
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Abstract 

 

This thesis deals with the description and study of the performance of fading mit-

igation techniques on the availability of 5th generation backhaul links. 

Chapter 1 introduces 5th generation wireless networks, their multi-layered archi-

tecture, basic concepts, and applications. In Chapter 2, the basic architecture of back-

hauling, the Radio Access Network (RAN) Backhaul 2G design process and the evolu-

tion of technologies aimed at meeting the requirements for LTE RAN Backhaul design 

are presented and discussed. 

In Chapter 3, an analysis of the challenges for the backhaul network during its 

design evolution is carried out. The main research directions of network service pro-

viders' solutions concerning the optimization of RAN backhaul design to alleviate net-

work congestion and the two traffic models that measure backhaul throughput are pre-

sented. 

In Chapter 4, the experimental part of the thesis is carried out. The characteristics 

of rainfall, which is considered the dominant propagation drawback in microwave fre-

quencies through the ITU-R recommendations, are modelled and the time, space and 

multiple antenna diversity techniques are analyzed. Then, through simulation in 

MATLAB and taking rainfall data for greek cities, the results of exceedance probability 

due to rainfall and the outage capacity using the diversity techniques are plotted. 

Finally, in Chapter 5, proposals for future research on 5th generation backhaul 

networks are presented. 
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Backhaul communication, 5G, backhaul architecture, network backhaul challenges, 

fading mitigation techniques, exceedance probability, outage capacity, system perfor-

mance, terrestrial networks. 
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ȺɡɢŬɟɘůŰɑŮɠ 
 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐ-

ůɞɡɛŮ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ ə. ȷɗŬɜɎůɘɞ ɄŬɜŬɔɧˊɞɡɚɞ, ȾŬɗɖɔɖŰɐ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ 

ɄɞɚɡŰŮɢɜŮɑɞɡ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛŬɠ ɏŭŮɘɝŮ ůŰɖɜ ŬɜɎɗŮůɖ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ Űɖɜ 

ŮɡəŬɘɟɑŬ ˊɞɡ ɛŬɠ ɏŭɤůŮ ɜŬ ŬůɢɞɚɖɗɞɨɛŮ ŮəŰŮɜɏůŰŮɟŬ ɛŮ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ. 

ɇɞɜ ŮɡɢŬɟɘůŰɞɨɛŮ ɗŮɟɛɎ ɔɘŬ Űɖɜ ůɡɜŮɢɐ əŬɗɞŭɐɔɖůɖ əŬɘ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ ˊɞɡ 

ɛŬɠ ˊŬɟŮɑɢŮ ɧɚɞ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ.  

Ⱥˊɑůɖɠ, ɗŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐůɞɡɛŮ Űɞɡɠ əŬɗɖɔɖŰɏɠ ɛŬɠ ə. ɄŬɜŬɔɘɩŰɖ ȾɤŰŰɐ, 

ɞ ɞˊɞɑɞɠ ɐŰŬɜ ɞ ˊɟɩŰɞɠ əŬɗɖɔɖŰɐɠ ˊɞɡ ɛŬɠ ŮɘůɐɔŬɔŮ ůŰɞ əɞɛɛɎŰɘ Űɤɜ ŰɖɚŮˊɘəɞɘɜɤ-

ɜɘɩɜ əŬɘ ɛŬɠ ŮɜɏˊɜŮɡůŮ ɜŬ ŬəɞɚɞɡɗɐůɞɡɛŮ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ ŰɞɛɏŬ, Űɞɜ ə. ũŮɩɟɔɘɞ 

ūɘəɘɩɟɖ ɔɘŬ Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ ɛŬɠ ˊŬɟŮɑɢŮ ůŰɞ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖ-

Űɘəɩɜ ˊŮŭɑɤɜ əŬɘ Űɞɜ ə. ɉɟɐůŰɞ ȾŬɣɎɚɖ ɔɘŬ Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ ɛŬɠ ˊŬɟŮɑɢŮ ůŰŬ ˊŮŭɑŬ 

Űɤɜ əŮɟŬɘɩɜ, ŬůɨɟɛŬŰɤɜ ɕŮɨɝŮɤɜ əŬɘ ŭɞɟɡűɞɟɘəɩɜ Ůˊɘəɞɘɜɤɜɘɩɜ. ȼ ůɡɛɓɞɚɐ ɧɚɤɜ 

Űɤɜ əŬɗɖɔɖŰɩɜ ɛŬɠ ɐŰŬɜ ůɖɛŬɜŰɘəɐ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɞɘŰɖŰɘəɐɠ ɛŬɠ ˊɞɟŮɑŬɠ.  

ȷəɧɛɖ, ɗŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐůɞɡɛŮ ɞ əŬɗɏɜŬɠ ɝŮɢɤɟɘůŰɎ Űɞɡɠ ɔɞɜŮɑɠ ɛŬɠ ɉɟɐ-

ůŰɞ əŬɘ ȷɚŮɝɎɜŭɟŬ, ȷɚɏɝŬɜŭɟɞ əŬɘ ȾɤɜůŰŬɜŰɑŬ əŬɘ ŰŬ ŬŭɏɚűɘŬ ɛŬɠ, ɆɞűɑŬ əŬɘ ȯɟɖ 

ɔɘŬ Űɖɜ ˊɚɐɟɖ ůŰɐɟɘɝɖ əŬɘ Űɖɜ ŬɔɎˊɖ Űɞɡɠ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. ɀŬɕɑ ɛŮ ŬɡŰɞɨɠ ŮɡɢŬ-

ɟɘůŰɞɨɛŮ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ Űɖɠ ɕɤɐɠ ɛŬɠ, ȹɖɛɐŰɟɖ əŬɘ ɅŬűŬɏɚŬ ˊɞɡ ŮɑɜŬɘ ˊɎɜŰŬ ŭɑˊɚŬ 

ɛŬɠ əŬɘ Űɞɡɠ əŬɟŭɘŬəɞɨɠ ɛŬɠ űɑɚɞɡɠ ɉɟɨůŬ, ɁɘəɞɚɏŰŬ, ɀŬɟɘɎɜɜŬ, ȼɚɘɎɜŬ, ȺɡŬɔɔŮɚɑŬ, 

ȾɤɜůŰŬɜŰɑɜŬ, ȾŬŰŮɟɑɜŬ, ŪŮɧŭɤɟɞ, ɆŰɏɟɔɘɞ, ȯəɖ. 

ɇɏɚɞɠ, ɗŬ ɗɏɚŬɛŮ ɜŬ ŬɜŬűɏɟɞɡɛŮ ˊɤɠ ɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŬűɘŮɟɩɜŮŰŬɘ ůŰɘɠ 

ɞɘəɞɔɏɜŮɘŮɠ ɛŬɠ. 
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1 ȾŮűɎɚŬɘɞ: ɇŬ ŭɑəŰɡŬ 5ɖɠ ɔŮɜɘɎɠ 

1.1 ȺɘůŬɔɤɔɐ 

ȼ ŬůɨɟɛŬŰɖ əɑɜɖůɖ ŭŮŭɞɛɏɜɤɜ ŬɡɝɎɜŮŰŬɘ ɛŮ ɟɡɗɛɧ Ɏɜɤ Űɞɡ 50% ŮŰɖůɑɤɠ ŬɜɎ 

ůɡɜŭɟɞɛɖŰɐ əŬɘ ɖ ŰɎůɖ ŬɡŰɐ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ əŬŰɎ Űɖɜ ŮˊɧɛŮɜɖ ŭŮəŬŮŰɑŬ 

ɛŮ Űɖ ůɡɜŮɢɐ ɢɟɐůɖ ɓɑɜŰŮɞ əŬɘ Űɖɜ Ɏɜɞŭɞ Űɞɡ ȹɘŬŭɘəŰɨɞɡ Űɤɜ ɄɟŬɔɛɎŰɤɜ (IoT - 

Internet of Things). ũɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ŬɡŰɐ ɖ ɕɐŰɖůɖ, ɖ ŬůɨɟɛŬŰɖ ɓɘɞɛɖɢŬɜɑŬ əɘ-

ɜŮɑŰŬɘ ˊɟɞɠ Űɖɜ ˊɏɛˊŰɖ ɔŮɜɘɎ (5G) Űɖɠ əɡɣŮɚɤŰɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɛɘəɟɞəɡɛŬŰɘəɏɠ (mmWave) ůɡɢɜɧŰɖŰŮɠ ɔɘŬ ɜŬ ˊɟɞůűɏɟŮɘ ˊɟɤŰɞűŬɜɏɠ űɎůɛŬ əŬɘ ɟɡɗ-

ɛɞɨɠ ŭŮŭɞɛɏɜɤɜ ˊɞɚɚŬˊɚɩɜ Gigabit ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ (Gbps) ůŮ ɛɘŬ əɘɜɖŰɐ ůɡůəŮɡɐ. 

Ƀɘ əɘɜɖŰɏɠ ůɡůəŮɡɏɠ, ɧˊɤɠ ŰŬ əɘɜɖŰɎ ŰɖɚɏűɤɜŬ, ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ Ůɝɞˊɚɘůɛɧɠ 

ɢɟɐůŰɖ (UE - User Equipment). ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ŰŬ əŬɜɎɚɘŬ Ůɨɟɞɡɠ ɕɩɜɖɠ 1 GHz ůŰŬ 

28 ɐ 73 GHz ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ɟɡɗɛɞɨɠ ŭŮŭɞɛɏɜɤɜ ŬɟəŮŰɩɜ Gbps ůŰɞɜ 

UE ɛŮ ɛɘəɟɏɠ űŬůɘəɏɠ ůŰɞɘɢŮɘɞəŮɟŬɑŮɠ ůŰɖɜ əɘɜɖŰɐ ůɡůəŮɡɐ [1], Ůɜɩ ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ 

ŮɑɜŬɘ ŭɡɜŬŰɞɑ ɛɏɔɘůŰɞɘ ɟɡɗɛɞɑ Űɤɜ 15 Gbps ɛŮ űŬůɘəɐ ůŰɞɘɢŮɘɞəŮɟŬɑŬ 4 Ĭ 4 ůŰɞɜ UE 

əŬɘ ŬˊɧůŰŬůɖ 200 m ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ɓɎůɖɠ (BS - Base Station). 

ȼ ɃɛɞůˊɞɜŭɘŬəɐ ȺˊɘŰɟɞˊɐ Ⱥˊɘəɞɘɜɤɜɘɩɜ Űɤɜ ȼɄȷ (FCC - Federal 

Communications Commission) ŮɜɏəɟɘɜŮ Űɞ 2016 Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɎůɛŬŰɞɠ 

"Spectrum Frontiers" Űɤɜ 10.85 GHz Űɞɡ ɛɘəɟɞəɡɛŬŰɘəɞɨ űɎůɛŬŰɞɠ ɔɘŬ Űɘɠ ŮɝŮɚɑɝŮɘɠ 

Űɞɡ 5G. 

ɇɞ Ůɨɟɞɠ ɕɩɜɖɠ Űɤɜ ɛɘəɟɞəɡɛŬŰɘəɩɜ ŬůɨɟɛŬŰɤɜ əŬɜŬɚɘɩɜ 5G ɗŬ ŮɑɜŬɘ ˊɎɜɤ 

Ŭˊɧ ŭɏəŬ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŰŬ ůɖɛŮɟɘɜɎ əŬɜɎɚɘŬ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ 4G Long-

Term Evolution (LTE) Űɤɜ 20 MHz. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ɛɐəɖ əɨɛŬŰɞɠ ůɡɟɟɘəɜɩɜɞɜŰŬɘ 

əŬŰɎ ɛɘŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ůɖɛŮɟɘɜɏɠ ɛɘəɟɞəɡɛŬŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ 4G, 

ɖ ˊŮɟɑɗɚŬůɖ əŬɘ ɖ ŭɘŮɑůŭɡůɖ ɡɚɘəɩɜ ɗŬ Ůˊɘűɏɟɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŮɝŬůɗɏɜɖůɖ, ŬɡɝɎɜɞ-

ɜŰŬɠ ɏŰůɘ Űɖ ůɖɛŬůɑŬ Űɖɠ ŭɘɎŭɞůɖɠ ɛŮ ɞˊŰɘəɐ ŮˊŬűɐ (LOS - Line Of Sight), Űɖɠ ŬɜɎ-

əɚŬůɖɠ əŬɘ Űɖɠ ůəɏŭŬůɖɠ. ɇŬ Ŭəɟɘɓɐ əŬɘ ŬɝɘɧˊɘůŰŬ ɛɞɜŰɏɚŬ ŭɘɎŭɞůɖɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ 

ůɖɛŬůɑŬɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ ɜɏɤɜ ˊɟɤŰɞəɧɚɚɤɜ ɛɘəɟɞəɡɛŬŰɘəɐɠ ůɖɛŬŰɞŭɞůɑŬɠ (ˊ.ɢ. 

ŭɘŮˊŬűɏɠ ŬɏɟŬ). ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ˊŬɟɞɡůɘŬůŰŮɑ ɛŮŰɟɐůŮɘɠ əŬɘ ɛɞɜŰɏɚŬ ɔɘŬ 

ɏɜŬ Ůɡɟɨ űɎůɛŬ ůŮɜŬɟɑɤɜ Ŭˊɧ ˊɞɚɚɏɠ ŮŰŬɘɟŮɑŮɠ əŬɘ ŮɟŮɡɜɖŰɘəɏɠ ɞɛɎŭŮɠ. [2] 

ȼ ɞɟɔɎɜɤůɖ Űɞɡ ŮɘůŬɔɤɔɘəɞɨ ŬɡŰɞɨ əŮűŬɚŬɑɞɡ ŮəŰɡɚɑůůŮŰŬɘ ɤɠ Ůɝɐɠ: ȼ ŮɜɧŰɖŰŬ 

1.2 ůɡɜɞɣɑɕŮɘ Űɘɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ Űɞɡ 5G ůɡůŰɐɛŬŰɞɠ Űɤɜ ŬɜŬŭɡɧɛŮɜɤɜ ŭɘəŰɨɤɜ ɛɘ-

əɟɞəɡɛŬŰɘəɐɠ ŬůɨɟɛŬŰɖɠ ŮˊɘəɞɘɜɤɜɑŬɠ əŬɘ ɖ ŮɜɧŰɖŰŬ 1.3 ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ 



 

 

 

2 

ˊɞɚɡŮˊɑˊŮŭɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɤɜ ŭɘəŰɨɤɜ 5G. ȼ ŮɜɧŰɖŰŬ 1.4 ˊŮɟɘɔɟɎűŮɘ Űɖ ɟŬŭɘɞŮˊŬűɐ, 

ɖ ŮɜɧŰɖŰŬ 1.5 ŬɜŬɚɨŮɘ Űɖɜ ɕɩɜɖ Űɞɡ ɛɖ ŬŭŮɘɞŭɞŰɖɛɏɜɞɡ WiFi əŬɘ Űɏɚɞɠ ůŰɖɜ ŮɜɧŰɖŰŬ 

1.6 ˊŮɟɘɔɟɎűɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ŭɑəŰɡŬ ɞɢɖɛɎŰɤɜ əŬɘ ɞɘ ŮɡűɡŮɑɠ ɛŮŰŬűɞɟɏɠ. 

1.2 ȺɘůŬɔɤɔɐ ůŰɘɠ ɏɜɜɞɘŮɠ Űɞɡ ŭɘəŰɨɞɡ 5G əŬɘ ůŰɘɠ ŭɘŮˊŬűɏɠ ŬɏɟŬ 

 ɇɞ ŭɑəŰɡɞ 5G ɡˊɧůɢŮŰŬɘ ɛŮɔɎɚɖ ŮɡŮɚɘɝɑŬ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ ˊɚɖɗɩɟŬɠ ůɡ-

ůəŮɡɩɜ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ ȹɘŬŭɘəŰɨɞɡ (IP), ŬɟɢɘŰŮəŰɞɜɘəɩɜ ɛɘəɟɩɜ əɡɣŮɚɩɜ əŬɘ ˊɡ-

əɜɩɜ ˊŮɟɘɞɢɩɜ əɎɚɡɣɖɠ. Ƀɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɞɟŬɛŬŰɑɕɞɜŰŬɘ ɔɘŬ Űɞ 5G ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

Űɞ ŬˊŰɧ ɑɜŰŮɟɜŮŰ, Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɞɢɐɛŬŰɞɠ ɛŮ ɧɢɖɛŬ, Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɞɢɐɛŬŰɞɠ ɛŮ 

ɡˊɞŭɞɛɐ, əŬɗɩɠ əŬɘ Űɖɜ peer-to-peer (ɞɛɧŰɘɛɖ) ŮˊɘəɞɘɜɤɜɑŬ əŬɘ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛɖ-

ɢŬɜɐɠ ɛŮ ɛɖɢŬɜɐ, ɞɘ ɞˊɞɑŮɠ ɗŬ ŬˊŬɘŰɞɨɜ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɐ əŬɗɡůŰɏɟɖůɖ ŭɘəŰɨɞɡ əŬɘ 

ɕɐŰɖůɖ əŬŰɎ ˊŮɟɑˊŰɤůɖ ɔɘŬ ɛŮɔɎɚŮɠ ŮəɟɐɝŮɘɠ ŭŮŭɞɛɏɜɤɜ ůŮ ɛɘəɟɞůəɞˊɘəɏɠ ɢɟɞɜɘəɏɠ 

Ůˊɞɢɏɠ. Ƀɘ ŰɟɏɢɞɡůŮɠ əŬɗɡůŰŮɟɐůŮɘɠ əɡəɚɘəɐɠ ŭɘŬŭɟɞɛɐɠ Űɞɡ 4G LTE əŬɘ Űɞɡ WiFi 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ 20-60 ms ŬɚɚɎ Űɞ 5G ɗŬ ˊɟɞůűɏɟŮɘ əŬɗɡůŰŮɟɐůŮɘɠ əɡəɚɘəɐɠ ŭɘŬŭɟɞɛɐɠ 

Űɖɠ ŰɎɝɖɠ Űɞɡ 1 ms. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.1, Űɞ ůɖɛŮɟɘɜɧ 4G əɡɣŮɚɤŰɧ ŭɑəŰɡɞ 

