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 �������E�	
��� 
��� � �����
�� �	�� ���� �  

1  '	(  

1.1  ���
��� ��
�  

 ������� ,*�� ?@F� y����
Q y�V��- 
������ ��� ��� E^ \.YC  
F���� ��XYZ��� ,��!��� u��*�+� ��#L�� >�2Zi ��&(�
K0`�� >2�V � @Yj� [�� ��*�+� ���<F� B� &�&F�� � �����.�<�1 &�/ 
��&��� >TUVW� ��@A B/ 
9��UG� � 3,1 kHz .


G� :�;� =��; � ,�&/�
G y0R� ��*�+� 5##6 
#*��� 7�
8� ������� ��� K�&L�*� B`�� ��*�+� :�2C B/ E<�F�
\$��� �9N � ��`.)��� 
!<F�G� 
�*&�M� ]N��O� � 
_��.G� ]�w '� ?@#� ?@A B� . 5
�(@�� ���G� =Z� &�iZ��� 5_.���

 �� ������� B�",��!��� J��/ "R:0�F�� bC@� ��@�&!�  &!�� a�� J��3 B`�G� B� =C �D  . �D ��@�&!��� ��� ';�� ��
@�W :0�F�� :��¡� j.��<� � ��*�+� ��#� d�) ���!� "�#$ �� 5��� 5`� ��</ �9�� ���- �� &V�� � b���

�������.(  

,<`��<� 
�.N�O� 
�_��� 
V���� y�T�TF�� y>&�&V y
�<F� ����.�/�� 
��@�� >��
� =¢� J�&F��� ��� J�)��.  

 ������� B� �!r��� &F� ,�� ��E�!�*�� 
#*���  B� 
��_<� X.`�� 2&F<� 
.
���� 
���LG� ����.���� �C 
�N�&�G� ��:�
J�&�� ���<FG 
<��q� ��9������ . K�&L�*� u��*�+� 5##LG 
_��.�� 
�£W� ��� ��9������ B� XR`<� 
.
���� B`��

 �������E ������� ��j.�� =C �D u
!R� E�9����� �<F�� ���^ �¤�
� ';�� \N�i  =¢� '��� %@�W� ���<FG� �

*��&<� . ������� K�&L�*� %&� |@8� 
*��¥ B� &� � ua�� 	</�E?�@P�� ~F.� 
.
���� ¦ &$ u��RG� J�.* 	<F^ 

 ������� 5#F�EH�#I�� "��NC ~F� ��9����� 
r�r� X� �(��N  . �r<G� K&!��A2&��� ��� � ����<FG� B� &�TG� .  

2.1  ������  

� "�#$ ������ B���������� ���!� K�`QC |����� ��� � �U��D "�V@�� �0� B� JRl y���`QC 'V�@G� B� ��X�� 

������ ��� .@)��� \$� � 
���* ��F.#�� '�� \N�i &$� .
FV�@G� �D %@�W� 'V�@G�� �������� '�� '���¦ 

 	</ 
������ ��M E<�F�
G� '�� �I 1��������N2C >2����� 'V�@G�� ������<� 
F.A �&QC ��.#� �D 5F
�� . @)���
 "�#$ ������ 
�(�$ K�P�N�� ������� ���!�
���
��. 
9� 
������ ��� � 2@� �� 
!�Y� �D 
��Q+� 2@} 59�� �� 


!�Y��� ��� 	</ 
������.  

 [1] 
������ (2001) ITU-T G.100 u�� � �����	
� ��
����� �������� ������ ������� �����
� ������
������� ������� ��
�����.  

[2]   
������(1999) ITU-T G.108u  !�"#� $%�&'��E(�)�*�+�  :,�#���� -��/.  

[3] 
������ (1999) ITU-T G.109u 0���� 1�2
+� ��3�4 ��56 ��
���.  

[4] 
������ (2001) ITU-T G.113u ��7�#8��2
+� 9�*�� �;��
 �<��4 1.  

[5]  J������I 
����<�(2002) ITU-T G.113  u =�><��� ?�#8� -���� ��@A
� ,�#���� B�@Ie �4��
� -��3� Bpl �"	4 
9C)�� � D
�	�� EF.  
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1
   �M� � G"E
� ����N
O PQ� R�E#$� <!� ��PS��� ������ ��T�K ��& UV� ������ ,-�.W �� P�� X�	7
�  . PQ �� �K PQ

 ZO�'%�
 ��.[$�E\-�%V
� G"E
� ]�^�K �"W ������ ��&�A_� ZM'%1 �K �	��#
� `M� � a
 b�� ����
� .  
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[6]  
������(2001) ITU-T P.833u  G&	��� ��
�"�H� !�)7 I3 ��=�><��� � ?�#8J� -���3 �KL ���)7
����K��M�)�N .  

[7]  
������(2002) ITU-T P.834u D=>OP� $%�Q EF M�/�'�2� ��=�><��� � ?�#8J� -���3 �KL ���)7.  

[8]  
������(2001) ITU-T P.862u  R�&	
� ����� ��3�4 S���)PESQ :( ����� ��3�4 S���� ��3�V�� ���)7
EF W)7 I� �� ��*"K��� ������� X/�*�� D=>OY � W)7Z�#'�� ���V �����.  

2   )*��+��E�	���� ,��- . '�!���/� 0	12 )*�3 4  

1.2  �����  

 >���� ��*�+� ���<F� B� XR`�� � ��*�+� ��#� � 5/�@� =C 
R�&8� ��`.)�� ��</ b�#�� b��� &�!F��� ]<#��
���<FG� ��M 
F���� ��XYZ���� J� u]
r^ 
�2�QC .� a�� ,�� =C B`�� 
#*��"
��L�G�� >X��
G� E�L��� ���<�/ "

7�
Q ���- K�&L�*� �0� B� y0R� y���P�N� @RiC �v o�*C 	</ a�� ,�� =C B
r�
G� B� =C �D . ������� B� �@���
 >2�O� ,��!� 
��$ ��� �� ��� 2�����R
<��)�� K0`�� >2�V '� >@S�.� >���� B��.�� [�� 
V�&�G�  .� K&!�� 
�����

G.113 [4] �D y�2���*� ��9������ ��XYZ� a�� � �p 
��F� ��A�#I� =Z)� y�U�V�� ������� ���!� "�#$ B/ >�2���� 
�����<� ��
.� . 
��t� ]
N J`S � y0R� a��� uE<�F�
G� JF^ 2�2@� 
�¨� ��@�&!� y���C K&!� =C �@�� '*�� =C X�

 
V���G� �0������ =��.�"B
QC �C B
Q " �C"C�*C �C ©�* " �r<G� � 2����� �r��� 	</B . =�^ ua�� 	</ >�0/�
 �����<� ,�<
�� ��.#��� =Z)� J�9G� ��V����E  � 
������ ��� � 2����� �r��� 	</ � 
������ � 2@� G.108 [2] >�2���� 

������� ���!� "�#$ B/ .��@F� 	</ ��RF�� B`� ua�� 	</ >�0/� 
������ � K0`�� ��*�D >2�V ��t^ G.109 [3] 
"�#!�� ��� B/ >�2����.  

2.2  ��
�� ��	�  

 �r<G� B����C 
_� � �&�G� >@9S BASIC �����<� E
������ ��� � 2�����  . =��; �� >@9)�� ��� B� d@_���
 ������� 5<�F�
� K�&L�*�E��2�F�<� 
`*���� ��9�� ���<�/ .  

