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 LTE. 

LTE (  . Long Term Evolution –    

) –     ,   

        3GPP 

(3G Partnership Project).     LTE 

:    ,   

 ,       

  ,       

   .    LTE  

         

  IP- .  LTE   

 ,     

  300 / ,      5 ,  

       

      

   (3G). 

 К   ,    

  LTE,     .  

     

     

     

   . .  

     : 

        

    ; 

        

  .   ; 

    ; 
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1.     

  

1.1   

 

        —     c  . 

    .  

   .    .  

          2016   57416 . 

          – 29,9 2
. 

          –   ,    ё  

,      . 

            .  

      1,5 – 2 . 

    ,    

  -  ,  . 

              , 

   .    

   -   

,   , , ,  , 

, - . 

          :  ,   

(  -  ),  « »,  

  ( ),   , 

  ( ),   

 ,  ,  , 

   ,   ( ), 

   - .   

 ,    , , 

 . 
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           14    (    10 

),   ,   -

 ,  , 2  .    

    (  , , 

).                                                                                                                                    

                  

( )        

(    ). 

         К   :    « »,   

   «   »,  

   «   »,  

   . . . К ,  К « »,  К 

« »,   «   -

 »,  «   » 

(  ).  

 :  « »,  «К », 

 « » ( -   ), 

 « ». 

 

 1.1 –  .    
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1.2      .  

 

            ,       

   LTE .        

  ,     

   :   

      ,     

,        

  . 

         , 

     ,   

     100 / .  

      6  . 

,       

    “ ”. 

      5 

,    – 3,    – 2,   

  2 .    

       Internet   

HSDPA (High-Speed Downlink Packet Access —      

    )   3G 

     « »  « 2». 

            

       

   ,        

 ,     

. 

      

    ,   

    .   
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    ,  

      

   .      

       

WiMAX  IEEE 802.16e (Mobile WiMAX)  LTE Advance Release 8.0. 

        

,           

       

 .       

 LTE. 
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2.     

 LTE  

2.1      LTE 

  

[  LTE      

 .     E-UTRAN – Evolved Universal 

Terrestrial Radio Access Network (    

 ).      LTE. 

1.   : 

   (Downlink – DL) – OFDMA; 

           (Uplink – UL) – SC-FDMA; 

2.   : 450 ; 700 ; 800 ; 

1800 ; 2,1 ; 2,4 - 2,5 ; 2,6 - 2,7 . 

3.  : 

   (DL) MIMO 2TX×2RX: 100 - 300 / ; 

   (UL): 50 - 172,8 / . 

4.   : 1,4 - 20 . 

5.  : 5 – 30 . 

6.   (   ): 

  200    5 ; 

  400     5 . 

7. :    250 / . 

8.  MIMO: 

   (DL): 2TX×2RX, 4TX×4RX; 

   (UL): 2TX×2RX. 

9.   (latency): 5 . 

10.  : 5 / / . 

11.   : 
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   (DL): 64 QAM, QPSK, 16 QAM. 

   (UL): QPSK, 16 QAM. 

12.   : FDD, TDD. 

2.2    LTE 

 

  LTE   ,   

    « » ,  

       

.     LTE  

       

   ,    3G 

UMTS. 

 

 2.1 -    LTE 

   LTE     

  :   (eNB)    

 (MME),       GW 

(Gateway). 

    LTE    :  

 E-UTRAN    SAE (System Architecture Evolution). 

 E-UTRAN     eNB.   
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 «   ».  eNB   LTE   

:  ,    

,        

   ,    

   ,      

 . 

 

 2.2 -    SAE 

  SAE,   EPC (Evolved Packet Core),  

 MME/UPE,       UPE. 

  MME (Mobility Management Entity)    

       

        C-plane. 

К  , MME    (paging)  eNB, 

   ,   

 ,   ,  

     . 
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  UPE (User Plane Entity)    

      U-plane. 

 UPE   :   IP-

,   ,   . 

   SAE    PS-  

 LTE,    ,     

IP-       .   

  SAE   «   IP»   , 

           

   (UTRAN/GERAN),     -3GPP (WiMAX, 

Wi-Fi),     ,   IP-  

(ADSL+, FTTH). 

2.3   LTE 

 

  LTE E-UTRAN    

  :  FDD   TDD. 

  LTE     

   .     

     1,4  20     

   .    

      , 

   10 . К      

  – . 

     FDD    20 , 

    19- ,      

0,5 .   FDD        

    .    

 FDD      

 .     TDD  
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 .     TDD  

       . 

    « »  E-UTRAN 

     OFDMA – 

    .   

    OFDMA    

,    ,   

OFDM-       

 ,       

 .  OFDM    

 ,     .  

 OFDM-     

  /N   ,  N 

;  –   .   

      ,  

      

  . 

 

 2.3 -    OFDM-  

  « »  E-UTRAN    

: QPSK, 16 QAM, 64 QAM.   OFDM/QAM-
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( ).  OFDM-       

LTE E-UTRAN    2.3. 

      

   ( ).     , 

  4,7   16,7  . 

  « »  E-UTRAN      

 : 

 PDCCH (Physical Downlink Control Channel) –   

 « »; 

 PDSCH (Physical Downlink Shared Channel) –  

    « »,   

      ; 

  (Common Control Physical Channels) –   

 ,   ; 

  (Broadcast Cannel) –   ; 

 

  (Paging Cannel) –    ( ); 

 DL-SCH (Downlink Shared Channel) –    

 « »; 

 MCH ( Multicast Channel) –     

. 

  « »   LTE E-UTRAN  

 SC-FDMA (Single Carrier-Frequency Division Multiple Access) – 

       

   .       