ŮɝŮɚɑůůŮŰŬɘ ɔɘŬ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɞ 5G, ɧˊɞɡ ɖ ŬˊɞűɧɟŰɘůɖ Űɞɡ WiFi, ɞɘ ɛɘəɟɏɠ əɡɣɏɚŮɠ 

əŬɘ ɖ ŭɘŬɜɞɛɐ ŭŮŭɞɛɏɜɤɜ ŮɡɟŮɑŬɠ ɕɩɜɖɠ ɗŬ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭɘŬəɞɛɘůŰɏɠ ůŰŬ ɎəɟŬ Űɞɡ 

ŭɘəŰɨɞɡ (edge servers) ɔɘŬ ɜŬ əɎɜɞɡɜ ŭɡɜŬŰɏɠ ɜɏŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ɛŮ ɢŬɛɖɚɧŰŮɟɖ 

əŬɗɡůŰɏɟɖůɖ.  
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ɆɢɐɛŬ 1.1: ȼ ́ɞɚɡŮˊɑˊŮŭɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ 5G [1]. 
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1.2.1 Ƀɘ ɏɜɜɞɘŮɠ Űɤɜ backhaul əŬɘ fronthaul 

ɆŰɞ ɆɢɐɛŬ 1.1 űŬɑɜŮŰŬɘ ˊɩɠ ɖ backhaul ɕŮɨɝɖ ɐ backhaul ůɡɜŭɏŮɘ Űɖ ůŰŬɗŮɟɐ 

əɡɣŮɚɤŰɐ ɡˊɞŭɞɛɐ (ˊ.ɢ. BS ï Base Station) ɛŮ Űɞɜ əɞɟɛɧ Űɞɡ ŰɖɚŮűɤɜɘəɞɨ ŭɘəŰɨɞɡ 

əŬɘ Űɞ ŭɘŬŭɑəŰɡɞ. Ⱥˊɑůɖɠ, ɖ backhaul ɛŮŰŬűɏɟŮɘ Űɖɜ əɡəɚɞűɞɟɑŬ ŭŮŭɞɛɏɜɤɜ ɛŮŰŬɝɨ 

Űɞɡ Űɞˊɘəɞɨ ɡˊɞŭɘəŰɨɞɡ (ˊ.ɢ. Űɘɠ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ UE əŬɘ BSs) əŬɘ Űɞɡ ŭɘəŰɨɞɡ əɞɟ-

ɛɞɨ (ˊ.ɢ. Űɞ ŭɘŬŭɑəŰɡɞ əŬɘ Űɞ ɔɟŬűŮɑɞ ɛŮŰŬɔɤɔɐɠ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ (MSO - Mobile 

Switching Telephone Office)). ɇɞ 4G əŬɘ ɖ WiFi backhaul əŬɘ ɧɢɘ ɖ ŭɘŮˊŬűɐ ŬɏɟŬ, 

ŬˊɞŰŮɚɞɨɜ ůɡɢɜɎ ˊɖɔɏɠ ůɡɛűɧɟɖůɖɠ Űɖɠ əɡəɚɞűɞɟɑŬɠ ůŰŬ ůɨɔɢɟɞɜŬ ŭɑəŰɡŬ, ŭŮŭɞɛɏ-

ɜɞɡ ɧŰɘ ɞɘ backhaul ɕŮɨɝŮɘɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ ɓŬůɘɕɧɛŮɜŮɠ ůŮ ˊŬəɏŰŬ Ethernet-over-

Fiber ɕŮɨɝŮɘɠ, ˊŬɟɏɢɞɡɜ ůɡɜɐɗɤɠ ˊŮɟɑˊɞɡ 1 Gbps, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ əŬŰŬɜŬ-

ɚɤɗŮɑ Ŭˊɧ ˊɞɚɚɞɨɠ UEs. ɆŮ ɛɘŬ Űɡˊɘəɐ ŰɞˊɞɗŮůɑŬ ɛŬəɟɞəɡɣɏɚɖɠ, ɛɘŬ ɛɞɜɎŭŬ ɓŬůɘəɐɠ 

ɕɩɜɖɠ (BBU - BaseBand Unit) ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬ ɞɟɘɞɗŮŰɖɛɏɜɞ ɢɩɟɞ ůŰɖ ɓɎůɖ ɛɘŬɠ 

ŬˊɞɛŬəɟɡůɛɏɜɖɠ ŰɞˊɞɗŮůɑŬɠ əɡɣɏɚɖɠ əŬɘ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɖɜ backhaul. 

ȼ BBU ŮˊŮɝŮɟɔɎɕŮŰŬɘ əŬɘ ŭɘŬɛɞɟűɩɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊŬəɏŰɤɜ IP Ŭˊɧ Űɞ ŭɑəŰɡɞ əɞɟɛɞɨ 

ůŮ ɣɖűɘŬəɎ ůɐɛŬŰŬ ɓŬůɘəɐɠ ɕɩɜɖɠ ˊɞɡ ɛŮŰŬŭɑŭɞɜŰŬɘ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɟŬŭɘɞəŮűŬ-

ɚɏɠ (RRHs - Remote Radio Heads). ɇɞ ɣɖűɘŬəɧ ůɐɛŬ ɓŬůɘəɐɠ ɕɩɜɖɠ əɘɜŮɑŰŬɘ Ŭˊɧ Űɖɜ 

BBU ůŮ ɏɜŬ RRH ɛɏůɤ ɛɘŬɠ əɞɘɜɐɠ ŭɖɛɧůɘŬɠ ɟŬŭɘɞŭɘŮˊŬűɐɠ (CPRI - Common Public 

Radio Interface) ɛɏůɤ ɛɘŬɠ ɣɖűɘŬəɐɠ radio-over-fiber (D-RoF - Digital Radio-over-

Fiber) ɕŮɨɝɖɠ, Ůˊɑůɖɠ ɔɜɤůŰɐɠ ɤɠ fronthaul ɕŮɨɝɖ ɐ fronthaul. ȼ RRH ɛŮŰŬŰɟɏˊŮɘ Űɞ 

ɣɖűɘŬəɧ ůɐɛŬ ůŮ ŬɜŬɚɞɔɘəɧ ɔɘŬ ɛŮŰɎŭɞůɖ ɛɏůɤ Űɞɡ ŬɏɟŬ ůŰɖ űɏɟɞɡůŬ ůɡɢɜɧŰɖŰŬ 

ůɡɜŭɏɞɜŰŬɠ ŮɜɘůɢɡŰɏɠ əŬɘ əŮɟŬɑŮɠ ɔɘŬ Űɖ ɛŮŰɎŭɞůɖ Űɖɠ əŬɗɞŭɘəɐɠ ɕŮɨɝɖɠ Ŭˊɧ Űɞɜ 

ˊɨɟɔɞ əɡɣɏɚɖɠ. ɇɞ RRH ɛŮŰŬŰɟɏˊŮɘ Ůˊɑůɖɠ Űɞ ɚŬɛɓŬɜɧɛŮɜɞ ůɐɛŬ Ŭɜɞŭɘəɐɠ ɕŮɨɝɖɠ 

ɟŬŭɘɞůɡɢɜɧŰɖŰŬɠ (RF - RadioFrequency) Ŭˊɧ Űɞɡɠ UEs ůŮ ɣɖűɘŬəɧ ůɐɛŬ ɓŬůɘəɐɠ ɕɩ-

ɜɖɠ Űɞ ɞˊɞɑɞ əɘɜŮɑŰŬɘ Ŭˊɧ Űɖɜ RRH ůŰɖɜ BBU ɛɏůɤ Űɖɠ ɑŭɘŬɠ ůɨɜŭŮůɖɠ CPRI əŬɘ D-

RoF ůŰɖ ɓɎůɖ Űɞɡ ˊɨɟɔɞɡ əɡɣɏɚɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ BBU ŮˊŮɝŮɟɔɎɕŮŰŬɘ əŬɘ ˊŬəŮŰɎɟŮɘ 

Űɞ ɣɖűɘŬəɧ ůɐɛŬ ɓŬůɘəɐɠ ɕɩɜɖɠ Ŭˊɧ Űɖɜ RRH əŬɘ Űɞ ŬˊɞůŰɏɚɚŮɘ ɛɏůɤ ɛɘŬɠ backhaul 

ɕŮɨɝɖɠ ůŰɞ ŭɑəŰɡɞ əɞɟɛɞɨ. ɆɡɜɞˊŰɘəɎ, ɖ fronthaul ɕŮɨɝɖ ŮɑɜŬɘ ɖ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɖɠ 

RRH əŬɘ Űɖɠ BBU əŬɘ ˊɟɞɠ Űɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ əŬɘ ɖ backhaul ɕŮɨɝɖ ŮɑɜŬɘ ɖ ůɨɜŭŮůɖ 

ɛŮŰŬɝɨ Űɖɠ BBU əŬɘ Űɞɡ ŭɘəŰɨɞɡ əɞɟɛɞɨ əŬɘ ˊɟɞɠ Űɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ. 

Ƀɘ ůɨɔɢɟɞɜŮɠ əɡɣŮɚɤŰɏɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ ɡˊɞůŰɖɟɑɕɞɡɜ ɛɘŬ ˊɘɞ ŮɡɏɚɘəŰɖ ŬɜɎ-

ˊŰɡɝɖ Űɤɜ ɟŬŭɘɞˊɧɟɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ əŬŰŬɜŮɛɖɗɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ŰŮɢɜɘəɐ 

ŭɘəŰɨɞɡ ɟŬŭɘɞˊɟɧůɓŬůɖɠ ɜɏűɞɡɠ, ɧˊɞɡ ɏɜŬɠ BS ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ, ɏɜŬ ɛɏɟɞɠ ɧˊɞɡ 

ɞɘ RRHs ɓɟɑůəɞɜŰŬɘ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɗɏůŮɘɠ əɡɣŮɚɩɜ əŬɘ ůŰɞ Ɏɚɚɞ ɛɏɟɞɠ, ɛɘŬ 
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əŮɜŰɟɘəɐ BBU ɓɟɑůəŮŰŬɘ ůŮ ŬˊɧůŰŬůɖ ɏɤɠ əŬɘ ŭŮəɎŭɤɜ ɢɘɚɘɞɛɏŰɟɤɜ (ɓɚ. ɆɢɐɛŬ 1.1). 

ɇɞ CPRI ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ fronthaul əŬɘ ŭɘŬůɡɜŭɏŮɘ Űɖɜ əŮɜŰɟɘəɐ BBU əŬɘ Űɘɠ ˊɞɚ-

ɚŬˊɚɏɠ RRHs ɛɏůɤ D-RoF. ɇɞ ŬůɨɟɛŬŰɞ ɛɘəɟɞəɡɛŬŰɘəɧ backhaul əŬɘ fronthaul ɗŬ 

ˊɟɞůűɏɟŮɘ ɟɡɗɛɞɨɠ ŭŮŭɞɛɏɜɤɜ əŬɘ Ůɨɟɞɠ ɕɩɜɖɠ ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ Űɘɠ ɞˊŰɘəɏɠ ɑɜŮɠ ůŰɖɜ 

ɡˊɞŭɞɛɐ ɢɤɟɑɠ ŰŬ ɏɝɞŭŬ ŬɜɎˊŰɡɝɖɠ ŮɜůɨɟɛŬŰɤɜ ŭɘəŰɨɤɜ backhaul ɐ D-RoF ɛŮɔɎɚɖɠ 

ŮɛɓɏɚŮɘŬɠ [3] 

 

1.2.2 ȼ ɏɜɜɞɘŬ Űɖɠ ɛɘəɟɐɠ əɡɣɏɚɖɠ 

ȰɜŬɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ Űɟɧˊɞɠ Ŭɨɝɖůɖɠ Űɖɠ űŬůɛŬŰɘəɐɠ Ŭˊɧŭɞůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ŮɑɜŬɘ ɖ ůɡɟɟɑəɜɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɡɣŮɚɩɜ, ɧˊɞɡ ɞ ɛŮɘɤɛɏɜɞɠ Ŭɟɘɗɛɧɠ ɢɟɖůŰɩɜ 

ŬɜɎ əɡɣɏɚɖ, ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖ ůɡɟɟɑəɜɤůɖ Űɤɜ əɡɣŮɚɩɜ, ˊŬɟɏɢŮɘ ˊŮɟɘůůɧŰŮɟɞ 

űɎůɛŬ ůŮ əɎɗŮ ɢɟɐůŰɖ. ȼ ůɡɜɞɚɘəɐ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ŬɡɝɎɜŮŰŬɘ əŬŰɎ ˊɞɚɨ 

ɛŮ Űɖ ůɡɟɟɑəɜɤůɖ Űɤɜ əɡɣŮɚɩɜ əŬɘ Űɖɜ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ űɎůɛŬŰɞɠ, Ůɜɩ ɞɘ 

ɛŮɚɚɞɜŰɘəɞɑ BSs əŬɘ ɞɘ ɎɛŮůŮɠ ůɡɜŭɏůŮɘɠ ůɡůəŮɡɐɠ ˊɟɞɠ ůɡůəŮɡɐ ɛŮŰŬɝɨ Űɤɜ UEs 

ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ˊɟɞůűɏɟɞɡɜ ůŰɞ 5G ɛŮɔŬɚɨŰŮɟɖ ɢɤɟɖŰɘəɧŰɖŰŬ ŬɜɎ ɢɟɐůŰɖ [4]. Ƀɘ 

femto-əɡɣɏɚŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɎɕɞɡɜ ŭɡɜŬɛɘəɎ Űɖ ůɨɜŭŮůɐ Űɞɡɠ ɛŮ Űɞ ŭɑəŰɡɞ əɞɟ-

ɛɞɨ Űɞɡ ˊŬɟɧɢɞɡ ɗŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ˊɟɞəɚɐůŮɘɠ, ɧˊɤɠ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊŬɟŮɛɓɞɚɩɜ 

RF əŬɘ ɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ɢɟɞɜɞˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ əŬɘ Űɞɡ ůɡɔɢɟɞɜɘůɛɞɨ, əŬɘ ɔɘŬ ŬɡŰɧ 

ŬɜŬˊŰɨɢɗɖəŬɜ ŭɘɎűɞɟŮɠ ůŰɟŬŰɖɔɘəɏɠ Ŭˊɞűɡɔɐɠ ˊŬɟŮɛɓɞɚɩɜ əŬɘ ˊɟɞůŬɟɛɞůŰɘəɞɨ Ů-

ɚɏɔɢɞɡ ɘůɢɨɞɠ. ȼ ŬɜɎɚɡůɖ Űɖɠ ŬůɨɟɛŬŰɖɠ əɑɜɖůɖɠ backhaul ůŰŬ 5.8 GHz, 28 GHz əŬɘ 

60 GHz ůŮ ŭɨɞ Űɡˊɘəɏɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ ŭɘəŰɨɤɜ ɏŭŮɘɝŮ ɧŰɘ ɖ űŬůɛŬŰɘəɐ Ŭˊɧŭɞůɖ əŬɘ ɖ 

ŮɜŮɟɔŮɘŬəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ ŬɡɝɎɜɞɜŰŬɘ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛɘəɟɩɜ əɡɣŮ-

ɚɩɜ. 

1.3 ɄɞɚɡŮˊɑˊŮŭɖ ŬɟɢɘŰŮəŰɞɜɘəɐ ŭɘəŰɨɤɜ 5G 

ɇɞ ůɢɏŭɘɞ ŭɟɎůɖɠ ɔɘŬ ŰŬ ŭɑəŰɡŬ 5G ɗŬ ŬɝɘɞˊɞɘɐůŮɘ ɛɘŬ ˊɞɚɡŮˊɑˊŮŭɖ ŬɟɢɘŰŮəŰɞ-

ɜɘəɐ əɡɣŮɚɩɜ 4G ɛŮɔŬɚɨŰŮɟɖɠ əɎɚɡɣɖɠ ɛŮ ɏɜŬ ɡˊɞəŮɑɛŮɜɞ ŭɑəŰɡɞ ˊɡəɜɧŰŮɟŬ ŰɞˊɞɗŮ-

Űɖɛɏɜɤɜ BS 5G, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.1. ɀɘŬ ŬɟɢɘŰŮəŰɞɜɘəɐ ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏ-

ŭɤɜ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɓŬɗɛɑŭŮɠ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞŰŮ-

ɟŬɘɧŰɖŰŮɠ ɔɘŬ Űɖɜ ˊɟɧůɓŬůɖ ůŮ əŬɜɎɚɘŬ əŬɘ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ůɡɜŭɏůŮɤɜ (ˊ.ɢ. ɛŬəɟɞ-

əɡɣɏɚŮɠ, ɛɘəɟɏɠ əɡɣɏɚŮɠ əŬɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ůɡůəŮɡɩɜ). ȰŰůɘ ɡˊɞůŰɖɟɑɕɞɜŰŬɘ ɡɣɖ-

ɚɧŰŮɟɞɘ ɟɡɗɛɞɑ ŭŮŭɞɛɏɜɤɜ, ɢŬɛɖɚɧŰŮɟŮɠ əŬɗɡůŰŮɟɐůŮɘɠ, ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ əŬŰŬɜɎ-

ɚɤůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ ŭɘŬɢŮɑɟɘůɖ ˊŬɟŮɛɓɞɚɩɜ ɛŮ Űɖ ɢɟɐůɖ əɟɘŰɖɟɑɤɜ ɚŬɛɓɎɜɞɜŰŬɠ 
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ɡˊɧɣɖ Űɞɡɠ ˊɧɟɞɡɠ ɔɘŬ Űɖ ůɡůɢɏŰɘůɖ Űɤɜ BSs əŬɘ ŰŬ űɞɟŰɑŬ əɑɜɖůɖɠ ˊɞɡ əŬŰŬɜɏɛɞɜŰŬɘ 

ůŰɞ ɢɟɧɜɞ əŬɘ ůŰɞ ɢɩɟɞ. Ƀɘ ŮűŬɟɛɞɔɏɠ 5G ɗŬ ŬˊŬɘŰɐůɞɡɜ Ůˊɑůɖɠ ɜɏŮɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ 

ŭɘəŰɨɤɜ ˊɞɡ ɗŬ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖ ůɨɔəɚɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŬůɨɟɛŬŰɤɜ ŰŮɢɜɞɚɞɔɘɩɜ 

(ˊ.ɢ. WiFi, LTE, ɛɘəɟɞəɨɛŬŰŬ, IoT ɢŬɛɖɚɐɠ ɘůɢɨɞɠ), ɞɘ ɞˊɞɑŮɠ ɗŬ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ 

ŮɡɏɚɘəŰɞ əŬɘ ŬˊɟɧůəɞˊŰɞ Űɟɧˊɞ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ Ŭɟɢɏɠ ŭɘəŰɨɤůɖɠ ɞɟɘůɛɏɜɖɠ Ŭˊɧ 

ɚɞɔɘůɛɘəɧ (SDN - Software Defined Networking) əŬɘ Ůɘəɞɜɞˊɞɑɖůɖɠ ŭɘəŰɨɞɡ (Network 

Virtualization) [1]. 

