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ʹʨʳʻˀʨʵ ˀʬʹʸʻʲʬʩʻʲʰʨ ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺˀʰ 

ʬʴʬʸʪʬʺʰʱʰʹʨ ʫʨ ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʼʨʱʻʲʺʬʺʰ 

ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʫʬʶʨʸʺʨʳʬʴʺʰ 

 

ˆʬʲʳ˃ʾʭʨʴʬʲʰ: ʶʸʵʼʬʹʵʸʰ ʪʰʭʰ ʳʻʸˇʰʱʴʬʲʰ 

 

ʸʬ˂ʬʴʮʬʴʺʰ: _______________________________ 

 

ʸʬ˂ʬʴʮʬʴʺʰ: _______________________________ 

 

ʫʨ˂ʭʨ ˀʬʫʪʬʩʨ 2016 ˄ʲʰʹ მ------მ -------------, ------ ʹʨʨʯʮʬ 

ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʬʴʬʸʪʬʺʰʱʰʹʨ ʫʨ 

ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʼʨʱʻʲʺʬʺʰʹ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʹʨʩ˅ʵʹ ʱʵʲʬʪʰʰʹ 

ʹˆʫʵʳʨʮʬ, ʱʵʸʶʻʹʰ VIII, ʨʻʫʰʺʵʸʰʨ ------  

ʳʰʹʨʳʨʸʯʰ: 0175, ʯʩʰʲʰʹʰ,ʱʵʹʺʨʭʨʹ 77. 

 

 

ʫʰʹʬʸʺʨ˂ʰʰʹ ʪʨ˂ʴʵʩʨ ˀʬʰ˃ʲʬʩʨ ʹʺʻ-ʹ ʩʰʩʲʰʵʯʬʱʨˀʰ, 

ˆʵʲʵ ʨʭʺʵʸʬʼʬʸʨʺʰʹʨ - ʼʨʱʻʲʺʬʺʰʹ ʭʬʩʪʭʬʸʫʮʬ 

 

 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʹʨʩ˅ʵʹ ʳʫʰʭʨʴʰ,                                                       ʪ.ʪʰʪʰʴʬʰˀʭʰʲʰ 

ʨʹʵ˂ʰʸʬʩʻʲʰ ʶʸʵʼʬʹʵʸʰ 
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ʴ ʨ ˀ ʸ ʵ ʳ ʰ ʹ   ʮ ʵ ʪ ʨ ʫ ʰ   ʫ ʨ ˆ ʨ ʹ ʰ ʨ ʯ ʬ ʩ ʨ 

 

      ʯʬʳʰʹ ʨʽʺʻʨʲʵʩʨ.  ʰʪʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʸʨʳʫʬʴʰʳʬ ʼʨʽʺʵʸʰʯ. 

ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʩʨʮʨʸʮʬ, ʸʵʪʵʸ˂ ʳʵʴʨ˂ʬʳʯʨ ʪʨʫʨ˂ʬʳʰʹ ʨʹʬʭʬ 

ʹʨʲʨʶʨʸʨʱʵ ʹʬʸʭʰʹʬʩʰʹ ʳʵʯˆʵʭʴʰʹ ʮʸʫʰʹ ʺʬʴʫʬʴ˂ʰʨʳ ʪʨʴʨʶʰʸʵʩʨ 

ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʪʨʩʳʻʲʵʩʰʹ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

ʪʨʴʭʰʯʨʸʬʩʨ. ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʩʵʲʵ ˄ʲʬʩˀʰ, ʳ˄ʨʸʳʵʬʩʲʬʩʰ ʹ˄ʸʨʼʰ ʺʬʳʶʰʯ 

ʳʻˀʨʵʩʬʴ ʯʰʯʵʬʻʲʰ ʺʬʽʴʵʲʵʪʰʰʹ ʪʨʴʭʰʯʨʸʬʩʨʹʨ ʫʨ ʳʵʫʬʸʴʰʮʨ˂ʰʨʮʬ. 

ʰʳʰʹʨʯʭʰʹ, ʸʵʳ ʳʵʩʰʲʻʸʳʨ ʵʶʬʸʨʺʵʸʳʨ ʹʸʻʲʰʨʫ ʫʨʨʱʳʨʿʵʼʰʲʵʹ 

ʳʵʳˆʳʨʸʬʩʲʰʹ ʳʵʯˆʵʭʴʨ, ʹʨ˅ʰʸʵʨ ʽʹʬʲˀʰ ʫʨʴʬʸʪʵʹ ʸʨʳʫʬʴʰʳʬ 

ʺʬʽʴʵʲʵʪʰʨ. ʳʵ˂ʬʳʻʲʰ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʯʨʴʨʨʸʹʬʩʵʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ 

ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʹ, ʹʨʫʨ˂ ʯʨʭʹ ʰˁʬʴʹ ʿʭʬʲʨʮʬ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʶʸʵʩʲʬʳʨკ 

ʸʨʫʰʵʸʬʹʻʸʹʰʹ ʬʸʯʵʩʲʰʭʰ ʳʬʴʬˇʳʬʴʺʰ. ʨʾʴʰˀʴʻʲ ʶʸʵʩʲʬʳʨʹ ʯʨʴ ʹʫʬʭʹ 

ʹʬʸʭʰʹʰʹ ˆʨʸʰʹˆʰʹ ʪʨʻʨʸʬʹʬʩʨ ʺʬʽʴʵʲʵʪʰʬʩʹ ˀʵʸʰʹ ʳʵʩʰʲʵʩʰʹ,ʮʨʸʰʹ 

˄ʨʳʵ˄ʿʬʩʰʹ ʫʨ ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʫʸʵʹ. ʹˆʭʨ ʼʨʽʺʵʸʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ 

ʰʳʰʯ, ʸʵʳ ʫʾʬʹʫʾʬʵʩʰʯ ʼʰ˅ʻʸʰ ʽʹʬʲʬʩʰʹ ʵʶʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ 

ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹ ʪʨʳʵ˄ʭʬʭʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʽʹʬʲʰʹ ʫʨʼʨʸʭʰʹʨ ʫʨ ʺʬʭʨʫʵʩʰʹ 

ʪʨʮʸʫʰʹ ʶʸʵʩʲʬʳʬʩʰ. ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʳʮʨʸʫʰ ʳʵʯˆʵʭʴʰʹ 

ʫʨʹʨʱʳʨʿʵʼʰʲʬʩʲʨʫ ʪʨʴʻ˄ʿʭʬʺʲʰʭ ʭʰʯʨʸʫʬʩʨ ʽʹʬʲʬʩʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʰ 

ʫʨ ʰʴʬʸʪʬʩʨ ʨˆʨʲʰ ʹʺʨʴʫʨʸʺʬʩʰ. ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʰʹ ʵʶʬʸʨʺʵʸʬʩʰ ʳʨʱʸʵ 

ʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ ʹʨʩʨʮʵ ʹʨʫʪʻʸʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ˈʽʳʴʰʨʴ ʳʨʾʨʲʰ 

ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʰʹ ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩʹ.ˀʬʴʵʩʰʹ ˀʰʪʴʰʯ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʼʰ˅ʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʨʻʱʬʯʬʹʵ ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨʹ ʽʹʬʲʰʹ 

ʫʨʼʨʸʭʨʹʯʨʴ ʫʨ ʺʬʭʨʫʵʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʸʵʩʲʬʳʬʩʰʹ ʨʾʳʵʼˆʭʸʰʹ 

ʯʭʨʲʹʨʮʸʰʹʰʯ. ʳʰʳʫʰʴʨʸʬʵʩʹ ʱʭʲʬʭʬʩʰ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ 

ʪʨʳʵʿʬʴʬʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʰʯ. ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺˀʰ 

ʫʨʳʵʴʺʨʷʬʩʻʲʰ ʨʹʬʯʰ ʼʰ˅ʬʩʰ ˀʬʽʳʴʰʨʴ ʲʵʱʨʲʻʸ ʫʨʼʨʸʭʨʹ ʺʸʨʴʹʶʵʸʺʰʹ 
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ˀʰʪʴʰʯ.ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 

ʱʭʲʬʭʬʩʰ ʪʨʴˆʰʲʻʲʰʨ ʸʨʳʫʬʴʰʳʬ ʴʨˀʸʵʳˀʰ, ʳʨʪʸʨʳ ʨʾʴʰˀʴʻʲʰ ʳʬʯʵʫʰʹ 

ʪʨʳʵʿʬʴʬʩʰʹ ʬʼʬʽʺʻʸʵʩʨʹʯʨʴ ʫʨ ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 

ʱʰʯˆʭʬʩʰ ˇʬʸ ʱʰʫʬʭ ʨʸʹʬʩʵʩʹ. ˀʬʳʫʬʪʰ ʼʨʽʺʵʸʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʰʳʰʯ, 

ʸʵʳ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʳʰʬʸ ˀʬʹʸʻʲʬʩʻʲʰ ʨʳʵ˂ʨʴʬʩʰʹ ʸʨʵʫʬʴʵʩʨ 

ʫʾʰʯʰʫʾʬ ʰʳʨʺʬʩʹ. ʨˆʨʲ ʳʵʫʬʲʬʩˀʰ ʰʴʺʬʪʸʰʸʬʩʻʲʰʨ, ʸʵʪʵʸ˂ 

ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʪʨʩʳʻʲʵʩʰʹ ʿʭʬʲʨ ʯʨʵʩʰʹ ʺʬʽʴʵʲʵʪʰʨ, ʨʹʬʭʬ WLAN 

ʺʬʽʴʵʲʵʪʰʨ - Wi-Fi.  ʸʨʫʰʵˀʬʾ˄ʬʭʰʹ ʽʹʬʲʬʩʯʨʴ ʻʸʯʰʬʸʯʵʩʰʹ ʪʨʸʫʨ, 

ʳʵʩʰʲʻʸ ʳʵ˄ʿʵʩʰʲʵʩʨˀʰ ˁʨˀʬʴʬʩʻʲʰʨ ʻʨʳʸʨʭʰ ʼʻʴʽ˂ʰʨ ʫʨ ʨʶʲʰʱʨ˂ʰʨ, 

ʸʵʳʬʲʯʨ ʪʨʳʵʿʬʴʬʩʰʹʨʹ ʨʫʪʰʲʰ ʨʽʭʹ ʨʶʨʸʨʺʰʹ ʬʴʬʸʪʵʸʬʹʻʸʹʰʹ 

ʳʴʰˀʭʴʬʲʵʭʨʴ ʫʨʴʨˆʨʸˇʬʩʹ. ʹ˄ʵʸʬʫ ʨʾʴʰˀʴʻʲʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, 

ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʪʨʩʳʻʲʵʩʰʹ ʹʰʹʺʬʳʬʩˀʰ ʬʸʯ-ʬʸʯ ʶʸʰʵʸʰʺʬʺʻʲ 

ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʵʩʰʲʻʸʰ ʨʶʨʸʨʺʰʹ ʬʴʬʸʪʵʸʬʹʻʸʹʰʹ ʬʱʵʴʵʳʰʻʸʰ 

ˆʨʸˇʭʰʹ ʻʮʸʻʴʭʬʲʿʵʼʨ.   

      ʹʨʳʻˀʨʵʹ ʳʰʮʨʴʰ.  ʩʵʲʵ ʸʨʳʫʬʴʰʳʬ ˄ʲʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ˈʬʺʬʸʵʪʬʴʻʲʰ 

ʽʹʬʲʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʫʨ ʳʵʫʬʸʴʰʮʨ˂ʰʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ ʳʱʭʲʬʭʨʸʬʩʰʹ 

ʳʰʬʸ ˀʬʰʽʳʴʨ ʴʨʳʻˀʬʭʸʬʩʰ. ʨʳ ʹʨʳʻˀʨʵʹ ʳʰʮʨʴʰ ʨʸʰʹ ʹˆʭʨ ʹʨʳʻˀʨʵʬʩʯʨʴ 

ˀʬʫʨʸʬʩʰʯ ˀʬʭʰʳʻˀʨʭʵʯ ʨˆʨʲʰ, ʻʼʸʵ ʬʼʬʽʺʻʸʰ  ʹʰʹʺʬʳʬʩʰ ʨˆʨʲʰ 

ʳʬʯʵʫʬʩʰʹʨ ʫʨ ʨʲʪʵʸʰʯʳʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, ʸʨʯʨ ʨʳʨʾʲʬʩʻʲ ʰʽʴʨʹ 

ˈʬʺʬʸʵʪʬʴʻʲʰ ʽʹʬʲʬʩʰʹ ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʨ; ʨʹʬʭʬ ʹʨʳʻˀʨʵʹ ʳʰʮʨʴʰʨ 

ʯʬʵʸʰʻʲʰ ˀʬʫʬʪʬʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʵʫʬʲʰʸʬʩʰʹ 

ʹʨˀʻʨʲʬʩʰʯ. 