SC-FDMA    2.4.
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 2.4 -      SC-FDMA 

       « » 

 E-UTRAN   ,    

    . 

      

 ,       180 

,         15  

 12 . 

       

   ,      

20 .   « »  LTE E-UTRAN    

   : 

 PRACH (Physical Random Access Channel) –   

 ; 

 PUCCH (Physical Uplink Control Channel) –   

 « »; 

 PUSCH (Physical Uplink Shared Channel) –  

    « »; 

 RACH (Random Access Channel) –    

; 

 UL-SCH (Uplink Shared Channel) –    

« ». 
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2.4    LTE 

    3GPP  ETSI   

  LTE  17     

  FDD  8      TDD, 

    2.1. 

 2.1 -      E-UTRA 

 
 

 

 ,  

   « » 

(UL) 

 « » 

(DL) 

1 2 3 

1 1920 – 1980 2110 - 2170 FDD 

2 1850 – 1910 1930 – 1990 FDD 

3 1710 – 1785 1805 – 1880 FDD 

4 1710 – 1755 2110 – 2155 FDD 

5 824 – 849 869 – 894 FDD 

6 830 – 840 875 – 885 FDD 

7 2500 – 2570 2620 – 2690 FDD 

8 880 – 915 925 – 960 FDD 

9 1749,9 – 1784,9 1844,9 – 1879,9 FDD 

10 1710 – 1770 2110 – 2170 FDD 

11 1427,9 – 1452,9 1475 – 1500,9 FDD 

12 698 – 716 728 – 746 FDD 

13 777 – 787 746 – 756 FDD 

14 788 – 798 758 – 768 FDD 

17 704 – 716 734 – 746 FDD 

18 815 – 830 860 – 875 FDD 

19 830 – 845 875 – 890 FDD 

33 1900 – 1920 TDD 

34 2010 – 2025 TDD 

35 1850 – 1910 TDD 

36 1930 – 1990 TDD 
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    2.1 

1 2 3 

37 1910 – 1930 TDD 

38 2570 – 2620 TDD 

39 1880 – 1920 TDD 

40 2300 – 2400 TDD 

 

  ,  ,     

LTE,           

     . ,   

 LTE-        

    .  , 

   LTE      

      

     . 

     21  

2011  № 57-       

,  LTE.   800 – 900 ; 2,3 – 2,4 ; 

2,5 – 2,7 . 8  2011      

  ( К )   791 – 862 , 

2500 – 2690 , 2300 – 2400      

     LTE    

. 

2.5   LTE  UMTS/GSM   -

3GPP 

 

       

         –  

 ,     LTE   

   3GPP (UMTS/GSM/HSPA+).  

 LTE   3GPP      
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( )      ( ). 

    LTE   3GPP 

  S3, S4  S12.    

     MME  

 S-GW  LTE    SGSN  3G   

  GTP (GPRS Tunnelling Proto ol).  GTP 

      (  GTP-C) 

      (  GTP-U).  

   S-GW        

P-GW (     )  . 

  LTE   3GPP    

        

  (TDM),        

  IMS. 

   LTE    3GPP   

       

 MME   MSC   Sv      

LTE      (CS- );    

   MME   SGSN   S3 

      LTE     (PS-

). 

  LTE   -3GPP   

      – « »  

      – 

« ».   « »    

    (cdma2000, WiMAX),   

« » -  IP-  .   LTE  

« »   -3GPP   

 P-GW,   « »  –  
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 ePDG. 

      EPC «   IP» 

      LTE   

-3GPP       IP- : 

       - HBM (Host 

Based Mobility) – MIPv4, DSMIPv6; 

       – NBM 

(Network Based Mobility) – PMIPv6. 

    IP-    

     IP- . 

2.6   MIMO   LTE 

 

 MIMO   LTE       

    . 

MIMO (Multiple Input Multiple Output –   – 

 ) – ,    

 ,    

       

 .  MIMO    

,   ,  

         

         

 .    MIMO   

   ,   

 ,   .   MIMO   

   :    

    -  . 
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.          . 

         

.   ,      

          

 . 

   MIMO   

 (2×2, 4×4)   (1×2, 2×4) .   

2.7    MIMO-      

  ,    

-  . 

 

 2.5 -   MIMO-  2×2 

 

2.7  ,   LTE 

 

,   LTE,      

   2G/3G.        

       ,  

      «   IP».  , 

  LTE  : 
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   ; 

  - ; 

   ; 

   ; 

  ,     , 

   ,  ; 

  ; 

 VoIP   ; 

 -       

 ; 

        

 .] 
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3.     
 

   LTE     

     . 

  –      

    OFDMA,       

    .   

    : 

    ; 

   . 

  LTE     

,   ,        

           

   eNB     .  

       .  

    ,    , 

   .   1900 – 

1980     2110 – 2170     

     .    

 – FDD. 

3.1    

 

   ,     

    ,    : 

                                         )int(
k

FF
k

N                                   (3.1)  

 int(x) –    ; 

 ΔF -  ,       71 ;  



 

.  № .   

 

26 11070006.11.03.02.111. К  

F  –    ;     LTE 

          ,        

 180 , Δf  = 180 . 

395
180

71000
int 








k
N  

 

3.2    

 

      ,  

  /  ( / )   ё   

   /    .  

,  ,   ,    

  (  ).  

        

 ,   /     

  .       

      .   

    0,1…..0,15.  

      

  ,   3-     – 

, 6-   –  ( . 3.1).      

  ( =3,4,6,7),   R0      

  D      (3.2).  