1.4 ȹɘŮˊŬűɐ Űɞɡ ŬɏɟŬ 

Ƀ ůɢŮŭɘŬůɛɧɠ ɜɏɤɜ ŭɘŮˊŬűɩɜ ŬɏɟŬ űɡůɘəɞɨ Ůˊɘˊɏŭɞɡ ŬˊɞŰŮɚŮɑ ŮɜŮɟɔɧ ˊŮŭɑɞ Űɖɠ 

ɏɟŮɡɜŬɠ ɔɘŬ ŰŬ ŭɑəŰɡŬ 5G. ŪŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůɢɐɛŬŰŬ ůɖɛŬŰɞŭɞůɑŬɠ ˊɞɡ ˊŬɟɏɢɞɡɜ 

ɢŬɛɖɚɧŰŮɟɖ əŬɗɡůŰɏɟɖůɖ, ɔɟɐɔɞɟɞ ůɢɖɛŬŰɘůɛɧ ŭɏůɛɖɠ (beamforming) əŬɘ ůɡɔɢɟɞɜɘ-

ůɛɧ, ɛŮ ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ ɢɟɞɜɞɗɡɟɑŭŮɠ əŬɘ əŬɚɨŰŮɟɖ űŬůɛŬŰɘəɐ Ŭˊɧŭɞůɖ Ŭˊɧ Űɖɜ ɞɟ-

ɗɞɔɩɜɘŬ ˊɞɚɡˊɚŮɝɑŬ ŭɘŬɑɟŮůɖɠ ůɡɢɜɧŰɖŰŬɠ (OFDM - Orthogonal Frequency Division 

Model) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ 4G. Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɟŬɛɛɘəɎ ůɢɐɛŬŰŬ 

ŭɘŬɛɧɟűɤůɖɠ, ɧˊɤɠ ɖ ŭɘŬɛɧɟűɤůɖ űɑɚŰɟɤɜ ˊɞɚɚŬˊɚɩɜ űŮɟɧɜŰɤɜ (FBMC - Filter 

Bank MultiCarrier), ůŰɖɜ ɞˊɞɑŬ ɞɘ ɡˊɞ-űɏɟɞɡůŮɠ ˊŮɟɜɞɨɜ ɛɏůŬ Ŭˊɧ űɑɚŰɟŬ ˊɞɡ əŬŰŬ-

ůŰɏɚɚɞɡɜ Űɘɠ ŭŮɡŰŮɟŮɨɞɡůŮɠ ˊŬɟŮɛɓɞɚɏɠ (ˊɚŮɡɟɘəɞɑ ɚɞɓɞɑ). ȼ ɔŮɜɘəŮɡɛɏɜɖ ˊɞɚɡˊɚŮɝɑŬ 

ŭɘŬɑɟŮůɖɠ ůɡɢɜɧŰɖŰŬɠ (GFDM - General Frequency Division Multiplexing) ůŮ ůɨ-

ɔəɟɘůɖ ɛŮ Űɖɜ OFDM ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ůɖɛŮɟɘɜɧ 4G LTE (ɖ ɞˊɞɑŬ ɏɢŮɘ ɏɜŬ 

əɡəɚɘəɧ ˊɟɧɗŮɛŬ ŬɜɎ ůɨɛɓɞɚɞ əŬɘ ɡɣɖɚɏɠ Ůəˊɞɛˊɏɠ ŮəŰɧɠ ɕɩɜɖɠ) ɓŮɚŰɘɩɜŮɘ Űɖ űŬ-

ůɛŬŰɘəɐ Ŭˊɧŭɞůɖ əŬɘ ɏɢŮɘ ˊŮɟɑˊɞɡ 15 dB ŬůɗŮɜɏůŰŮɟŮɠ Ůəˊɞɛˊɏɠ ŮəŰɧɠ ɕɩɜɖɠ. ȷəɧɛŬ 

ɏɢɞɡɛŮ Űɖ ŭɘŬɛɧɟűɤůɖ ɞɟɗɞɔɩɜɘɞɡ ůɢɐɛŬŰɞɠ ɢɩɟɞɡ - ɢɟɧɜɞɡ - ůɡɢɜɧŰɖŰŬɠ (OTFS - 

Orthogonal Time Frequency Space) ˊɞɡ ɛŮŰŬŭɑŭŮɘ ŰŬ ůɐɛŬŰŬ ůŰɞ ŮˊɑˊŮŭɞ ɢɟɧɜɞɡ-ůɡ-

ɢɜɧŰɖŰŬɠ, ɚɧɔɤ Űɞɡ ŬɜɩŰŮɟɞɡ ŭɘŬűɞɟɘůɛɞɨ əŬɘ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŮɡŮɚɘɝɑŬɠ ůŰɞ ůɢŮŭɘŬ-

ůɛɧ Űɤɜ ŭɞəɘɛɩɜ. ȼ ŬɜŬŰɟɞűɞŭɧŰɖůɖ əŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ əŬɜŬɚɘɞɨ 

ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɖɠ əŬŰŮɡɗɡɜŰɘəɐɠ ŬɜŬɕɐŰɖůɖɠ/əŬɗɞŭɐɔɖůɖɠ ŭɏůɛɖɠ ɗŬ ŮɑɜŬɘ Ůˊɑ-

ůɖɠ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ. 

1.5 ɀɖ ŬŭŮɘɞŭɞŰɖɛɏɜɞ WiFi ɔɘŬ ŭɑəŰɡŬ 5G 

ɇɞ ɛɘəɟɞəɡɛŬŰɘəɧ WiFi ɔɘŬ Űɘɠ ɛɖ ŬŭŮɘɞŭɞŰɖɛɏɜŮɠ ɕɩɜŮɠ 57-64 GHz ŬɜŬˊŰɨů-

ůŮŰŬɘ Ůŭɩ əŬɘ ůɢŮŭɧɜ ɛɘŬ ŭŮəŬŮŰɑŬ, ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɡˊɞˊɞɑɖůɖɠ WirelessHD əŬɘ 

IEEE 802.11ad ɜŬ ɝŮəɘɜɎ Űɞ 2007 əŬɘ Űɞ 2009 ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ůɡůəŮɡɏɠ IEEE 802.11ad, 

ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ ɟɡɗɛɞɨɠ əŬŰɎ ɛɏɔɘůŰɞ 7 Gbps əŬɘ ŰŬ ˊɟɞɥɧɜŰŬ 
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WirelessHD, ŰŬ ɞˊɞɑŬ űŰɎɜɞɡɜ ŰŬ 4 Gbps ɛŮ ɗŮɤɟɖŰɘəɞɨɠ ɟɡɗɛɞɨɠ ŭŮŭɞɛɏɜɤɜ ɏɤɠ əŬɘ 

25 Gbps ŮɑɜŬɘ ɐŭɖ ŭɘŬɗɏůɘɛŬ. ȸŬůɘůɛɏɜŬ ůŰɖɜ ɘůŰɞɟɑŬ Űɞɡ ˊɟɞŰɨˊɞɡ WiFi IEEE 

802.11n, ŭɨɞ ɜŮɧŰŮɟŬ ˊɟɧŰɡˊŬ, ŰŬ IEEE 802.11ac əŬɘ 802.11ad, ŬˊɞŰŮɚɞɨɜ Űɟɞˊɞˊɞɘ-

ɐůŮɘɠ ˊɞɡ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ ɩůŰŮ ɜŬ űŰɎůŮɘ Űɞ 1 Gbps ůŰɖ ɕɩɜɖ Űɤɜ 5 GHz 

əŬɘ ɏɤɠ əŬɘ 7 Gbps ůŰɖ ɕɩɜɖ Űɤɜ 60 GHz, ŬɜŰɑůŰɞɘɢŬ. ɀɘŬ Ůˊɘůəɧˊɖůɖ Űɤɜ Űɟɞˊɞˊɞɘ-

ɐůŮɤɜ Űɞɡ IEEE Gigabit ɔɘŬ ŰŬ ŬůɨɟɛŬŰŬ ŰɞˊɘəɎ ŭɑəŰɡŬ (WLAN - Wireless Local 

Access Network) (IEEE 802.11ac əŬɘ 802.11ad) ŭŮɑɢɜŮɘ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ 

ŭɨɞ ˊɟɞŰɨˊɤɜ ɔɘŬ ŮˊɘəɞɘɜɤɜɑŮɠ ˊɞɚɚŬˊɚɩɜ gigabit. ũɘŬ Űɞ ˊɟɧŰɡˊɞ 802.11ad ŰŬ Ŭɝɘɞ-

ůɖɛŮɑɤŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɔɟɐɔɞɟɖ ɛŮŰŬűɞɟɎ ˊŮɟɘɧŭɞɡ (session 

transfer) ɔɘŬ ŬˊɟɧůəɞˊŰɖ ˊŰɩůɖ Űɞɡ ɟɡɗɛɞɨ ŭŮŭɞɛɏɜɤɜ (əŬɘ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ) ɛŮ-

ŰŬɝɨ Űɤɜ űɡůɘəɩɜ ůŰɟɤɛɎŰɤɜ (PHY - Physical layer) Űɤɜ 60 GHz əŬɘ Űɤɜ 2,4/5 GHz 

əŬɘ ɓŮɚŰɘɩůŮɘɠ ůŰɞɜ ɏɚŮɔɢɞ ɛɏůɞɡ ˊɟɧůɓŬůɖɠ (MAC - Medium Access Control) ɔɘŬ 

əŬŰŮɡɗɡɜŰɘəɏɠ əŮɟŬɑŮɠ, ŭɘŬɛɧɟűɤůɖ ŭɏůɛɖɠ, backhaul, ŬɜŬɛŮŰŬŭɧŰŮɠ əŬɘ ŰŮɢɜɘəɏɠ ɢɤ-

ɟɘəɐɠ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ. ũɘŬ Űɘɠ ɓŮɚŰɘɩůŮɘɠ Űɞɡ PHY, ɖ ŭɘŬɛɧɟűɤůɖ ŭɏůɛɖɠ ɛŮ 

ɢɟɐůɖ əŬŰŮɡɗɡɜŰɘəɩɜ əŮɟŬɘɩɜ ɐ ůŰɞɘɢŮɘɞəŮɟŬɘɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ 

ɞɘ ŬɡɝɖɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ůŰŬ 60 GHz. ɇɞ ˊɟɧŰɡˊɞ IEEE 802.11ay ŮɑɜŬɘ ɏɜŬ Ůɜ ŮɝŮɚɑɝŮɘ 

ɏɟɔɞ ɛŮ ůŰɧɢɞ Űɖɜ ɡˊɞůŰɐɟɘɝɖ ɛɏɔɘůŰɖɠ Ŭˊɧŭɞůɖɠ ŰɞɡɚɎɢɘůŰɞɜ 20 Gbps ůŰɖɜ ɛɖ Ŭ-

ŭŮɘɞŭɞŰɖɛɏɜɖ ɕɩɜɖ Űɤɜ 60 GHz. ɇɏɚɞɠ ŮɑɜŬɘ ɓɏɓŬɘɞ ɧŰɘ ɗŬ ˊɟɞəɨɣɞɡɜ ɜŮɧŰŮɟŬ ˊɟɧ-

ŰɡˊŬ WiFi ɔɘŬ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ɜɏɞɡ ɛɖ ŬŭŮɘɞŭɞŰɖɛɏɜɞɡ űɎůɛŬŰɞɠ 64-71 GHz 

[5]. 

1.6 ȹɑəŰɡŬ ɃɢɖɛɎŰɤɜ  

Ƀɘ ŮˊɘəɞɘɜɤɜɑŮɠ ɛŮŰŬɝɨ ɞɢɖɛɎŰɤɜ (V2V - Vehicle-to-Vehicle) ŬˊɞŰŮɚɞɨɜ ůɖɛŬ-

ɜŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɞŭɘəɐɠ ŬůűɎɚŮɘŬɠ əŬɘ Űɖ ɛŮɑɤůɖ Űɖɠ əɡəɚɞűɞɟɘŬ-

əɐɠ ůɡɛűɧɟɖůɖɠ. Ⱥˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ, Űɞ ˊɘɞ ŭɘŮɟŮɡɜɩɛŮɜɞ ůɨůŰɖɛŬ ŮɑɜŬɘ Űɞ ˊɟɧŰɡˊɞ 

IEEE 802.11p Űɞ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ ůŰɖ ɕɩɜɖ Űɤɜ 5.9 GHz ɔɘŬ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ V2V əŬɘ 

Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɞɢɐɛŬŰɞɠ-ɡˊɞŭɞɛɐɠ (V2I - Vehicle-to-Infrastructure) ˊɞɡ ŮɑɜŬɘ ɔɜɤ-

ůŰɏɠ ɤɠ ŬˊɞəɚŮɘůŰɘəɏɠ ŮˊɘəɞɘɜɤɜɑŮɠ ɛɘəɟɞɨ Ůɨɟɞɡɠ (DSRC - Dedicated Short Range 

Communications). Ƀɘ ɛɘəɟɞəɡɛŬŰɘəɏɠ ɕɩɜŮɠ (ˊ.ɢ. 24 GHz əŬɘ 77 GHz) ŮɑɜŬɘ ŮɚəɡůŰɘ-

əɏɠ ɔɘŬ Űɘɠ ŮˊɘəɞɘɜɤɜɑŮɠ V2V əŬɘ V2I, (ˊ.ɢ. ŬɡŰɞəɑɜɖŰŬ, ůɘŭɖɟɞŭɟɞɛɘəɎ ůɡůŰɐɛŬŰŬ 

ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ əŬɘ ɛŮŰɟɧ), ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ůɡɜŭŮŭŮɛɏɜŬ ɞɢɐɛŬŰŬ ɗŬ ɢɟŮɘɎɕɞɜŰŬɘ 

ɟɡɗɛɞɨɠ ɛŮŰɎŭɞůɖɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ Gbps, ɞɘ ɞˊɞɑɞɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ůŰŬ 

Ůɨɟɖ ɕɩɜɖɠ əŬɜŬɚɘɞɨ 10 MHz ůŰŬ 5.9 GHz ůŰɞ ůɖɛŮɟɘɜɧ 4G. Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ůɡɜ-

ŭŮůɘɛɧŰɖŰŬɠ V2V ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ŭɡůəɞɚɑŬ ŮˊɑŰŮɡɝɖɠ ˊɟŬɔɛŬŰɘəɐɠ ɢɤɟɘəɐɠ 



 

 

 

7 

ůɡɜɞɢɐɠ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ůɨɜŭŮůɖɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɞɢɐɛŬŰŬ ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ. 

ȺəŰɘɛɐůŮɘɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɞɘ əŬŰŮɡɗɡɜŰɘəɏɠ əŮɟŬɑŮɠ ůŰŮɜɐɠ ŭɏůɛɖɠ ŮɑɜŬɘ ˊɘɞ əŬŰɎɚ-

ɚɖɚŮɠ ɔɘŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ IEEE 802.11p əŬɘ ŭɘɎűɞɟŬ ůɡůŰɐ-

ɛŬŰŬ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖ ɢɟɐůɖ ˊɟɞůŬɟɛɞůŰɘəɩɜ əŮɟŬɘɩɜ ɔɘŬ ŰŬɢɏɤɠ əɘɜɞɨɛŮɜŮɠ 

ŮˊɘəɞɘɜɤɜɑŮɠ V2V. 
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2 ȾŮűɎɚŬɘɞ: ȼ Ůɝɏɚɘɝɖ Űɞɡ ŭɘəŰɨɞɡ ɟŬŭɘɞˊɟɧůɓŬůɖɠ Backhaul 

2.1 ȺɘůŬɔɤɔɐ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬɟɢɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɔŮɜɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬɜŬűɞɟɎɠ 

backhaul ɔɘŬ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ RAN 2G əŬɘ 3G, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ɛɑŬ ůɨɜŰɞɛɖ ˊŮɟɘ-

ɔɟŬűɐ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɞɡ, ˊɞɡ ŬˊɞŰŮɚŮɑ ˊɚɏɞɜ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ůɢŮ-

ŭɘŬůɛɞɨ ɜɏɤɜ ɡˊɖɟŮůɘɩɜ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ 

backhaul ɕŮɨɝŮɤɜ ɡˊŬɔɞɟŮɨɞɡɜ Űɞ əɧůŰɞɠ əŮűŬɚŬɑɞɡ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŭɘəŰɨɞɡ, ɞɘ 

ˊɎɟɞɢɞɘ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ŭɑɜɞɡɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ɏɛűŬůɖ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ 

RAN backhaul. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ˊŬɟɏɢŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ Ůˊɘůəɧˊɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ backhaul, Ŭˊɧ Űɞɡɠ ˊŬɚŬɘɞɨɠ ɛŮŰŬɔɤɔŮɑɠ ŭɘŬůɨɜŭŮůɖɠ TDM (DCS - 

Digital Cross-connect Switches), ɏɤɠ Űɞɡɠ ŭɟɞɛɞɚɞɔɖŰɏɠ ˊɞɚɚŬˊɚɩɜ ɡˊɖɟŮůɘɩɜ (MSR 

- Multi -Service Router) ɛŮ ŭɡɜŬŰɧŰɖŰŬ MPLS (Multiprotocol Label Switching).  

