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Figura 3-1: mapa DTM 
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Figura 3-2: mapa vectorial 
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Figura 3-3: Ortofoto digital zona estación Sevilla 
	

	

	

	
	

Figura 3-4: Ortofoto digital zona estación Córdoba 
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Figura 3-5: Computation Zone área Sevilla 
	

	
	

Figura 3-6: Computation Zone trazado AVE	
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Figura 3-7: Computation Zone área Córdoba	
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Figura 3-8: mapa clutter	



�������������	
����
��������	 	 A�	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

.�	��	�
)
���	�
�	#���	���
#� 	�� 
����	�� 	�� ����� 	-��� 	'�
	 
	(��	��
���+	

	 	

�� 	���� 	�
	���� 	�� 	#��� 	 
	 ��
����
�	��� 	�	���� +	�
	��
�
�	��#����	�
	

���
�	#��������� 	���	
�	�����	����	'�
	�� �	���� 	 
��	�� ���
 +	

	

����  ����

�����
�������

������!�����
	

��#�	(
#� 	 ��������	 ���
����#
��
!	 
�	�����!	 
�	 #��
����	 �
	 ��	 �
�	����	


 �*	�� ���	
�	��	 �#������	�
	����
	�����+	�����	"
�
��	���	�� ���������	�
��� ��	�
	

� ����� !	 '�
	 � �	 ��#�	 
������	 ����	 
�	 ��"����#�	 �
	 �������	 �
	 ���
����+	 ����	 ��	

��
�����	�
	
 ��	�� ���������	�
	� ����� !	�����	��
�� �	�
	��	�
��������	�
	#��
�� 	�
	

 
������ 	)	� ����� !	)	�
	#��� 	�
	��*����+	

	

�� 	  
������ 	)	� ����� 	  
	#��
���	 
�	�����	 �	 ����� 	�
	���
�
��
 	 ����� 	'�
	

������������	��	 �"��
��
	�����#�����4	

	

� �� 	�
�#����
 	��#������
 	���	��
 ���	�
�	

� �� 	���� 	�
	#��������	

� �� 	 
������ 	 �������� 	
�	��
 ���	�
�	

� �� 	�
����
 	�
	� ����� !	'�
	�
������!	����	����	����	�
	�������!	�� 	
 ���� ���� 	

�
	���#��� 	�
���-��� 	���	��� 
	�
	 
������	)	�� 	�
�#����
 	�����-��� +	

� �� 	
������ !	'�
	
 ����
�
�	-��� 	�
	��*����	������
��-��� 	���	���	�
� ����	�
	

������� 	���	����	�
����	�
	� �����!	���	 �	����
 �����
��
	#��������+		

	

�� 	#��� 	�
	��*����	'�
	 
	��
�
�	�
�����	
�	�����	 ��4	

	

� �������	
� �
�	���	�� 
�	��	
������#
�� 	%���	�����#�����	�
�	
������&	

� �������	6
����	���	�� 
�	��	� 
�	������
 	%�� ��� 	
�	�
����
 	�
	� �����&	

� ���
	�������	;���	

	

�� 	#��� 	���	�����#�����	�
�	
������!	��#����	�������� 	��#�	
� �
�	��� !	

�
���
�	-��� 	����"����
 	 �
	 ���	 ���#�	'�
	 ����	��0
�	�
��
�
��
��
	 ��	 ���
����	 �
	��	

����"���	 
	����
 ����
	���	��	�
�
�#�����	
������+		

	

�� 	 #��� 	 �� ��� 	 
�	 �
����
 	 �
	 � �����!	 �������� 	 ��#����	 ��#�	 6
����	

��� !	 �
���
�	 ���
�
��
 	 ���
� 	 �	 ����"��� 	 )	 
�	 ����	 ���	 
 �
�������	 ��	 �
����	 �
	

� �����	$����	���	���	�	����� 	���� 	�
	#��������	)	�
� ����	� ������ +	

	

.�	��	��"���	K�3	�
#� 	�� 	���*#
��� 	'�
	(
#� 	�
������	
�	
 �
	���)
���!	���	)	

��#�	����
�
�	
�	�����4	�
�#����
 !	���� 	�
	#��������!	 
������ !	�
����
 	�
	� ����� 	)	


������ +		

	



�������������	
����
��������	 	 A3	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

	
 

Figura 3-9: UMTS Parameters 
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Figura 3-10: Mobile Phone Properties	
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Tabla 3-1: Características de los terminales	

������ �������������	�����

	

�� 	���� 	�
	#��������	'�
	� ��
#� 	 ��	�� 	'�
	��
�
	���	�
�
���	�����	#* 	��	

��
��	#��������	'�
	(
#� 	��
���	����	�� 	� ����� 	�
�	�6.+	.�	��	 �����	K�?	�
#� 	

�� 	������
�� ���� 	�
	� �� 4	

	

	

� �&/&3+-$)(� :��;0<'� ���;0<'� ����

�6<�"��'-&3'"%/� �EL	�I	 �EL	�I	 �EL	�I	 �EL	�I	

	
Tabla 3-2: Características de los tipos de movilidad 
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Figura 3-11: AVE properties	
	

	

������ ����������

	

�� 	 
������ 	'�
	��#� 	�	� ��	 ��4	��-!	���
 �	�	���
��
�!	���
�����
�
����	)	

���+	>�	 
	(�	��
���	�
�
 ����	#��������	�� 	�����
 	���	�
�
���	�
	�����	����	
 �� 	

 
������ 	)�	'�
	 ��	�����
 	������ 	����	�������������	����+	�� 	������
�� ���� 	�
	�� 	

 
������ 	 
	�������	
�	��	�����	K�K+		

	

	

� �"#$%&��(+&-(&+�
�66&33�

�5%+$0&/$)�
�&33)4$(4��&-7$6&�

�$/&"��"(=&-&(6$(4� �"$6&�

�>*&� ���8
�	 ���8
�	 �������	 �������	

�-$"-$+>� @	 @	 E	 ?	