3  ��+�� 5
�6 )*E�7 ��	8� ���	��� �	��9���8�
   

 ������� &��F�E
!��
�� ��*�+� ,��!� ������ y�!^� T�Uc��� H�#I� J��/ 
!�@A 	</  . '��� g�6 ��@^ 
^@Fp ';� &$�
 ������� X��FG 7���W� &UF�<�(ETSI) 	�
� "=�W� �D ,9�� B� ª���� ��*�+� >2�V."  

@G� 
<������ ,
!��� J`)�� � 2����� �r��� 	</ u
�FV1J.!�
G� ]N�V� J*@G� ]N�V �D u . K0`�� >2�V ������� �&!��
y�Y&r��� y�F��
� ���.�/�� J.!�
G� ]N�V B� J�F�
G� ������ b��� �r��� 	</ =�W� �D ,9�� B�.  
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 �����G.107/1 – ���!"#� ��$���� �#������ E 

 J`)�� B�����1+� ���<F� 7�
8� ������� � J�&i 
�&L�
G� ��*� . J���/� 
^@_�� :�;�; ,�$ \.
Q &$�D 

9<�6 ����`� =�`� &$� uJ.!�
G� ]N�V� J*@G� ]N�O 
.
���� 
�������� � 
<�9�� >���� . ,��!� ���<F� ��3�

 J*@G� >��UV(SLR) J.!�
G� >��UV ,��!�� (RLR) >��&�� :�;�;� Nc 
#!N �D dBr 0>2&�  . ���<F� '�� �D @P���
 JR� 
<��)�� 
<����<� y���$ ����.�/�� ��D %@�W� J�&��OLR)  "��} ��Q bC 	</SLR� RLR ( 
��)� ��&Q� 2&/�

 T�Uc��� H�#I� J���/� 
��`���Ie >T�G� J��/� Au 
�.N�O� 
�_��� ]cQ ,��!� JR� J.!�
G� ]N�V �D �!^ >��S+� �C 
(STMR) '��
�<� 
�.N�O� 
�_��� ,��!�� (LSTR) %&��� X
G 
rV@G� >��
��� (WEPL)) '��
G� %&� ��
8 (

 ,<`�G� %&� >��UV ,��!��(TELR).  

��*�+� \$�� �.�@� 
9<�6 ���<F� �0Y «���� . 
!<#G� 
<UG�Ta ]N�V E� ���^ &Q�� ��w� � 
<UG� "��} JRl� 
�
G� ]N�V� J*@G�>X.i 
V�&� 
<UG� ��#� 
c��N H�#I�� @�&!� � K&L�
�� J.! . &Q���� ��w�� 
<U� �*��� 
�<F��

T J.!�
G� ]N�V E� 
<UG� JRl )K0i 
��Q � (%&�<� �&��i >��S+� ���2�� �U�^ �&¬ 
<���� � 
#!���� . JRl ��
 ���+�� ������ 
<U�Tr
F��C B� >�@/ � 
<UG� %�*  >��S+� ].
�� ��Q «0*C "
V�2T� >���� 
*�`FG� " �

'��
G� %&�� 
c��N ��A�#I�.  

1.3   %&�'�(� &�$� )���* ���+ ,�-.R  

 ������� � 5*�*W� C&.G� =�^ uT�Uc��� H�#I� J��/ 
!�@#� y�!^�E J��2 ���- � �� ��� 2����� K�U9G� �D &��
� 
�`.)�� ,��!�� J��)�� :�2W� �OPINE ] u��^�@���<.�.�� @PN� 
^�;+�3 
<
<
�� � [P:  

5V���`�
�� %��
G� �D 
�V���`�* J���/ ?����.  

 �������� ����
Q bC 
c��N JR����E ��*�+� �&F� ,��!� J��/ � ��C >�#Li R ��� ���<FG� '�� E� '�x b��� 

��FG� 
<������ � 
<��� . ,��!��� J��/ ��Z���R B� ���:  

  AIe-effIdIsRoR +−−−= (1-3)  

 

G.107_F01

������� �	
� �
��qdu

�������� 	
��A

�
���� ����� ���
 ����
T

������ �����Ta

������� �	�
�� �

��(OLR)

����dBr 0

 	
��Ds

 ������ �����Nc 
 ���� ��dBr 0  

��!"�� ����� 
Ps 

����� ��� ������ �	���� 

(WEPL)

#�$%�& #�'(�� ���

(Tr) 

����� ���	
�
��
�� ���	

(LSTR  = 

STMR  +  Dr) 

 )�* ����+ ,--�.
 ,�/�0�(TELR) 

 	
��Dr 

1-�2��� 3��4� 	
��Ie

�
5!�� ���67 ��� 	
��Bpl 

89:. ;�/89:.

�
5!�� ���67 =-+!.Ppl

������� �	�
� �

��(RLR)����� �	�
� �

��(SLR)

��!"�� �����
Pr 

 �>"?�� @2
 ,--�.
 �-A��B�(STMR)

 �-A��B� �>"?�� ,--�. 
 C>�6>��(LSTR)
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 JRl�Ro :�;�;� >��&�� :�;�; JR� :�;���� �2��� a�� � �p u:�;���� �D >��S{� 
�*�*W� 
.
��� C&.G� ��Q B� 

^@_�� . J��F�� JR��Is
������ >��S+� '� y�.�@!� &Q�� \$� � �&3 [�� ��A�#I�� '�� E� 
9����  .� JR�� J��F�Id 

 5<F9�� T�Uc��� H�#I� J��/ JR�� u
<UG� B/ 
����� ��A�#I��Ie-eff «2�`�� >TUVC B/ 
����� ��A�#I�� 
)@9)�/X9)� a`9� (~9L�� ���� �&Fp .5(��)F�� '������ � 
��@�� >��
� B/ ,V���� H�#I�� B���� �NC ��i .

 >T�G� J��/ z����A�#I�� J���/ ~��F� J�F�
G� �D ����<� %@�C ���T� «��� =�`� ��&�/ H . z<#�� ,�
!� b@x�
Ro ,�$� Is� Id%@�C 
��F� H�#I� ,�$ �D  . ������� � 
�&L�
G� ��2�FG� 
������ ��@!9�� K&!��E.  

2.3   %/�0�1�� 23 ����4� ��'�'5� ��-"��Ro  

 :�;���� �D >��S{� 
�*�*W� 
.
��� 2&3�Ro /1���� �r��� 	<:  
 

( )NoSLRRo +−= 5,115 (2-3)  
 z<#�G� JR�No ] 
#!����[dBm0p:�;���� �2��� �<�LG 
^��G� >�!�� :  

  













+++= 10101010 10101010log10

NfoNorNosNc

No (3-3)  

 ��QNc ] 
#!����[dBm0p 
#!��� �D �U<i ��3 [��� >��&�� :�;�; %�$ '�� "��} JRl dBr 0.  

 ��QNos ] 
#!����[dBm0p 
#!��� &�/ 
t^�`G� >��&�� :�;�; JRl dBr 0 
^@_�� :�;�; B/ 
����� PsJ*@G� ]N�V &�/ :  

 ( )214004,0100 −−−+−−−= DsOLRPsDsSLRPsNos (4-3)  
 ��QOLR = SLR + RLR. 
^@_�� :�;�; ��3 u
!�@#�� �9��� Pr 
t^�`G� >��&�� :�;�; �D J.!�
G� ]N�V &�/ Nor   

] 
#!����[dBm0p
#!��� &�/  dBr 0.  