                              
RDq 3/ 0                                            (3.2) 

       

       d4,  

d –    . .  ,   

      ё    

 (MS),    ,      

  ( =1) 
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    465

4

413

4

21 1;;1
  qqq  ,       (3.3) 

      

     
   =3  4

2

4

1 ;)7.0(   qq  ,        (3.4) 
 

     

 =6 
4

1 )1(  q .          (3.5) 

 

 

 3.1 –    . 

 

 ,         

3-          2-  

    .    

          

    : 








 


2

2

2

)(ln

2

1
)(

i

ii

ii

i

x
EXP

x
xW





 0

i
x       (3.6) 

0)( ixW   0
i
x , 

 xi –    (  )   

 , 

     i
 -    бi, 
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      i
 -    ХЧ бi,  

  : 22)ln( iii x   .   xi  i
   

: 

 xiД ]= i
xlg10 , ieдБ

i

 lg10][  .    xi  

i
 , : 

xi=
][1.0][

10
дБxnatx iie  , 

][1.0][
10

дБnat iie
  . 

,   xi[nat]= ln(xi)   i
 [nat], 

  (6),       

   10ln1.0 .   ё   , 

 yi= ln xi,    (3.6)   yi   

   :            

                     







 


2

2

2

)(
exp

2

1
)(

i

ii

i

i

y
yW





         (3.7) 

  yi  -  / ; ;
1

lg10 









e

и а аi 
  

;222

ei    

 



n

i

eie

1

222 ;2/)(exp   .
1

lg1.0 









e
  

 



n

i

eie

1

22 ;2/ln   

  ;/11ln

2

1

22 2




















 



n

i

iie e    

 ,  (3.7)   yi, i
   i

  . 

   ,    

  , ё    , 

   .    

 (3.7)       
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    /  > (C/ ) , 

 (C/ )  =  = 13    LTE (QAM).    (3.7)  

 y1   ( / )  , 

 1     ( / )  , 

 1     ( / )  . 

     

 ( / )          

  : 

                      
dy

y
CP

c

i

ii

i











 


/

2

2

2

)(
exp

2

1
)(





                    (3.8) 

    
i

iiy
z




  ,   

 ( )    : 

                                  






z

z

dzeCP .
2

1
)( 2

2


   (3.9) 

 .

1
lg10

22

e

e

i

i n

c

n
z



































  

 ,   P(C)    

 .      

 .      

 . 

    ,    

  120 , 3
S

N , =2  4)7,0(
1

 q , 

4
2

 q . 

  =4. 

.464,343 q  

 2
e
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.682,17
2

2

1

2

1

2

125223,0exp1ln
223,0

12

i
i

i
i

e
















































 





 




  

       

.025,4682,17
e

  

 : 

.533,62025,425
p

  

.012,0
2

2025,425223,0

exp
2

1i
ie
















 




 














   

    Q- : 

 
.384,1

533,6

10012,01lg10

1



X  

     ,  0,0838. 

   (3.9),  

.38,81000838,0)( Cp  

     
0


P

P
,  , 

     . 

 

3.3   ,    

   

 

  ,     

   ,   : 

                                     . = [ ∙ ],             (3.10) 

 

 N  –   ;  
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N  –  ,      

eNB,   3;  

M  –   eNB,  3,   eNB  3-  

. 

. = [ ∙ ] ≈ . 
 

3.4    

          

N . .      : 

 

                                       . = ∙ . ,                       (3.11) 

 

 N 1 –      ,  

  (  OFDMAN 1 = 1...3);   LTE   

N 1 = 1. . = ∙ ≈  . 
    ,      

 3.2,        А   

     1%   

  N . . ,  А  = 48 . 
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 3.2  –         

    

 ,     eNB, 

  : 

                                        .� = ∙ [ 1 ],                          (3.12) 

 A1 –         

 ;  A1   (0,04...0,2) .   

      

 ,   A1   0,19 .  

: 

.� = ∙ [ , ] ≈  . 
   eNB    LTE   

: 

                               � = [ .���] +                                (3.13) 

 Nа  –   . К  

   11500 ,      

20%    . :  
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� = [ ] + ≈  . 
     RN   

     eNB    

 eNB.   : 

                = � .� + � .� ∙ � ,                   (3.14) 

  ,  ,  

,        

  .      

  ,     

  1     ( / / ).  

    ,    

     .   

        

      ( , )  1  

  ( / / / ),      

      .   

   LTE,      20 ,  

   FDD   3GPP RОХОКsО 8   

 MIMO,    3.1. 

 

 3.1 -      LTE 

  MIMO   

 ( /c/ ) 

UL 1x2 

1x4 

1,254 

DL 2x2 

4x2 

4x2 

2.93 

3,43 

4,48 
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  FDD    1  ОNB 

        

: 

                            R=S*W                                          (3.15) 

                                                  

 S –    ( / / ); 

W –   ( ); W = 10 . 

 

  DL: 

RDL = 3,43 ·  10 = 34,3 / . 

  UL: 

RUL = 1,829 · 10 = 18,29 / . 

       ОNB  

   1-     

  ;   ОNB   3, 

: 

                                                   ReNB= RDL/ RUL*3                                    (3.16) 

 

  DL: 

ReNB.DL = 34,3 ·  3 = 102,9 / . 

  UL: 

ReNB.UL = 18,29 · 3 = 54,87 / . 

  3.14  : 

RN = (102,9 + 54,87) 16 ≈ 2524,32 ( / ). 

        

  .      : 

                                .Ч = Т ∙Ч ∙   ,                   (3.17) 

    -      ,  = 10 

/ ; 
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q –   ,  q =4; 

NЧ  –    ,NЧ   = 10; 

N  –    , N  = 30. 