      ʱʭʲʬʭʰʹ ʵʩʰʬʽʺʰ ʫʨ ʳʬʯʵʫʬʩʰ. ʱʭʲʬʭʰʹ ʵʩʰʬʽʺʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ  ˀʰʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩˀʵʸʰʹʰ 

ʺʸʨʼʰʱʰʹ ʪʨʴʺʭʰʸʯʭʰʹ ʨʲʪʵʸʰʯʳʬʩʰʹ ʬʼʬʽʺʻʸʵʩʰʹ ˀʬʼʨʹʬʩʨ, ʺʸʨʼʰʱʰʹ 

ʮʸʫʰʹ ʹˆʭʨʫʨʹˆʭʨ ʺʸʬʴʫʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʨʹʬʭʬ ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ 
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ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʾʨʲʰ ʬʴʬʸʪʵʬʼʬʽʺʻʸʵʩʰʹ 

ʨʲʪʵʸʰʯʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ ʫʨ ˀʬʳʫʪʵʳʰ ˀʬʼʨʹʬʩʨ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 

ʫʨʹʳʻʲʰ ʨʳʵ˂ʨʴʬʩʰʹ ʪʨʫʨʹʨ˄ʿʭʬʺʨʫ ʪʨʳʵʿʬʴʬʩʻʲʰʨ: ʨʲʩʨʯʵʩʰʹʨ ʫʨ 

ʳʨʯʬʳʨʺʰʱʻʸʰ ʹʺʨʺʰʹʺʰʱʰʹ ʯʬʵʸʰʬʩʰ, ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʯʬʵʸʰʰʹ 

ʳʬʯʵʫʬʩʰ, ʨʹʬʭʬ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʵʫʬʲʰʸʬʩʨ (MATLAB ʶʸʵʪʸʨʳʻʲʰ 

ʰʴʹʺʸʻʳʬʴʺʰʹ ʪʨʳʵʿʬʴʬʩʰʯ). 

      ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ʫʨ ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 

ˁʨʺʨʸʬʩʻʲʰ ʱʭʲʬʭʬʩʰʹʨ ʫʨ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰʹ ʹʨʳʬ˂ʴʰʬʸʵ ʹʰʨˆʲʬ 

ʳʫʪʵʳʨʸʬʵʩʹ ˀʬʳʫʬʪˀʰ: 

1. ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ˈʬʺʬʸʵʪʬʴʻʲʰ ʽʹʬʲʰʹ ʨˆʨʲʰ ʱʵʳʶʵʴʬʴʺʰ - GRRC 

(Global Radio Resource Controller), ʸʵʳʲʰʹ ʹʨˀʻʨʲʬʩʰʯʨ˂ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʾʴʰˀʴʻʲʰ ʺʰʶʰʹ ʽʹʬʲʬʩˀʰ ˀʬʳʨʭʨʲʰ ʺʬʽʴʵʲʵʪʰʬʩʰʹ 

ʸʨʫʰʵʸʬʹʻʸʹʰʹ ʬʸʯʵʩʲʰʭʰ ʳʬʴʬˇʳʬʴʺʰ. 

2. ʫʨʳʻˀʨʭʬʩʻʲʰʨ ʸʨʫʰʵʸʬʹʻʸʹʰʹ ʬʸʯʵʩʲʰʭʰ ʳʬʴʬˇʳʬʴʺʰʹ 

ʨʲʪʵʸʰʯʳʬʩʰ, ʸʵʳʬʲʯʨ ʪʨʳʵʿʬʴʬʩʰʯʨ˂ ˆʫʬʩʨ ʺʸʨʼʰʱʰʹ ʬʼʬʽʺʻʸʨʫ 

ʪʨʴʺʭʰʸʯʭʨ LTE ʽʹʬʲʬʩʰʫʨʴ ʸʨʫʰʵʱʨʭˀʰʸʰʹ ʹˆʭʨ ʺʰʶʰʹ ʽʹʬʲʬʩʮʬ.  

3. ʹʰʳʻʲʨ˂ʰʰʹ ˀʬʫʬʪʨʫ ʴʨˁʭʬʴʬʩʰʨ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʬʼʬʽʺʻʸʵʩʨ, ʸʵʳʬʲʰ˂ ˀʬʼʨʹʫʨ LTE ʼʰ˅ʰʫʨʴ ʬʸʯ 

˄ʨʳˀʰ ʪʨʴʺʭʰʸʯʻʲʰ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʯ. ʨʲʪʵʸʰʯʳʰ#1-ʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʬʸʯ ˄ʨʳˀʰ ʪʨʴʺʭʰʸʯʻʲʰ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ 

ʹʨˀʻʨʲʵʫ 4.5-ʰʹ ʺʵʲʰʨ, ˆʵʲʵ ʨʲʪʵʸʰʯʳʰ#2-ʰ ʬʸʯ ˄ʨʳˀʰ ʨˆʫʬʴʹ 

ʹʨˀʻʨʲʵʫ 8.5 ʨʩʵʴʬʴʺʰʹ ʪʨʴʺʭʰʸʯʭʨʹ. 

4. ˀʬʳʻˀʨʭʬʩʻʲʰʨ ʨˆʨʲʰ ʳʰʫʪʵʳʨ, ʸʵʳʲʰʹ ʹʨˀʻʨʲʬʩʰʯʨ˂ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʫʰ ʳʵʩʰʲʻʸʰ 

ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʬʴʬʸʪʵʳʵˆʳʨʸʬʩʰʹ ˀʬʳ˂ʰʸʬʩʨ.  
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5. ʫʨʳʻˀʨʭʬʩʻʲʰʨ Wi-Fi ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʾʨʲʰ 

ʬʴʬʸʪʵʬʼʬʽʺʻʸʵʩʰʹ ʨʲʪʵʸʰʯʳʰʹ ʶʨʸʨʳʬʺʸʬʩʰ. 

6. MATLAB ʶʸʵʪʸʨʳʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʰʯ ˀʬʼʨʹʬʩʻʲʰʨ 

ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ ʬʴʬʸʪʵʬʼʬʽʺʻʸʵʩʨ. ʹʺʨʴʫʨʸʺʻʲ 

ʨʲʪʵʸʰʯʳʯʨʴ ˀʬʫʨʸʬʩʰʯ ˁʭʬʴʹ ʳʰʬʸ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ 

ʪʨʳʵʿʬʴʬʩʰʹʨʹ, ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ Wi-Fi ʹʰʪʴʨʲʰʹ ʹʱʨʴʰʸʬʩʰʹʨʹ, 

800 ʳʬʺʸʰʹ ʸʨʫʰʻʹˀʰ ʳʵʳʻˀʨʭʬ LTE ʺʬʽʴʵʲʵʪʰʰʹ ʹʨʩʨʮʵ ʹʨʫʪʻʸʰʹ 

ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ, ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʰʾ˄ʬʻʲ ʰʽʴʨʹ ʳʵʩʰʲʻʸʰ 

ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʳʰʬʸ ʫʨˆʨʸˇʻʲʰ ʬʲʬʽʺʸʵʬʴʬʸʪʰʰʹ ʯʰʯʽʳʰʹ 2%-ʰʯ 

ˀʬʳ˂ʰʸʬʩʨ. 

7. ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʨˆʨʲʰ ʳʰʫʪʵʳʨ, ʸʵʳʬʲʰ˂ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ 

ʼʰ˅ʬʩʰʹ ʫʨ ʨʸʹʬʩʻʲʰ Wi-Fi ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ 

ʨˆʫʬʴʹ LTE ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʬʩʰʫʨʴ ʺʸʨʼʰʱʰʹ ʪʨʴʺʭʰʸʯʭʨʹ. 

8. ˀʬʳʻˀʨʭʬʩʻʲʰʨ ʳʵʳˆʳʨʸʬʩʲʰʹ ʳʰʬʸ ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʬʸʭʰʹʬʩʰʹ 

ʰʹʺʵʸʰʰʹ ʶʸʵʼʰʲʰ(HPOM), ʸʵʳʲʰʹ ʪʨʳʵʿʬʴʬʩʰʯʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʶʸʵʪʴʵʮʰʸʬʩʻʲ ʰʽʴʨʹ ʳʵʳˆʳʨʸʬʩʲʰʹ ʹʨʳʵʳʨʭʲʵ ʳʵʯˆʵʭʴʨ. 

9. ʳʰʾʬʩʻʲʰʨ ʹʰʳʻʲʨ˂ʰʰʹ ˀʬʫʬʪʬʩʰ, ʸʵʳʬʲʯʨ ʳʰˆʬʫʭʰʯʨ˂ ʩʰʺʮʬ 

ʳʵʹʻʲʰ ˀʬ˂ʫʵʳʬʩʰʹ ʫʨʩʨʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹʨʯʭʰʹ (�ܧ� ≤ ͳͲ−3), 

ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺˀʰ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʰʹ 

ʪʨʳʵʿʬʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʹʺʨʴʫʨʸʺʻʲʯʨʴ M→U ʹ˂ʬʴʨʸʯʨʴ 

ˀʬʫʨʸʬʩʰʯ, ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲʰ ʹʨˀʻʨʲʵʫ 0.3 

ʱʰʲʵʳʬʺʸʰʯ ʰʮʸʫʬʩʨ. 

10. ʶʸʵʪʸʨʳʻʲʰ ʰʴʹʺʸʻʳʬʴʺʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʫʨʸʬʩʻʲʰʨ HPOM ʫʨ 

NHPOM ʳʬʯʵʫʬʩʰ. ˀʬʫʬʪʬʩʮʬ ʫʨʿʸʫʴʵʩʰʯ, ʬʽʹʶʬʸʰʳʬʴʺʰʹ 

ʪʨʴʳʨʭʲʵʩʨˀʰ ʹʨʮʵʪʨʫʵʬʩʸʰʭʰ ʺʸʨʴʹʶʵʸʺʰʫʨʴ ʳʨʱʸʵʼʰ˅ʨʮʬ 

ˀʬʳʵʹʻʲʰ ʺʸʨʼʰʱʰʹ ʳʰˆʬʫʭʰʯ, NHPOM ʳʬʯʵʫʰʯ ʳʨʱʸʵʼʰ˅ʰʹ 
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ʫʨʺʭʰʸʯʻʲʵʩʨ ʳ˂ʰʸʫʬʩʨ 10%-ʳʫʬ, ˆʵʲʵ HPOM ʳʬʯʵʫʰʯ 

ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ 0%-ʳʫʬ ʳ˂ʰʸʫʬʩʨ. 

      ʴʨˀʸʵʳʰʹ ʶʸʨʽʺʰʱʻʲʰ ʾʰʸʬʩʻʲʬʩʨ ʫʨ ˀʬʫʬʪʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ʹʼʬʸʵ. 

ʫʰʹʬʸʺʨ˂ʰʨˀʰ ʯʬʵʸʰʻʲʰ, ʨʹʬʭʬ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʵʫʬʲʰʸʬʩʰʯ ʳʰʾʬʩʻʲʰ 

ˀʬʫʬʪʬʩʰ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʨʹ 3GPP-ʰʹ, ETSI-ʰʹ ʨʴ ʹˆʭʨ 

ʹʨʬʸʯʨˀʵʸʰʹʵ ʰʴʹʺʰʺʻʺʰʹ ʳʰʬʸ ˈʬʺʬʸʵʪʬʴʻʲʰ ʽʹʬʲʬʩʰʹ 

ʶʸʵʬʽʺʰʸʬʩʰʹʨʹ. 