 

2)35(008,0121 −++−= PrePreRLRNor (5-3)  
 z<#�G� JR��Pre ] 
#!����[dBm0p" 5<F9�� 
^@_�� :�;�; " T�TF� B/ ,V����Pr'��
�<� 
�.N�O� 
�_��� X
� 
#*��� :  

  













++= 10

)–10(

101log10

LSTR

PrPre (6-3)  

 JRl�Nfo ] 
#!����[dBm0p" 
�9<�� :�;�; "uJ.!�
G� ]N�V &�/  
  RLRNforNfo += (7-3)  

 J�� ��QNfor �D >2�/ dBmp 64−.  

3.3   �������� �	
��� 
�	�Is  

 J��F�� JR�Isª���� ��*�+� '� y�.�@!� 
���T�� >���� �&3 &$ [�� ��A�#I�� '�� "��}  . J��F�� ,
!��Is 
Y0Y �D 
>2&� %@�C H�#I� J���/:  

  IqIstIolrIs ++= (8-3)  
�Q JRl �Iolr ,�$ � &�&)�� d�9e�� B/ ,V���� >2�O� � d�9e�� OLR1���� �r��� 	</ K&!��  :  

  





































+=
8

–
8

120

8

1

8
XolrXolr

Iolr (9-3)  
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��Q:  
   )64(2,0 RLRNoOLRXolr −++= (10-3)  
 J��F�� JR�Ist
���RG� X� 
�.N�O� 
�_��� B/ ©S���� H�#I�� :  

(11-3) 29
33

3–
113

4,19

1
128–

6

13–
112

13

1

1335

1

35
8

1

8

+


















+−


















 ++


















+= STMRoSTMRoSTMRo
Ist  

��Q:  

  













+=

−−−
10410 10e10log10–

TELRTSTMR

STMRo (12-3)  

 H�#I�� J��/ JR�Iq
��`��� ��)� B/ ,V���� H�#I�� :  

  [ ]ZY
Iq 10101log15 ++= (13-3)  

��Q:  

 

94,8

46

15

100 GR
Y

o −+
−

= (14-3)  

  
4030

46 G
Z −= (15-3)  

�: 

 

2
0602,0258,007,1 QQG ++= (16-3)  

  )qdu(log1537 −=Q (17-3)  

 =�^ u
�2�FG� ��� ��qduJ.!�
G� ]N�V� J*@G� ]N�V E� 
<��`�� 
<����<� 
.
���� 
��`��� ��)� ��&Q� 2&/ �F� .  
 �����–  ������ ���	 
��
�� ���Ie ���� 
���
�� 
�	 ����� �����
�� �� �!�"� qdu����
�� �!�� #$�� .  

4.3   ������ ��	
� ���
Id  

 =�^ a��iId 
Y0Y �D %@�C >@� ,
!� 
������ ����S+� 
<U� B/ 
����� ��A�#I�� '�� JR� b��� H�#I�� J��/ 
 5� 
�/@^ J���/Idte� Idle� Idd:  

    IddIdleIdteId ++= (18-3)  

 J��F�� K&!��Idte,<`�G� %&� B/ 
����� ��A�#I0� y�@�&!� :  

  ( )TReRoeReRoe
Idte

–
2

e–11–100
4

)–(

2

–














++= (19-3)  

��Q:  
   )(5,1 RLRNoRoe −−= (20-3)  

   )14(5,280 −+= TERVRe (21-3)  
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2
3,0–e6

150
1

10
1

log40– T

T

T

TELRTERV +
+

+
= (22-3)  

 ,�!� 
.
�����T  ms 1 > bC u
�.N�V 
�_N ,<`�G� %&� ��.�/� 5_.�� u0 = Idte . XYZ� '�w ��
8� 
������� =�^ a���
STMR,<`�G� %&� '�  .�!�� =C >�/�@� &F�� §� 
�9LG� ,STMR &$ �NC� u,<`�G� %&� 	</ ]V�8� XYZ��� ~F� �M 

 B� y�&V 
���/ 
��$ J`� 
.
���� z.��STMR 5r<#�� J�&F� b@x u�iC 
V�&� y�f�r<� ,<`�G� %&� TERV� Idte 
1���� �r��� 	</:  

 §� 
.
����dB 9 > STMR:  

 
�2�FG� �(21-3) B/ d�F�
� TERV §� TERVs��Q :  

  
2

Ist
TERVTERVs += (23-3)  

 §� 
.
����dB 20 ≥ STMR ≥ dB 9:  

 B� �0/C �U��D ��)G� ��2�FG� �.#��(19-3) �D (22-3).  

 §� 
.
����20 dB < STMR:  

 B/ d�F�
�Idte 
�2�FG� � (18-3) §� Idtes��Q :  

    22
IstIdteIdtes += (24-3)  

 J��F�� JR��Idle�A�#I�� '��
G� %&� B/ 
����� � .��2�FG� z.���:  

    169
4

)–(

2

– 2

++= RleRoRleRo
Idle (25-3)  

��Q:  

   

25,0–)1)(7(5,10 ++= TrWEPLRle (26-3)  

 J��F�� JR��Idd 
��_<� 
<��#�� 
!<#G� 
<UG� B/ ,V���� H�#I�� TaJ��`��� %&��� :�_�D '� �&3 [�� .  

 §� 
.
����ms 100 ≥ Ta:  
  0=Idd  
 §� 
.
����ms 100 < Ta:  

  

( )


















+



















++= 2
3

13–125

6

1

6

6

1

6 X
XIdd (27-3)  

'�:  

    
2log

100
log 









=

Ta

X (28-3)  
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5.3  ��	
��� ��
�� ����� Ie  

 T�Uc��� H�#I� J��F� 
���� ,�!�� �<F�� �Ie J�2 ���<Fp ~9L�� ���� �&Fp «2�`�� >TUVC K�&L�*�� @���F<� 
%@�C ./ &��F� 5U^
`.)��� 
!<F�G� ����� B/ y0�^ bC@�� 
$0/ �*��� ��.��� 
������ �(����� 	< . �D "�V@�� 	V@�

 J������I 
������ � G.113 [5] ,�$ 	</ ���r<� Iey��<F^ �� 	��G� .  


�(��)F�� 
��@�� >��
� ��AD � «2�`�� >TUVC ���<�F� 5/���� H�#I�� J��/ ,�$ \N�i�2� ¯�F�  ,�$ K�&L�*�� ���
�� 
Ie
��@�� >��
� 	</ >&��FG�� 
��&��  . 
��@�� >��
� >�$ J��/ =�^ =¢� ��CBpl«2�`�� >2�V 
��$ �9��� 2&r��  .

 
��@�� >��
� 	</ &��FG� 5<F9�� T�Uc��� H�#I� J��/ &��
��Ie-eff H�#I� J��F� 
.
���� @9)�<� >2�V 
��$ K�&L�*�� 
� &�/ T�Uc��� 
��@�� >��
� K�&FNIe 
��@�� >��
� >�$ J��/� Bpl J������ � �£0i 2@�� uI �  
������G.113 
.
���� 

«2�`�� >TUVC B� &�&F<� . ]
3 u
��@�� >��
� 
�����Q�� �<F�� ���^�Ppl uIe-eff
�2�FG� K�&L�*�� :  

  
BplPpl

Ppl
IeIeIe-eff

+
⋅−+= )95( (29-3)  

BurstRS@�� 
.
�� 	/&� �� �� 1����i 2&r��� ��!:  

J����� '������ � >2��@G� ��!S@�� ��A �*���  
������� �	
� =   >��
L<� 
;@FG� 
`.)�� � '$��G� ��!S@�� ��A �*���"
�(��)F��"  

 
�(��)/ K�@�� >��
� =�`� ��&�/)
<!�
� bC ( =�^������� �	
� = 1  

 
�!S� K�@�� >��
� =�`� ��&�/�)
F��� bC (�^ =������� �	
� < 1.  