                        .Ч = ∙∙ = ,  ( / ) 

       R ./Ч   

: 

                           R ./Ч  = R .Ч  · Nа .а ,                 (3.18) 

 Nа .а  –     ;   

     80%     

 Nа ,   Nа .а  = 9200 . 

R ./Ч  = 0,2 ·  9200 = 1840 ( / ). 

 , RN>R ./Ч .   ,  

       . 

      ,  

 

                                  

,021,1



BTS

N

S
R                        (3.19) 

                                      

584,1
43

280
21,1 





R  

 

3.5      

   

    

    BTS   

    

                                                
,3 CRD         (3.20) 

.486,543584,1D   
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     MSP   const
BST

h    

constBTSP   ,      

. 

 

       ,,,lg,lg55,645,lg82,13

,lg16,2670

фBTSR
BTS

h
BTS

h

М цf
BTS

GBTSPMSP





 (3.21) 

 
BTS

G  -     , ; 

f –     ; 

BTSP  -   BTS, ; 

0
  фlфBTS  -    BTS, ; 

фl  -  ,        

  BTS; 

0
  -   , / . 

 

       .536,152584,1lg30lg55,64530lg82,13

950lg16,267011110

В

MSP





 

 

3.6    

 

   ,  MS   

   BTS,    

                           
,

2
13

1

k
C

шP



                     (3.22) 

 
510304,2

32
143

1 



шP  
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3.7     

 

       

   ,     

 1      (  ) BTS,   

,
F

a
N


       (3.23) 

     (  ) C
KBTS

N
k

FF  ,  

  
2

021,1 









R

R

KBTS
N

BTS
N

KBTS
N

a
N . 

,
2

2
021,1

C
K

FR

R


    (3.24) 
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R  -  ,  , 
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2
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K
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 3.3 –     
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4.     LTE 

 
4.1    
 

       

    ( ).     

      

( )        

  ,         

      . 

      4.1. 

 

 4.1 -    

     : 

  : 20 ;  FDD = 10/10 (DL/UL); 

 eNB –            TRX,           

TRX = 40  (46 );    DL   MIMO 2×2; 

 UE  –      –  USB- ,     4  –    

 33 ; 

    DL/UL: 100%/100%. 

      : 
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ДП = �э . − . + �А. − Ф. − − − − + �    (4.1) 

  Pэии .  –    ;  

S .  –  ; 

GА.  -             ,   GА. :        

DL = 18 , UL = 0 ; 

LФ.  –     , LФ. : DL = 0,3 ; 

М  –      , М  = 12 ; 

M  –   . М     

         

;  М       70%.          

M :   DL = 6,4 ; UL = 2,8 ; 

Gх  –   .     -                

 ,       

 ,       

    . Gх  = 1,7 . 

Pэии .    : 

     �э . = � ы . + �А. − . ,              (4.2) 

  ых.  -             . ых.          

« » (DL)  LTE      ,   

  1,4  20 .    5    

 TRX  20  (43 ),   5  – 40            

(46 ). ых. :  DL = 46   , UL = 33 . 
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  DL: 

Pэии .  = 46 + 18 - 0,3 = 63,7 ( ), 

  UL: 

эии .  = 33 ( ). 

S .     : 

                              . = � . + . + ,                       (4.3) 

  ш.  -    , ш. : DL = -174,4 

,   UL = -104,4 ; 

М ш.  -        /    .  

М ш.      «EnhancedPedestrianA5».             

М ш. : DL = -0,24 ; UL = 0,61 ; 

L  -   , L : DL = 7 , UL = 2,5 ; 

  DL: 

S .  = -174,4 + (-0,24) + 7 = -167,64 ( ), 

  UL: 

S .  = -104,4 + 0,61 + 2,5 = -101,29 ( ). 

      (4.2)  (4.3), 

  : 

  DL: 

LМД  = 63,7 – (-167,64) – 12 – 6,4 – 8,7 – 1,7 = 205,94 ( ), 

  UL: 

LМД  = 33 – (-101,29) + 18 – 0,4 – 12 – 6,4 – 8,7 + 1,7 = 126,5 ( ). 
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   ,    DL  UL  

,        

 .     ,  , 

  . 

       

  Okumura – Hata.    

  ,         

.   Okumura – Hata     

      : = , + , � � − , � ℎ� − ℎ + , −, � ℎ� ∙ �                                                                                       (4.4) 

  fc –   150  1500 ; 

ht –    (  eNB)  30  300 ; 

hr –    (   )  1  

10 ; 

d–    1  20 ; 

A(hr) –       , 

   . 

    : 

 fc = 800 ; 

 ht = 72 ; 

 hr = 3 . 

   A(hr)  : ℎ = , ∙ � � − , ∙ ℎ − , ∙ � � − ,       (4.5) 
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ℎ = , ∙ � − , ∙ − , ∙ � − , = ,  

   (4.1 – 4.3)  , ,  d ≈ 9 . 

  SeNB     : 

� = √ ∙ ,                                        (4.6) 

� = √ ∙ ≈ ,   . 
 

4.2 -     

 ОNB   .  

 

      

    -  

,      ,  

  ,    

   ,     

       

. 

  ,      

  ОNB     .  

      . 

    –     

  .    ,    

   ,    

.  

     ОNB,  
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  16 .  ,  ,  ОNB 

   : 

    – 40 ; 

    – 32 ; 

   TRБ – 3 (     ); 

      – 20  (10    

« »  10    « »); 

  « »   MIMO4×2; 

  :  « » - 102,9 / ,  

« » - 54,87 / . 