      ʶʻʩʲʰʱʨ˂ʰʬʩʰ ʫʨ ʹʨʳʻˀʨʵʹ ʨʶʸʵʩʨ˂ʰʨ. ʫʰʹʬʸʺʨ˂ʰʰʹ ˃ʰʸʰʯʨʫʰ ˀʰʴʨʨʸʹʰ 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ 3 ʴʨʩʬ˅ʫ ˀʸʵʳʨˀʰ. ˀʬʫʬʪʬʩʰ ʳʵˆʹʬʴʰʬʩʻʲʰʨ 2 

ʹʨʬʸʯʨˀʵʸʰʹʵ ʱʵʴʼʬʸʬʴ˂ʰʨʮʬ (ʽʻʯʨʰʹʰ, ʨʱʨʱʰ ˄ʬʸʬʯʲʰʹ ʹʨˆʬʲʳ˄ʰʼʵ 

ʻʴʰʭʬʸʹʰʺʬʺʰ, ʰʭʴʰʹʰ, 2015; ʽʻʯʨʰʹʰ, ʨʱʨʱʰ ˄ʬʸʬʯʲʰʹ ʹʨˆʬʲʳ˄ʰʼʵ 

ʻʴʰʭʬʸʹʰʺʬʺʰ, ʵʽʺʵʳʩʬʸʰ, 2015), ʹʺʻ-ʹ ʹʺʻʫʬʴʺʯʨ 83-ʬ ʾʰʨ 

ʹʨʬʸʯʨˀʵʸʰʹʵ ʹʨʳʬ˂ʴʰʬʸʵ ʱʵʴʼʬʸʬʴ˂ʰʨʮʬ(ʯʩʰʲʰʹʰ, ʹʺʻ, ʰʭʴʰʹʰ, 2015), 

ʹʺʻ-ʹ ʬʴʬʸʪʬʺʰʱʰʹʨ ʫʨ ʺʬʲʬʱʵʳʻʴʰʱʨ˂ʰʰʹ ʼʨʱʻʲʺʬʺʰʹ 1-ʲ, ʳʬ-2 ʫʨ ʳʬ-3 

ʱʵʲʵʱʭʰʻʳʬʩʮʬ(ʯʩʰʲʰʹʰ, ʹʺʻ, 2015, 2016 ˄˄.). 

      ʫʰʹʬʸʺʨ˂ʰʰʹ ʳʵ˂ʻʲʵʩʨ ʫʨ ʹʺʸʻʽʺʻʸʨ. ʫʰʹʬʸʺʨ˂ʰʨ ʳʵʰ˂ʨʭʹ ˀʬʹʨʭʨʲʹ, 

4 ʯʨʭʹ, ʫʨʹʱʭʴʨʹ, ʪʨʳʵʿʬʴʬʩʻʲʰ ʲʰʺʬʸʨʺʻʸʰʹ ˁʨʳʵʴʨʯʭʨʲʹ ʫʨ ʫʨʴʨʸʯʹ. 

ʴʨˀʸʵʳʰʹ ʳʯʬʲʰ ʳʵ˂ʻʲʵʩʨ ˀʬʨʫʪʬʴʹ 139 ʪʭʬʸʫʹ, ʳʨʯ ˀʵʸʰʹ 101 ʪʭʬʸʫʰ 

˃ʰʸʰʯʨʫʰ ʺʬʽʹʺʰʨ 13 ˂ˆʸʰʲʰʯ ʫʨ 31 ʴʨˆʨʮʰʯ. ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʲʰʺʬʸʨʺʻʸʰʹ ʹʰʨ ˀʬʰ˂ʨʭʹ 68 ʫʨʹʨˆʬʲʬʩʨʹ. 

 

ʴ ʨ ˀ ʸ ʵ ʳ ʰ ʹ   ˃ ʰ ʸ ʰ ʯ ʨ ʫ ʰ  ˀ ʬ ʫ ʬ ʪ ʬ ʩ ʰ  ʫ ʨ  ʫ ʨ ʹ ʱ ʭ ʴ ʬ ʩ ʰ 

 

      ʰʽʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ʸʵʳ ʸʨʫʰʵʱʨʭˀʰʸʰʹ ʺʬʽʴʵʲʵʪʰʬʩʳʨ ʼʨʸʯʵ 

ʪʨʳʵʿʬʴʬʩʨ ˈʶʵʭʨ ʳʯʬʲʹ ʳʹʵʼʲʰʵˀʰ, ˃ʨʲʰʨʴ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ, ʸʵʳ 
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ʯʰʯʵʬʻʲʰ ʪʬʵʪʸʨʼʰʻʲʰ ʨʫʪʰʲʰ ʫʨʼʨʸʻʲ ʰʽʴʨʹ ʬʸʯʮʬ ʳʬʺʰ 

ʸʨʫʰʵʺʬʽʴʵʲʵʪʰʰʯ. ʸʨʫʰʵʺʬʽʴʵʲʵʪʰʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʯʰʯʵʬʻʲ 

ʨʫʪʰʲʨʹ ʴʨʭʨʸʨʻʫʬʩʰʨ, ʸʵʳ ʪʨʰʮʸʫʬʩʨ, ʸʨʫʪʨʴ ʫʾʰʯʰ-ʫʾʬ ʰʮʸʫʬʩʨ Wi-Fi 

ʺʬʽʴʵʲʵʪʰʰʹ ʫʨʴʬʸʪʭʰʹ ʺʸʬʴʫʰ, ʼʨʸʯʵʫ ʳʰʳʫʰʴʨʸʬʵʩʹ 4G ʽʹʬʲʰʹ 

ʰʴʺʬʪʸʨ˂ʰʨ ʫʨ ʪʨʴʭʰʯʨʸʬʩʨ. ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ʱʵʴʱʸʬʺʻʲ ʬʸʯ 

˄ʬʸʺʰʲˀʰ ʨʩʵʴʬʴʺʰʹʯʭʰʹ ˆʬʲʳʰʹʨ˄ʭʫʵʳʰ ʰʽʴʬʩʨ ʸʨʳʫʬʴʰʳʬ ʺʬʽʴʵʲʵʪʰʨ. 

ʺʬʽʴʵʲʵʪʰʬʩʯʨʴ ˄ʭʫʵʳʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨ ʳʵʳˆʳʨʸʬʩʲʰʹ ʳʵ˄ʿʵʩʰʲʵʩʬʩˀʰ 

ˀʬʮʾʻʫʻʲʰʨ, ʰʳʰʹ ʳʰˆʬʫʭʰʯ ʯʻ ʸʵʳʬʲʰ ʸʨʫʰʵʳˆʨʸʫʨ˅ʬʸʰʯ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʨ. ʰʳʰʹ ʳʬʸʬ ʸʨ˂ ʳʵʳˆʳʨʸʬʩʬʲʰ 

ʨʰʸˁʬʭʹ ʸʨʫʰʵʽʹʬʲʹ, ʯʰʯʵʬʻʲʰ ʽʹʬʲʰ ˂ʫʰʲʵʩʹ  ʳʵʳˆʳʨʸʬʩʬʲʹ 

ʳʵʬʳʹʨˆʻʸʵʹ ʹʨʻʱʬʯʬʹʵ ʶʰʸʵʩʬʩʰʯ. ʲʵʱʨʲʰʮʰʸʬʩʻʲʰ ʸʬʹʻʸʹʰʹ 

ʪʨʳʵʿʵʼʰʹ ʳʬʯʵʫʰ, ˃ʰʸʰʯʨʫʨʫ ʨʸ ˄ʨʸʳʵʨʫʪʬʴʹ ʵʶʺʰʳʨʲʻʸ ʭʨʸʰʨʴʺʹ 

ʭʰʫʸʬ ˂ʬʴʺʸʨʲʰʮʰʸʬʩʻʲʰ ʳʨʸʯʭʰʹ ʹʰʹʺʬʳʰʹ ʳʰʬʸ ʳʰʾʬʩʻʲʰ 

ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨ. ʬʼʬʽʺʻʸʵʩʨ ʰʮʸʫʬʩʨ ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ, ʸʵ˂ʨ ʸʬʹʻʸʹʰʹ 

ʳʬʴʬˇʳʬʴʺʰʹ ʶʸʵ˂ʬʹʰ ʬʸʯʵʩʲʰʭʨʫ ʰʯʭʨʲʰʹ˄ʰʴʬʩʹ ʸʬʹʻʸʹʰʹ ʪʨʴʨ˄ʰʲʬʩʨʹ 

ʺʬʽʴʵʲʵʪʰʬʩʹ ˀʵʸʰʹ ʫʨ ʵʶʺʰʳʨʲʻʸʨʫ ʰʿʬʴʬʩʹ ʳʸʨʭʨʲʺʬʽʴʵʲʵʪʰʨʴ 

ʽʹʬʲʹ. ʽʹʬʲʰʹ ʳʨʾʨʲʰ ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹʨ ʫʨ ʹʶʬʽʺʸʻʲʰ ʬʼʬʽʺʻʸʵʩʰʹ 

ʳʰʹʨʾ˄ʬʭʨʫ ʹʨ˅ʰʸʵʨ ʸʨʫʰʵʸʬʹʻʸʹʰʹ ʱʵʴʺʸʵʲʰʹ ʪʲʵʩʨʲʻʸ ʫʵʴʬʮʬ 

ʰʳʶʲʬʳʬʴʺʨ˂ʰʨ. 

      ʶʰʸʭʬʲʰ ʯʨʭʰ  ʬ˃ʾʭʴʬʩʨ ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʰʹ ʽʹʬʲʬʩʰʹ 

ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʰʹ ʨʳʨʾʲʬʩʰʹ ʳʬʯʵʫʬʩʰʹ ʳʰʳʵˆʰʲʭʨʹ.  ˀʬʹ˄ʨʭʲʰʲʰʨ 

ʼʰ˅ʻʸ ʹʰʹʺʬʳʬʩˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʸʨʫʰʵˀʬʾ˄ʬʭʰʹ ʳʬʯʵʫʬʩʰ, ʳʵʫʻʲʨ˂ʰʰʹ 

ʹʽʬʳʬʩʰ, MIMO ʹʰʹʺʬʳʬʩʰ. ʪʨʴˆʰʲʻʲʰʨ ʼʰ˅ʻʸʰ ʸʨʫʰʵˀʬʾ˄ʬʭʰʹ ʽʹʬʲʬʩʰʹ 

ʫʨʪʬʪʳʨʸʬʩʰʹʨ ʫʨ ʵʶʺʰʳʰʮʨ˂ʰʰʹ ʹʶʬ˂ʰʼʰʱʻʸʰ ʯʨʭʰʹʬʩʻʸʬʩʬʩʰ.ʼʰ˅ʻʸʰ 

ʽʹʬʲʰʹ ʫʨʪʬʪʳʨʸʬʩʰʹ ʨʳʵ˂ʨʴʨ ʱʵʳʶʲʬʽʹʻʸʰ ˆʨʹʰʨʯʰʹʨʨ, ʸʨʫʪʨʴ ʨʸʹʬʩʵʩʹ 

ʩʬʭʸʰ ʨʹʶʬʽʺʰ, ʸʵʳʬʲʯʨ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʨ˂ ʨʻ˂ʰʲʬʩʬʲʰʨ ʨʾʴʰˀʴʻʲʰ 

ʶʸʵ˂ʬʹʰʹ ʳʹʭʲʬʲʵʩʰʹ ʫʸʵʹ. ʫʨʪʬʪʳʨʸʬʩʰʹ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ 
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ʹʨʫʪʻʸʰʹ ʨʫʪʰʲʳʫʬʩʨʸʬʵʩʰʹ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ ʱʵʴʼʰʪʻʸʨ˂ʰʰʹ ʪʨʴʹʨʮʾʭʸʨ, 

ʸʨʯʨ  ʳʵ˂ʬʳʻʲ ʺʬʸʰʺʵʸʰʨʮʬ ʻʮʸʻʴʭʬʲʿʵʼʰʲ ʰʽʴʨʹ ʹʨʯʨʴʨʫʵ ʫʨʼʨʸʭʨ 

ʫʨ ʺʬʭʨʫʵʩʨ. ʸʨʫʰʵʽʹʬʲʰʹ ʵʶʺʰʳʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ˃ʰʸʰʯʨʫʨʫ ʵʸ ʳʰʮʨʴʹ 