 ��!�N� �������Q� '� E���8� b� ?�i��� ������ 
<��!G� K�@�� >��
� ��F���� gh ���^ u��RG� J�.* 	</p 
��Q B� 
"2�V�� " 
��Q �D"2�!9� "�q 
��Q B� "2�!9� " 
��Q �D"2�V�� "1����i ���
Q B`�:  

  

q

Ppl

p

Ppl

qp
BurstR

100/1100/1 −==
+

=  (30-3) 

B� %@N ��i�
�2�FG�  (29-3) 
��Q � 5<F9�� T�Uc��� H�#I� J��/ =�^ u0 = Ppl) 
��@�� >��
� K�&FN� ( 
��$ b��
�Ie 
 J������ � >2&q�I �  
������G.113.  

 �r<G� 
FV�@� 	V@�A 
������� G.107�U�������� 
�Q0� �&iZ� [�� ���<FG� ,�$ %&p �<F�� ���^ .  

6.3   ������ ����A 

PN >T�G� J��F� 2&q� ±F�<� y�@A%@�W� ��*�+� ���<F� '�� '� u1����� u
$0/ &V�� � u . ��&O� B�����1 ~F� 

�$jG� ,�!��.  

 �����1/G.107 – ����� ���� ��� ����� ����� A  

���!"� #�$% ����  &� '��(�� �)�(��A 

 ��������)	
�����( 0 

 
�� �� ������ ��
�������� � ��� 5 

����� � �!"��� #$ ��%�!&' ��*�� � ������ 10 

��+,��� �-�.�� �/��0�� ���1�/ 2�!3 �4 5�6� 7�8��9 
�1��� :.;� <�� =>���� ?9 
�1��� 20 

§§§§§§§§§ 

2
   @� ���A �4 ����0� �B$ C�4 ��D� ���0� ����E�A� ?9 !F�� 
�����)����0��/���0H� (��I�0�� ��D!�� �.  
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 ��&O� � >2����� ,�!�� =Z� 
PQ0G� �&w�1 
������ B� >���ZG�� G.113 [4]� ���!� "�#$ B/ >�2����  ������

�$j� ,�$ %�* \
�� . J��F�� K�&L�*� =Z)� ��@!�� ���� �#L�<� «@���AEF� ��.#� � >���LG� ����$�  . EF�� �NC X�

 ��&O� � ,�!�� �D @P���1 §� 
!<#G� ��<F�� 2�&8� �vC 	</ �0/C A.  

7.3  *�+���, -�(��  

 ��&O� B����2� 
���� ]�_���� ,�!��� 
�(�$  ������� 
������ � 
�&L�
G� J�&�� ���<F� '��E . >&)� 	����
��#L��� ��
Q �0� B��.�� � [�� ���<FG� '��� �<F�� ���^ ]�_���� ,�!�� ��� K�&L�*�� . ���<FG� '�� \F;� ���^

 ,��!� J��/ '� 
��_<� 
F�^� >2�V B/ ����
8� @9
� u]�_���� ,�!�� 	</R = 93,2.  

 �����2/G.107 –.�)�0�� 1 �2 3�)4�� .���
5��� *�+���, -�(��   

�)�0�� 6��7�� ��8��� 

 -�(��
*�+���, 

 9�
5��
3�)4�� 

.�$8:�

��!�� ���8' K���/ SLR dB  8+ 18+ … 0 ) �FA���1(
����0�� ���8' K���/ RLR dB  2+ 14+ … 15− ) �FA���1(

���L�M� �E&��� :NA K���/ STMR dB  15 20 … 10 ) �FA���2(
=E�0E�� ���L�M� �E&��� K���/ LSTR dB  18 23 … 13 ) �FA���2(

 �E����D��!�� :L�' 7O/�8��   Ds –  3 3+ … 3– ) �FA���2(
 �E����D����0�� :L�' 7O/�8��   Dr –  3 3+ … 3− ) �FA���2(

K�
��� P�1 ���8' K���/ TELR dB  65 65 … 5  

P�;�� Q0� �"'!�� ���0H� WEPL dB  110 110 … 5  

P�;�� Q0� � �A���� R�S@� ��8� T����  T ms  0 500 … 0  

 �#!4 � 5�I��9# 5�I�UV ��W�L@� X>#4���$  Tr ms  0 1000 … 0  

P�;�� �� ����H� ���1���� � 2�*�� X>��� Ta ms  0 500 … 0  

�� R�W/ ���A# -�4��E
� qdu –  1 14 … 1  

+�8N��� Y�*Z� ���4 Ie –  0 40 … 0  

��D!�� ���0� ��> ���4 Bpl –  1 40 … 1 ) �FA���3(
��[��W.�� ��D!�� ���0� ����E�A� Ppl %  0 20 … 0 ) �FA���3(

����!�� ��0L  BurstR \  1 2 … 1 ) �FA���3( 
 �*���� ?9 ���]� ������ ^�_�_0 dBr  Nc dBm0p  70− 40− … 40−  

����0�� :L�' ��4 ^�_�`�� a-b� �c� Nfor dBmp  64− – ) �FA���3(
 ^�_�_�%!&����!�� :L�' ��4  Ps dB(A)  35 85 … 35  

 ^�_�_�%!&������0�� :L�' ��4  Pr dB(A)  35 85 … 35  

�+��� ���4 A –  0 20 … 0  

 ������1 ������ ��	
  ���
��� ������� �� ��������� �� dBr 0.  
 ������2 ������ ����  :LSTR = STMR + D.  
 ������3 �!����" �#�$%�� %�� . 

 K�/ J�&F� @^���2000 ������� 
������� B� >�TF� 
L
N 
������ ��M E)  �r<G� @PN�A.(  

 K�/ J�&F� '�2000 ,��!� � ��9A X�_� �&Q uR ������  ]�_���� ���<FG� ,�$ '�� '�) B�94,2 = R �D 93,2 = R .(
@i�� � �NC 	</ ��9#�� ?�@I�� ��� �D @P��� 5_.�� u
�<�F�� ��#L��� d�@�W �NC X�.  
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 �����A  

 ���	
�� ��
���� ����E  

����� \ dV�E��� ���D���� +�+./# K���/ =`e f�� E������� �� ��+�  .!%���/ g$ -!Nh ����M� i[����� d��/ f��#.  

1.A   ;<�)5�� #��7�=� '�� >6?� *%�@ #����� �	�A B+C5D E�� F�6$�� ��� �����E  

�  ������� �	
�� �
���� ��
	��� ������  
  uK¤�)��� &�&S �&.� T�Uc��� H�#I� J���/ � K�F�� ��w�� =C �D 
�.�@c��� ��:��!�*�� ~F� X)� &$ ���� 

59� =��C ²��� ��&�.  
�  ������� � ��
	��� ��	��� ��	�!  

   ������� d@�9�E ��*�+� ,��!� J��/ 
V�2 �D 
^��� ��A�#I�� B� 
9<�6 y�/��NC «��� =C R . ,�� ��

�;@� >���� ]N�O� ��� B� �!r��� . =Z)� ��r.�� B� J�t; 2&/ %�* @^���� � u|���� �V� 	</�

/�9�
^@_�� :�;�; '� y0R� ��A�#I�� B� %@�W� "��NW� '� ~9L�� ���� �&Fp «2�`�� >TUVC J . >�0/�
>&ij� X� u~9L�� ���� �&Fp «2�`�� >TUVC B� &�&F�� ?2�@� %&� ]��@��� ��XYZ� JP� ua�� 	</.  