        

 4.2. 

 

 4.2 –    LTE ( )  .  

  

    LTE  ,   

 ,       

 ,  :   

 ,    ,  
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    . -

      4.3 

 

 4.3 – -   . 

 

 

 

 

 

 

 

 

 

 

 

 



 

.  № .   

 

46 11070006.11.03.02.111. К  

5.       
 

   ,    

  ,    

   LTE  .   16   

 « ».         

       

 17 .    eNB  

     158 / ,    

LTE  .  1,106 / .        

 ,       

       

.       

  Ericsson. 

   RBS 6101    

  EPC   SSR-8000.  RRU (Radio 2217)   

  ,  RRU     RBS 6101. 

       RBS-6302   

 . К  EPC  RBS 6601 (  

 )         

     AIR RBS-6302. 

  (S-GW, P-GW, SIP, SGSN )   

 SSR-8000     EPC.    

 EPC   ё      

        . 

 ,     SRVCC   

EPC   SSR-8000     

    LTE.  

       LTE  

     SIP ,    
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  ,   LTE  ,  

      

      3G.    

    5.1. 

 

 5.1 -      LTE  . 
 

 Evolved Packet Core (EPC) 

    LTE     

  Ericsson.      

   ,   

   SGSN  .  

 SGSN-MME      -

        

 (ISP)     

. SGSN-MME      

SGSN  GSM,  АCDMA,    
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(MME ),    LTE  EЯШХЯОН PКМФОЭ CШrО 

(EPC). EPC        

    SGSN ,  , 

    GSM / АCDMA .   

Ericsson        

  LTE / EPC. Ericsson     

  LTE / EPC          

.       

     LTE / EPC   

. 

 

 

 5.2 –   EPC. 

 

  

   (SGSN-MME)  

      /   

GSM, АCDMA  LTE .   ,  -

   ,  

       

. SGSN      
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   SGSN-MME  EЯШХЯОН PКМФОЭ CШrО 

. SGSN-MME    3GPP, GSM, АCDMA  

LTE      SGSN-MME .   

    ,  

 SGSN-MME MФVIII  ErТМssШЧ   

       

     .   

   ,   18 

      1152000000   

   . К    

   : 

 GSM, АCDMA, LTE    ; 

 SGSN-MME   GSM, АCDMA  LTE; 

  HSPA; 

 3G Direct Tunnel (3GDT); 

  AХХ-IP  SIGTRAN; 

      ; 

  ,     

-   18 MSAU; 

-   (0,0024    100 . 

 ); 

-   (з 50   100   

). 

SGSN-MME    , 

    EЯШХЯОН PКМФОЭ CШrО  (  

  3GPP).   ,   

 SGSN  MШЛТХТЭв MКЧКРОЦОЧЭ (MME)   

  . К  Ericson -  

,         
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 IP- .   2008     3G DТrОМЭ 

TЮЧЧОХ   . 3G DТrОМЭ TЮЧЧОХ      

SGSN-MME,        

 SGSN      

MME.     SGSN    

 . 

 SRVCC - Standardized Single Radio Voice Call 

Continuity  

      

( ),  К  3GPP.  

       LTE   

GSM  АCDMA.       

         

LTE.  

  ,  (  18 MSAU), 

      SGSN-MME, 

        

    . SGSN-MME   

  ,     

 . 

EЫТМЬЬШЧ EЯШХЯОН PКМФОЭ  (EPG),   SGSN-MME, 

   EЯШХЯОН PКМФОЭ CШrО (EPC).   

  ErТМssШЧ      

  LTE. 

-   EPG      

         

,   ,       

. 
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EPG         

: 

1.   GGSN; 

2. К   S-GА  PDN-GW; 

3. К   GGSN,     PDN GА. 

 

,  ErТМssШЧ EPG,   M120 

 M320     3GPP     LTE  

   .  

,       

      SSR 8000. 

        

   ,     

      . 

   EPG   

  3GPP (2G, 2G +  3G),     

    3GPP, (CDMA, АТ-FТ  

).      ,  , - , 

. 

 LTE   ErТМssШЧ EPG,   SSR 8000, 

        ,   

 ,   АТ-FТ , EPDG  MЮХЭТ-SОrЯТМО   

-   ,   SIP    

 IP- . 

ErТМssШЧ EPG   ,   

,    . 

К       : 

•         QШS  

  ;  
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•               (DPI); 

•         -     ;  

•        30M IP   60  ; 

•            : 300K + -    

   LTE ; 

•        100 ; 

•      - 40   100  PDP; 

•            3GPP. 

   ,  

      EPG 

       

 ,       

. 

 

Base Station (BS) eNB 

     RBS 6000 

      ,  

  .    , 

     . 

  

,       

    . -  

 ,    

       .  

RBS 6000         

  .      

 ,        , 

       RBS 6000. 
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 RBS 6000       

GSM, АCDMA, LTE  CDMA        .  

  

         

  .     

  ,     ,    

   .    (  ) 

 ,          

.         

        

      ,    

       

. 

  RBS     (ЦКТЧ ЮЧТЭ) 

  . 

        

 :    (RRU)     

  (AIR).      

   ,        

.  AIR ,   ,     

         

.  RRU  AIR    ,    

 ,    . 

  

   RBS 6000, -   

   .        

        

 .       
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    /      

. 

        

-         -

   .      RRU 

 AIR .       

 ,    . 

   

         

   (HОЭNОЭ).   , RBS 6000  

    ,    

 .      , 

  ,    ,   

         . 

Ericsson RBS 6101 

     

 

 5.3 –   RBS 6101. 