ʳʵʰ˂ʨʭʹ. ʶʰʸʭʬʲ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʯʰʯʵʬʻʲʰ ʼʰ˅ʰʹ ʳʰʬʸ 

˄ʨʸʳʵʽʳʴʰʲʰ ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ʳʰʴʰʳʰʮʨ˂ʰʨ, ʨʳʨʭʫʸʵʻʲʨʫ ʹʰʪʴʨʲʰʹ 

ʹʨʹʻʸʭʬʲʰ ʫʵʴʰʹ ˀʬʴʨʸˁʻʴʬʩʨʹ ʫʨʪʬʪʳʨʸʬʩʰʹ ʳʰʬʸ ʪʨʴʹʨʮʾʭʸʻʲ 

ʺʬʸʰʺʵʸʰʨʮʬ. ʳʬʵʸʬ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʼʰ˅ʬʩʹ ˀʵʸʰʹ ʺʸʨʼʰʱʰʹ 

ʵʶʺʰʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʨ. ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰʨ, ʸʵʳ ˀʬʴʨʸˁʻʴʫʬʹ ʯʨʴʨʩʨʸʰ 

ʫʨʺʭʰʸʯʭʨ ʼʰ˅ʬʩʹ ˀʵʸʰʹ, ʸʨʯʨ ˀʬʳ˂ʰʸʫʬʹ ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʨʲʩʨʯʵʩʨ ʫʨ 

ʪʨʰʮʨʸʫʵʹ ʯʨʭʰʹʻʼʨʲʰ ʸʬʹʻʸʹʰ ʺʸʨʼʰʱʰʹ ˂ʭʲʰʲʬʩʰʹ ʫʨ ʹʨʳʵʳʨʭʲʵ 

ʮʸʫʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ. ˁʨʺʨʸʫʨ ʼʰ˅ʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ʬʼʬʽʺʻʸʵʩʰʹ 

ʨʳʨʾʲʬʩʰʹ ʳʬʯʵʫʬʩʰʹ ʨʴʨʲʰʮʰ.  ʪʨʨʴʨʲʰʮʰʸʬʩʻʲ ʰʽʴʨ ʹʨʲʨʶʨʸʨʱʵ 

ʹʬʸʭʰʹʰʹ ˆʨʸʰʹˆʰʹ ʨʳʨʾʲʬʩʰʹ ʳʬʯʵʫʬʩʰ 2G ʫʨ 4G ʽʹʬʲʬʩʰʹʨʯʭʰʹ. 

ˀʬʹ˄ʨʭʲʰʲ ʰʽʴʨ  ʪʨʫʨʳʺʨʴʬʩʰʹ ʨʪʸʬʪʨ˂ʰʰʹ ʳʬʯʵʫʰ, ʸʵʳʲʰʹ ʹʨˀʻʨʲʬʩʰʯʨ˂ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʵʴʨ˂ʬʳʯʨ ʪʨʫʨ˂ʬʳʰʹ ʹʰˁʽʨʸʰʹ ʪʨʮʸʫʨ ʻ˄ʿʭʬʺʰ ʨʴ ʨʸʨ 

ʻ˄ʿʭʬʺʰ ʹʰˆˀʰʸʻʲʰ ʮʵʲʰʹ ʪʨʫʨʳʺʨʴʬʩʰʹ ʨʪʸʬʪʨ˂ʰʰʯ. ʨʾʴʰˀʴʻʲʰ 

ʳʰʫʪʵʳʨ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʨʻʱʬʯʬʹʵ ʪʨʫʨ˄ʿʭʬʺʨʹ ʰʳ ʵʶʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ, 

ʸʵʳʬʲʯʨ˂ ʨʸ ʨʽʭʯ ʬʸʯʰʨʴʰ ʹʰˆˀʰʸʻʲʰ ʮʵʲʰ. ˁʨʺʨʸʬʩʻʲʰʨ 

ʰʴʺʬʸʼʬʸʬʴ˂ʰʻʲʰ ˆʬʲˀʬˀʲʬʩʰʹ ʳʰʴʰʳʰʮʨ˂ʰʰʹ ʳʬʯʵʫʬʩʰʹ ʨʴʨʲʰʮʰ. 

ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ˀʬʳ˂ʰʸʬʩʰʹ ʳʬʯʵʫʬʩʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʫʨʰʿʵʹ ʹʨʳ ˃ʰʸʰʯʨʫ 

ʱʨʺʬʪʵʸʰʨʫ: ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ʨʾʳʵʼˆʭʸʨ, ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ʪʨʹʨˀʻʨʲʵʬʩʨ 

ʫʨ ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ʯʨʭʰʫʨʴ ʨ˂ʰʲʬʩʨ. ʹʨʸʪʬʩʬʲʰ ʨʳ ʳʬʯʵʫʬʩʰʫʨʴ ʨʸʰʹ 

ʬʸʯʵʩʲʰʭʨʫ ʪʨʴʹʨʱʻʯʸʬʩʻʲʰ, ʨʳʰʺʵʳ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰʨ ʹʰʹʺʬʳʨˀʰ 

ʳʨʯʰ ʬʸʯʵʩʲʰʭʰ ʪʨʳʵʿʬʴʬʩʨ. ˀʬʹ˄ʨʭʲʰʲ ʰʽʴʨ ULIP(Uplink Interference 

Protection)  ʼʻʴʽ˂ʰʨ, ʸʵʳʲʰʹ ʹʨˀʻʨʲʬʩʰʯʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʾʳʨʭʨʲ ʲʰʴʱʮʬ 

ʳʵˆʫʬʹ ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ʳʰʴʰʳʰʮʨ˂ʰʨ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ 

ʹʰʪʴʨʲʰʹ ʪʨʹˆʰʭʬʩʰʹ ʹʰʳ˃ʲʨʭʸʰʹ ˀʬʳ˂ʰʸʬʩʰʹ ˆʨʸˇʮʬ. ˄ʨʸʳʵˁʬʴʰʲʰʨ 
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ʳʸʨʭʨʲʫʵʴʰʨʴʰ ʸʨʫʰʵˀʬʾ˄ʬʭʰʹ ʽʹʬʲʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ʻʶʰʸʨʺʬʹʵʩʨ, ʨʹʬʭʬ 

ˀʰʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩˀʵʸʰʹʰ ˈʬʺʬʸʵʪʬʴʰʮʨ˂ʰʰʹ 

ʪʨʳʵʿʬʴʬʩʰʹ ʬʼʬʽʺʻʸʵʩʨ. 

      ʳʬʵʸʬ ʯʨʭʰ  ˄ʨʸʳʵʨʫʪʬʴʹ LTE ʽʹʬʲʬʩˀʰ ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʩʨʲʨʴʹʰʸʬʩʰʹ 

ʨʸʹʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ ʨʴʨʲʰʮʹ. ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʩʨʲʨʴʹʰʸʬʩʰʹ 

ʨʸʹʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ MLB (Mobility Load Balancing) ʹʨˀʻʨʲʬʩʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʺʸʨʼʰʱʰʹ ʪʨʫʨʴʨ˄ʰʲʬʩʨ ʹˆʭʨʫʨʹˆʭʨ ʹʰˆˀʰʸʻʲʰ ʮʵʲʰʹ 

ʳʽʵʴʬ ʼʰ˅ʬʩʹʨ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩʹ ˀʵʸʰʹ. ʺʸʨʼʰʱʰʹ ʩʨʲʨʴʹʰʸʬʩʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʵʩʰʲʻʸ ʳʵ˄ʿʵʩʰʲʵʩʨʹʨ ʫʨ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹ ˀʵʸʰʹ 

ʱʨʭˀʰʸʰʹ ʫʨʳʿʨʸʬʩʰʹ ˄ʨʸʳʨʺʬʩʻʲʵʩʰʹ ʨʳʨʾʲʬʩʨ, ʨʹʬʭʬ ʨʩʵʴʬʴʺʰʹʯʭʰʹ 

ʳʰ˄ʵʫʬʩʻʲʰ ʹʬʸʭʰʹʰʹ ˆʨʸʰʹˆʰʹ ʪʨʻʳˇʵʩʬʹʬʩʨ. ʰʳʰʹʨʯʭʰʹ, ʸʵʳ LTE ʹʨʩʨʮʵ 

ʹʨʫʪʻʸʰ ʼʲʵʩʫʬʹ ʰʴʼʵʸʳʨ˂ʰʨʹ ʳʬʮʵʩʬʲʰ UTRAN ʼʰ˅ʰʹ 

ʫʨʺʭʰʸʯʻʲʵʩʰʹ ˀʬʹʨˆʬʩ, ʹʨ˅ʰʸʵʨ 3G ʽʹʬʲʹ ˈʽʵʴʫʬʹ RIM (RAN Information 

Management) ʶʸʵ˂ʬʫʻʸʰʹ ʳˆʨʸʫʨ˅ʬʸʨ. ʰʽʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ʸʵʳ 2G 

ʽʹʬʲʰʹʨʯʭʰʹ RIM ʼʻʴʽ˂ʰʨ ʨʸ ʨʸʰʹ ʯʨʭʹʬʩʨʫʰ, eNodeB-ʰ ʭʬʸ ʰʾʬʩʹ 

ʰʴʼʵʸʳʨ˂ʰʨʹ ʳʬʮʵʩʬʲʰ GERAN ʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨʮʬ ˀʬʹʨˆʬʩ. 

ʳʵ˂ʬʳʻʲʰ ʴʨʱʲʵʭʨʴʬʩʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ˀʬʹʨ˃ʲʵʨ LTE ʽʹʬʲʰʹ 

ʪʨʴʺʭʰʸʯʭʰʹ ʫʸʵʹ ʳʵˆʫʬʹ GSM ʽʹʬʲʰʹ ʪʨʫʨʺʭʰʸʯʭʨ. ʪʨʸʫʨ ʨʳʰʹʨ, ʰʳ 

ˀʬʳʯˆʭʬʭʨˀʰ, ʯʻ ʳʵʳʹʨˆʻʸʬ LTE ʼʰ˅ʨʮʬ ʬʸʯʫʸʵʻʲʨʫ ˁʨʸʯʻʲʰʨ 

ʫʨʺʭʰʸʯʭʰʹ ʩʨʲʨʴʹʰʸʬʩʰʹ ʼʻʴʽ˂ʰʨ GERAN ʫʨ UTRAN ʽʹʬʲʬʩʮʬ, 

ʳʵ˂ʬʳʻʲʰ ʶʸʵ˂ʬʫʻʸʬʩʰ ʳʻˀʨʵʩʬʴ ʶʨʸʨʲʬʲʻʸ ʸʬʷʰʳˀʰ. ʨʾʴʰˀʴʻʲ 

ʸʬʷʰʳˀʰ ʳʻˀʨʵʩʰʹ ˀʬʫʬʪʨʫ ʨʸ ʹʸʻʲʫʬʩʨ ʺʬʽʴʵʲʵʪʰʬʩʰʹ 

ʶʸʰʵʸʰʺʬʺʰʮʨ˂ʰʨ, ʸʨʳʨ˂ ˀʬʰ˃ʲʬʩʨ ʻʨʸʿʵʼʰʯʨʫ ʰʳʵʽʳʬʫʵʹ 

ʨʩʵʴʬʴʺʰʹʯʭʰʹ ʳʰ˄ʵʫʬʩʻʲ ʹʬʸʭʰʹʰʹ ˆʨʸʰʹˆʮʬ. ʺʬʽʴʵʲʵʪʰʬʩˀʵʸʰʹʰ 

ʫʨʺʭʰʸʯʭʰʹ ʩʨʲʨʴʹʰʸʬʩʰʹ ʨʸʹʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ ʫʨʫʬʩʰʯʰ ʫʨ 

ʻʨʸʿʵʼʰʯʰ ʳˆʨʸʬʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹ ˀʬʫʬʪʨʫ, ˁʭʬʴʹ ʳʰʬʸ ʫʨʳʻˀʨʭʬʩʻʲ ʰʽʴʨ 
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LTE ʽʹʬʲʬʩʰʫʨʴ ʹˆʭʨ ʺʰʶʰʹ ʽʹʬʲʬʩʮʬ ʺʸʨʼʰʱʰʹ ʪʨʴʺʭʰʸʯʭʰʹ ʬʼʬʽʺʻʸʰ 

ʨʲʪʵʸʰʯʳʬʩʰ. 