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮˊŮəŰŮɑɜɞɡɛŮ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ 

LTE backhaul. ȳˊɤɠ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɛŮ əɎɗŮ ɜɏŬ ɔŮɜɘɎ ŰŮɢɜɞɚɞɔɑŬɠ ɟŬŭɘɞˊɟɧůɓŬ-

ůɖɠ (RAT - Radio Access Technology), Űɞ LTE ŮɘůɐɔŬɔŮ ŬɟəŮŰɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞ 

ůɢŮŭɘŬůɛɧ Űɞɡ ŭɘəŰɨɞɡ backhaul, ɞɘ ɞˊɞɑŮɠ əŬɘ ŬɜŬɚɨɞɜŰŬɘ. 

2.2 ȸŬůɘəɐ ȷɟɢɘŰŮəŰɞɜɘəɐ ůŰɖɜ Backhaul ɕŮɨɝɖ 

ȳɚŮɠ ɞɘ ɛɞɟűɏɠ ŰŮɢɜɞɚɞɔɘɩɜ ŬůɨɟɛŬŰɖɠ ˊɟɧůɓŬůɖɠ ŬˊŬɘŰɞɨɜ ŮɜůɨɟɛŬŰŮɠ ɐ Ŭ-

ůɨɟɛŬŰŮɠ ɕŮɨɝŮɘɠ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ əɑɜɖůɖɠ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ ɟŬŭɘɞŮˊɘəɞɘɜɤɜɑŬɠ ůŰɘɠ 

ɗɏůŮɘɠ Ůɚɏɔɢɞɡ ɐ ɛŮŰŬɔɤɔɐɠ. ȷɡŰɏɠ ɞɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬűɞɟɎɠ ŬˊɞŰŮɚɞɨɜ ůɡɚɚɞɔɘəɎ Űɞ 

ŭɑəŰɡɞ ɟŬŭɘɞˊɟɧůɓŬůɖɠ backhaul (RAN - Radio Access Network). 

ɀɑŬ ɔŮɜɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ Űɡˊɘəɞɨ ŰɛɐɛŬŰɞɠ RAN backhaul ˊŮɟɘɚŬɛɓɎɜŮɘ 

ŰɟɑŬ əɨɟɘŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ˊɞɡ ŮɑɜŬɘ ɞɘ ŰɞˊɞɗŮůɑŮɠ əɡɣɏɚɖɠ, əɧɛɓɞɡ əŬɘ ɔɟŬ-

űŮɑɞɡ əɘɜɖŰɐɠ ɛŮŰŬɔɤɔɐɠ (MSO - Mobile Switching Ƀffice). ɆŮ ŬɡŰɏɠ Űɘɠ ŰɞˊɞɗŮůɑŮɠ, 

ŮəŰŮɚɞɨɜŰŬɘ ɚŮɘŰɞɡɟɔɑŮɠ ůɡɔəɏɜŰɟɤůɖɠ, ɛŮŰŬɔɤɔɐɠ əŬɘ ŭɟɞɛɞɚɧɔɖůɖɠ ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ 

ɛŮŰŬűɞɟɎ Űɖɠ əɑɜɖůɖɠ ɛŮŰŬɝɨ Űɞɡ ŭɘəŰɨɞɡ ɟŬŭɘɞˊɟɧůɓŬůɖɠ əŬɘ Űɞɡ ŭɘəŰɨɞɡ əɞɟɛɞɨ. 

ɄŬɟɧɚɞ ˊɞɡ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ɚŮɘŰɞɡɟ-

ɔɘɩɜ ůŮ ŬɡŰɎ ŰŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɝŮɚɑůůɞɜŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, ɖ Ŭɟ-

ɢɘŰŮəŰɞɜɘəɐ Űɞɡ ŭɘəŰɨɞɡ ˊŬɟŬɛɏɜŮɘ ůɢŮŰɘəɎ ůŰŬɗŮɟɐ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.1. 
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ɆɢɐɛŬ 2.1: ũŮɜɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬɜŬűɞɟɎɠ RAN backhaul [6]. 

 

ȷɜŬɚɡŰɘəɧŰŮɟŬ ůɢŮŰɘəɎ ɛŮ Űɞ ɆɢɐɛŬ 2.1, ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɢɐɛŬ ɡɚɞˊɞɑɖůɖɠ 

Űɖɠ RAN backhaul ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɛŮ ɓɎůɖ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ŭɘŮˊŬűɏɠ ůŰɘɠ ůɡůəŮɡɏɠ 

Űɖɠ əɡɣɏɚɖɠ, Űɞɡ əɧɛɓɞɡ əŬɘ Űɖɠ ɗɏůɖɠ Űɞɡ MSO, ɞɘ ɞˊɞɑŮɠ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ (ICB , ICH), 

(IHC , IHM ), (IMH , IMR ), ŬɜŰɑůŰɞɘɢŬ. ȼ Ůˊɘɚɞɔɐ Űɤɜ ŭɘŮˊŬűɩɜ IXX ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘ-

ˊŰɩůŮɘɠ ɡˊŬɔɞɟŮɨŮŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ŭɘəŰɨɞɡ ɛŮŰŬűɞɟɎɠ, ˊ.ɢ. ɛŮŰŬɔɤɔɐɠ əɡ-

əɚɩɛŬŰɞɠ ɐ ɛŮŰŬɔɤɔɐɠ ˊŬəɏŰɞɡ. Ⱥˊɘˊɚɏɞɜ, ɖ ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮŰŬɝɨ 

Űɤɜ ŭɘŮˊŬűɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ ŬɡŰɩɜ Űɤɜ ůɡůəŮɡɩɜ ɛˊɞɟŮɑ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

Ŭɜ Űɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ ŮɑɜŬɘ ɘŭɘɧəŰɖŰɞ ɐ ɛɘůɗɤɛɏɜɞ.  

ɆɖɛŬɜŰɘəɧ ůɖɛŮɑɞ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ Ůɜɧɠ ŭɘəŰɨɞɡ RAN backhaul ŮɑɜŬɘ ɖ ŮəŰɑ-

ɛɖůɖ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ŭɘŮˊŬűɏɠ əŬŰɎ ɛɐəɞɠ Űɖɠ Ŭɟɢɘ-

ŰŮəŰɞɜɘəɐɠ ŬɜŬűɞɟɎɠ.  

2.3 ȹɘŬŭɘəŬůɑŬ ɆɢŮŭɘŬůɛɞɨ Űɖɠ RAN Backhaul  

Ɇɡɜɐɗɤɠ, ɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ Űɖɠ RAN backhaul ůɡɜŭɏŮŰŬɘ ůŰŮɜɎ ɛŮ Űɖ 

ŭɘŬŭɘəŬůɑŬ ɛɖɢŬɜɘəɐɠ Űɖɠ əɑɜɖůɖɠ. ȼ ɛɖɢŬɜɘəɐ Űɖɠ əɑɜɖůɖɠ ůŰŬ ŭɑəŰɡŬ əɘɜɖŰɐɠ ŰɖɚŮ-

űɤɜɑŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ůɡɜŭɟɞɛɖŰɩɜ, ˊɞɡ Ŭ-

űɞɟɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ űɤɜɖŰɘəɩɜ əɚɐůŮɤɜ ŬɜɎ ɢɟɐůŰɖ, Űɖ ŭɘɎɟəŮɘɎ Űɞɡɠ əŬɘ Űɖ ɢɟɐůɖ 

ŭŮŭɞɛɏɜɤɜ ůŮ Ŭɟɘɗɛɧ bits ŬɜɎ Űɨˊɞ ŮűŬɟɛɞɔɐɠ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŮəŰɘɛɐůŮɤɜ Űɖɠ ɛɏ-

ɔɘůŰɖɠ əŬɘ Űɖɠ ɛɏůɖɠ əɑɜɖůɖɠ ůŰɞ ŭɑəŰɡɞ ˊɟɧůɓŬůɖɠ əŬɘ ůŰɞ ŭɑəŰɡɞ əɞɟɛɞɨ. ȺəŰɧɠ 

Ŭˊɧ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɡɜŭɟɞɛɖŰɐ əŬɘ Űɖɠ ɢɟɐůɖɠ Űɤɜ ŮűŬɟɛɞɔɩɜ, ɖ ɛɖɢŬɜɘəɐ Űɖɠ 

əɑɜɖůɖɠ ɚŬɛɓɎɜŮɘ Ůˊɑůɖɠ ɡˊɧɣɖ Űɞ ůɢŮŭɘŬůɛɧ ɟŬŭɘɞůɡɢɜɧŰɖŰŬɠ (RF - Radio 
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Frequency) əŬɘ ŰŬ ɧɟɘŬ ɢɤɟɖŰɘəɧŰɖŰŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŭɘŬűɧɟɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ŭɘəŰɨɞɡ, 

ɧˊɤɠ ɞ ůŰŬɗɛɧɠ ɓɎůɖɠ ˊɞɛˊɞŭɏəŰɖ (BTS - Base Transceiver Station) əŬɘ ɞ ŮɚŮɔəŰɐɠ 

ůŰŬɗɛɞɨ ɓɎůɖɠ (BSC - Base Station Controller).  

ɆŰɞ Űɏɚɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛɖɢŬɜɘəɐɠ Űɖɠ əɑɜɖůɖɠ ŮəŰɘɛɎŰŬɘ ɛɘŬ ůɡɚɚɞɔɐ ɚɞɔɘ-

əɩɜ ŬˊŬɘŰɐůŮɤɜ ɛŮŰŬɝɨ ɛɘŬɠ ɞɛɎŭŬɠ BTS əŬɘ BSC. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ŭɘŬŭɘəŬůɑŬ ůɢŮ-

ŭɘŬůɛɞɨ Űɖɠ RAN backhaul ɢɟɖůɘɛɞˊɞɘŮɑ ŬɡŰɧ Űɞ ůɨɜɞɚɞ ɚɞɔɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ɔɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ ɛŮŰŬűɞɟɎɠ, ŭɘŬŰɖɟɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɞɡɠ ŬˊŬɘŰɞɨɛŮɜɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ QoS (Quality of Service), ɧˊɤɠ ɖ əŬɗɡůŰɏɟɖůɖ, ɖ ŬˊɩɚŮɘŬ ˊŬəɏŰɤɜ əŬɘ 

ɖ ŭɘŬəɨɛŬɜůɖ (jitter) Űɤɜ ɡˊɞůŰɖɟɘɕɧɛŮɜɤɜ ŮűŬɟɛɞɔɩɜ. ȼ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧ-

ůŰɞɡɠ ɛŮŰŬűɞɟɎɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɏɜŬ əɞɘɜɧ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɧˊɞɡ Űɞ əɧůŰɞɠ 

Űɖɠ Űɞˊɘəɐɠ ɛŮŰŬɔɤɔɐɠ ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ ɛŮ Űɞ əɧůŰɞɠ ɛɘŬɠ ůɨɜŭŮůɖɠ ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ Űɖɠ əɑɜɖůɖɠ ůŮ ɛɘŬ ˊɘɞ ɓɏɚŰɘůŰɖ ɗɏůɖ ɛŮŰŬɔɤɔɐɠ. Ƀ ůɢŮŭɘŬůɛɧɠ ɛɑŬɠ RAN 

backhaul əŬɘ ɖ ůɢŮŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛɖɢŬɜɘəɐɠ Űɖɠ əɑɜɖůɖɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 

2.2.  

ɆɢɐɛŬ 2.2: ȹɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ RF əŬɘ ɛɖɢŬɜɘəɐɠ Űɖɠ əɑɜɖůɖɠ ˊɞɡ ˊŬɟɏɢŮɘ Űɘɠ Ŭ-

ˊŬɘŰɞɨɛŮɜŮɠ Ůɘůɟɞɏɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ RAN backhaul [6]. 

 

ɆŰɞ ɆɢɐɛŬ 2.2, ɖ ŭɘŬŭɘəŬůɑŬ ɛɖɢŬɜɘəɐɠ Űɖɠ əɑɜɖůɖɠ ŬɜŬɚɨŮŰŬɘ ůɡɛɓŬŰɘəɎ ůŮ ŭɨɞ 

ɝŮɢɤɟɘůŰɏɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ˊɟɧůɓŬůɖɠ űɤɜɐɠ əŬɘ ŭŮŭɞɛɏɜɤɜ. 

ɀŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ VoIP (Voice over IP), ɖ űɤɜɐ ɗŬ ɔɑɜŮɘ ŰŮɚɘəɎ Ɏɚɚɖ ɛɑŬ ŮűŬɟɛɞɔɐ 

ůŰɞ ůɨɜɞɚɞ Űɤɜ ůɖɛŮɟɘɜɩɜ ŮűŬɟɛɞɔɩɜ ŭŮŭɞɛɏɜɤɜ 
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2.4 Ⱥɝɏɚɘɝɖ ɇŮɢɜɞɚɞɔɘɩɜ RAN Backhaul 

ɄŬɟŬŭɞůɘŬəɎ ɞɘ ŬˊŬɘŰɐůŮɘɠ ůɢŮŭɘŬůɛɞɨ Űɤɜ ŭɘəŰɨɤɜ RAN backhaul əŬɗɞŭɖ-

ɔɞɨɜŰŬɜ Ŭˊɧ Űɖɜ əɑɜɖůɖ Űɖɠ űɤɜɐɠ. ɋůŰɧůɞ, əŬɗɩɠ ɞɘ ůɡůəŮɡɏɠ əŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɤɜ 

ŰŮɚɘəɩɜ ɢɟɖůŰɩɜ ŮɝŮɚɑůůɞɜŰŬɘ, ɖ ɏɛűŬůɖ ŭɑɜŮŰŬɘ ˊɚɏɞɜ ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ ɡˊɖɟŮůɘɩɜ 

əɘɜɖŰɩɜ ŭŮŭɞɛɏɜɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŭɑəŰɡŬ backhaul ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ɔɘŬ ɜŬ ɘəŬɜɞ-

ˊɞɘɐůɞɡɜ Űɘɠ ŬɡůŰɖɟɏɠ ŬˊŬɘŰɐůŮɘɠ Ůɨɟɞɡɠ ɕɩɜɖɠ Űɖɠ ˊɟɧůɓŬůɖɠ ˊŬəɏŰɤɜ ɡɣɖɚɐɠ ŰŬ-

ɢɨŰɖŰŬɠ (HSPA - High Speed Packet Access) əŬɘ Űɤɜ ɓŮɚŰɘɩůŮɤɜ 1x evolution-data 

optimized (EV-DO) ůŰŬ ŭɑəŰɡŬ WCDMA (Wideband Code Division Multiple Access) 

əŬɘ CDMA2000. ȷɡŰɏɠ ɞɘ ɓŮɚŰɘɩůŮɘɠ, ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ŭɨɝɖůɖɠ Űɤɜ ɛɏɔɘůŰɤɜ ɟɡɗ-

ɛɩɜ ŭŮŭɞɛɏɜɤɜ əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ɡűɘůŰɎɛŮ-

ɜɞɡɠ ɟɡɗɛɞɨɠ, ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ ůɖɛŬɜŰɘəɎ Űɞ əɧůŰɞɠ ɛŮŰŬűɞɟɎɠ, ŮɎɜ ŰŬ ŭɑəŰɡŬ 

backhaul ůɢŮŭɘɎɕɞɜŰŬɘ ɛɏůɤ Űɖɠ ůɡɜɐɗɞɡɠ ˊɟɞůɏɔɔɘůɖɠ TDM/ɛŮŰŬɔɤɔɐɠ əɡəɚɩɛŬ-

Űɞɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞɘ ˊɎɟɞɢɞɘ ŬɜŬɕɖŰɞɨɜ Űɟɧˊɞɡɠ ɛŮɑɤůɖɠ ŬɡŰɞɨ Űɞɡ əɧůŰɞɡɠ ɛŮ Űɖɜ 

ŮɘůŬɔɤɔɐ ŰŮɢɜɞɚɞɔɘɩɜ ůɡɔəɏɜŰɟɤůɖɠ ɐ/əŬɘ ɛŮŰŬɔɤɔɐɠ ůŮ ŮˊɑˊŮŭɞ ˊŬəɏŰɤɜ ůŮ ŭɘɎ-

űɞɟŬ ůɖɛŮɑŬ ɛŮŰŬɝɨ Űɞɡ RAN əŬɘ Űɤɜ ŭɘəŰɨɤɜ əɞɟɛɞɨ. ȼ Ůɝɏɚɘɝɖ Űɤɜ ůɡůəŮɡɩɜ Űɤɜ 

əɡɣŮɚɩɜ, Űɤɜ əɧɛɓɤɜ əŬɘ Űɤɜ ůɡůəŮɡɩɜ MSO, ɩůŰŮ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɖɜ ŬɜŬ-

űŮɟɧɛŮɜɖ ɛŮŰŬŰɧˊɘůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ backhaul, ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭəɞɚɞɨɗɤɠ. 

2.4.1 ɆɡůəŮɡɐ ɇɞˊɞɗŮůɑŬɠ Ⱦɡɣɏɚɖɠ (Cell site device) 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.1, ɛɘŬ ůɡůəŮɡɐ əɡɣɏɚɖɠ ůɡɔəŮɜŰɟɩɜŮɘ Űɖɜ əɑɜɖůɖ 

Ŭˊɧ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ BTS/əɧɛɓɞɡɠ Bs ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ɗɏůɖ. Ɇɡɜɐɗɤɠ ɔɘŬ ŰŬ ŭɑəŰɡŬ 

2G, ɞɘ ůɡůəŮɡɏɠ əɡɣɏɚɖɠ ŭŮɜ ɗŮɤɟɞɨɜŰŬɜ ŬˊŬɟŬɑŰɖŰŮɠ, əŬɗɩɠ ɖ əɑɜɖůɖ ˊɞɡ ˊɟɞŮɟɢɧ-

ŰŬɜ Ŭˊɧ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ BTS ɐŰŬɜ Űɖɠ ŰɎɝɖɠ ɛŮɟɘəɩɜ Mbps əɘ ɧɢɘ ŬɟəŮŰɐ ɔɘŬ ɜŬ 

ŭɘəŬɘɞɚɞɔɐůŮɘ ɛɘŬ ŮɝŮɘŭɘəŮɡɛɏɜɖ ůɡůəŮɡɐ. Ƀɘ ˊŮɟɘˊŰɩůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɐɟɢŬɜ ŰɏŰɞɘŮɠ 

ůɡůəŮɡɏɠ ůŰɖɜ əɡɣɏɚɖ ŭɘəŬɘɞɚɞɔɞɨɜŰŬɜ əɡɟɑɤɠ ɔɘŬ ɚŮɘŰɞɡɟɔɘəɞɨɠ ɚɧɔɞɡɠ, ɧˊɤɠ ɖ Ŭ-

ˊɞɛɧɜɤůɖ ůűŬɚɛɎŰɤɜ, ɖ ŬˊɞɛŬəɟɡůɛɏɜɖ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞɓɚɖɛɎŰɤɜ ə.ɚˊ. ɋůŰɧůɞ, 

əŬɗɩɠ ɖ ŬˊŬɑŰɖůɖ əɡəɚɞűɞɟɑŬɠ Ŭˊɧ əɎɗŮ əɧɛɓɞ ȸ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŬɡɝɖɗŮɑ ŬɟəŮŰɎ, ɞɘ 

ɚŮɘŰɞɡɟɔɑŮɠ ŭɘŮɡɗɏŰɖůɖɠ Űɖɠ əɑɜɖůɖɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ əɟɑ-

ɜɞɜŰŬɘ ŬˊŬɟŬɑŰɖŰŮɠ, əŬɗɘůŰɩɜŰŬɠ ŬɜŬɔəŬɑŬ ɛɘŬ Ůɘŭɘəɐ ůɡůəŮɡɐ ɔɘŬ Űɖɜ ŰɞˊɞɗŮůɑŬ əɡ-

ɣɏɚɖɠ. ȼ ŬˊŬɑŰɖůɖ ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ ɕŮɨɝŮɤɜ ɛŮŰŬűɞɟɎɠ ɟŬŭɘɞŰŮɢɜɞɚɞɔɘɩɜ ˊɞɚɚŬ-

ˊɚɩɜ ɔŮɜŮɩɜ ŮˊɘŰŬɢɨɜŮɘ ˊŮɟŬɘŰɏɟɤ ŬɡŰɐ Űɖ ɕɐŰɖůɖ. 

ȾŬɗɩɠ ɖ ůɡůəŮɡɐ Űɖɠ ɗɏůɖɠ əɡɣɏɚɖɠ ŭɘŬůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɞ BTS/əɧɛɓɞ ȸ, 

ɖ Ůɝɏɚɘɝɐ Űɖɠ ůɡɜŭɏŮŰŬɘ ůŰŮɜɎ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭɘŮˊŬűɩɜ BTS/əɧɛɓɞɡ 
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ȸ. ɋɠ Ůə ŰɞɨŰɞɡ, ŭɘŮɟŮɡɜɩɜŰŬɘ ɞɘ ŰɎůŮɘɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭɘŮˊŬűɩɜ ůŮ BTS/əɧɛɓɞɡɠ 

Bs ɔɘŬ ɜŬ ŬɘŰɘɞɚɞɔɖɗŮɑ ɖ ŬɜŰɑůŰɞɘɢɖ Ůɝɏɚɘɝɖ Űɤɜ ůɡůəŮɡɩɜ əɡɣɏɚɖɠ. Ƀɘ ůɢŮŰɘəɏɠ ˊŰɡ-

ɢɏɠ Űɖɠ Ůɝɏɚɘɝɖɠ Űɤɜ BTS/Node Bs, ɧˊɤɠ ɖ űɡůɘəɐ ŭɘŮˊŬűɐ, ɖ ŭɘŮˊŬűɐ Ůˊɘˊɏŭɞɡ ůɨɜ-

ŭŮůɖɠ/ŭɘəŰɨɞɡ əŬɘ ɖ ŬˊŬɑŰɖůɖ Ůɨɟɞɡɠ ɕɩɜɖɠ ɔɘŬ ɏɜŬ Űɡˊɘəɧ ůŮɜɎɟɘɞ ŬɜɎˊŰɡɝɖɠ, ˊŬ-

ɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.3. 

 

 

ɆɢɐɛŬ 2.3: Ⱥɝɏɚɘɝɖ Űɤɜ ŭɘŮˊŬűɩɜ BTS/əɧɛɓɞɡ ȸ [6]. 
 

ɇɞ ɆɢɐɛŬ 2.3 ŮˊɘɢŮɘɟŮɑ ɜŬ ŬˊɞŰɡˊɩůŮɘ ŭɨɞ ůɖɛŬɜŰɘəɏɠ ŰɎůŮɘɠ Ůɝɏɚɘɝɖɠ ɛŮŰŬɝɨ 

Űɤɜ ŭɘŮˊŬűɩɜ, ɞɘ ɞˊɞɑŮɠ ɝŮəɘɜɞɨɜ Ŭˊɧ Űɞ GSM əŬɘ Űɞ IS-95 (CDMA) ɤɠ ɓŬůɘəɏɠ ŰŮ-

ɢɜɞɚɞɔɑŮɠ 2G. Ƀɘ ˊɟɞůˊɎɗŮɘŮɠ Űɡˊɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ GSM ůŰɞ ˊɚŬɑůɘɞ Űɞɡ 

3GPP ŮˊɏɓŬɚŬɜ Űɞ ATM (Asynchronous Transfer Mode) ɤɠ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɞɡ ůŰɟɩ-

ɛŬŰɞɠ ɕŮɨɝɖɠ ŬɜɎɛŮůŬ ůŰɞɜ əɧɛɓɞ ȸ əŬɘ Űɞɜ ŮɚŮɔəŰɐ ɟŬŭɘɞŭɘəŰɨɞɡ (RNC -Radio 

Network Controller), Ŭűɞɨ ɖ ɛŮŰŬűɞɟɎ IP ŭŮɜ ɛˊɞɟɞɨůŮ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ůŰɖɜ Ŭɡ-

ůŰɖɟɐ ŬɝɘɞˊɘůŰɑŬ əŬɘ Űɖɜ QoS ˊɞɡ ůɢŮŰɑɕɞɜŰŬɜ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ŮˊɑˊŮŭɞ ůɨɜŭŮůɖɠ 

TDM ˊɞɡ ɐŰŬɜ ŭɘŬɗɏůɘɛɞ ůŰŬ ŭɑəŰɡŬ GSM. ɋůŰɧůɞ, əŬɗɩɠ Űɞ IP ŮɝŮɚɑɢɗɖəŮ ɤɠ ɖ 

əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ˊɟɞůˊɎɗŮɘŬ, ɖ ɛŮŰŬűɞɟɎ ɢɤɟɑɠ ůɨɜŭŮůɖ, ůŮ ɛŮŰŬűɞɟɎ ɛŮ Ůˊɑɔɜɤůɖ 

Űɖɠ QoS əŬɘ ɛŮ ɏɚŮɔɢɞ Űɖɠ əɡəɚɞűɞɟɑŬɠ, ŰŬ ˊɟɧůűŬŰŬ ˊɟɧŰɡˊŬ 3GPP (R6 əŬɘ ɛŮŰɎ) 

ɡˊŬɔɞɟŮɨɞɡɜ Űɞ IP ɤɠ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŰŮɢɜɞɚɞɔɑŬ ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɖɜ əɚɘɛɎəɤůɖ Űɤɜ 

ŭɘəŰɨɤɜ ɟŬŭɘɞˊɟɧůɓŬůɖɠ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ɖ Űɡˊɞˊɞɑɖůɖ IS-95 (CDMA) ɡˊɧ Űɖɜ ɏɜɤůɖ ɓɘɞɛɖɢŬɜɑŬɠ 

ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ (TIA - Telecommunications Industry Association) ŭŮɜ ɏɢŮɘ əŬɗɞɟɑůŮɘ 
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ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ Ůˊɘˊɏŭɞɡ ɕŮɨɝɖɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮŰŬɝɨ BTS əŬɘ 

BSC. Ƀɘ ůɡɜɐɗŮɘɠ Ůˊɘɚɞɔɏɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ o ɏɚŮɔɢɞɠ ůɨɜŭŮůɖɠ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɞɨ 

Ůˊɘˊɏŭɞɡ (HDLC - High-level Data Link Control) ɐ Űɞ ˊɟɤŰɧəɞɚɚɞ ůɖɛŮɑɞɡ ˊɟɞɠ ůɖ-

ɛŮɑɞ (PPP - Point-to-Point Protocol). ȺɝŬɘŰɑŬɠ ŬɡŰɐɠ Űɖɠ ɛɖ TDM ɛŮɟɞɚɖɣɑŬɠ, ŰŬ Ŭəɧ-

ɚɞɡɗŬ CDMA2000 ˊɟɧŰɡˊŬ ɡˊɧ Űɞ 3GPP2 ůɨɔəɚɘɜŬɜ ɔɟɐɔɞɟŬ ůŰɖ ɛŮŰŬűɞɟɎ ɓɎůŮɘ 

ȽɅ, ˊŬɟŬəɎɛˊŰɤɜŰŬɠ Űɞ ůŰɟɩɛŬ ȷɇɀ ůɡɜɞɚɘəɎ ůŮ ŬɡŰɐ Űɖɜ Ůɝɏɚɘɝɖ. 

Ƀɘ űɡůɘəɏɠ ŭɘŮˊŬűɏɠ ŭŮɜ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ ˊɟɧŰɡˊŬ ŬɚɚɎ ˊŬɟŬɛɏɜɞɡɜ ɤɠ Ů-

ˊɘɚɞɔɐ ɡɚɞˊɞɑɖůɖɠ. ȿɧɔɤ Űɖɠ ŮɡɟŮɑŬɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ɛŮŰŬűɞɟɎɠ ɛŮ ɓɎůɖ Űɞ T1/E1 

ůŰɞ ˊɟɩŰɞ ɛɑɚɘ Űɤɜ ŭɘəŰɨɤɜ ˊɟɧůɓŬůɖɠ, ɞɘ ˊɘɞ ůɡɜɖɗɘůɛɏɜŮɠ űɡůɘəɏɠ ŭɘŮˊŬűɏɠ ůŰŬ 

BTS/Node B ɓŬůɑɕɞɜŰŬɘ ůŰɞ T1/E1. ɋůŰɧůɞ, əŬɗɩɠ ŰŬ ŭɑəŰɡŬ ˊɟɧůɓŬůɖɠ ŬɜŬɓŬɗɛɑ-

ɕɞɜŰŬɘ ˊŬɜŰɞɨ ɔɘŬ ɜŬ ɘəŬɜɞˊɞɘɐůɞɡɜ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɡɣɖɚɧŰŮɟɞɡ ɟɡɗɛɞɨ ŭŮŭɞɛɏɜɤɜ 

ɔɘŬ ůŰŬɗŮɟɐ ŮɡɟɡɕɤɜɘəɧŰɖŰŬ, ɖ ɛŮŰŬűɞɟɎ ɛŮ ɓɎůɖ Űɞ Ethernet ŬɜŬŭŮɘəɜɨŮŰŬɘ ůŮ ŰŮ-

ɢɜɞɚɞɔɑŬ Ůˊɘɚɞɔɐɠ Ŭəɧɛɖ əŬɘ ɛŮŰŬɝɨ Űɤɜ ˊɟɞɛɖɗŮɡŰɩɜ ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ. ɋɠ Ůə Űɞɨ-

Űɞɡ, ɖ əɞɘɜɐ ŬɜŰɑɚɖɣɖ ŮɑɜŬɘ ɧŰɘ ɛɧɚɘɠ ɞɘ ɛɏɔɘůŰɞɘ ɟɡɗɛɞɑ ŭŮŭɞɛɏɜɤɜ ɝŮˊŮɟɎůɞɡɜ əŬŰɎ 

ˊɞɚɨ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ űɞɟɏŬ ɇ1/Ⱥ1, ɞɘ ŭɘŮˊŬűɏɠ Ethernet ɗŬ ɔɑɜɞɡɜ Ůɡɟɏɤɠ ŭɘŬ-

ɗɏůɘɛŮɠ. 

ȹɨɞ ŮɑɜŬɘ ɞɘ ŰɎůŮɘɠ Ůɝɏɚɘɝɖɠ ˊɞɡ ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ Űɖɜ ŬɜŬˊŬ-

ɟɎůŰŬůɖ Űɞɡ ɆɢɐɛŬŰɞɠ 2.3: 

ET1 - ūɡůɘəɏɠ ŭɘŮˊŬűɏɠ ˊɞɡ ŮɝŮɚɑůůɞɜŰŬɘ Ŭˊɧ T1/E1 ůŮ Ethernet.  

ET2 - ȹɘŮˊŬűɏɠ Ůˊɘˊɏŭɞɡ ŭɘəŰɨɞɡ ˊɞɡ ůɡɔəɚɑɜɞɡɜ ůŮ IP.  

ȷɡŰɏɠ ɞɘ ŭɨɞ ŰɎůŮɘɠ Ůɝɏɚɘɝɖɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɨɞ əɞɘɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ˊɟŬ-

əŰɘəɏɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ůɡůəŮɡɐɠ ŰɞˊɞɗŮůɑŬɠ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ. ȼ 

ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɖ ˊŬɟɞɢɐ ŮɚɎɢɘůŰɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ůŰɖ ůɡůəŮɡɐ Űɖɠ əɡɣɏɚɖɠ, 

ɖ ɞˊɞɑŬ ůɡɛˊɚɖɟɩɜŮŰŬɘ ɛŮ Űɘɠ ˊɚɞɨůɘŮɠ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡůəŮɡɏɠ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ 

BSC/RNC. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ůɡůəŮɡɐ əɡɣɏɚɖɠ ůŰɖɜ ɞɡůɑŬ ŬˊŮɘəɞɜɑɕŮɘ Űɖ 

űɡůɘəɐ ŭɘŮˊŬűɐ Űɞɡ BTS ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ ɛŮŰŬűɞɟɎɠ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ůŰɖɜ ɗɏůɖ 

əɡɣɏɚɖɠ. ȼ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɖ ŮəŰɏɚŮůɖ ˊɟɧůɗŮŰɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ŮˊŮɝŮɟɔŬ-

ůɑŬɠ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ, ˊɟɞŮŰɞɘɛŬůɑŬɠ əŬɘ ɛŮŰŬɔɤɔɐɠ ůŰɖɜ ŰɞˊɞɗŮůɑŬ əɡɣɏɚɖɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ůɡůəŮɡɐ əɡɣɏɚɖɠ ˊɟɏˊŮɘ ɜŬ ŰŮɟɛŬŰɑůŮɘ Űɞ ŮˊɑˊŮŭɞ ůɨɜŭŮůɖɠ/ŭɘ-

əŰɨɞɡ ɔɘŬ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ Űɞ ɤűɏɚɘɛɞ űɞɟŰɑɞ ˊɟɘɜ Ŭˊɧ Űɖ ɛŮŰŬűɞɟɎ Űɞɡ ůŰɞ 

BSC/RNC.  
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2.4.2 ɆɡůəŮɡɐ ɇɞˊɞɗŮůɑŬɠ Ⱦɧɛɓɞɡ (Hub Site Device) 

Ƀ əɨɟɘɞɠ ůəɞˊɧɠ ɛɘŬɠ ůɡůəŮɡɐɠ əɧɛɓɞɡ ŮɑɜŬɘ ɜŬ ůɡɔəŮɜŰɟɩɜŮɘ Űɖɜ əɑɜɖůɖ Ŭˊɧ 

ˊɞɚɚɏɠ əɡɣɏɚŮɠ, ɧˊɤɠ ɎɚɚɤůŰŮ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ɔŮɜɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ RAN 

Backhaul Űɞɡ ɆɢɐɛŬŰɞɠ 2.1. Ƀɘ ŮɘůŮɟɢɧɛŮɜŮɠ ɕŮɨɝŮɘɠ ůŮ ɛɘŬ ůɡůəŮɡɐ əɧɛɓɞɡ ˊɟɞɏɟ-

ɢɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ Űɘɠ ůɡůɢŮŰɘɕɧɛŮɜŮɠ ůɡůəŮɡɏɠ əɡɣŮɚɩɜ ŮɑŰŮ Ŭˊɧ ŬˊŮɡɗŮɑŬɠ ŮɜůɨɟɛŬŰŮɠ 

ɐ ŬůɨɟɛŬŰŮɠ ɕŮɨɝŮɘɠ ůɖɛŮɑɞɡ ˊɟɞɠ ůɖɛŮɑɞ Ŭˊɧ BTS/əɧɛɓɞɡɠ Bs. ȷɡŰɧ Űɞ ŮɜŭɘɎɛŮůɞ 

ŮˊɑˊŮŭɞ ůɡɜɎɗɟɞɘůɖɠ ůɡɜɐɗɤɠ ɛŮɘɩɜŮɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ɛŮŰŬűɞɟɎɠ ůɡɜŭɡɎɕɞɜŰŬɠ 

ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɛŮɟɘəɩɠ ɔŮɛɎŰɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ ɕŮɨɝŮɤɜ ůŮ ɚɑɔŮɠ ŬɟəŮŰɎ ɔŮɛɎŰŮɠ 

ŬɜŮɟɢɧɛŮɜŮɠ ɕŮɨɝŮɘɠ ˊɟɞɠ ŰŬ MSOs.  