�  "�#���� ��$%	&� ��'��� ����(  
   ������� =C ���c��� ~F� E.�E &F.�
�  
���� ,<`��<� 
�.N�O� 
�_�<� 
.
���� �&3 [�� ]c8� ��XYZ� ~F�

 ,<`�G� %&� \$� d�9e�� J.!�
G� ]N�V 	</ 
^@_�� :�;�;� u>��&�� :�;�; '� �^�@����(ms 10 >).  
�   )��*� �
	+A  

  G� J��F� 
!<F�G� 
��FG� ,�!�� ��.#� �U<f � B`� [�� ?�@P�� =¢� ³Q z;�� �>T� . ��� &��F� =C '$��G� B��
 
��� 	</ y0R� ,�!��K&L�
G�J��#�� %&G� � 
!<#G� ,�!�� X_�� =C� u.  

�  ),�,&� ������� �	
�� �
���- �.	/� �	$��01� �����
  
  ������ J`S � 
��L)�� "���*�� >2�V ����.��� B� T�Uc��� H�#I� J���/ H�.��*� >&�&V 
�cU�� �&��/� 


P.833 [6]������� ���!� "�#$ B/ >�2����  . B� T�Uc��� H�#I� J���/ H�.��*� >&�&V 
�cU�� �&��/��
 
������ JR� ���2W� ���-P.862 [8] 
������ J`S � P.834 [7]������� ���!� "�#$ B/ >�2���� .  

�  �2*� 334��� 5	#678 ��4'�� 9	��� :
 �;��2*� <��%=	- >�9�$�? ��$%	&� ��'��� @�
 � >1	�?1� )	�A � �;�
B,��� @�
8  

   ������� @P�� �E §� 
rV@G� 
��
�� 
#*��� �D 
^@_�� :�;�; XYZ� �D A . :��D 5<F9�� bC@�� &��F� &$�

t�.�� :�;�; ��@#;�� "�N 	</ ³Q K0`�� ������ >2�V . ������� @P�� ��E g(��� �D 
¬@� >���� 

�>��UO� �����!� 
#*��� y����; �U��D @P�� �NC �D %&��� X
�� 
�.N�O� 
�_��� X
�� u������ >��$ � 22@�� .
>����G� ��*�+� >2�V � @Yj� &$ �vC X�.  

2.A   ;<�)5�� G�H� I4J K E�� ��6L��EM,�= N���O P� QD�R��� �:S P� �	=�=� ���   

�   ,�+ ��4'�� 9	��� @CD?�04*� E%	F  
   2��.��� XYZ� &F� �)� �!#N ,(��� ,<`�G� =C 
!�!Q
t�.�� :�;�; :�; � ��0i 
��*( � J��c���� J��!� 

 ������� 
�������E 
���8� >�TFG� ) K�/ ��&�D2000 .( a�� %2C &$� � ��&�D � 1998 � 
A@9� ��j.�� �D 
 ������� � K¤�)��� �E;�; ����
� 
.
����  
���F�� 
^@_�� :�Pr.  
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�  ���#��� G���- �.	/� >�H$����  

   K�/ ��&�+ 
.
����1998 ������� B� E 
�FV@G� ?�@P��� 
���� 
��L)�� ����.���� �(��N \N�i u
MNRU ������� ��j.�� B� @RiC >���� K¤�)��� � y��(�2 
A@9� E . J`)�� � ´��.�� ,*@�� ��C &$�1.A B� 

 K�/ ��&�D1998 K�/ 
FV�@�� u2000 ������� B� E]�_���� �U��$ � %@�W� ���<FG� '�� '� .  

  
 �TL��1.A/G.107 U  -��(!� ��)T��� V�L! .��8� H�� I, ��:0��R ;<�)5�� *4W E  

   ������� � 
9�9A >���� >�TFG� 
��������� �<F�� ���^EF�� �X_� u
������ ��� � 2����� �r��� 	</  E� 
$0
 ,��!�� 
��`��� ��)� ��&Q� 
�<F�R ������� � E5�L)�� ��.���� �(��N '� J�^C >���� 
�������� &�@� .  

�   9�3= �$���	- >�H$���� I	�F��������� �
I4�� )J	�! �K � L3�#��  

  @�� >��
� ?�@f 	��!p «2�`�� >TUVC B/ 
����� ��A�#I�� ����� ���
�� � ,�� =�i J���/ K�&L�*�� 
��
 
9<�LG� 
��@�� >��
� ��&FG 
.
���� «2�`�� >TUVC 	</ >&��F� 
��&} T�Uw H�#I�) B� 
!��
�� µ
���

 J������G.113/I.(  ������� � 
�&L�
G� 
��&�� ���#FG� 
��i B� &8� �� ?&M� =W y�@PN�E �� %@V u
 B/ 
;�F�*�� �����Q�Ies� 
��&�� 
<��!� 
�2�Fp 
��@�� >��
� 
.
��� . 
<Y�¥ �(��N �D ���LG� �U��� b2j��

y�!��* >2&q� a<�� 
��_<� �vZ� Ie J������� 
���)G� «2�`�� >TUVC '��O 
.
���� G.113/I K�/ ��&�D � 2001.  

�  9�3= �$���	- >�H$����I	�F ��-	��� MI4�� )J	�! �K � L3�#��   

  �D 
.
���� 
#*��� >��
� ���F.�� ,
�� [�� >��
�� ��F���� ���2D � ���������� B� 
L
��� ��� ) %&�<�
X�!��) (J��#�� %&G� >��
� ���F.�� 
N��!� ( ������� �E . d�@�W ¶�D 
V�&G� 
!�@#�� ,�!� � u=¢� ³Q�

 «2�`��G.729(A) >TUVW� 	</ y���C �U!�.#� d@�9� B`�� uG.723.1��X��  . ��!!3 :�@VD ��P�N� ��
 B� 	</C ��!S� ]
N '� 
�������� ���F�*� K&/ 5_.�� u%@�C2,0 = BurstR . y���C ������� ��.#� B`��

 B� 	</C ��!S� ]
N 	</2,0 K�@�� >��
� 
��tG� ]
��� \N�i ��D Ppl B� J$C %2.  

N  "�#���� ��$%	&� ��'��� @CD?  

  �V ��@�&!� \N�i 
��&i ����� >2� STMR 	</ &�T� [�� ,�!�� � dB 15 ��&�+� � 2����� �r��� 	</ 
 
����<� ���
��ITU-T G.107) 2002/07 ( B� 
<�r�G� �(����� ��$2 �I 	</ �2�F� �� K¤�)��� � 
$@_�

FV�@G� ����.��� .� 
����)�� �`�@�C � ����U<� 
��� 
�£C 5
�`� a�� =C E.� &$� 
��$ �M =Z� >2�/ 2&3 [�

 ]cQ @�&!�� 
�¨�STMR B� 16 �D dB 18.  
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   ������� 
������� B� �&FG� ��&�+� ��� � 
PQ0G� ��� @UP��E 
���� 
<��!G� 
�2�FG� J�&F� �0� B� 
� Ist 
�.N�O� 
�_��� 
��2 ����.�/�� (STMR) 
�2�FG� @PN� u)11-3.(  

  :TO� � XSC ��i� ,�$ d�9e� 
��Q � �iC 
V�&� y�f�r<� ,<`�G� %&� z.�� &$ u
������ ��� B� 5
�(@�� 
STMR . B� ��r��� �0� B� a�� ¯�F��Idte �D Idtes)  
�2�FG�24-3 .( %@V u��
��� 	</ 
P^�r�<��

 B� @RiC B� ,<`�G� %&� 
.�/ '�*��dB 15)  
������G.107 � 2002/07 ( �DSTMRRiC  B� @dB 20 
) 
L
���
FV�@G� 
������ B� G.107 .( ,�$ 	</ �0�&F�<� XYZ� bC &V�� ��STMR B� J$W� dB 15 . 	</�

 ��*�+� ,��!� J��F� 
.
���� >2�O�� j.���� =�^ ua��R ]�_���� "�;�W� � (dB 15 = STMR) B/ �<�� � 
� ���
�� ��&�+� 
#*��� �� j.���� ,�� [�� a<� ������� B)2002/07 .( 
��$ �<.��R ]�_���� 93,2 � 

1�8�� ���
�� B���&�+� . J`)�� � ';��� @UP��2.A.  