 

ʴʨˆʨʮʰ 1.  LTE ʽʹʬʲˀʰ ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʩʨʲʨʴʹʰʸʬʩʨ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ 

ʨʲʪʵʸʰʯʳʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ 

ʸʵʪʵʸ˂ ʴʨˆʨʮʰ 1კʮʬʨ ʴʨˁʭʬʴʬʩʰ,ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰ #1 ʫʨ #2კʰʹ 

ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʭʨʱʵʴʺʸʵʲʵʯ ʺʸʨʼʰʱʰʹ ʮʸʫʰʹ ʺʸʬʴʫʰ ʫʨ 

ʹʨ˅ʰʸʵʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʪʨʸʱʭʬʻʲʰ ʳʵ˂ʻʲʵʩʰʹ ʺʸʨʼʰʱʰ 

ʪʨʫʨʭʨʳʰʹʨʳʨʸʯʵʯ ʹʨʹʻʸʭʬʲ ʸʨʫʰʵʺʬʽʴʵʲʵʪʰʨʮʬ. ʨʲʪʵʸʰʯʳʰ#1 ʫʨ 

ʨʲʪʵʸʰʯʳʰ#2 ʹʨʲʨʶʨʸʨʱʵ ʫʨ ʳʵʴʨ˂ʬʳʯʨ ʺʰʶʰʹ ʺʸʨʼʰʱʰʹ 

ʪʨʴʺʭʰʸʯʭʰʹʨʯʭʰʹ ʺʬʽʴʵʲʵʪʰʬʩʹ ʹˆʭʨʫʨʹˆʭʨ ʶʸʰʵʸʰʺʬʺʬʩʹ ʨʴʰ˅ʬʩʹ. 

ʹʨʲʨʶʨʸʨʱʵ ʺʸʨʼʰʱʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʶʸʰʵʸʰʺʬʺʰʮʨ˂ʰʨ 

ʹʸʻʲʫʬʩʨ ˀʬʳʫʬʪʰ ʯʨʴʳʰʳʫʬʭʸʵʩʰʯ - GSM/UMTS/Wi-Fi, ˆʵʲʵ ʳʵʴʨ˂ʬʳʯʨ 

ʺʸʨʼʰʱʰʹʨʯʭʰʹ - Wi-Fi/HSPA/(E)GPRS. ʸʨʫʰʵʸʬʹʻʸʹʰʹ ʪʲʵʩʨʲʻʸʰ 

ʱʵʴʺʸʵʲʬʸʰʹ GRRC-ʰʹ ʹʨˀʻʨʲʬʩʰʯ, ʯʰʯʵʬʻʲʰ ʺʬʽʴʵʲʵʪʰʰʹʨʯʭʰʹ 

ʹʸʻʲʫʬʩʨ ʺʸʨʼʰʱʰʹ ʫʨʺʭʰʸʯʻʲʵʩʰʹ ˀʬʼʨʹʬʩʨ, ʸʨʯʨ ʨʸ ʳʵˆʫʬʹ 
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ʪʨʫʨʺʭʰʸʯʭʬʩʰʹ ʪʨʫʨʺʨʴʨ ʳʵʳʹʨˆʻʸʬ ʼʰ˅ʰʫʨʴ ʳʬʮʵʩʬʲ ʼʰ˅ʨʮʬ. 

ʨʲʪʵʸʰʯʳˀʰ ʪʨʴʹʨʮʾʭʸʻʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʹˆʭʨ 

ʺʬʽʴʵʲʵʪʰʨʮʬ ʳʵʳʻˀʨʭʬ ʼʰ˅ʰʹ ʹʰʪʴʨʲʰʹ ˀʬʼʨʹʬʩʨ, ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʰʹ 

ʪʨʮʵʳʭʬʩʰʹ ˁʨʺʨʸʬʩʰʯ ˄ʰʴʨʹ˄ʨʸ ʫʨʫʪʬʴʰʲʰ ʫʸʵʰʯʰ ʰʴʺʬʸʭʨʲʰʹ 

ʪʨʴʳʨʭʲʵʩʨˀʰ.  ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ, ʯʻ ʺʸʨʼʰʱʰʹ ʮʸʫʰʹ ʺʸʬʴʫʰ ʳʨʾʨʲʰʨ, 

GRRC ʱʵʴʺʸʵʲʬʸʰ ʨʨʳʻˀʨʭʬʩʹ ʨʲʪʵʸʰʯʳʰ#2-ʹ, ʸʵʳʬʲʰ˂ ʹʰʪʴʨʲʰʹ 

ʿʵʭʬʲʪʭʨʸʰ ʪʨʮʵʳʭʬʩʰʹ ʪʨʸʬˀʬ Wi-Fi ʽʹʬʲʮʬ ʳʵʨˆʫʬʴʹ ʰʳ ʨʩʵʴʬʴʺʬʩʰʹ 

ʪʨʫʨʸʯʭʨʹ, ʸʵʳʲʬʩʰ˂ ʰʳʿʵʼʬʩʰʨʴ ʳʰʹʰ ʫʨʼʨʸʭʰʹ ʮʵʴʨˀʰ. ʨʾʴʰˀʴʻʲʰ 

ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨ ʳʰʰʾʬʩʨ მʳʨʴ˃ʰʲʰ BS ʫʨ Wi-Fi APG ˀʵʸʰʹნ ʫʨ მʳʨʴ˃ʰʲʰʹ 

ˀʬʼʨʹʬʩʰʹ ʫʸʵʰʯʰ ʼʨʴˇʨʸʨნ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ. ˈʬʺʬʸʵʪʬʴʻʲ 

ʽʹʬʲˀʰ ʨʸʹʬʩʻʲʰ ʹʨʩʨʮʵ ʹʨʫʪʻʸʬʩʰʹ (BS) ʫʨ  ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ (AP)  

ʬʸʯʰʨʴʰ ʪʬʪʳʰʹ ˀʬʳʻˀʨʭʬʩʰʯ, ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʴʭʹʨʮʾʭʸʵʯ ʸʨ ʳʨʴ˃ʰʲʰʨ 

ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ Wi-Fi ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʹ ˀʵʸʰʹ. ʨʳʨʭʫʸʵʻʲʨʫ LTE 

ʽʹʬʲʰ ʳʵʩʰʲʻʸ ʳʵ˄ʿʵʩʰʲʵʩʨʹʯʨʴ ʻʸʯʰʬʸʯʵʩʰʹ ʫʸʵʹ, ʳʻʫʳʰʭʨʫ ʰʾʬʩʹ 

TA(Timing Advance) ʰʴʼʵʸʳʨ˂ʰʨʹ,ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʳʵʳˆʳʨʸʬʩʬʲʹʨ ʫʨ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹ ˀʵʸʰʹ ʳʨʴ˃ʰʲʰʹ ʫʨʫʪʬʴʨ. ʨʳ ʵʸ 

ʰʴʼʵʸʳʨ˂ʰʨʮʬ ʫʨʿʸʫʴʵʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʫʨʫʪʬʴʰʲ ʰʽʴʨʹ ʰʳʿʵʼʬʩʨ ʯʻ 

ʨʸʨ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʨ Wi-Fi AP-ʰʹ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲˀʰ[1]. ˀʬʹʸʻʲʫʨ 

ʫʨʳʻˀʨʭʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʵʫʬʲʰʸʬʩʨ LTE ʼʰ˅ʰʫʨʴ 

ʳʵʴʨ˂ʬʳʯʨ ʺʰʶʰʹ ʺʸʨʼʰʱʰʹ ʹˆʭʨ ʺʬʽʴʵʲʵʪʰʬʩʮʬ ʪʨʫʨʺʨʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. 

ʳʵʫʬʲʰʸʬʩʰʹ ˀʬʫʬʪʨʫ ˀʬʼʨʹʫʨ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ 

ʬʼʬʽʺʻʸʵʩʨ. 
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ʴʨˆʨʮʰ 2. ʨʲʪʵʸʰʯʳʰ#1კʰʹ ʫʨ ʨʲʪʵʸʰʯʳʰ#2კʰʹ ʬʼʬʽʺʻʸʵʩʰʹ ˀʬʼʨʹʬʩʨ 

ʴʨˆʨʮʰ 2კʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʳʵʫʬʲʰʸʬʩʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ ˀʬʪʭʰ˃ʲʰʨ 

ʫʨʭʨʹʱʭʴʨʯ, ʸʵʳ ʨʲʪʵʸʰʯʳʰ#1-ʰʹ ʳʰʬʸ ʬʸʯ ˄ʨʳˀʰ ʪʨʴʺʭʰʸʯʻʲʰ 

ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʹʨˀʻʨʲʵʫ 4.5-ʰʹ ʺʵʲʰʨ, ˆʵʲʵ ʨʲʪʵʸʰʯʳʰ#2-

ʰ ʬʸʯ ˄ʨʳˀʰ ʨˆʫʬʴʹ ʹʨˀʻʨʲʵʫ 8.5 ʨʩʵʴʬʴʺʰʹ ʪʨʴʺʭʰʸʯʭʨʹ. 

      ʳʬʹʨʳʬ ʯʨʭʰ ʳʵʰ˂ʨʭʹ LTE კ Wi-Fi ʺʰʶʰʹ ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ ʱʨʭˀʰʸʰʹ 

˄ʬʸʺʰʲʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʹ ʨʲʪʵʸʰʯʳʬʩʰʹ ˀʬʼʨʹʬʩʨʹ ʳʨʯʰ 

ʬʴʬʸʪʵʬʼʬʽʺʻʸʵʩʰʹ ʯʭʨʲʹʨʮʸʰʹʰʯ. ʳʵʩʰʲʻʸʰ ʱʨʭˀʰʸʪʨʩʳʻʲʵʩʰʹ 

ʵʶʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ ʬʸʯ-ʬʸʯ ʳʴʰˀʭʴʬʲʵʭʨʴ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʬʴʬʸʪʵʸʬʹʻʸʹʰʹ ʬʱʵʴʵʳʰʻʸʰ ˆʨʸˇʭʰʹ 

ʻʮʸʻʴʭʬʲʿʵʼʨ. ʨʳ ʳʰʳʨʸʯʻʲʬʩʰʯ ˀʬʽʳʴʰʲʰʨ ʹʰʳ˃ʲʨʭʸʰʹ ʱʵʴʺʸʵʲʰʹ 

ʨʲʪʵʸʰʯʳʬʩʰ, ʨʹʬʭʬ, ʨʹʬʭʬ, ʳʰʳʫʰʴʨʸʬʵʩʹ ʸʨʫʰʵˀʬʾ˄ʬʭʰʹ ʽʹʬʲʰʹ 

ʫʨʪʬʪʳʭʰʹ ʳʬʯʵʫʬʩʰʹ ʹʸʻʲʿʵʼʨ UE-ʹ ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨʴʨˆʨʸˇʬʩʰʹ 

ʳʰʴʰʳʰʮʨ˂ʰʰʹ ˆʨʮʰʯ.  ʨʾʳʨʭʨʲ ʲʰʴʱʮʬ ʹʰʳ˃ʲʨʭʸʰʹ ʱʵʴʺʸʵʲʰ 

˄ʨʸʳʵʨʫʪʬʴʹ ʬʸʯ-ʬʸʯ ʹʨʻʱʬʯʬʹʵ ʳʰʫʪʵʳʨʹ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ 

ʬʴʬʸʪʵ ʫʨʴʨˆʨʸˇʬʩʰʹ ˀʬʳ˂ʰʸʬʩʰʹ ʯʭʨʲʹʨʮʸʰʹʰʯ. ˀʬʹʸʻʲʫʨ ʨʴʨʲʰʮʰ LTE 

ʽʹʬʲʬʩˀʰ ʨʸʹʬʩʻʲʰ ʵʸʰ ʺʰʶʰʹ ʨʸˆʰʹʨʯʭʰʹ PRACH(Physical Random Access 

Channel) ʫʨ PUSCH (Physical Uplink Shared Channel). ʳʵ˂ʬʳʻʲ ʨʸˆʬʩʮʬ 
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ʹʰʳ˃ʲʨʭʸʰʹ ʱʵʴʺʸʵʲʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ 