ErТМssШЧ RBS 6101  , - , 

   .      

   ,       

         

-       . 
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RBS 6101      ,  

       

 .        

,          

   .    

 ,          

 . 

         

   .    -

, RBS 6101   ,    

     ,   

      . RBS 6101 

         

 .  

    ,    

    .   

  -  CPRI . RBS 6101  

     . 

   ,    ,   

  6101 .     RBS 6101 

    ,     

. 

RBS  

   RBS 6000   ,  

         

RBS 6000.       ,   

    . 
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  (RRU) 

  (RRU)      

,        .  

 -  ,  ,   

    GSM, АCDMA  LTE    RRU 

.        

. 

RRU    :    

        10  160 . 

Antenna Integrated Radio (AIR) 

 AIR   RRU  ,   

         

   .    , RRU, 

 (TMA)   . AIR     

       ,    

   /    . 

   AIR   : 

•    ; 

•         

(    ); 

•         

  . 

      

       . 

  AIR      

   . AIR    GSM, 

АCDMA  LTE. К   AIR     

   . 
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 5.4 –    RRU  AIR. 

 

Ericsson RBS 6601 

 

 RBS 6601      

 ,       19-

    RBS . 

RBS 6601     ,   

 , ,       

. 

К        

     ,    

       

 . 

 ,     RBS 6601  

     (RRU),  

   ,    

     ,      

.      Antenna-Integrated 

Radio (AIR),     ,    , 

     . 
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 5.5 –   SSR 8000. 

 RBS  

  Ericsson    (RBS)   

   RBS ,    

         

  . 

   RBS , : 

    

     RBS    

      ,   

         

  .  ,    

,         

. 

   

 GХШЛКХ SОrЯТМОs  ,  , 

        

Ericsson.         

  ,   

   ;     . 

      

К    ,    

 ,    .  
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  ;      

     .  

   

  ,       RBS  

 ,   , ,    

     ,   

 ,    .  RBS 

      ,  ё    

-     .  

    RBS : 

   ( , , , ); 

    ; 

      RBS; 

    

 ; 

 

Ericsson Media Gateway for Mobile Networks M-MGw 

M-MGА     -

     ,   

 IP-    HD   .   

     VШLTE  IMS   

      

. 

  

MОНТК GКЭОаКв     (M-MGА)  

       

   400 .        

     , ,  
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  . 

      

         

 . M-MGА  IP-    

,         

    HD   

  .  M-MРА IP  

   GSM    VШIP  IMS   

    ). 

       

  ,  M-MРА   

    VOLTE  IMS . M-MGW 

     MРА    BGF 

   IP-    ,  

  MRFP  MRFC ,  

   -    . 

 HD    M-MGА   

 ,    HD   . . 

    HD   HD  

    MGА   

.        

        

    . 
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 5.6 –    MОНТК GКЭОаКв. 

 

 -   MINI-LINK PT 

 MINI-LINK PT     

   ,   Radio Ethernet 

. MINI-LINK PT       

  /   ,    

Ethernet. К  ,        

MINI-LINK , , MINI-LINK SP & MINI-LINK 

TN.   MINI-LINK PT    

  . MINI-LINK PT 2020,     

  .  ,  / -  

   , 6-42 . MINI- LINK PT 3060 

          

 eNB       

    60 . 
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 5.7 –    RRU  AIR. 

 

        

 .     Ericsson.   

   ,       

    , 

    .  

      

  .  
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6.     

 

6.1  ,     

       

 

     ,  

        

,      

 ,     

.  

  -     , 

     .       

 ,   , 

: ,     .  

       . 

 -   -      

.   - ,   

 ( ,   . .),   -  

  . .  

      

   ;     100 

 500 / .        

,     / . 

    2 :  

1.    (0 - 3 ).   

     ,    

 (  ,  , 

,   ),    

-   ,      К,   
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, /     ,   , 

   .  

2.     (  3   300 ).   

К      -  

       .  

  ( , ),  ( -, 

,  ,  , 

 ),   (  

,   ),  (  

, , ),  (  , 

,  ,    

).      

,  - ,  (50  - 1 ) 

  ,   ( - ),  

    -   

(  К,   .).  

      

     ,   

 ,    ( , ), 

 .  

     

 ,         

   .     

.       

    (     - 

 ,    . )   

.  

       

 -  ,  , , 
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 ,    .   

       

,     , 

  ,  - .   

  ,  .   

,     , 

 ,   .  

       

    , 

   ,    , 

     .  

      

       

,  -  ,   

,  ,   (  , 

   . .).  

        

     .   

   ,     

 ,   12.3.002-75 (« .  

.   »).  

    -    

   ё ,                  

  8 / . 

       

     ,   

 .     

  ,    ,   

 . 
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6.2    -  . 

 

  «Ericsson»,     

К ,    ,   . 

    12-03-01 «    . 

1.  »     

      ,    

-  . 

     

.     , 

      . 

        . 

    ,  12.2.007.0-75 (« . 

 .   ».) 

  ,    

       42  

    110   ,   . 

  -     

   42 .     

 .      

   . 

      «    

       »  -45-007-

96.  

 

6.3      –  

. 

  К        32 . 

К     ,     

.   ,   ,   , 
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     ,   

. К    ,  

(   -  )   18 ,  

    ,    

          . 

  ,     5   

 ,    ,   

        

,    ,    

  ,   . 

          

,    ,    

 .         

       ( , ), 

 1/3  . 

   -   : 

     42 ; 

       ; 

  ,  ,   ; 

        ; 

     12 / ,   ; 

   ,     

; 

   ;   ; 

      . 