  

 �TL��2.A/G.107 – I, �%N�(� R� STMR   
 ;<�)5�� ���XN��S P� M,�4��� Y�?� PDN���Z� 1E  
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 �����B  

 ���	
� ���
� ���� �� ��
���� ����� ������R 

 =C B`� ��*�+� ,��!� J��/ '!�R �D @9� ��#N � 100 JRl ��Q 0 = R� :�
�� >&�&S >2�V 100 = R 
F�^� >2�V 
%��
G� . ������� @^���E>2�O� ��*��!� y��(��QD y�@�&!�  . B
QC �C B
Q @�&!�� 
��tG� 
.
��� 	</ ���8� ,���
(GoB) C�*C �C ©�*� (PoW) J��F�� B� R#� 
��2 
#*��� 5*�� Z:  

   ∫
∞π

=
x t

dtxE

–

2
–

2

e
2

1
)( (1-B)  

5� ��2�FG��:  

  %
16

60–
100 







= R
EGoB (2-B)  

   %
16

–45
100 







= R
EPoW (3-B)  

 
�@�&!��� bC@�� 
�0/ �*��� 	</ ���8� B`��(MOSCQE) ��#N � 
��0`�� "�;�s� 
.
���� 5-1 J��F�� B� R 
��2�FG� K�&L�*��:  

 �D 
.
����0 > R: 1MOSCQE =  

 �D 
.
����100 > R > 0: 

6

CQE 107)100)(60(035,01MOS −⋅−−++= RRRR (4-B)  

 �D 
.
����100 < R: 5,4MOSCQE =  

 ��#N � 
�2�FG� ��� �`/ B`��100 ≥ R ≥ 6,5 ��
8 R B� MOSCQE J������ @PN� uI. GoB� PoW� MOSCQE 
 ���2 �U<i� R.G� �r��� 	</  E<`)�� � E1.B� 2.B1����� 	</ .  

  
 �TL��1.B/G.107 U) P48� �� P48( GoB )��=� �� ]�=�(PoW    

 -��(��� ���0� ."��^R  
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 �TL��2.B/G.107 U MOSCQE -��(��� ���0� ����^  R  

��!��� J��/ JR� >2�O� ��*��$ K�&L�*�� 
���2 	</ ��*�+� �##6 =�`� � &$ u���8� ~F� �� ,R B`� b��� 
 ��&O� � 2@� · B�� ��#L��� ����
Q B� ��</ ���8�1.B

3 J���/ X
9�� |��� \$jG� ��V���� R d�@�W 
��
q� 
��#L��� . ,�!� �2�F� 	</ ��&O� ��� b��¬ ��iR �D 
��q� MOSCQE� GoB� PoW
�@�&!��� 
��0`�� .  

 �����1.B/G.107 U, ��:0�� _��� ���H  �)�� IR�)0�4�� G�`N�   

 �)�(��R 

)aHb� �?�( 
MOSCQE 

)aHb� �?�( 
GoB (%) 

)aHb� �?�( 
PoW (%) 

)���b� �?�(�)0�4�� G�`N 

90 4,34 97      0∼ ������ ��	 

80 4,03 89      0∼ ��	  
70 3,60 73   6 
��	 �
 
������� ��� 

60 3,10 50 17 
������� �� ���
��	 �
  

50 2,58 27 38 
��	 �
 ������� 
������� ��! 

  

§§§§§§§§§ 

3
    "#$%� 	$&�1.B "#$%� '( 1/G.109 [3].  
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 �����C  

���	
�� � 
����� ����G.107_5  � BASIC  
 
1  CLS 
2  PRINT "PROGRAM g107_4" 
3  REM THIS VERSION IS CONFORM WITH THE ALGORITHM 
4  REM DESCRIBED IN REC. G.107 
5  REM PROGRAM WRITTEN BY N.O. JOHANNESSON 
6  REM MODIFIED BY S. MOELLER, 1999; A. RAAKE, 2003 
7  PRINT 
8  PRINT "E-model, algorithm according to ITU-T Rec. G.107 (2003) Annex C," 
9  PRINT "for voice communication between side (S) and (R)." 
10 PRINT 
11 PRINT "The E-model gives an estimation of voice transmission quality" 
12 PRINT "mouth-to-ear as perceived at Side (R). The model output is a" 
13 PRINT "transmission rating factor R which can be transformed to give" 
14 PRINT "estimates of customer opinion. Such estimates are only made for" 
15 PRINT "transmission planning purposes and not for actual customer" 
16 PRINT "opinion prediction. See ITU-T Rec. G.107 (2003) for more details." 
17 PRINT 
18 PRINT "Note: To continue program:" 
19 PRINT "a) INPUT appropriate value as indicated on screen," 
20 PRINT "or" 
21 PRINT "b) if no value is asked for, PRESS THE RETURN KEY." 
22 PRINT 
23 DIM X(100), Y(5, 100), Col(5), Pxo(5) 
24 REM Set parameters at default values 
25 GOSUB 29 
26 REM Goto main menu 
27 GOTO 199 
 
 
29 REM Default Parameter Values, according to Tab.3/G.107 (lines 29-60) 
30 SLR = 8 
31 RLR = 2 
32 STMRs = 15 
33 Ds = 3 
34 STMR = 15 
35 Dr = 3 
36 LSTRr = 18 
37 TELR = 65 
38 T = 0 
39 WEPL = 110 
40 Tr = 0 
41 Ta = 0 
42 Ie = 0 
43 Bpl = 1 
44 Ppl = 0 
45.BurstR = 1 
46 A = 0 
47 Nc = -70 
48 Ps = 35 
49 Pr = 35 
50 qdu = 1 
55 Nfor = -64 
60 RETURN 
 
 
198 REM Main menu (lines 198-370) 
199 PRINT 
200 PRINT "Print current parameter values ", "=1" 
210 PRINT "Input new parameter values     ", "=2" 
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220 PRINT "Compute table, one parameter   ", "=3" 
230 PRINT "Set parameter at default values", "=4" 
240 PRINT "Exit program                   ", "=5" 
250 PRINT 
260 INPUT Y1 
270 CLS 
280 IF Y1 = 1 THEN GOSUB 500 
290 IF Y1 = 2 THEN GOSUB 1000 
300 IF Y1 = 3 THEN GOSUB 2000 
310 IF Y1 = 4 THEN GOSUB 30 
320 IF Y1 = 5 THEN GOTO 9999 
330 CLS 
340 IF Y1 = 4 THEN PRINT , "Parameters set at default values !" 
350 GOTO 199 
 