ʬʴʬʸʪʰʰʹ ʳʵˆʳʨʸʬʩʰʹ ʳʰʴʰʳʰʮʨ˂ʰʨ, ʨʳʨʭʫʸʵʻʲʨʫ ʳʬʮʵʩʬ ʼʰ˅ʬʩʹ ˀʵʸʰʹ 

ʰʴʺʬʸʼʬʸʬʴ˂ʰʰʹ ˀʬʳ˂ʰʸʬʩʨ ʨʾʳʨʭʨʲʰ ʲʰʴʱʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ. ʨʸʹʬʩʵʩʹ 

ʹʨʱʰʯˆʬʩʰ, ʸʵʳʬʲʰ˂  ˇʬʸ ʱʰʫʬʭ ʨʸ ʨʸʰʹ ʹʰʾʸʳʰʹʬʻʲʨʫ ˀʬʹ˄ʨʭʲʰʲʰ, 

ʱʬʸ˃ʵʫ, ʸʵʫʬʹʨ˂ ʳʵʩʰʲʻʸ ʨʶʨʸʨʺˀʰ ʨʩʵʴʬʴʺʰʹ ʳʰʬʸ ʳʰʯʰʯʬʩʻʲʰʨ ʿʭʬʲʨ 

ʺʬʽʴʵʲʵʪʰʰʹ ˃ʬʩʴʰʹ ʸʬʷʰʳʰ, ʨʸʹʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʵʪʵʸ˂ 

ʼʰ˅ʻʸ ʨʹʬʭʬ Wi-Fi ʽʹʬʲʬʩˀʰ, ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʳʰʬʸ ʳʻʫʳʰʭʨʫ 

ˆʫʬʩʨ ʨʾʴʰˀʴʻʲʰ ʽʹʬʲʬʩʰʹ ʹʰʪʴʨʲʬʩʰʹ ˀʬʳʵ˄ʳʬʩʨ, ʰʳʰʹ ʳʰʻˆʬʫʨʭʨʫ 

ʨʾʴʰˀʴʻʲ ʺʬʸʰʺʵʸʰʨʮʬ ʨʸʰʹ ʯʻ ʨʸʨ ˀʬʳʵ˄ʳʬʩʰʹ ʸʬʷʰʳˀʰ ʳʿʵʼʰ ʽʹʬʲʰʹ 

ʫʨʼʨʸʭʨ. ʳʵ˂ʬʳʻʲʰ ʶʸʵ˂ʬʫʻʸʰʹʨʹ ʰˆʨʸˇʬʩʨ ʳʵʩʰʲʻʸʰ ʨʶʨʸʨʺʰʹ ʬʴʬʸʪʵ 

ʸʬʹʻʸʹʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʴʨ˄ʰʲʰ. ˁʭʬʴʹ ʳʰʬʸ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʨˆʨʲʰ 

ʳʰʫʪʵʳʨ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ UE-ʹ ʬʪʮʨʭʴʬʩʨ ʩʸ˃ʨʴʬʩʨ, Wi-Fi ʽʹʬʲʰʹ 

ʹʰʪʴʨʲʰʹ ʫʵʴʰʹ ˀʬʳʵ˄ʳʬʩʰʹ ʹʨ˅ʰʸʵʬʩʰʹ ˀʬʹʨˆʬʩ. ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ 

ʨʲʪʵʸʰʯʳʰʹ ʬʼʬʽʺʻʸʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʨʯʭʰʹ, ʹʨ˅ʰʸʵʨ ˀʬʳʻˀʨʭʫʬʹ 

ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲˀʰ ʨʸʹʬʩʻʲʰ LTE ʹʨʩʨʮʵ ʹʨʫʪʻʸʬʩʰʹ (BS-Base Station) ʫʨ 

Wi-Fi ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ (AP-Access Point) ʮʻʹʺʰ ʪʬʪʳʨ. ʳʵ˂ʬʳʻʲʰ 

ʪʬʪʳʰʹ ʫʨ TA(Timing Advance) ʪʨʮʵʳʭʬʩʰʹ  ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʫʨʭʨʫʪʰʴʵʯ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʨ ʰʳʿʵʼʬʩʨ ʯʻ ʨʸʨ Wi-Fi ʱʨʭˀʰʸʰʹ 

˄ʬʸʺʰʲʰʹ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲˀʰ. 3GPP ʹʺʨʴʫʨʸʺʰʹ ʳʰˆʬʫʭʰʯ, LTE ʼʰ˅ʨ 

ˀʬʰ˃ʲʬʩʨ ʳʻˀʨʵʩʫʬʹ ʨʸʨʻʳʬʺʬʹ 35 ʱʰʲʵʳʬʺʸ ʳʨʴ˃ʰʲʮʬ, ʨʳʰʺʵʳ ˁʭʬʴʰ 

ʳʰʫʪʵʳʰʹ ˀʬʹʨʩʨʳʰʹʨʫ ʪʨʴʹʨʮʾʭʸʻʲ ʰʽʴʨ ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ 430 ˇʪʻʼʰ 

(APG1 კ (0ʱʳ კ0.080ʱʳ), APG2 კ (0.080ʱʳ კ0.160ʱʳ), APG3 კ (0.160ʱʳ კ0.240ʱʳ), 

APG4 კ (0.240ʱʳ კ0.320ʱʳ),დდ. APG430 კ (34.320ʱʳ - 34.400ʱʳ)). ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ 

ʯʻ APG ˇʪʻʼʰ ˂ʨʸʰʬʲʰʨ (ʳʨʹˀʰ ʨʸ ʨʸʰʹ ʨʸ˂ʬʸʯʰ AP), ʨʹʬʯ ˇʪʻʼʹ 

ʳʰʬʴʰ˅ʬʩʨ 0 (ʫʨˆʻʸʻʲʰ), ˆʵʲʵ ʯʻ APG ˇʪʻʼˀʰ ʨʸʰʹ ʬʸʯʰ ʳʨʰʴ˂ AP, ʳʨˀʰʴ 

ʳʨʹ ʳʰʬʴʰ˅ʬʩʨ 1 (ʾʰʨ). ʳʵ˂ʬʳʻʲʰ ʳʰʫʪʵʳʰʹ ʻʶʰʸʨʺʬʹʵʩʨ ʳʫʪʵʳʨʸʬʵʩʹ 

ˀʬʳʫʬʪˀʰ: ʬʸʯʫʸʵʻʲʨʫ ʪʨʫʨʰ˂ʬʳʨ ʰʴʼʵʸʳʨ˂ʰʨ 800 ʳʬʺʸʮʬ ʪʨʴʯʨʭʹʬʩʻʲʰ 
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ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ ˀʬʹʨˆʬʩ. ʨʳ ˀʬʳʯˆʭʬʭʨˀʰ ʹʨʱʵʴʺʸʵʲʵ ʳʬʹʰˇʬʩʹ ˀʵʸʰʹ 

ʫʸʵʰʯʰ ʰʴʺʬʸʭʨʲʰ ʫʰʫʰʨ, ˆʵʲʵ ʪʨʫʨʹʨ˂ʬʳʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʵ˂ʻʲʵʩʨ 

ʹʨʱʳʨʵʫ ʳ˂ʰʸʬʨ (10 ʹʰʳʩʵʲʵ), ʨʳʰʺʵʳ ʹʨʱʵʴʺʸʵʲʵ ʴʨʱʨʫʰʹ ʳʵ˂ʻʲʵʩʨ 

ʶʸʨʽʺʰʱʻʲʨʫ ʨʸ ʰʮʸʫʬʩʨ.  

      MATLAB ʶʸʵʪʸʨʳʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʹʨˀʻʨʲʬʩʰʯ ˀʬʼʨʹʫʨ 

ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ ʬʼʬʽʺʻʸʵʩʨ,   ʸʵʳʲʰʹ ˀʬʫʬʪʬʩʰ˂    

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʴʨˆʨʮʰ 3-ʮʬ [3].                                

 

ʴʨˆʨʮʰ 3. ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʬʴʬʸʪʰʰʹ ʫʨʴʨˆʨʸˇʬʩʰʹ ʶʸʵ˂ʬʴʺʻʲʰ 

ʳʨˁʭʬʴʬʩʬʲʰ ʹʺʨʴʫʨʸʺʻʲʰ ʫʨ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʨʲʪʵʸʰʯʳʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

      ʹʺʨʴʫʨʸʺʻʲ ʨʲʪʵʸʰʯʳʯʨʴ ˀʬʫʨʸʬʩʰʯ ˁʭʬʴʹ ʳʰʬʸ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ 

ʨʲʪʵʸʰʯʳʰʹ ʪʨʳʵʿʬʴʬʩʰʹʨʹ, ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩˀʰ Wi-Fi ʹʰʪʴʨʲʰʹ 

ʹʱʨʴʰʸʬʩʰʹʨʹ, 800 ʳʬʺʸʰʹ ʸʨʫʰʻʹˀʰ ʳʵʳʻˀʨʭʬ LTE ʺʬʽʴʵʲʵʪʰʰʹ ʹʨʩʨʮʵ 

ʹʨʫʪʻʸʰʹ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ, ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʰʾ˄ʬʻʲ ʰʽʴʨʹ ʳʵʩʰʲʻʸʰ 

ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʳʰʬʸ ʫʨˆʨʸˇʻʲʰ ʬʲʬʽʺʸʵʬʴʬʸʪʰʰʹ ʯʰʯʽʳʰʹ 2%-ʰʯ 

ˀʬʳ˂ʰʸʬʩʨ. 

     ʳʬʵʯˆʬ ʯʨʭˀʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ˈʬʺʬʸʵʪʬʴʻʲʰ ʽʹʬʲʬʩʰʹ 

ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʰʹ ʪʨʻʳˇʵʩʬʹʬʩʨ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʫʨ 

ʼʨʸʯʵʮʵʲʵʭʨʴʰ ˀʬʾ˄ʬʭʰʹ ʺʬʽʴʵʲʵʪʰʰʹ ʪʨʳʵʿʬʴʬʩʰʯ. ʳʵʩʰʲʻʸʰ 
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ʵʶʬʸʨʺʵʸʬʩʰʹʯʭʰʹ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹ ʪʨʳʵ˄ʭʬʭʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʽʹʬʲʰʹ 

ʫʨʼʨʸʭʰʹʨ ʫʨ ʺʬʭʨʫʵʩʰʹ ʪʨʮʸʫʰʹ ʶʸʵʩʲʬʳʬʩʰ. ʼʰ˅ʻʸʰ ʽʹʬʲʰʹ 

ʵʶʬʸʨʺʵʸʬʩʰ ʳʨʱʸʵ ʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ ʹʨʩʨʮʵ ʹʨʫʪʻʸʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ 

ˈʽʳʴʰʨʴ ʳʨʾʨʲʰ ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʰʹ ˈʬʺʬʸʵʪʬʴʻʲ ʽʹʬʲʬʩʹ.ʳʰʳʫʰʴʨʸʬʵʩʹ 

ʱʭʲʬʭʬʩʰ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʰʯ. 

ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺˀʰ ʫʨʳʵʴʺʨʷʬʩʻʲʰ ʨʹʬʯʰ ʼʰ˅ʬʩʰ ˀʬʽʳʴʰʨʴ 

ʲʵʱʨʲʻʸ ʫʨʼʨʸʭʨʹ ʺʸʨʴʹʶʵʸʺʰʹ ˀʰʪʴʰʯ. ˁʭʬʴʹ ʳʰʬʸ ʪʨʳʵʱʭʲʬʻʲ ʰʽʴʨ 

ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺˀʰ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʫʨʴʬʸʪʭʰʯ 

ʳʵʹʨʲʵʫʴʬʲʰ ʶʵʺʬʴ˂ʰʻʸʰ ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʨ. ʴʨʭʨʸʨʻʫʬʩʰʨ, ʸʵʳ ʳ˂ʰʸʬ 

ʮʵʳʰʹ ʼʰ˅ʬʩʰ ʪʨʴʯʨʭʹʬʩʻʲʰʨ ʨʭʺʵʩʻʹˀʰ, ʸʨʯʨ ʳʵʬʳʹʨˆʻʸʵʹ ʳʪʮʨʭʸʬʩʹ, 

ˆʵʲʵ ʹʨˆʻʸʨʭʮʬ ʪʨʴʯʨʭʹʬʩʻʲʰ ʳʰʳʾʬʩ-ʪʨʫʨʳ˂ʬʳʰʯ ʰʪʰ ʫʨʻʱʨʭˀʰʸʫʬʩʨ 

ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹ. ʳʵ˃ʸʨʭʰ ʼʰ˅ʨ ʨˆʫʬʴʹ ʺʸʨʼʰʱʰʹ ʨʪʸʬʪʨ˂ʰʨʹ ʳʨʱʸʵ 

ʹʨʫʪʻʸʰʹ ʨʾʳʨʭʨʲ ʫʨ ʫʨʾʳʨʭʨʲ ʲʰʴʱʬʩʮʬ[2]. 

      ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭ ʼʰ˅ʨʹ ˀʵʸʰʹ ʹʰʪʴʨʲʰʹ 

ʪʨʭʸ˂ʬʲʬʩʰʹ ʳʵʫʬʲʨʫ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʨ Rayleigh ʨʸˆʰ, ʸʵʳʬʲʰ˂ Cost-Hata 

ʳʵʫʬʲʰʯ ˀʬʰ˃ʲʬʩʨ ˄ʨʸʳʵʫʪʬʴʰʲ ʰʽʴʨʹ ˀʬʳʫʬʪʰ ʹʨˆʰʯ: ܲ�௠� ሺ��ሻ = Ͷ͸.͵ + ͵͵.ͻ logଵ଴ሺܨ௠ሻ − ͳ͵.ͺʹ logଵ଴ሺܪ௠ሻ − �ሺܪ�ሻ + [ͶͶ.ͻ −͸.ͷͷ logଵ଴ሺܪ௠ሻ] logଵ଴ �௠ܦ +  (1)                                                                                      ,ܩ

ʹʨʫʨ˂ ܲ�௠� ሺ��ሻ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʪʴʨʲʰʹ ʱʨʸʪʭʨʹ ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ 

ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭ ʼʰ˅ʨʹ ˀʵʸʰʹ, ܨ௠ ʨʸʰʹ ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳ˂ʰʸʬ 

ʮʵʳʰʹ ʳʵ˃ʸʨʭ ʼʰ˅ʨʹ ˀʵʸʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʰˆˀʰʸʻʲʰ ʮʵʲʰ (ʳʪˈ˂),ܪ௠ ʨʸʰʹ 

ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʰʹ ʨʴʺʬʴʰʹ ʹʰʳʨʾʲʬ(ʳʬʺʸʰ), ܪ� - ʳʵ˃ʸʨʭʰ ʼʰ˅ʰʹ 

ʨʴʺʬʴʰʹ ʹʰʳʨʾʲʬ (ʳʬʺʸʰ), ܦ௠� ʳʨʴ˃ʰʲʰ (ʳʬʺʸʰ) ʳʨʱʸʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳ˂ʰʸʬ 

ʮʵʳʰʹ ʳʵ˃ʸʨʭ ʼʰ˅ʨʹ ˀʵʸʰʹ, ܩ = ͵ʫʩ  ʽʨʲʨʽʰʹ ʺʬʸʰʺʵʸʰʨʮʬ ʫʨ �ሺܪ�ሻ =ሺͳ.ͳ logଵ଴ሺܨ௠ሻ − Ͳ.͹ሻ �ܪ − ሺͳ.ͷ͸ logଵ଴ሺܨ௠ሻ − Ͳ.ͺሻ.                                                 
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      ʺʸʨʴʹʶʵʸʺˀʰ ʳʿʵʼʰ ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʨ ʹʰʪʴʨʲʹ ʰʾʬʩʹ ʳʵ˃ʸʨʭʰ 

ʼʰ˅ʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʹʰʪʴʨʲʰʹ ʱʨʸʪʭʰʹ ʳʵʫʬʲʨʫ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʨ LOS(Line 

of Sight) ʨʸˆʰ, ʸʵʳʬʲʰ˂ Keenan - Motley ʳʵʫʬʲʰʯ ˄ʨʸʳʵʫʪʬʴʰʲ ʰʽʴʨ 

ˀʬʳʫʬʪʰ ʹʨˆʰʯ: 

ܲ���ሺ��ሻ = ͵ʹ.ͷ + ʹͲ logଵ଴ ��ܦ + ʹͲ logଵ଴ሺܨ�ሻ,                                                         (2) 

ʹʨʫʨ˂ ܲ���ሺ��ሻ ʨʸʰʹ ʹʰʪʴʨʲʰʹ ʫʨʴʨʱʨʸʪʰ ʳʵ˃ʸʨʭ ʼʰ˅ʨʹʨ ʫʨ ʺʸʨʴʹʶʵʸʺʰʹ 

ˀʰʪʴʰʯ ʳʿʵʼ ʳʵʩʰʲʻʸ ʳʵ˄ʿʵʩʰʲʵʩʨʹ ˀʵʸʰʹ, ܦ�� ˄ʨʸʳʵʨʫʪʬʴʹ ʳʨʴ˃ʰʲʹ 

(ʳʬʺʸʰ) ʳʵ˃ʸʨʭ ʳ˂ʰʸʬ ʮʵʳʰʹ ʼʰ˅ʨʹʨ ʫʨ ʺʸʨʴʹʶʵʸʺˀʰ ʳʿʵʼ ʳʵʩʰʲʻʸ 

ʳʵ˄ʿʵʩʰʲʵʩʨʹ ˀʵʸʰʹ, ˆʵʲʵ ܨ� ʳʨʯ ˀʵʸʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʰˆˀʰʸʻʲʰ ʮʵʲʰ 

(ʳʪˈ˂). 

      ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ, ʯʻ ʺʸʨʴʹʶʵʸʺˀʰ ʳʿʵʼ ʳʵʩʰʲʻʸ ʳʵ˄ʿʵʩʰʲʵʩʨʹ 

ʬʳʹʨˆʻʸʬʩʨ ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʰ, ʹʰʪʴʨʲʰʹ ʪʨʭʸ˂ʬʲʬʩʰʹ ʳʵʫʬʲʰ 

ʳʰʾʬʩʻʲ ʰʽʴʬʩʨ ˀʬʳʫʬʪʴʨʰʸʨʫ:  ܲ�௠�ሺ��ሻ = Ͷ͸.͵ + ͵͵.ͻ logଵ଴ሺܨ௠ሻ − �ሺܪ�ሻ + [ͶͶ.ͻ − ͸.ͷͷ logଵ଴ሺܪ௠ሻ] logଵ଴ �௠ܦ ሺ��ℎܩ+ + ���௡ሻ                                                                                                                   (3) 

ʹʨʫʨ˂ ܪ� ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʨʴʺʬʴʰʹ ʹʰʳʨʾʲʬ(ʳʬʺʸʰ), ܦ௠� 

ʳʨʴ˃ʰʲʰ(ʳʬʺʸʰ) ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳʵʳˆʳʨʸʬʩʲʰʹ ʳʵ˄ʿʵʩʰʲʵʩʨʹ 

ˀʵʸʰʹ, ��ℎ ʨʸʰʹ ʹʰʪʴʨʲʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ʫʬʭʰʨ˂ʰʨ,  ���௡ - ʹʰʪʴʨʲʰʹ 

ˀʬʾ˄ʬʭʨʫʵʩʰʹ ʫʨʴʨʱʨʸʪʬʩʰ, ˆʵʲʵ �ሺܪ�ሻ = ሺͳ.ͳ logଵ଴ሺܨ௠ሻ − Ͳ.͹ሻܪ� −ሺͳ.ͷ͸ logଵ଴ሺܨ௠ሻ − Ͳ.ͺሻ. 

      MATLAB ʶʸʵʪʸʨʳʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʹʸʻʲʫʨ 

ʳ˄ʨʸʳʵʬʩʲʻʸʵʩʰʹ ʨʴʨʲʰʮʰ. ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʳʰʫʪʵʳʨ ˀʬʫʨʸʫʨ 

ʹʺʨʴʫʨʸʺʻʲ ˀʬʳʯˆʭʬʭʨʹ (ʺʸʨʴʹʶʵʸʺˀʰ ʳʿʵʼ ʳʵʳˆʳʨʸʬʩʬʲʹ ʬʳʹʨˆʻʸʬʩʨ 

ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʰ). ʸʵʪʵʸ ʴʨˆʨʮʰ 4-ʫʨʴ ˁʨʴʹ, ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ 

ʼʰ˅ʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʹʨʪʸ˃ʴʵʩʲʨʫ ʳ˂ʰʸʫʬʩʨ ʳʨʱʸʵ ʹʨʩʨʮʵ 
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ʹʨʫʪʻʸʰʹ ʬʴʬʸʪʰʰʹ ʳʵˆʳʨʸʬʩʨ. ʳʨʪʨʲʰʯʨʫ, ʸʵʫʬʹʨ˂ ˀʬ˂ʫʵʳʬʩʰʹ ʨʲʩʨʯʵʩʨ 

= ͳͲ−3 , M→S→U ʹ˂ʬʴʨʸʰʹʯʭʰʹ ʳʨʱʸʵʼʰ˅ʰʹ ʹʰʪʴʨʲʰʹ ʪʨʫʨ˂ʬʳʰʹ ʹʰʳ˃ʲʨʭʸʬ ≈ 

5ʫʩ-ʰʯ ʳ˂ʰʸʫʬʩʨ. 

 

ʴʨˆʨʮʰ 4. ˀʬ˂ʫʵʳʬʩʰʹ ʨʲʩʨʯʵʩʰʹ ˀʬʼʨʹʬʩʨ ʹʰʪʴʨʲ-ˆʬʲˀʬˀʲʨ ʼʨʸʫʵʩʰʹ 

ʹˆʭʨʫʨʹˆʭʨ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

 ʴʨˆʨʮʰ 5-ʮʬ ʳʱʨʼʰʵʫ ˁʨʴʹ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲʰʹ ʮʸʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʳʵʩʰʲʻʸʰ ʼʰ˅ʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. ʳʨʪʨʲʰʯʨʫ, ˀʬ˂ʫʵʳʬʩʰʹ ʨʲʩʨʯʵʩʨ=ͳͲ−5 

ˀʬʳʯˆʭʬʭʨˀʰ M→S→U ʹ˂ʬʴʨʸʰ M→U ʹ˂ʬʴʨʸʯʨʴ ˀʬʫʨʸʬʩʰʯ ʰ˃ʲʬʭʨ 

ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲʰʹ ʪʨʻʳˇʵʩʬʹʬʩʨʹ ʫʨʨˆʲʵʬʩʰʯ 0.3 

ʱʰʲʵʳʬʺʸʰʯ. 
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ʴʨˆʨʮʰ 5.  ˀʬ˂ʫʵʳʬʩʰʹ ʨʲʩʨʯʵʩʰʹ ˀʬʼʨʹʬʩʨ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳʵʩʰʲʻʸ 

ʳʵ˄ʿʵʩʰʲʵʩʨʹ ˀʵʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʳʨʴ˃ʰʲʰʹ ˀʬʳʯˆʭʬʭʨˀʰ  

      ʹʰʳʻʲʨ˂ʰʰʹ ˀʬʫʬʪʬʩʰʹ ʨʴʨʲʰʮʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʰ˃ʲʬʩʨ ʫʨʭʨʹʱʭʴʨʯ, 

ʸʵʳ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʳʰʫʪʵʳʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˈʬʺʬʸʵʪʬʴʻʲ 

ʽʹʬʲʬʩˀʰ ʫʨʼʨʸʭʰʹ ʨʸʬʨʲʰʹ ʪʨʮʸʫʨ, ʳʵʩʰʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʬʴʬʸʪʰʰʹ 

ʳʵˆʳʨʸʬʩʰʹ ʳʰʴʰʳʰʮʨ˂ʰʨ ʫʨ ˀʬ˂ʫʵʳʬʩʰʹ ʨʲʩʨʯʵʩʰʹ ˀʬʳ˂ʰʸʬʩʨ. 

      ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʺʸʨʼʰʱʰʹ ʪʨʴʺʭʰʸʯʭʰʹ ʳʬʯʵʫʰ, ʸʵʳʬʲʰ˂ ʳʵʩʰʲʻʸ 

ʵʶʬʸʨʺʵʸʹ ʨ˃ʲʬʭʹ ʹʨˀʻʨʲʬʩʨʹ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʫʨ ʽʨʲʨʽˀʰ 

ʪʨʴʯʨʭʹʬʩʻʲʰ Wi-Fi ʱʨʭˀʰʸʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʳʵʬʳʹʨˆʻʸʵʹ 

ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺˀʰ ʳʿʵʼ ʨʩʵʴʬʴʺʬʩʹ. ˀʬʳʻˀʨʭʬʩʻʲ ʰʽʴʨ 

ʨʩʵʴʬʴʺʬʩʰʹ ʳʰʬʸ ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʬʸʭʰʹʰʹ ʰʹʺʵʸʰʰʹ ʶʸʵʼʰʲʰ, ʸʵʳʲʰʹ 

ʪʨʳʵʿʬʴʬʩʨ˂ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰʨ ʺʸʨʼʰʱʰʹ ʪʨʴʺʭʰʸʯʭʰʹ ʶʸʵ˂ʬʹʰʹ 

ʬʼʬʽʺʻʸʵʩʰʹ ʨʳʨʾʲʬʩʰʹ ʳʰʮʴʰʯ. ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʪʨʴʺʭʰʸʯʭʰʹ ʳʬʯʵʫʰ 

ʳʵʰ˂ʨʭʹ ʵʯˆ ʼʨʮʨʹ: ʹʨ˄ʿʰʹʰ, ʱʲʨʹʰʼʰʱʨ˂ʰʰʹ, ʫʨʳʻˀʨʭʬʩʰʹʨ ʫʨ ʪʨʴʺʭʰʸʯʭʰʹ 

ʼʨʮʬʩʰ. ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʰʫʨʴ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʪʨʴʺʭʰʸʯʭʨ ʹʸʻʲʫʬʩʨ 

,"ʵʶʺʰʳʨʲʻʸʰ ʳʵˆʳʨʸʬʩʰʹ" OU  ʪʨʴʺʵʲʬʩʰʹ ʳʰˆʬʫʭʰʯ: 

ܱ�௟ = 

��,� ்௎�,�⁄
T� WNAP�⁄                                                                                                                    (4) 

ʨʳ ʪʨʴʺʵʲʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʳʨʾʨʲʰ OU  ʳʴʰˀʭʴʬʲʵʩʰʹ ʳʽʵʴʬ ʳʵʩʰʲʻʸ 

ʳʵ˄ʿʵʩʰʲʵʩʨʹ ʨʽʭʹ ʳʨʾʨʲʰ ʶʸʰʵʸʰʺʬʺʰ, ʸʨʯʨ ˀʬʹʸʻʲʫʬʹ ʳʰʹʰ 

ʪʨʴʺʭʰʸʯʭʨ ʳʨʱʸʵ ʹʨʫʪʻʸʰʫʨʴ. ʳʨʱʸʵ ʹʨʩʨʮʵ ʹʨʫʪʻʸʹʨ ʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʳʵ˃ʸʨʭ ʼʰ˅ʨʹ ˀʵʸʰʹ ʳʵ˂ʬʳʻʲʰ ʼʨʮʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹ ˀʬʫʬʪʨʫ ʳʰʰʾʬʩʨ 

ʨʩʵʴʬʴʺʯʨ ˇʪʻʼʰ, ʸʵʳʲʰʹ ʪʨʴʺʭʰʸʯʭʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʳʵ˃ʸʨʭʰ ʼʰ˅ʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʶʸʵʪʸʨʳʻʲʰ ʰʴʹʺʸʻʳʬʴʺʰʹ ʹʨˀʻʨʲʬʩʰʯ 

ˀʬʼʨʹʫʨ ʳʨʱʸʵʼʰ˅ʰʫʨʴ ʪʨʴʺʭʰʸʯʻʲʰ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʶʸʵ˂ʬʴʺʻʲʰ 
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˄ʰʲʰ, ʨʹʬʭʬ ʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ HPOM ʫʨ NHPOM ʳʬʯʵʫʬʩʰʹ 

ʪʨʳʵʿʬʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. 

 

ʴʨˆʨʮʰ  6.  ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ ʫʸʵʰʹ ʹˆʭʨʫʨʹˆʭʨ ʰʴʺʬʸʭʨʲˀʰ 

ʴʨˆʨʮʰ 6კʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵ˃ʸʨʭʰ ʼʰ˅ʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, 

ʹʨʮʵʪʨʫʵʬʩʸʰʭ ʺʸʨʴʹʶʵʸʺʰʫʨʴ ʳʨʱʸʵʼʰ˅ʨʮʬ ˀʬʳʵʹʻʲʰ ʺʸʨʼʰʱʰʹ 

ʪʨʴʺʭʰʸʯʭʨ HPOM ʫʨ NHPOM ʳʬʯʵʫʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. 

ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ ˀʬʪʭʰ˃ʲʰʨ ʫʨʭʨʹʱʭʴʨʯ, ʸʵʳ NHPOM ʳʬʯʵʫʰʯ 

ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˀʬʳ˂ʰʸʫʬʹ 10%-ʳʫʬ, ˆʵʲʵ 

HPOM ʳʬʯʵʫʰʯ ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ 0%-ʳʫʬ ʳ˂ʰʸʫʬʩʨ. 

ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ ˀʬʼʨʹʫʨ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ 

ʸʨʵʫʬʴʵʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʸʵʪʵʸ˂ ʬʹ ʴʨˆʨʮʰ 7კʮʬʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. 
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ʴʨˆʨʮʰ 7.  ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʸʨʵʫʬʴʵʩʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ  

      ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʹ ʳʵʳˆʳʨʸʬʩʲʬʩʰʹʯʭʰʹ (25კ50), HPOM ʫʨ NHPOM 

ʳʰʫʪʵʳʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ  ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨ ʹʨʪʸ˃ʴʵʩʲʨʫ ʨʸ 

ʰ˂ʭʲʬʩʨ. ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʹ ʮʸʫʨʹʯʨʴ ʬʸʯʨʫ HPOM 

ʹʨʪʸ˃ʴʵʩʲʨʫ ʨʳ˂ʰʸʬʩʹ ʳʨʱʸʵʼʰ˅ʰʹ ʫʨʺʭʰʸʯʻʲʵʩʨʹ ʭʰʫʸʬ NHPOM 

ʳʰʫʪʵʳʨ. ʬʹ ʪʨʳʵ˄ʭʬʻʲʰʨ ʰʳʰʯ, ʸʵʳ ʶʰʸʭʬʲʰ ʳʰʫʪʵʳʨ ʰʿʬʴʬʩʹ ʰʹʺʵʸʰʰʹ 

ʶʸʵʼʰʲʮʬ ʫʨʼʻ˃ʴʬʩʻʲ ʪʨʴʺʭʰʸʯʭʰʹ ʳʬʯʵʫʹ, ʹʨʫʨ˂ ʸʰʪˀʰ ʳʿʵʼʰ 

ʳʵʳˆʳʨʸʬʩʲʬʩʰ ʪʨʴʰˆʰʲʬʩʰʨʴ ˆʬʲʨˆʲʨ. 

 

 

ʫ ʰ ʹ ʬ ʸ ʺ ʨ ˂ ʰ ʰ ʹ   ʯ ʬ ʳ ʨ ʮ ʬ   ʪ ʨ ʳ ʵ ʽ ʭ ʬ ʿ ʴ ʬ ʩ ʻ ʲ ʰ   
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      ʨʭʺʵʸʰʹ ʶʰʸʨʫʰ ˄ʭʲʰʲʰ. ʫʰʹʬʸʺʨ˂ʰʨˀʰ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʿʭʬʲʨ ˀʬʫʬʪʰ 

ʳʰʾʬʩʻʲʰʨ ʻˀʻʨʲʵʫ ʨʭʺʵʸʰʹ ʳʰʬʸ ʹʨʳʬ˂ʴʰʬʸʵ ˆʬʲʳ˃ʾʭʨʴʬʲʯʨʴ 

ʬʸʯʵʩʲʰʭʰ ˄ʭʲʰʲʰʹ ʨʾʴʰˀʭʴʰʯ. 

 

A b s t r a c t 

      On telecommunication market, mobile communication technologies are 

developed significantly, that stem from increased demands of data transmission and 

speech services. Especially in the last years, vendors speed up developing and 

modernization of each technology. Nowadays, mobile subscriber can receive data 

through radio interface up to 1 Gbps, use speech service when he moves, implement 

video call, deploy different applications, implement money transaction safely and etc. 

      To be satisfied all demands of subscribers by mobile operator, it is necessary to 

integrate several technologies in the network. For example, GSM and UMTS 

technologies are the most suitable for speech service due to their characteristics: 

reliability, accessibility and big capacity. For data services, the most suitable is LTE 

system, because the architecture of network is based on packet standard, operates on 

wideband frequency and uses radio access method, where interference between sub-

carriers are significantly reduced. For hot spots, it is recommended Wi-Fi (IEEE 

802.11) technology, because this technology is characterized with big reliability, 

when it is used for local coverage. 

      Co-existence of mentioned technologies represents heterogeneous network, where 

it is risen one of the most important issue კ joint management of radio resources. Due 

to the mentioned issue, degradation of QoS is expected during call setup and inter-
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technology handover procedures, also during resource congestion. For example, when 

mobile subscriber uses data transmission service, handover procedure from LTE to 

(E)GPRS is so hard, that user could suffer with degradation or interruption of service. 

      The goal of masterpiece is the efficiency improvements of mobile networks that 

are based on their heterogenisation with Wi-Fi networks. In case of high traffic in 

LTE network and without possibility of load balance in intra-technology, it is 

necessary to offload traffic between different technologies. It is recommended to 

manage the mentioned procedure with global resource controller, by which there is 

opportunity to offload traffic faster and efficiently. For selected procedure, it was 

developed the joint management algorithms of different technologies. Using these 

algorithms, it is possible to speed up mobility procedure, to reduce energy 

consumption of mobile station and minimize the probability of traffic congestion. To 

exploit of mentioned algorithms effectively, it was developed the set of parameters by 

which it is possible to prioritize each technology, estimate signal level with different 

rules and conditions in some selected period of time. 

      The number of tasks that are processed by mobile stations are increasing everyday. 

In new models of mobile devices, it is integrated all generation of mobile 

communication technologies and WLAN technology კ Wi-Fi. Except the 

communication procedures with radio access networks, many functions and 

applications are integrated in mobile device by which consumption of battery energy 

is very high. One of the prioritized task of cellular communication operators is to 

optimize energy resource consumption of mobile devices.  For this purpose, power 

control algorithms are developed, also radio access network planning methods are 

being modernized. Except this, there are some issues, that havenპt been studied yet. If 

there is case when mobile station is commanded by subscriber to search all supported 

technologies, it is performed the scanning procedures of all networks, in spite of the 
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fact that there is or not coverage of the selected networks in current location. For this 

procedure, it is utilized the notable part of mobile device power energy.  This is the 

issue,that represents the motivation for developing of high energy efficient algorithm. 

      Nowadays, the most important challenges of cellular operators are network 

coverage and capacity improvement issues. To satisfy the increasing demands of 

mobile subscribers, the networks opportunities are developed and new standards are 

deployed. Using macro and small base stations, mobile operators are developing high 

performance heterogeneous networks. To improve in-building coverage and capacity 

of the network, the best solution is to use small cells. To improve quality of service, 

many operators start to use small cells in hot spots areas. Studies are ongoing in the 

field of dynamic small cells deployment. It is possible to provide local coverage in 

public transport by using small cells. This topic is discussed in several masterpieces, 

but there are some questions left regarding efficiency of dynamic small cells. In this 

thesis, it is studied the potential performance gain in case of dynamic small cells 

deployment in public transport. 

 