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Űɟɧˊɞɡɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ůɡůəŮɡɩɜ əɡɣɏɚɖɠ, ɞɘ ůɡůəŮɡɏɠ əɧɛ-

ɓɞɡ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭɘŮˊŬűɩɜ űɡůɘəɞɨ Ůˊɘˊɏŭɞɡ 

ɐ Ůˊɘˊɏŭɞɡ ɕŮɨɝɖɠ/ŭɘəŰɨɞɡ. ȼ ŰɟɏɢɞɡůŬ Ůɝɏɚɘɝɖ Űɤɜ ůɡůəŮɡɩɜ əɧɛɓɞɡ ɛɞɘɎɕŮɘ ˊɞɚɨ 

ɛŮ Űɖɜ Ůɝɏɚɘɝɖ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ɔɘŬ Űɘɠ ůɡůəŮɡɏɠ əɡɣɏɚɖɠ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɡˊɞŮ-

ɜɧŰɖŰŬ. ɋůŰɧůɞ, ɞɘ ůɡůəŮɡɏɠ əɡɣɏɚɖɠ əŬɘ əɧɛɓɞɡ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ ŬˊŬɘŰɞɨ-

ɛŮɜɖ ɘəŬɜɧŰɖŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ Űɞ ŮˊɘŰŮɡɢɗɏɜ ŮˊɑˊŮŭɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȹŮŭɞɛɏɜɞɡ 

ɧŰɘ ɛɘŬ ůɡůəŮɡɐ əɧɛɓɞɡ ůɡɜɐɗɤɠ ŭɘŬɢŮɘɟɑɕŮŰŬɘ əɑɜɖůɖ Ŭˊɧ ˊɞɚɚŬˊɚɏɠ əɡɣɏɚŮɠ, ɞɘ Ŭ-

ˊŬɘŰɐůŮɘɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ Űɖ ůɡůəŮɡɐ 

əɡɣɏɚɖɠ. Ⱥˊɑůɖɠ, ɖ ůɡůəŮɡɐ əɧɛɓɞɡ ɚŮɘŰɞɡɟɔŮɑ ɔɘŬ əɑɜɖůɖ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɛɘŬ 

ɛŮɔɎɚɖ ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ ůɡɜɐɗɤɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɘəɑɚɞ ˊɚɖɗɡůɛɧ ůɡɜ-

ŭɟɞɛɖŰɩɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ŰŬ əɏɟŭɖ ůŰŬŰɘůŰɘəɐɠ ˊɞɚɡˊɚŮɝɑŬɠ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɧŰŮɟŬ Ŭˊɧ 

ŬɡŰɎ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛɏůɤ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ ůɡůəŮɡɩɜ ůŰɘɠ ɗɏůŮɘɠ əɡɣɏɚɖɠ.  

ũɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ, ɞɟɘůɛɏɜɞɘ ˊɎɟɞɢɞɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞŰɘɛɞɨɜ ɜŬ 

ŬɜŬˊŰɨůůɞɡɜ ůɡůəŮɡɏɠ əɧɛɓɞɡ ŬɡůŰɖɟɎ ɔɘŬ ɚɧɔɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ůɡůəŮɡɏɠ 

əɡɣɏɚɖɠ ɔɘŬ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ŭɘŬűɧɟɤɜ ŭɘŬŭɘəŬůɘɩɜ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ůɡɜŰɐɟɖůɖɠ. 

2.4.3 ɆɡůəŮɡɐ ɇɞˊɞɗŮůɑŬɠ ũɟŬűŮɑɞɡ ȾɘɜɖŰɐɠ ɀŮŰŬűɤɔɐɠ (MSO site device) 

Ƀɘ ɕŮɨɝŮɘɠ ɛŮŰŬűɞɟɎɠ backhaul ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ BTS/əɧɛɓɞɡɠ Bs əŬŰŬɚɐ-

ɔɞɡɜ ůŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ BSC/RNC ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰŬ ɔɟŬűŮɑŬ ɛŮŰŬ-

ɔɤɔɐɠ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖ ɔŮɜɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ backhaul (ɆɢɐɛŬ 

2.1), ůɢŮŭɧɜ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ ˊɟɧůɗŮŰɖ ůɡůəŮɡɐ ɛˊɟɞůŰɎ Ŭˊɧ 

Űɞɜ BSC/RNC ɔɘŬ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ɕŮɨɝŮɤɜ ɛŮŰŬűɞɟɎɠ RAN 

backhaul. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ůɡůəŮɡɐ ůŮ Űɞ-

ˊɞɗŮůɑŬ MSO ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

¶ ȷɜŰɘůŰɞɑɢɘůɖ Űɖɠ ŭɘŮˊŬűɐɠ ŭɘəŰɨɞɡ ɛŮŰŬűɞɟɎɠ IMH ůŮ əŬŰɎɚɚɖɚɖ űɡůɘəɐ 
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ŭɘŮˊŬűɐ Űɞɡ BSC/RNC. 

¶ ȷɜŰɘůŰɟɞűɐ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ ůŰɖɜ ŰɞˊɞɗŮůɑŬ əɡɣɏ-

ɚɖɠ/ŭɘŬəɞɛɘůŰɐ ɔɘŬ Űɖɜ ŬɜɎəŰɖůɖ Űɞɡ Ŭɟɢɘəɞɨ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ Ŭˊɧ 

əɎɗŮ BTS/əɧɛɓɞ B. 

¶ ũɘŬ Űɖɜ əɑɜɖůɖ 3G, ůɡɜɎɗɟɞɘůɖ Űɖɠ əɡəɚɞűɞɟɑŬɠ ATM ɐ IP Ŭˊɧ ɛŮɛɞ-

ɜɤɛɏɜɞɡɠ əɧɛɓɞɡɠ B, ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ ŬɜŮɝɎɟŰɖŰɤɜ ůɡɜŭɏůŮɤɜ 

VC ɐ PPP, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡɜŭɡŬůɛɏɜɞɡ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ ɔɘŬ 

Űɞɜ RNC. 

ȼ Ůɝɏɚɘɝɖ ɛɘŬɠ ůɡůəŮɡɐɠ ůŮ MSO əŬɗɞŭɖɔŮɑŰŬɘ Ŭˊɧ ˊŬɟɧɛɞɘŮɠ ŰɎůŮɘɠ, ŭɖɚŬŭɐ 

Űɖ ɛŮŰɎɓŬůɖ Űɤɜ ŭɘŮˊŬűɩɜ Ŭˊɧ TDM ůŮ Ethernet əŬɘ Űɖ ůɨɔəɚɘůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ŭɘ-

əŰɨɞɡ ůŮ IP. ɆŰɞ ŮˊɑˊŮŭɞ Űɖɠ ůɡůəŮɡɐɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ Ůˊɑůɖɠ ˊŬɟɧɛɞɘŬ ŰɎůɖ: ɞɘ ˊɞɚɡ-

ˊɚɏəŰŮɠ ˊɟɞůɗɐəɖɠ ŬűŬɑɟŮůɖɠ (ADM - Add Drop Multiplexer) əŬɘ ɞɘ DCS (Distributed 

Control System) ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ɔɘŬ ŰŬ ůɖɛŮɟɘɜɎ ŭɑəŰɡŬ 2G/2.5G ŬɜŬɓŬɗɛɑɕɞɜŰŬɘ 

ůŮ MSPPs əŬɘ MSRs ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ əɑɜɖůɖɠ 3G. ɄŬɟɧɚɞ ˊɞɡ ɞɘ ɓŬůɘəɏɠ ŰɎůŮɘɠ 

ŮɑɜŬɘ ˊŬɟɧɛɞɘŮɠ, ɖ əɨɟɘŬ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ ɖ çŮɝŮɚɘɔɛɏɜɖè ůɡůəŮɡɐ ůŮ ŰɞˊɞɗŮůɑŬ MSO 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ŭɨɞ ɚɞɔɘəɎ ɐ űɡůɘəɎ ŭɘŬɢɤɟɘůɛɏɜɤɜ ůɡůəŮɡɩɜ ɔɘŬ Űɞɜ 

ŰŮɟɛŬŰɘůɛɧ Űɖɠ əɡəɚɞűɞɟɑŬɠ 2G əŬɘ 3G ɛˊɟɞůŰɎ Ŭˊɧ Űɞɜ BSC əŬɘ Űɞɜ RNC, ŬɜŰɑ-

ůŰɞɘɢŬ. ȷɡŰɐ ɖ ŭɘŬűɞɟɎ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ əɡɟɑɤɠ ůŮ ɛɘŬ ˊɞɚɨ ɡɣɖɚɧŰŮɟɖ ŬˊŬɑŰɖůɖ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ ɔɘŬ ɛɘŬ ůɡůəŮɡɐ ŰɞˊɞɗŮůɑŬɠ MSO, ɖ ɞˊɞɑŬ ɡˊɞŰɑɗŮŰŬɘ ɧŰɘ ŰŮɟɛŬŰɑɕŮɘ 

Űɖɜ əɡəɚɞűɞɟɑŬ Ŭˊɧ ŮəŬŰɞɜŰɎŭŮɠ BTS/Node Bs. ɋɠ Ůə ŰɞɨŰɞɡ, ŭɘəŬɘɞɚɞɔŮɑŰŬɘ ɛɘŬ ɝŮ-

ɢɤɟɘůŰɐ ůɡůəŮɡɐ, ɖ əɎɗŮ ɛɑŬ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ ɤűɏɚɘɛɞ űɞɟŰɑɞ Űɖɠ, 

ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ɘůɢɨŮɘ ɔɘŬ ɛɘŬ ůɡůəŮɡɐ ůŮ ŰɞˊɞɗŮůɑŬ əɡɣɏɚɖɠ ɐ Ŭəɧɛɖ əŬɘ 

ɔɘŬ ɛɘŬ ůɡůəŮɡɐ ůŮ ŰɞˊɞɗŮůɑŬ əɧɛɓɞɡ. 

2.5 ȸŬůɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɖɠ LTE RAN backhaul  

ɆŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 2.2 ˊŮɟɘŮɔɟɎűɖəŮ ɖ ɓŬůɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ backhaul ˊɞɡ ɘůɢɨŮɘ 

ɔɘŬ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ RAN 2G əŬɘ 3G. ɆŰɖɜ ɡˊɞŮɜɧŰɖŰŬ ŬɡŰɐ, ŮˊŮəŰŮɑɜɞɡɛŮ Űɖɜ ɑŭɘŬ 

ŬɟɢɘŰŮəŰɞɜɘəɐ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ backhaul LTE. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ 

ůɡůŰɐɛŬŰɞɠ ŮɝŮɚɘɔɛɏɜɞɡ ˊŬəɏŰɞɡ (EPS - Evolved Packet System) ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ 

ɜŬ ˊŬɟɏɢŮɘ ŭɘŬɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɟŬŭɘɞˊɟɧůɓŬůɖɠ (RAT), ůɡ-

ɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ UMTS (Universal Mobile Telecommunications System) Ůˊɑ-

ɔŮɘɞ RAN (UTRAN) əŬɘ Űɞɡ ɓŮɚŰɘɤɛɏɜɞɡ UTRAN (eUTRAN) ŬɜŬŭŮɘəɜɨŮŰŬɘ ɖ ˊɘɞ 

əɞɘɜɐ ˊŮɟɑˊŰɤůɖ ŭɘŬɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ůŰɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬɜŬűɞɟɎɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮ-

ŰŬɘ ůŰɞ ɆɢɐɛŬ 2.4. 
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ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɖɛŮɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.4 ŬɜŬűɏɟɗɖəŬɜ 

ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŰɞɜɑɕɞɜŰŬɘ ŰŬ ŭɘŬűɞɟɞˊɞɘɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɔɘŬ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ LTE. ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ backhaul ŭɘəŰɨɞɡ, 

ɏɜŬ Ŭˊɧ ŰŬ ŭɘŬəɟɘŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ EPS ŮɑɜŬɘ ɖ ɡˊɞůŰɐɟɘɝɖ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ 

IP. ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɡɘɞɗɏŰɖůɖ ŬɜɞɘəŰɩɜ ŭɘŮˊŬűɩɜ IP, Űɞ Ethernet ɏɢŮɘ ɔɑɜŮɘ ɖ de 

facto ŰŮɢɜɞɚɞɔɑŬ Ůˊɘˊɏŭɞɡ 2 ɔɘŬ Űɞ əɘɜɖŰɧ RAN əŬɘ Űɞɜ Ůɝɞˊɚɘůɛɧ əɞɟɛɞɨ. 

 

ɆɢɐɛŬ 2.4: ȷɟɢɘŰŮəŰɞɜɘəɐ ŬɜŬűɞɟɎɠ LTE RAN backhaul [7]. 

 

ȷɡŰɧ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɖɜ ɡˊɞŭɞɛɐ 3G, ɧˊɤɠ Űɞ HSPA, ŬɚɚɎ ɧɢɘ ɔɘŬ Űɖɜ ˊɟɞɖ-

ɔɞɨɛŮɜɖ ɔŮɜɘɎ ɟŬŭɘɞŰŮɢɜɞɚɞɔɘɩɜ 3G, ɧˊɞɡ ɖ ɡˊɞůŰɐɟɘɝɖ ŭɘŮˊŬűɩɜ ɓŬůɘůɛɏɜɤɜ ůŮ 

IP ɐŰŬɜ ˊɟɞŬɘɟŮŰɘəɐ. ɋɠ Ůə ŰɞɨŰɞɡ, ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ɔɘŬ Űɘɠ ɓŬůɘɕɧɛŮɜŮɠ ůŮ ˊɟɞɖɔɞɨ-

ɛŮɜŮɠ ɡɚɞˊɞɘɐůŮɘɠ Űɞɡ LTE, ɗŬ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ɡˊɎɟɢɞɡɜ ŬˊŬɘŰɐůŮɘɠ ŭɘŮˊŬűɐɠ ɛŮ 

ɓɎůɖ Űɞɜ Ŭůɨɔɢɟɞɜɞ Űɟɧˊɞ ɛŮŰŬűɞɟɎɠ (ATM) ɐ Ŭəɧɛɖ əŬɘ ɛŮ ɓɎůɖ Űɖɜ ˊɞɚɡˊɚŮɝɑŬ 

ŭɘŬɑɟŮůɖɠ ɢɟɧɜɞɡ (TDM) ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ backhaul ɛɏɢɟɘ ɜŬ əŬŰŬɟɔɖɗɞɨɜ ůŰŬ-

ŭɘŬəɎ ŬɡŰɏɠ ɞɘ ˊŬɚŬɘɧŰŮɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ŭɘəŰɨɞɡ backhaul ɔɘŬ Űɞ 

LTE ɛŮ ɡˊɞůŰɐɟɘɝɖ ˊɞɚɚŬˊɚɩɜ RAT ɛŮ ŭɘŮˊŬűɏɠ ˊɞɡ ŭŮɜ ɓŬůɑɕɞɜŰŬɘ ůŮ IP ɛˊɞɟŮɑ 

ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ. ɆŰɞ ɆɢɐɛŬ 2.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɨɞ Ŭˊɧ Űɘɠ 

Ůˊɘɚɞɔɏɠ. 
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ɆɢɐɛŬ 2.5: (a) ȺɜůɤɛŬŰɤɛɏɜɞɠ, (b) Ⱥ́ ɘɚɞɔɏɠ ɛŮŰŬűɞɟɎɠ ŮˊɘəɎɚɡɣɖɠ Ethernet ɔɘŬ Űɞ 

LTE backhaul [7].   

 

 

¶ ȺɜůɤɛŬŰɤɛɏɜɞɠ ůɢŮŭɘŬůɛɧɠ ŭɘəŰɨɞɡ backhaul: ȰɜŬ əɞɘɜɧ ŭɑəŰɡɞ backhaul 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ́ ɞɚɚŬˊɚɩɜ Űɨˊɤɜ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ Ŭˊɧ Űɖɜ 

ŰɞˊɞɗŮůɑŬ əɡɣɏɚɖɠ ůŰɞ EPC. Ƀ ŭɟɞɛɞɚɞɔɖŰɐɠ ɗɏůɖɠ əɡɣɏɚɖɠ (CSR - Cell Site 

Router), ɞ ŭɟɞɛɞɚɞɔɖŰɐɠ ɗɏůɖɠ əɧɛɓɞɡ (HSR - Hub Site Router) əŬɘ ɞ ŭɟɞɛɞ-

ɚɞɔɖŰɐɠ EPC (EPCR) ɡˊɞůŰɖɟɑɕɞɡɜ ɧɚɞɘ Űɘɠ ŭɘŮˊŬűɏɠ IP/ɛŮŰŬɔɤɔɐ ŮŰɘəŮŰɩɜ 

ˊɞɚɚŬˊɚɩɜ ˊɟɤŰɞəɧɚɚɤɜ (MPLS) ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ əɑɜɖůɖɠ backhaul Ŭˊɧ 

RAT ˊɞɚɚŬˊɚɩɜ ɔŮɜŮɩɜ ɛɏůɤ ɣŮɡŭɞəŬɚɤŭɑɤɜ. Ƀɘ ŭɘŮˊŬűɏɠ ˊɞɡ ɓɚɏˊɞɡɜ ˊɟɞɠ 

Űɞ ŭɑəŰɡɞ ůŮ ŬɡŰɞɨɠ Űɞɡɠ ŭɟɞɛɞɚɞɔɖŰɏɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɧɚŮɠ ɓŬůɘůɛɏɜŮɠ ůŰɞ 

Ethernet. ũɘŬ Űɞ CSR, ɞɘ ŭɘŮˊŬűɏɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ˊŮɚɎŰɖ ɛˊɞɟŮɑ ɜŬ ɢɟŮɘɎɕɞ-

ɜŰŬɘ ɏɜŬ ɛŮɑɔɛŬ ɡˊɞůŰɐɟɘɝɖɠ TDM, ATM əŬɘ Ethernet. ɇŬ ɘŭɘɧəŰɖŰŬ ɐ ɛɘůɗɤ-

ɛɏɜŬ ŭɑəŰɡŬ ˊɞɡ ůɡɜŭɏɞɡɜ ŬɡŰɞɨɠ Űɞɡɠ ŭɟɞɛɞɚɞɔɖŰɏɠ ɛˊɞɟŮɑ ɜŬ ɓŬůɑɕɞɜŰŬɘ ůŮ 

Ethernet ɐ IP. 