500 REM SUB Print current parameter values (lines 500-700) 
510 PRINT , "SLR="; SLR, "RLR="; RLR, "OLR= SLR + RLR="; SLR + RLR 
520 PRINT , "Side (S): Ds="; Ds 
530 PRINT , "Side (R): STMR="; STMR, "Dr="; Dr, "LSTR="; STMR + Dr 
540 PRINT 
550 PRINT , "TELR="; TELR, "Mean One-way Delay T ms="; T 
560 PRINT , "WEPL="; WEPL, "Round-trip Delay Tr ms="; Tr 
570 PRINT , "One-way Absolute Delay Ta ms="; Ta 
580 PRINT 
590 PRINT , "Noise Floor at Side (R) Nfor dBmp="; Nfor 
600 PRINT , "Circuit Noise Nc dBm0p="; Nc 
610 PRINT , "Room Noise, Side (S), Ps dB(A)="; Ps 
620 PRINT , "Room Noise, Side (R), Pr dB(A)="; Pr 
630 PRINT 
640 PRINT , "qdu="; qdu 
650 PRINT 
660 PRINT , "Equipment Impairment Factor Ie="; Ie 
661 PRINT 
662 PRINT , "Packet-loss Robustness Factor Bpl="; Bpl 
663 PRINT 
664 PRINT , "Packet-loss Rate Ppl % ="; Ppl 
665 PRINT 
666 PRINT , "Burst Ratio ="; BurstR 
667 PRINT 
670 PRINT , "Advantage Factor A="; A 
680 PRINT 
690 INPUT C$ 
700 RETURN 
 
1000 REM SUB Input Parameters (lines 1000-1270) 
1020 CLS 
1030 PRINT "Type designation of parameter for which the value is to be changed 
!" 
1031 PRINT 
1032 PRINT "Note 1. New value of OLR is obtained indirectly, i.e. by new" 
1033 PRINT "value of SLR or RLR. (OLR=SLR+RLR.)" 
1034 PRINT 
1035 PRINT "Note 2. New value of LSTR is obtained indirectly, i.e. by new" 
1036 PRINT "value of STMR or Dr. (LSTR=STMR+Dr.)" 
1037 PRINT 
1040 INPUT "Parameter:"; A$ 
1050 INPUT "New Value="; Px 
1060 PRINT A$; "="; Px 
1070 IF ((A$ = "SLR") OR (A$ = "slr") OR (A$ = "Slr")) THEN SLR = Px 
1080 IF ((A$ = "RLR") OR (A$ = "rlr") OR (A$ = "Rlr")) THEN RLR = Px 
1090 IF ((A$ = "STMR") OR (A$ = "stmr") OR (A$ = "Stmr")) THEN STMR = Px 
1100 IF ((A$ = "Dr") OR (A$ = "DR") OR (A$ = "dr")) THEN Dr = Px 
1110 IF ((A$ = "Ds") OR (A$ = "DS") OR (A$ = "ds")) THEN Ds = Px 
1120 IF ((A$ = "TELR") OR (A$ = "telr") OR (A$ = "Telr")) THEN TELR = Px 
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1130 IF ((A$ = "T") OR (A$ = "t")) THEN T = Px 
1140 IF ((A$ = "WEPL") OR (A$ = "wepl") OR (A$ = "Wepl")) THEN WEPL = Px 
1150 IF ((A$ = "Tr") OR (A$ = "TR") OR (A$ = "tr")) THEN Tr = Px 
1160 IF ((A$ = "Ta") OR (A$ = "TA") OR (A$ = "ta")) THEN Ta = Px 
1170 IF ((A$ = "Ie") OR (A$ = "IE") OR (A$ = "ie")) THEN Ie = Px 
1171 IF ((A$ = "Bpl") OR (A$ = "BPL") OR (A$ = "bpl")) THEN Bpl = Px 
1172 IF ((A$ = "Ppl") OR (A$ = "PPL") OR (A$ = "ppl")) THEN Ppl = Px 
1173 IF ((A$ = "BurstR") OR (A$ = "BURSTR") OR (A$ = "burstr")) THEN BurstR = Px 
1180 IF ((A$ = "A") OR (A$ = "a")) THEN A = Px 
1190 IF ((A$ = "Nc") OR (A$ = "NC") OR (A$ = "nc")) THEN Nc = Px 
1200 IF ((A$ = "Ps") OR (A$ = "PS") OR (A$ = "ps")) THEN Ps = Px 
1210 IF ((A$ = "Pr") OR (A$ = "PR") OR (A$ = "pr")) THEN Pr = Px 
1220 IF ((A$ = "qdu") OR (A$ = "QDU") OR (A$ = "Qdu")) THEN qdu = Px 
1230 IF ((A$ = "Nfor") OR (A$ = "NFOR") OR (A$ = "nfor")) THEN Nfor = Px 
1240 PRINT 
1250 IF Y1 = 2 THEN INPUT "More parameters changed, Yes(1) or No(0)"; Ypar 
1260 IF Ypar = 1 THEN GOTO 1020 
1270 RETURN 
 
2000 REM SUB Tabulate (lines 2000-3000) 
2020 INPUT "Variable Parameter:"; A$ 
2030 PRINT "(To exit tabulation, put parameter value = 1000 !)" 
2040 PRINT TAB(8); A$; TAB(18); "R"; TAB(28); "GOB %"; TAB(38); "POW %"; 
TAB(48); "MOS" 
2050 INPUT Px 
2060 IF Px = 1000 THEN GOTO 3000 
2070 IF ((A$ = "SLR") OR (A$ = "slr") OR (A$ = "Slr")) THEN SLR = Px 
2080 IF ((A$ = "RLR") OR (A$ = "rlr") OR (A$ = "Rlr")) THEN RLR = Px 
2090 IF ((A$ = "STMR") OR (A$ = "stmr") OR (A$ = "Stmr")) THEN 
2100   STMR = Px 
2110   LSTR = STMR + Dr 
2120 END IF 
2130 IF ((A$ = "Dr") OR (A$ = "DR") OR (A$ = "dr")) THEN 
2140   Dr = Px 
2150   LSTR = STMR + Dr 
2160 END IF 
2170 IF ((A$ = "TELR") OR (A$ = "telr") OR (A$ = "Telr")) THEN TELR = Px 
2180 IF ((A$ = "T") OR (A$ = "t")) THEN T = Px 
2190 IF ((A$ = "WEPL") OR (A$ = "wepl") OR (A$ = "Wepl")) THEN WEPL = Px 
2200 IF ((A$ = "Tr") OR (A$ = "TR") OR (A$ = "tr")) THEN Tr = Px 
2210 IF ((A$ = "Ta") OR (A$ = "TA") OR (A$ = "ta")) THEN Ta = Px 
2220 IF ((A$ = "Ie") OR (A$ = "IE") OR (A$ = "ie")) THEN Ie = Px 
2221 IF ((A$ = "Bpl") OR (A$ = "BPL") OR (A$ = "bpl")) THEN Bpl = Px 
2222 IF ((A$ = "Ppl") OR (A$ = "PPL") OR (A$ = "ppl")) THEN Ppl = Px 
2223 IF ((A$ = "BurstR") OR (A$ = "BURSTR") OR (A$ = "burstr")) THEN BurstR = Px 
2230 IF ((A$ = "A") OR (A$ = "a")) THEN A = Px 
2240 IF ((A$ = "Nc") OR (A$ = "NC") OR (A$ = "nc")) THEN Nc = Px 
2245 IF ((A$ = "Nfor") OR (A$ = "NFOR") OR (A$ = "nfor")) THEN Nfor = Px 
2250 IF ((A$ = "Ps") OR (A$ = "PS") OR (A$ = "ps")) THEN Ps = Px 
2260 IF ((A$ = "Pr") OR (A$ = "PR") OR (A$ = "pr")) THEN Pr = Px 
2270 IF ((A$ = "qdu") OR (A$ = "QDU") OR (A$ = "Qdu")) THEN qdu = Px 
2280 IF ((A$ = "Ie") OR (A$ = "IE") OR (A$ = "ie")) THEN Ie = Px 
2290 IF ((A$ = "Ds") OR (A$ = "DS") OR (A$ = "ds")) THEN Ds = Px 
2300 GOSUB 3500 
2400 GOSUB 4000 
2500 GOSUB 4100 
2600 GOSUB 4200 
2700 R = INT(R * 10 + .5) / 10 
2800 PRINT TAB(8); Px; TAB(18); R; TAB(28); GOB; TAB(38); POW; TAB(48); MOS 
2900 GOTO 2050 
3000 RETURN 
 