 -       

   ,       

 . К     ,  

  . 
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-        

  ( ,        

  ). 

         

,     .  

          

         ,      

  -  . 

       

        . 

          

.      ,   

  .       

   « ! ». 
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     7.  –   

 

 

   К   -   

    .    

 LTE. 

        

      

 -  : 

  ; 

  ; 

   ; 

 ,     ; 

     . 

7.1    LTE 

 

    LTE  .    

: 

  ,  ,   

   ,    ; 

  -     ; 

   «Cisco 7603 OSR»   ; 

    «CiscoASR 5000 PCS3»  

 ,    EPCLTE   ; 
 

 

7.1.1       

 

К         
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   : 

  ; 

    ; 

  -   ( ); 

  . 

         
  LTE      

 . 

    . 

    ( Σ)   : 

                                           Σ =  *·L ,                                      (7.1) 

   –   1     ,  = 45000 

.; 

L  –    , L  =  12 . 

Σ = 45000*12 = 540000 ( .). 

         7.1. 

        

    .   

       

  .    

    (15 – 30%). 

    0,5%,   – 4%, 

-   – 1%   . 

   – 10%    

. 
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 7.1 –       

   
 ,  

  

К  

  
  

18%, . 

 
, . 

  

  «RBS-6101»,  
«Ericsson» 

16 460000 7360000 

  «RBS-6302»,  
«Ericsson» 

17 270000 4590000 

  RBS-6601 1 420000 420000 

RRU «RКНТШ 2217»  «ErТМssШЧ» 48 73000 3504000 

 -   
«ErТМssШЧ» 

48 25000 1200000 

    48 8000 384000 

EЯШХЯОН PКМФОЭ CШrО (EPC) 1 465000 465000 

Evolved Packet  (EPG) SSR-8000 1 1650000 1650000 

Media Gateway 1 170000 170000 

  , SIP, MME 1 820000 820000 

 20563000 

    0,5% 102815 

   4% 822520 

-    1% 205630 

    15% 3084450 

 4215415 

  

-   16 150000 2400000 

  ,   
 

16 15000 240000 

К    
  eNB, 

  « К» 

16 18000 288000 

 LТОЛОrЭ«GБT2-1500 RT230» 16 30000 480000 

  16 1500 24000 

-  «HТЭКМСТ LЮбЮrв RAS/RAC-0,8 

LH1/LH2» 

16 8000 128000 

К  «TТЦТЭ А4CT 1104D 1500А» 16 2500 40000 

 3600000 

    0,5% 18000 

   4% 144000 

-    1% 36000 

  15% 540000 

 738000 

   29116415 

   10% 2911641,5 

Σ 12 . 45000 540000 

 32568056,5 
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  К = 32568056,5 . 

 

7.1.2     

  ( э )    

    .    

        . 

       

     .   

        

 ,      

   : 

     ; 

      ; 

  ; 

  ; 

  ; 

   К . 

    

        

   .    

       

.        

      -

 .   7.2    

 . 
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 7.2 –    

  , . К , .  / , . 

  22000 1 22000 

   

 

13000 1 13000 

 12000 1 12000 

  12000 2 24000 

 ( ) 5 71000 

 

      (Ф )  

  : 

Ф  = ФЗ  ·N · ·К · К ,                               (7.2) 

  ФЗ  –    , ФЗ  = 71000 .; 

N  –    , N  = 12; 

 –  ,  = 1,25 (25%); 

К  –  , К  = 1,15; 

К  – ,       

 , К  = 1,04. 

Ф  = 71000 · 12 ·  1,25 ·  1,15 ·  1,04 = 1273740 ( .). 

  ( В)     

 30%  Ф : 

                                         CВ = Ф · 0,3                               (7.3) 

В = 1273740 · 0,3 = 382122 ( .) 
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 . 

  ( )    

    : 

А = К .i· а.i,                             (7.4) 

  К .i –                                  

(К .i    ); 

а.i –     ,      а.i = 

5%. 

А = 32568056,5* 0,05 = 1628402,825 ( .). 

 . 

   (М )     

   ,     

 .      

: 

М  = Зэ  + З ,                                 (7.5) 

  Зэ  –    ; 

З  –      . 

        

   : 

Зэ  =  · 24 · 365 · ,                           (7.6) 

 –   ,  = 3,09 ./ / ; 
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 –  ,  eNB  = 1,07 . 

Зэ  = 3,09 ·  24 ·  365 · 1,07 = 28963,188 ( .). 

      1 %   

 К    : 

З  = К· 0,01                               (7.7) 

З  = 32568056,5 *  0,01 = 325680,565 ( .). 

    : 

М  = 28963,188 + 325680,565= 354643,753 ( .). 

         

   .      

  : 

З . а . = За ·Nа ,                                 (7.8) 

  За  –      , За  = 120000 . 

Nа  –    , Nа  = 16. 

З . а . = 120000·16 = 1920000 ( .). 

  

      

-  ,    , 

  ,  ,   ,  

  .     : 

З  = 0,4 · Ф                                            (7.9) 
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З  = 0,4 ·  1273740 = 509496 ( .). 

      :  

З а   = 1 789 200  ( .)       

 : 

                З а                          (7.10) 

: 

З а  –     , ; 

 -   ; 

 - ,    

; 

 - ,    

 (  ); 

 - ,  ,   

  . 

  : 

                                                     (7.11) 

 - ,   , 

    . 

     LTE   

    = 0,1. 

 - ,    

      (  

)  . (    1,8) 

 =       ДИА ЧК К К  

ДИАК

ЧК

К

 =     К К К К 

К

К

К
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 - ,     

 . 