¶ ɆɢŮŭɘŬůɛɧɠ ŭɘəŰɨɞɡ backhaul ŮˊɘəɎɚɡɣɖɠ Ethernet: ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ Űɞ 

ŭɑəŰɡɞ backhaul LTE ůɢŮŭɘɎɕŮŰŬɘ ɤɠ ŮˊɘəɎɚɡɣɖ ˊɎɜɤ Ŭˊɧ Űɞ ɡˊɎɟɢɞɜ ŭɑəŰɡɞ 

backhaul ɔɘŬ 3G/2G RATs. ȼ ŮˊɘəɎɚɡɣɖ Űɞɡ ŭɘəŰɨɞɡ LTE backhaul ɛˊɞɟŮɑ ɜŬ 

ɓŬůɑɕŮŰŬɘ ŮɑŰŮ ůŰɞ Ethernet ŮɑŰŮ ůŰɞ IP/MPLS. ɋůŰɧůɞ ůŰɞ ɆɢɐɛŬ 2.5 (b) ˊŬ-

ɟɞɡůɘɎɕŮŰŬɘ ɛɧɜɞ ɛɘŬ Ůˊɘɚɞɔɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ Ethernet əŬɘ ŬɜɐəŮɘ ůŰɞɜ ˊɎ-

ɟɞɢɞ. ũɘŬ ɜŬ ŭɘŬűɞɟɞˊɞɘɖɗŮɑ ˊŮɟŬɘŰɏɟɤ ŬɡŰɐ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ 

(a), ɞɘ ůɡůəŮɡɏɠ backhaul Űɞɡ əɧɛɓɞɡ əŬɘ Űɖɠ ŰɞˊɞɗŮůɑŬɠ EPC ŬˊŮɘəɞɜɑɕɞɜŰŬɘ 

ɤɠ ɞˊŰɘəɧ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ ˊŬəɏŰɤɜ (POTS - Packet Optical Transport 

System) ˊɞɡ ˊŬɟɏɢŮɘ ɡˊɖɟŮůɑŮɠ ɛŮŰŬűɞɟɎɠ ɞˊŰɘəɞɨ ŭɘəŰɨɞɡ (OTN - Optical 

Transport Network) ɐ ůɨɔɢɟɞɜɖɠ ɣɖűɘŬəɐɠ ɘŮɟŬɟɢɑŬɠ (SDH - Synchronous 

Digital Hierarchy) ůŰɘɠ ɛŮŰŬɔɤɔɏɠ Ethernet ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ ŰɞˊɞɗŮůɑŮɠ 

əɡɣŮɚɩɜ ɐ/əŬɘ əɧɛɓɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ŮˊɘəɎɚɡɣɖ ɛɖ-LTE ɛˊɞɟŮɑ ɜŬ 



 

 

 

18 

ɓŬůɑɕŮŰŬɘ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ Ůˊɘɚɞɔɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ 

ˊŬɟŬˊɎɜɤ ɡˊɞŮɜɧŰɖŰŮɠ. 

ȼ Ůˊɘɚɞɔɐ ɛŮŰŬɝɨ Űɞɡ ŮɜůɤɛŬŰɤɛɏɜɞɡ ůɢŮŭɘŬůɛɞɨ ɐ Űɖɠ ŮˊɘəɎɚɡɣɖɠ Ethernet Űɞɡ 

backhaul ŭɘəŰɨɞɡ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɘŬ ŮˊɘɢŮɘɟɖɛŬŰɘəɐ ŬˊɧűŬůɖ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɞɘ ɡűɘůŰɎɛŮɜŮɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮˊŮɜŭɨůŮɘɠ ůŰɖɜ ɡˊɞŭɞɛɐ 

backhaul əŬɘ Űɖɠ  ŭɘŮɑůŭɡůɖɠ Űɞɡ LTE ůŮ ůɢɏůɖ ɛŮ Űɘɠ RAT ˊɟɞɖɔɞɨɛŮɜɖɠ ɔŮɜɘɎɠ.  

2.6 Ⱥɘŭɘəɏɠ ȷˊŬɘŰɐůŮɘɠ RAN backhaul ɔɘŬ Űɞ LTE əŬɘ Ůˊɘɚɞɔɏɠ ůɢŮŭɑŬůɖɠ 

Tɞ LTE ŮɘůɐɔŬɔŮ ŬɟəŮŰɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ ŭɘəŰɨɞɡ backhaul 

ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ ɡˊɞŮɜɧŰɖŰŮɠ. 

 

2.6.1 Ɇɡɜɞɚɘəɐ ȷ́ ŬɑŰɖůɖ Ⱥɨɟɞɡɠ Ȼɩɜɖɠ ůŰɖɜ ɇɞˊɞɗŮůɑŬ Ⱦɡɣɏɚɖɠ  

ȼ ŭɘŮˊŬűɐ ŬɏɟŬ LTE ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ˊɞɘəɑɚŬ Ůɨɟɖ əŬɜŬ-

ɚɘɩɜ, ůɢɐɛŬŰŬ ŭɘŬɛɧɟűɤůɖɠ əŬɘ ŭɘŬɛɞɟűɩůŮɘɠ əŮɟŬɘɩɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɛɏɔɘůŰɞɡ ɟɡɗɛɞɨ əŬŰŮɟɢɧɛŮɜɖɠ ɕŮɨɝɖɠ (DL - DownLink) ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŭɘŬɛɧɟűɤůɖ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɏɜŬ ŭŮŭɞɛɏɜɞ 

ŭɑəŰɡɞ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŬɜŬɛŮɜɧɛŮɜɞɡ űɞɟŰɑɞɡ əɑɜɖůɖɠ ůŮ ɏɜŬ CSR, ɡˊɞɗɏ-

ŰɞɡɛŮ űŬůɛŬŰɘəɐ Ŭˊɧŭɞůɖ 8.64 bps ɔɘŬ 2x2 MIMO (ɀultiple Input Multiple Output) 

DL. ũɘŬ ɏɜŬ eNb 3 Űɞɛɏɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ˊɚɎŰɞɠ əŬɜŬɚɘɞɨ 10 MHz ŬɡŰɧ ɛŮŰŬűɟɎ-

ɕŮŰŬɘ ůŮ 259 Mbps ɛɏɔɘůŰɞ ɟɡɗɛɧ. ɋůŰɧůɞ, ɖ Ŭɨɝɖůɖ Űɤɜ bits ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ ŬɜɎ 

hertz ɔɘŬ ɛɘŬ ŬůɨɟɛŬŰɖ ŰŮɢɜɞɚɞɔɑŬ əŬɗɘůŰɎ ŭɡůəɞɚɧŰŮɟɖ Űɖɜ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ 

ůɡɢɜɧŰɖŰŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɖɠ űŬůɛŬŰɘəɐɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɋɠ 

Ůə ŰɞɨŰɞɡ, ɞ ůɢŮŭɘŬůɛɧɠ backhaul ɛŮ ɛɏɔɘůŰɞ ɟɡɗɛɧ 200 Mbps əŬɗô ɧɚɖ Űɖ ɢɟɞɜɘəɐ 

ŭɘɎɟəŮɘŬ Ŭˊɧ əɎɗŮ eNb ŮɑɜŬɘ ˊɘɞ ɟŮŬɚɘůŰɘəɧɠ. ȼ ɛɏɔɘůŰɖ Ŭˊɧŭɞůɖ Ŭˊɧ Űɞ eNb ůɡɜŭɡɎ-

ɕŮŰŬɘ ˊŮɟŬɘŰɏɟɤ Ŭˊɧ Űɞɜ ˊɎɟɞɢɞ ɛŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɘɠ ɕŮɨɝŮɘɠ ŬɏɟŬ əŬɗɩɠ 

əŬɘ Űɘɠ ɕŮɨɝŮɘɠ ɛŮŰŬűɞɟɎɠ ɔɘŬ ɜŬ əŬɗɞŭɖɔɐůŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɢɤɟɖŰɘəɧŰɖŰŬ ŭɘŮˊŬ-

űɐɠ backhaul ůŮ əɎɗŮ CSR. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮɔɎɚŬ Ůɨɟɖ əŬɜŬɚɘɞɨ əŬɘ ůŰɞɘɢŮɘɞəŮ-

ɟŬɑŮɠ MIMO, Űɞ High Speed DL Packet Access + (HSDPA+) ŮˊɘŰɡɔɢɎɜŮɘ Ůˊɑůɖɠ ˊɞɚɨ 

ˊŬɟɧɛɞɘŬ űŬůɛŬŰɘəɐ Ŭˊɧŭɞůɖ ɛŮ ŬɡŰɐ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ɔɘŬ Űɞ LTE ˊŬɟŬˊɎɜɤ. Ⱥ-

ˊɞɛɏɜɤɠ, ɔɘŬ ɏɜŬ HSDPA+ Nb 3 Űɞɛɏɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Ůɨɟɞɠ əŬɜŬɚɘɞɨ 5 MHz 

ɛˊɞɟŮɑ ɜŬ ŬɜŬɛɏɜŮŰŬɘ ɛɏɔɘůŰɞɠ ɟɡɗɛɧɠ 100 Mbps. ũɘŬ ɏɜŬɜ ŮɚŮɔəŰɐ ɟŬŭɘɞŭɘəŰɨɞɡ 

(RNC) ɛŮ ŭŮŭɞɛɏɜɖ ɢɤɟɖŰɘəɧŰɖŰŬ ˊŬɟɧɢɞɡ, ɖ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ ŭŮŭɞɛɏɜɤɜ ŬɜɎ Nb 

ɚɧɔɤ Űɖɠ ŬɜŬɓɎɗɛɘůɖɠ Űɞɡ HSDPA ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖ ɛŮɑɤůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ 

Nbs ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ŬɜɎ RNC. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɞ ˊɎɟɞɢɞɠ ɛˊɞɟŮɑ 
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ɜŬ ˊɟɞŰɘɛɐůŮɘ ɜŬ ɛŮŰŬəɘɜɐůŮɘ ŬɡŰɞɨɠ Űɞɡɠ RNCs Ŭˊɧ Űɞɜ əɞɟɛɧ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɞ-

ˊɞɗŮůɑŮɠ əɧɛɓɤɜ. ȼ ŬɚɚŬɔɐ ůŰɖ ŭɡɜɖŰɘəɐ ɗɏůɖ Űɤɜ RNC ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ŭɘɎ-

ɔɟŬɛɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ɆɢɐɛŬŰɞɠ 2.4.  

ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ˊŬɟŬŭɞɢɩɜ ɔɘŬ Űɞɜ ɛɏɔɘůŰɞ ɟɡɗɛɧ ŭŮŭɞɛɏɜɤɜ ŬɜɎ ŰɞˊɞɗŮůɑŬ 

əɡɣɏɚɖɠ, Űɞ HSR əŬɘ Űɞ EPCR, əŬɗɏɜŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ůɡɔəŮɜŰɟɩɜŮɘ əɑɜɖůɖ Ŭˊɧ 20 əŬɘ 

100 ŰɞˊɞɗŮůɑŮɠ əɡɣɏɚɖɠ ŬɜŰɑůŰɞɘɢŬ, ɛˊɞɟŮɑ ɜŬ ɢɟŮɘŬůŰŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɛɏɔɘůŰɞɡɠ 

ɟɡɗɛɞɨɠ ŭŮŭɞɛɏɜɤɜ 6 Gbps əŬɘ 30 Gbps, ŬɜŰɑůŰɞɘɢŬ. ȷɜŬɛɏɜŮŰŬɘ, ɤůŰɧůɞ, ɧŰɘ Űɞ ɛŮ-

ɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ əɑɜɖůɖɠ ɗŬ ŮɑɜŬɘ ɛɖ-ŬɡŰɞɢɟɞɜɘůɛɏɜɖɠ űɨůɖɠ, ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖ-

ůɘɛɞˊɞɘɖɗŮɑ ɞ ůɢŮŭɘŬůɛɧɠ ɡˊŮɟůɡɜŭɟɞɛɖŰɩɜ ɔɘŬ Űɖɜ backhaul ɛŮŰŬűɞɟɎ ˊɞɡ ɗŬ ɞŭɖ-

ɔɐůŮɘ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ Űɞɡ ŭɘəŰɨɞɡ. ɆŮ ɏɜŬ ŰɏŰɞɘɞ ÕɞɜŰɏɚɞ ɖ ɡˊɞ-

ůŰɐɟɘɝɖ QoS Ŭˊɧ Ɏəɟɞ ůŮ Ɏəɟɞ, Õɏůɤ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɤɜ ɡˊɖɟŮůɘɩɜ (DiffServ - 

Differentiated Service) ɐ ˊŬɟɧÕɞɘɤɜ ŰŮɢɜɘəɩɜ, əŬɗɑůŰŬŰŬɘ ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ ɘəŬɜɞˊɞɑ-

ɖůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɖɠ ŮűŬɟÕɞɔɐɠ ˊɟŬɔÕŬŰɘəɞɨ ɢɟɧɜɞɡ əŬɘ ŬɜŬɚɨŮŰŬɘ ˊŬɟŬəɎŰɤ.  

2.6.2 ɈˊɞůŰɐɟɘɝɖ ɔɘŬ Űɖɜ ŭɘŮˊŬűɐ ɉ2 əŬɘ ŬůűɎɚŮɘŬ ŰɞɛɏŬ ŭɘəŰɨɞɡ ɛɏůɤ IPSEC  

ũɘŬ Űɞ LTE, ɖ ŭɘŮˊŬűɐ X2 Ůɘůɐɢɗɖ ɔɘŬ ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɘɠ ɔɟɐɔɞɟŮɠ ɛŮŰŬɔɤɔɏɠ 

ɛŮŰŬɝɨ ɞɛɎŭɤɜ eNbs. ȳůɞɜ ŬűɞɟɎ Űɖ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ ŭɘŮˊŬűɐɠ X2, ŬɡŰɐ ɗŬ ɢɟŮɘŬ-

ůŰŮɑ ŮɘŭɘəɎ ɧŰŬɜ Űɞ VoLTE (Voice over LTE) ɗŬ ŬɜŬˊŰɡɢɗŮɑ Ůɡɟɏɤɠ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ 

ɓɏɚŰɘůŰɖ ŰɞˊɞɗŮůɑŬ ɛŮŰŬɔɤɔɐɠ ɔɘŬ Űɖɜ ŭɘŮˊŬűɐ ɉ2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɨɞ Ůˊɘɚɞɔɏɠ ůŰɞ 

ɆɢɐɛŬ 2.6. 

 
ɆɢɐɛŬ 2.6: Ⱥˊɘɚɞɔɏɠ ɔɘŬ Űɞ ɢŮɘɟɘůɛɧ Űɖɠ ŭɘŮˊŬűɐɠ X2 əŬɘ Űɞɡ ŰŮɟɛŬŰɘůɛɞɨ IPSec ůŰɞ 

ˊɚŬɑůɘɞ Űɞɡ backhaul [7].  
 

ȼ Ůˊɘɚɞɔɐ ůŰɞ ɆɢɐɛŬ 2.6 (a) ɡˊɞɗɏŰŮɘ ɧŰɘ ɏɜŬ CSR ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ůŮ ɧɚŮɠ Űɘɠ 

ɗɏůŮɘɠ eNb, Ůˊɞɛɏɜɤɠ ɖ ɛŮŰŬɔɤɔɐ ɐ ŭɟɞɛɞɚɧɔɖůɖ Űɞɡ X2 ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŰɞ CSR. ȼ 

Ůˊɘɚɞɔɐ ůŰɞ ɆɢɐɛŬ 2.6 (b) ɡˊɞɗɏŰŮɘ ɧŰɘ ŭŮɜ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ŰɏŰɞɘɞ CSR. ɋɠ Ůə ŰɞɨŰɞɡ, 

ɞ ŭɟɞɛɞɚɞɔɖŰɐɠ ůɡɔəɏɜŰɟɤůɖɠ HSR, ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŰɞˊɞɗŮůɑŬ əɧɛɓɞɡ, 
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ɢŮɘɟɑɕŮŰŬɘ Űɖɜ ŭɘŮˊŬűɐ ɉ2. ɇɞ ɓɏɚŰɘůŰɞ ɛɏɟɞɠ ɔɘŬ Űɞ ɢŮɘɟɘůɛɧ Űɖɠ ŭɘŮˊŬűɐɠ X2 ŮɑɜŬɘ 

ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɚɖůɘɏůŰŮɟŬ ůŰɖɜ ŰɞˊɞɗŮůɑŬ əɡɣɏɚɖɠ, əŬɗɩɠ ɖ ɛŮŰŬűɞɟɎ Űɖɠ X2 ɛɏ-

ɢɟɘ Űɞ ŭɟɞɛɞɚɞɔɖŰɐ EPC ɗŬ ŮɘůɎɔŮɘ ˊŮɟɘŰŰɏɠ əŬɗɡůŰŮɟɐůŮɘɠ əŬɘ ɗŬ əŬŰŬůŰɐůŮɘ ůɢŮŭɧɜ 

ɎɢɟɖůŰɖ Űɖɜ ɨˊŬɟɝɖ Űɖɠ ŭɘŮˊŬűɐɠ X2, ɖ ɞˊɞɑŬ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ Űɖɜ ɡˊɞŭɞɢɐ ɓɟŬɢɡ-

ɢɟɧɜɘɤɜ ŮəɟɐɝŮɤɜ ŭŮŭɞɛɏɜɤɜ. Ⱥˊɞɛɏɜɤɠ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ CSR ŭŮɜ ɏɢŮɘ ŬɜŬ-

ˊŰɡɢɗŮɑ ɐ ŭŮɜ ɏɢŮɘ ŬɟəŮŰɐ əɚɑɛŬəŬ ɔɘŬ ɜŬ ɢŮɘɟɘůŰŮɑ Űɖɜ ŬˊŬɑŰɖůɖ ˊɚɐɟɞɡɠ ůɡɜŭŮůɘɛɧ-

ŰɖŰŬɠ ˊɚɏɔɛŬŰɞɠ Űɞɡ X2, Űɞ HSR ɔɑɜŮŰŬɘ Űɞ ˊɘɞ ɚɞɔɘəɧ ɛɏɟɞɠ ɔɘŬ Űɞ ɢŮɘɟɘůɛɧ Űɖɠ ŭɘŮ-

ˊŬűɐɠ X2.  