3500 REM Compute R (lines 3500-3880) 
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3509 REM Noise Summation, formulas (3) to (7) 
3510 Nr1 = Ps – SLR – Ds – 100 
3520 Nr1 = Nr1 + .004 * (Ps – SLR – RLR – Ds – 14) ^ 2 
3530 LSTR = STMR + Dr 
3540 Pro = Pr + 10 * LOG(1 + 10 ^ ((10 – LSTR) / 10)) / LOG(10) 
3550 Pr1 = Pro + .008 * (Pro – 35) ^ 2 
3560 Nr2 = Pr1 – 121 + RLR 
3570 Nfo = Nfor + RLR 
3580 No = 10 * LOG(10 ^ (Nr1 / 10) + 10 ^ (Nr2 / 10) + 10 ^ (Nc / 10) + 10 ^ 
(Nfo / 10)) / LOG(10) 
3590 Nt = No – RLR 
 
3599 REM Ro, formula (2) 
3600 Ro = 15 – 1.5 * (SLR + No) 
 
3609 REM Iolr, formulas (9) and (10) 
3610 Xolr = SLR + RLR + .2 * (64 + Nt) 
3620 Iolr = 20 * ((1 + (Xolr / 8) ^ 8) ^ (1 / 8) – Xolr / 8) 
 
3629 REM Ist, formulas (11) and (12) 
3630 STMRo = -10 * LOG(10 ^ (-STMR / 10) + 10 ^ (-TELR / 10) * EXP(-T / 4)) / 
LOG(10) 
3640 Ist = 12 * (1 + ((STMRo – 13) / 6) ^ 8) ^ (1 / 8) 
3645 Ist = Ist – 28 * (1 + ((STMRo + 1) / 19.4) ^ 35) ^ (1 / 35) 
3650 Ist = Ist – 13 * (1 + ((STMRo – 3) / 33) ^ 13) ^ (1 / 13) + 29 
 
3659 REM Iq, formulas (13) to (17) 
3660 IF qdu < 1 THEN qdu = 1 
3670 Q = 37 – 15 * LOG(qdu) / LOG(10) 
3680 G = 1.07 + .258 * Q + .0602 * Q ^ 2 
3690 Iq = 15 * LOG(1 + 10 ^ ((Ro – 100) / 15) * 10 ^ (46 / 8.4 – G / 9) + 10 ^ 
(46 / 30 – G / 40)) / LOG(10) 
 
3699 REM Is, formula (8) 
3700 Isyn = Iolr + Ist + Iq 
 
3709 REM TERV, formula (22) 
3710 TERV = TELR + 6 * EXP(-.3 * T ^ 2) – 40 * LOG((1 + T / 10) / (1 + T / 150)) 
/ LOG(10) 
3719 REM Modifications to satisfy formula (23) 
3720 IF STMR < 9 THEN TERV = TERV + .5 * Ist 
 
3729 REM Idte, formulas (19) to (21) 
3730 Re = 80 + 2.5 * (TERV – 14) 
3740 Roe = -1.5 * (No – RLR) 
3750 Xdt = (Roe – Re) / 2 
3760 Idte = Xdt + SQR(Xdt ^ 2 + 100) 
3770 Idte = (Idte – 1) * (1 – EXP(-T)) 
 
3779 REM Modifications to satisfy formula (24) 
3780 IF STMR > 20 THEN Idte = SQR(Idte ^ 2 + Ist ^ 2) 
 
3789 REM Idle, formulas (25) and (26)        
3790 Rle = 10.5 * (WEPL + 7) * (Tr + 1) ^ (-1 / 4) 
3800 Xdl = (Ro – Rle) / 2 
3810 Idle = Xdl + SQR(Xdl ^ 2 + 169) 
 
3819 REM Idd, formulas (27) and (28) 
3820 IF Ta < 100 THEN Idd = 0 
3830 IF Ta = 100 THEN Idd = 0 
3840 IF Ta > 100 THEN 
        X = (LOG(Ta / 100)) / LOG(2) 
        Idd = 25 * ((1 + X ^ 6) ^ (1 / 6) – 3 * (1 + (X / 3) ^ 6) ^ (1 / 6) + 2) 
3850 END IF 
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3859 REM Id 
3860 Id = Idte + Idle + Idd 
 
3864 REM Inclusion of packet-loss: Ieef, formula (29) 
3865 Ieef = Ie + (95 – Ie) * (Ppl / ((Ppl / BurstR) + Bpl)) 
 
3869 REM R, formula (1) 
3870 R = Ro – Isyn – Id – Ieef + A 
3880 RETURN 
 
4000 REM Compute GOB, formula (B.2) (lines 4000-4050) 
4010 Z# = (R – 60) / 16 
4020 GOSUB 5000 
4030 GOB = 100 * F# 
4040 GOB = INT(GOB * 10 + .5) / 10 
4050 RETURN 
 
4100 REM Compute POW, formula (B.3) (lines 4100-4150) 
4110 Z# = (R – 45) / 16 
4120 GOSUB 5000 
4130 POW = 100 * (1 – F#) 
4140 POW = INT(POW * 10 + .5) / 10 
4150 RETURN 
 
4200 REM Compute MOS, formula (B.4) (lines 4200-4260) 
4210 MOS = 1 + R * .035 + R * (R – 60) * (100 – R) * 7 * 10 ^ (-6) 
4220 MOS = INT(MOS * 100 + .5) / 100 
4230 IF R < 0 THEN MOS = 1 
4240 IF MOS < 1 THEN MOS = 1 
4250 IF R > 100 THEN MOS = 4.5 
4260 RETURN 
 
5000 REM Norm Distr F(Z), formula (B.1) (lines 5000-5130) 
5010 S# = 0 
5020 N% = 0 
5030 H# = Z# 
5040 S# = S# + H# 
5050 H# = H# * (-1) * (Z#) ^ 2 * (2 * N% + 1) / ((N% + 1) * 2 * (2 * N% + 3)) 
5060 N% = N% + 1 
5070 IF ABS(H#) < 10 ^ (-6) THEN GOTO 5090 
5080 GOTO 5040 
5090 S# = S# / (SQR(2 * 3.14159265#)) 
5100 F# = .5 + S# 
5110 F# = INT(F# * 10 ^ 5 + .5) / 10 ^ 5 
5120 REM PRINT "Z="; Z#, "F(Z)="; F#, "N="; N% 
5130 RETURN 
9999 END 
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