   LTE    = 1. 

 : 

К х = 0.1 * 1,8 * 1 = 0,18  

: 

 = 70 000 *2 * 71 * 0,18 = 1 789 200 .  

         

 7.3. 

 7.3 –    

   , . 
    (Ф ) 1273740 

    
  ( В) 382122 

  (А)             1 628 402,83   

  (М )             354643,753 

    (З .а ) 1920000 

  (З ) 509496 

  1 789 200 

             7857604,583 

 ,                 

7857604,583 ≈ 8 . . 
 

7.1.3    

 

  LTE    ,    

   .   LTE 

     , , 

 SMS, MMS,     . 

  .   57416 .  

       

К

К

 =       ДИА ЧК К К  
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      USB-LTE  (Nа .и ),  

   65% 

  USB-LTE      ,   

     ,  Nа .и    : 

Nа .и  = (57416/3)*0.65= 12440 ( ). 

        

   USB-LTE     7.4. 
 7.4 –       

 
 

 
 

 
, 

./ . 
 

 
  

Nа .и , % 

  
 

 

1  500 /  350 - 25 300 

2  1 /  400 - 25 300 

3  2 /  450 - 20 240 

4  4 /  500 50  15 180 

5  6 /  550 70  15 150 

 

         

   USB-LTE  (D1)   : 

 � = ∑ � ∙ � ∙� ,                                            (7.12) 

 

 TТ –   ; 

NТ–   ,    

 . 

 

D1 = 

Д350·300+400·300+450·240+500·180+550·180]·12=Д105000+120000+108000+9

0000+99000] ·12= 522000 ( .) 
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   USB-LTE  (D2)   : 

 

D2 = Nа .и ·(Z  – Z ),                                  (7.13) 

 

  Z  –    USB-LTE , Z  = 2999 .; 

Z  –    USB-LTE , Z  = 2000 . 

D2 = 12440 · (2999 – 2000) = 12427560 ( .). 

       LTE   

: 

D  = D1+D2                                         (7.14) 

D  = 522000 + 12427560 = 12949560 ( .). 
 

7.1.4       

   

 

  –  ,    

  ,   . 

       

ё     (NPV),    

   Т-   .     

    (IC)    

    (PV)    

.  ,      

    ,   

: 

                                              ICPVNPV                            (7.15) 

  PV –  ,  
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IC –       Ч-  . 

                                 







T

1n
n

n

i)(1

P
PV

                                 (7.16)

 

 Ч – ,   n-  ,  

i –  ,  

 –  ,    . 

                                  







m

1n
1-n

n

i)(1

I
IC

                                (7.17)

 

  IЧ –   Ч-  ,  

i –  ,  

m –  ,    . 

      , 

   ,      

        

  ,   .   

 10 %       

  .  

 P  ,    ,  

  .  

 7.6 –        

  PV I IC NPV 

1 2 3 4 5 6 

0 0 0 42 214 861 42214861,08 -42214861,08 

1 5880000 5 345 455 7857605 49358137,98 -44012683,43 

2 12936000 16 036 364 7857605 55852026,06 -39815662,43 
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  7.6 

1 2 3 4 5 6 

3 30576000 39 008 565 7857605 61755560,68 -22746995,7 

4 74092000 89 614 398 7857605 67122410,34 22491987,58 

5 132300000 171 762 289 7857605 72001364,58 99760924,39 

6 275184000 327 096 483 7857605 76436777,52 250659705,4 

7 523908000 595 944 126 7857605 80468971,1 515475155,2 

 

К    ,      

   4 .     .  

      : 

                               
)|1/(| nNPVnNPVnNPVTPP 

        (7.18)
 

  –  ,        

«-»   «+»;   

NPVn –      Ч ;  

NPVn-1  –        Ч-1 

. 

=4+22491987,58/(22746995,7 + 22491987,58) = 4,5 . 

     , 

        

      : 

                                   




 




m

1n
1-n

n
T

1n
n

n

i)(1

IC
/

i)(1

P
PI

                   (7.19)

 

PI > 1,    ;  PI < 1,    

;  PI = 1,    ,  . 

PI= 74092000 / 67122410,34 = 1,1 
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   IP>1   1,1    . 

   (IRR) –  ,  

.    ,      

  ,     ,   

      . 

       

,       -   

 . 

IRR       

: 

iIRR   

 Т –    

  IRR     

.          Т1  Т2, 

     NPV     «+»  «–»,  

.        : 

                               

)12(

21

1
1 ii

NPVNPV

NPV
iIRR 




               (7.20)

 

 Т1 –    ,  

 NPV>0; Т2 –    

,   NPV<0. 

          I1=10; NPV1= 22491987,58 

          I2=20; NPV2= -1648003,82 

)1020(
2)-1648003,8(822491987,5

822491987,5
10 


IRR = 19,3 % 
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 ё ,      

19,3 %,      ,     

10 %,  ,       . 

 ё  ё  -  

    7.7. 
 7.7- -   

  

  (USB/ .),  12440 

  , /  2524,32 

К     LTE, . 16 

  , . 32 568 056,5 

   . 7 857 604,583 

   ,  4  6  

   , % 12,5 

 ,  5 

IRR,% 19,3 

 -     

,        

 LTE  .       

 . 
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   .     

    .     

,        

  – 11500 .    

    Triple Play Services,    IP 

, IP        

Internet. 

        

  «Gigabit Ethernet» –    

,      «LTE» –   

.     -  

«Ericsson». 

       

     « »    

 .  

       

 ,       

   -     

,   -  .  

   32568056,5 .    

     . 

       

      

.        

   ,     
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