ȼ ɢɟɐůɖ Űɖɠ əɟɡˊŰɞɔɟɎűɖůɖɠ ɛŮ ɓɎůɖ Űɞ IPsec ɔɘŬ Űɖ ŭɘŬůɨɜŭŮůɖ S1 əŬɘ X2 

ŬˊɞŰŮɚŮɑ ˊŬɟɧɛɞɘɞ əɞɛɛɎŰɘ ɛŮ ŬɡŰɧ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ɔɘŬ Űɞ ɢŮɘɟɘůɛɧ Űɖɠ ɛŮŰŬɔɤɔɐɠ 

Űɖɠ ŭɘŬůɨɜŭŮůɖɠ X2 ˊŬɟŬˊɎɜɤ. ȼ ɡˊɞůŰɐɟɘɝɖ Űɞɡ IPsec ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɡˊɞɢɟŮɤŰɘəɐ 

ɐ ˊɟɞŬɘɟŮŰɘəɐ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ ɞɘ ŭɘŮˊŬűɏɠ S1 əŬɘ X2 ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ ɛɖ Ŭɝɘɧ-

ˊɘůŰɤɜ ɐ ŬɝɘɧˊɘůŰɤɜ Űɞɛɏɤɜ. ȹɨɞ Ůˊɘɚɞɔɏɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɞɡ IPsec ˊŬɟɞɡůɘɎ-

ɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.6 (a) əŬɘ (b). ȺɎɜ ɏɜŬ CSR ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞ ůŰɞ ɢɩɟɞ Űɖɠ əɡ-

ɣɏɚɖɠ, ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůəəɑɜɖůɖ çůɖɟɎɔɔɤɜè IPSec Ŭˊɧ Űɞ CSR ŬɜŰɑ Űɞɡ eNb, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.6 (a). ȺɎɜ Űɞ CSR ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ, ɞɘ IPSec ůɐɟŬɔɔŮɠ ɗŬ 

ɝŮəɘɜɞɨɜ Ŭˊɧ Űɞ eNb, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.6 (b). 

Ƀ ŰŮɟɛŬŰɘůɛɧɠ Űɖɠ IPSec ůɐɟŬɔɔŬɠ ɔɘŬ Űɘɠ ŭɘŮˊŬűɏɠ S1 əŬɘ X2 ɛˊɞɟŮɑ ɜŬ ˊɟŬɔ-

ɛŬŰɞˊɞɘɖɗŮɑ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ əŬŰɎ ɛɐəɞɠ Űɞɡ backhaul ŭɘəŰɨɞɡ ɐ ůŰɞ ɑŭɘɞ Űɞ EPC. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ˊŬɟɧɢɤɜ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ɏɢɞɡɜ ŬɜŬˊŰɨɝŮɘ ɐ 

ůɢŮŭɘɎɕɞɡɜ ɜŬ ŬɜŬˊŰɨɝɞɡɜ Űɖ ŭɘəɐ Űɞɡɠ ɡˊɞŭɞɛɐ ɛŮŰŬűɞɟɎɠ ɛŮŰŬɝɨ əɧɛɓɞɡ əŬɘ Űɞˊɞ-

ɗŮůɘɩɜ EPC, ɢɤɟɑɠ ŬˊɩɚŮɘŬ ɔŮɜɘəɧŰɖŰŬɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞŰŮɗŮɑ ɧŰɘ ɞ ŬɝɘɧˊɘůŰɞɠ ŰɞɛɏŬɠ 

ɔɘŬ Űɞ backhaul ŭɑəŰɡɞ ɝŮəɘɜɎ Ŭˊɧ Űɖ ɗɏůɖ HSR. ɀŮ ɓɎůɖ ŬɡŰɏɠ Űɘɠ ŮəŰɘɛɐůŮɘɠ, ůŰɞ 

ɆɢɐɛŬ 2.6 (a) əŬɘ (b), űŬɑɜŮŰŬɘ ɧŰɘ ɛɘŬ ˊɨɚɖ ŬůűŬɚŮɑŬɠ IPsec (SeGW - Security 

Gateway) ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖ ɗɏůɖ HSR.  

2.6.3 ȾŬŰŬɜɞɛɐ ɆɡɢɜɧŰɖŰŬɠ əŬɘ Ɇɡɔɢɟɞɜɘůɛɧɠ ūɎůɖɠ 

Ƀɘ RATs ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɟɧŰɡˊŬ 3GPP ŮˊɏɓŬɚŬɜ ůɡɔɢɟɞɜɘůɛɧ ůɡɢɜɧŰɖŰŬɠ 

ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ɓɎůɖɠ əŬɘ Űɤɜ RNCs ɔɘŬ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ RANs. ɋ-

ůŰɧůɞ, ɛŮ Űɞ LTE ɡˊɎɟɢŮɘ ɖ ŬɜɎɔəɖ ɡˊɞůŰɐɟɘɝɖɠ Űɞɡ ůɡɔɢɟɞɜɘůɛɞɨ űɎůɖɠ ɔɘŬ ɞɟɘ-

ůɛɏɜŬ ůŮɜɎɟɘŬ, ɧˊɤɠ:  

¶ ȳŰŬɜ Űɞ LTE ɚŮɘŰɞɡɟɔŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŬ ŭɘˊɚɐɠ ŭɘŬɑɟŮůɖɠ ɢɟɧɜɞɡ (TDD - Time 

Division Duplex) 



 

 

 

21 

¶ ȳŰŬɜ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Űɞ MIMO ˊɞɚɚŬˊɚɩɜ ɢɟɖůŰɩɜ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ ŭɘ-

ˊɚɐɠ ŭɘŬɑɟŮůɖɠ ůɡɢɜɧŰɖŰŬɠ (FDD - Frequency Division Duplex) 

¶ ȳŰŬɜ ŬɜŬˊŰɨůůŮŰŬɘ ɡˊɖɟŮůɑŬ ɛŮŰɎŭɞůɖɠ ŮɡɟɡŮəˊɞɛˊɐɠ əŬɘ ˊɞɚɚŬˊɚɐɠ ŭɘŬɜɞ-

ɛɐɠ ůŮ ŭɑəŰɡɞ ɛɘŬɠ ůɡɢɜɧŰɖŰŬɠ (MBSFN- Multicast Broadcast Single 

Frequency Network). 

ȷɜɎɚɞɔŬ ɛŮ ŰŬ ůɢɏŭɘŬ Ůɜɧɠ ˊŬɟɧɢɞɡ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ŬɡŰɎ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ůŮ-

ɜɎɟɘŬ, ɞ ůɡɔɢɟɞɜɘůɛɧɠ űɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ŮɑŰŮ ɡˊɞɢɟŮɤŰɘəɧɠ ŮɑŰŮ ˊɟɞŬɘɟŮŰɘ-

əɧɠ.  

ȳŰŬɜ ŰŬ ŭɑəŰɡŬ backhaul ɓŬůɑɕɞɜŰŬɜ ůŮ əɡəɚɩɛŬŰŬ TDM ɛɏůɤ ůɨɔɢɟɞɜɤɜ ɞ-

ˊŰɘəɩɜ ŭɘəŰɨɤɜ/ŭɘəŰɨɤɜ ůɨɔɢɟɞɜɖɠ ɣɖűɘŬəɐɠ ɘŮɟŬɟɢɑŬɠ (SONET/ SDH), ŬɡŰɧɠ ɞ ůɡɔ-

ɢɟɞɜɘůɛɧɠ ɐŰŬɜ ŮɜůɤɛŬŰɤɛɏɜɞɠ ůŰɞ ɡˊɞəŮɑɛŮɜɞ ŮˊɑˊŮŭɞ ɛŮŰŬűɞɟɎɠ. ɋůŰɧůɞ, ɖ ɛŮŰɎ-

ɓŬůɖ ůŮ ŰŮɢɜɞɚɞɔɑŮɠ ɛŮŰŬűɞɟɎɠ ɓŬůɘůɛɏɜŮɠ ůŮ ˊŬəɏŰŬ, ɧˊɤɠ Űɞ Ethernet, ŭɖɛɘɞɡɟɔŮɑ 

Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɏɜŬɜ Ůɘŭɘəɧ ɛɖɢŬɜɘůɛɧ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ŬɡŰɩɜ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ůɡɔ-

ɢɟɞɜɘůɛɞɨ Ŭˊɧ Űɖɜ ˊɖɔɐ ɢɟɧɜɞɡ ŬɜŬűɞɟɎɠ ůŰɞɡɠ ůŰŬɗɛɞɨɠ ɓɎůɖɠ. ȷˊɧ ŬɡŰɐ Űɖɜ Ɏ-

ˊɞɣɖ, ɞɘ ŭɨɞ ˊɘɞ əɞɘɜɏɠ ŰŮɢɜɞɚɞɔɘəɏɠ Ůˊɘɚɞɔɏɠ ˊɞɡ ůɡɕɖŰɞɨɜŰŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ŮɑɜŬɘ 

Űɞ ůɨɔɢɟɞɜɞ Ethernet (SyncE - Synchronous Ethernet) ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ 

G.8261 Űɖɠ ITU əŬɘ Űɞ ˊɟɤŰɧəɞɚɚɞ ŬəɟɑɓŮɘŬɠ ɢɟɧɜɞɡ (PTP - Precision Time Protocol) 

ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ 1588v2 Űɖɠ IEEE.  

ɇɞ ůɨɔɢɟɞɜɞ Ethernet ŭɘŬɜɏɛŮɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ůɡɔɢɟɞɜɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ɛɏůɤ 

ɛɘŬɠ űɡůɘəɐɠ ŭɘŮˊŬűɐɠ Ethernet. ŪŮɤɟŮɑŰŬɘ Ŭˊɚɧ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛŮ ŮɚɎɢɘůŰɖ ˊɟɧ-

ůɗŮŰɖ ɡˊɞůŰɐɟɘɝɖ ɛŮ ɡɚɘəɧ (hardware). ɋůŰɧůɞ, ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ˊŬɟɏ-

ɢŮɘ ůɡɔɢɟɞɜɘůɛɧ űɎůɖɠ əŬɘ ŬˊŬɘŰŮɑ ɧŰɘ əɎɗŮ əɧɛɓɞɠ ůŰɞ ŭɑəŰɡɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕŮɘ 

Űɞ SyncE ɛŮ ɎɛŮůɖ űɡůɘəɐ ůɡɜŭŮůɘɛɧŰɖŰŬ SyncE ɛŮŰŬɝɨ ɔŮɘŰɞɜɘəɩɜ əɧɛɓɤɜ, ɔŮɔɞɜɧɠ 

ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ ůɖɛŬɜŰɘəɏɠ ŮˊŮɜŭɨůŮɘɠ ŬɜŬɓɎɗɛɘůɖɠ.  

ɇɞ PɇɅ ŭɘŬɜɏɛŮɘ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ ůɡɢɜɧŰɖŰŬɠ əŬɘ űɎůɖɠ ɛɏůɤ ɛŮŰŬűɞɟɎɠ ɛŮ 

ɓɎůɖ Űɞ ˊŬəɏŰɞ ɛŮŰŬɝɨ əɧɛɓɤɜ ɛŮ Ůˊɑɔɜɤůɖ Űɞɡ PTP əŬɘ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡˊɞ-

əŮɑɛŮɜɞ űɡůɘəɧ ŮˊɑˊŮŭɞ. ɃˊɧŰŮ ɡˊɞůŰɖɟɑɕŮŰŬɘ ɞ ůɡɔɢɟɞɜɘůɛɧɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ űɎůɖɠ 

əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ɖ ŬˊŬɑŰɖůɖ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ůŮ ɧɚɞ Űɞ ŭɑəŰɡɞ. ɋůŰɧůɞ ŬˊŬɘŰŮɑŰŬɘ Ůɘŭɘəɧ 

hardware ɔɘŬ ɢɟɞɜɘəɏɠ ɛŮŰɟɐůŮɘɠ əŬɘ ɖ Ŭˊɧŭɞůɖ ůɡɔɢɟɞɜɘůɛɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ůɢŮ-

ŭɘŬůɛɧ Űɞɡ ɡˊɞəŮɑɛŮɜɞɡ űɡůɘəɞɨ ŭɘəŰɨɞɡ. 

ȺɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ əŬɜŮɑɠ ɧŰɘ ɛɧɜɞ ɏɜŬ Ŭˊɧ ŬɡŰɎ ŰŬ ˊɟɤŰɧəɞɚɚŬ 

ɛˊɞɟŮɑ ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ Űɘɠ ˊɞɘəɑɚŮɠ ŬɜɎɔəŮɠ ůɡɔɢɟɞɜɘůɛɞɨ Űɤɜ ůɡɜŮɢɩɠ ŮɝŮɚɘůůɧɛŮ-

ɜɤɜ ŭɘəŰɨɤɜ backhaul. ɀŮ ɓɎůɖ ŬɡŰɐ Űɖɜ ɡˊɧɗŮůɖ, ůŰɞ ɆɢɐɛŬ 2.7 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ 
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ɡɓɟɘŭɘəɧ ůɢɐɛŬ ůɡɔɢɟɞɜɘůɛɞɨ ˊɞɡ ŬɜŬŭŮɘəɜɨŮɘ ŭɘɎűɞɟŮɠ Ůˊɘɚɞɔɏɠ ůŰɖ ŭɘɎɗŮůɖ Ůɜɧɠ 

ůɢŮŭɘŬůŰɐ ŭɘəŰɨɞɡ backhaul. 

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ (a), Űɞ HSR ŮɜŮɟɔŮɑ ɤɠ PTP slave əŬɘ ŭɘŬɜɏɛŮɘ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ 

ůɡɢɜɧŰɖŰŬɠ ɛɏůɤ Űɞɡ SyncE ɔɘŬ ŰŬ űɡůɘəɎ ůɡɜŭŮŭŮɛɏɜŬ CSR əŬɘ eNb. ũɘŬ Űɘɠ Ůˊɘɚɞɔɏɠ 

(b) - (d), Űɞ HSR ŮɜŮɟɔŮɑ ɤɠ ŭɟɞɛɞɚɞɔɖŰɐɠ PTP, ɛŮŰŬɓɘɓɎɕɞɜŰŬɠ ŰŬ ɛɖɜɨɛŬŰŬ PTP 

ůŰɞɡɠ slave əɧɛɓɞɡɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɟɞɩɗɖůɖ IP unicast. ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ (b), Űɞ 

 
ɆɢɐɛŬ 2.7: ȹɘŬɜɞɛɐ ůɡɔɢɟɞɜɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ əŬɘ űɎůɖɠ ŮɜŰɧɠ Űɞɡ backhaul [7]. 

 

CSR ŮɜŮɟɔŮɑ ɤɠ PTP slave əŬɘ ŭɘŬɓɘɓɎɕŮɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ůɡɔɢɟɞɜɘůɛɞɨ ɛɏůɤ Űɞɡ 

SyncE ůŮ ɏɜŬ ůɡɜŭŮŭŮɛɏɜɞ ɛɏůɤ Ethernet eNb. ȼ Ůˊɘɚɞɔɐ (c) ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ (b) ɛŮ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ ɞ eNb ůɡɜŭɏŮŰŬɘ ɛŮ ɏɜŬ CSR ɛɏůɤ əɡəɚɤɛɎŰɤɜ TDM. 

Ⱥˊɞɛɏɜɤɠ, ɞ ůɡɔɢɟɞɜɘůɛɧɠ Ŭˊɧ Űɞ CSR ůŰɞ eNb ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɤɜ əɡəɚɤɛɎŰɤɜ 

TDM. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ ůɡɔɢɟɞɜɘůɛɧɠ Ŭˊɧ Űɞ CSR ůŰɞ eNb ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɞɡ 

ŰɞɛɏŬ TDM. ɇɏɚɞɠ, ɖ Ůˊɘɚɞɔɐ (d) ɡˊɞɗɏŰŮɘ ɧŰɘ Űɞ eNb ɔɜɤɟɑɕŮɘ Űɞ PTP əŬɘ ɛˊɞɟŮɑ ɜŬ 

ŮɜŮɟɔŮɑ ɤɠ slave ɔɘŬ ɜŬ ɚŬɛɓɎɜŮɘ Űɧůɞ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ůɡɔɢɟɞɜɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ɧůɞ 

əŬɘ űɎůɖɠ. Ƀ ˊɎɟɞɢɞɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɛŮɟɘəɏɠ ɐ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ Ůˊɘɚɞɔɏɠ ůŮ 

ŭɘɎűɞɟŬ ɛɏɟɖ Űɞɡ ŭɘəŰɨɞɡ ɛŮ ɓɎůɖ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ŬɜŬˊŰɨůůɞ-

ɜŰŬɘ ůŰɞɜ əɧɛɓɞ əŬɘ ůŰɘɠ ŰɞˊɞɗŮůɑŮɠ əɡɣŮɚɩɜ. 

ȺəŰɧɠ Ŭˊɧ Űɞ SyncE əŬɘ Űɞ PTP, Űɞ ɄŬɔəɧůɛɘɞ ɆɨůŰɖɛŬ ȺɜŰɞˊɘůɛɞɨ Ūɏůɖɠ 

(GPS - Global Positioning System) ˊŬɟɏɢŮɘ Ůˊɑůɖɠ ɘůɢɡɟɧ ůɡɔɢɟɞɜɘůɛɧ ůɡɢɜɧŰɖŰŬɠ 

əŬɗɩɠ əŬɘ ůɡɔɢɟɞɜɘůɛɧ ɢɟɧɜɞɡ/űɎůɖɠ. ȷˊɧ ŬɡŰɐ Űɖɜ Ɏˊɞɣɖ, ɞɘ ˊɎɟɞɢɞɘ ˊɞɡ ɓɟɑůəɞ-

ɜŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɛŮŰɎɓŬůɖɠ ůŰɞ LTE ɛŮ ɓɎůɖ Űɖɜ ɡˊɎɟɢɞɡůŬ ɡˊɞŭɞɛɐ 3GPP2 ɏ-

ɢɞɡɜ ˊɚŮɞɜɏəŰɖɛŬ, əŬɗɩɠ ŰŬ RAN ˊɞɚɚŬˊɚɐɠ ˊɟɧůɓŬůɖɠ ɛŮ ŭɘŬɑɟŮůɖ əɩŭɘəŬ 

(CDMA) ɏɢɞɡɜ ɘůŰɞɟɘəɎ ůɡɔɢɟɞɜɘůŰŮɑ ɛŮ Űɖ ɓɞɐɗŮɘŬ ŭŮəŰɩɜ GPS ůŰɞ ɢɩɟɞ Űɖɠ 


















































































































