�"=+��)(/"==�)%%",&/� >=	 >=	 2.�	 2.�	


"0$()%��)+&��	� �L	8�� 	 �L	8�� 	 E3?	8�� 	 E?!?	8�� 	


"0$()%��)+&��	� K�L	8�� 	 �L	8�� 	 E3?	8�� 	 E?!?	8�� 	

�"/$(4��)6+"-��	<�	� E	 E	 E	 E	

�6+$7$+>��)6+"-�
�	<�	�

@!AG	 @!AG	 E	 @!L	

�%%",&/��	��-)==$6�
�",&-3���$(�

?G	�I#	 E�	�I#	 ?E	�I#	 EG	�I#	

�%%",&/��	��-)==$6�
�",&-3���)2�

L@	�I#	 KK	�I#	 K�	�I#	 K@	�I#	

�"/>�	"33� @	�I	 @	�I	 @	�I	 K	�I	

 

Tabla 3-3: Características de los Servicios�
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Figura 3-12: Voice Properties	
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Tabla 3-4: relaciones Eb/Nt servicio Voz	
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Tabla 3-5: relaciones Eb/Nt servicio Videoconferencia	
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Tabla 3-6: relaciones Eb/Nt servicio MMS	
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Tabla 3-7: relaciones Eb/Nt servicio Internet	
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Figura 3-13: AVE Business User Properties 
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Figura 3-14: AVE Standard User Properties	

	

 
Figura 3-15: Business User Properties	

	

	

Figura 3-16: Standar User Properties	

	

	

Figura 3-17: Rural AVE Properties	
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Tabla 3-8: Características de los entornos	
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Figura 3-18: Estación Sevilla Properties	
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Figura 3-19: Traffic Raster Map 
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Figura 3-20: Traffic Vector Map	
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Tabla 3-9: Densidad usuarios mapas vectoriales	
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Figura 3-21: Asignación de fórmulas modelo Cost-Hata	
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Figura 3-22: Fórmula Rural (Open area)	
	

	

	
	

Figura 3-23: Fórmula Rural (Quasi-open)	
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Figura 3-24: Fórmula Medium sized city & suburban 
	

	

	
	

Figura 3-25: Fórmula Metropolitan center	
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Figura 3-26: Características de la antena 
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Figura 3-27: Patrón de radiación horizontal 
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Figura 3-28: Patrón de radiación vertical 
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Figura 3-29: Plantilla UMTS Proyecto 
	

	

	
	

Figura 3-30: Plantilla UMTS Proyecto 
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�$+&�� ?K�+EE�	 L+EL?+3E�	 ?@	

�$+&�� ?KA+K3G	 L+EL?+L33	 ?@	

�$+&��� ?L�+A33	 L+EG3+GK�	 ?@	

�$+&��� ?L3+K?@	 L+E�E+A?�	 ?@	

�$+&��� ?G�+��K	 L+E�K+A�3	 K3	

�$+&��� ?AL+��L	 L+E�3+���	 L@	

�$+&�?� ?AA+@?K	 L+EAE+ALE	 LG	

�$+&�:� ?A3+L��	 L+EA?+AAE	 G3	

�$+&�C� ?3G+�E�	 L+EA�+K?�	 �@	

�$+&�F� K@L+LEE	 L+E�K+KA?	 �@	

�$+&�G� K@A+A�L	 L+E�L+3�3	 3@	

�$+&��� KE�+�@@	 L+E�A+?@@	 3�	

�$+&�� ?KA+E�K	 L+EL?+3GA	 ?@	

�$+&��� K?�+3EL	 L+E�3+�G?	 ��	

�$+&��� KK�+KEK	 L+E3?+�GA	 E?E	

�$+&��� KL@+K�?	 L+E3L+@KK	 E?@	

�$+&��� KLE+?A�	 L+E3G+EGK	 E?A	

�$+&�?� KLE+�3A	 L+E3L+?@G	 E?@	

�$+&�:� KL?+E��	 L+E3L+3K@	 E?L	
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�$+&�C� KL?+LGE	 L+E3G+A�A	 EK?	

�$+&�F� KLK+L�@	 L+E3L+�A3	 E?@	

�$+&�G� KK?+?3K	 L+E3E+@A�	 E@G	

�$+&��� K?E+?�@	 L+E��+@K�	 ��	

�$+&�� ?KA+@LA	 L+ELL+@3A	 ?@	

�$+&��� KEK+?@@	 L+E�A+?@@	 EKK	

�$+&��� ?3�+�3A	 L+E�@+@@L	 E@K	

�$+&��� ?�G+�@@	 L+E�K+?@@	 ?@	

�$+&�?� ?K�+L�A	 L+ELK+L@A	 ?@	

�$+&�:� KL?+3GG	 L+E3G+EGG	 E?K	

�$+&�C� ?LL+�@@	 L+EGA+@@@	 ?�	

�$+&�F� ?K�+G3G	 L+EL?+LGE	 ?@	

�$+&�G� ?�3+�@@	 L+E�G+?@@	 ?L	

�$+&��� ?3E+L@@	 L+EAA+?@@	 ��	

�$+&?� ?K�+@LK	 L+ELK+@GA	 ?@	

�$+&?�� K?G+�@@	 L+E��+L@@	 3@	

�$+&?�� ?��+�@@	 L+EAG+�@@	 A3	

�$+&?�� ?�E+�@@	 L+E�K+?@@	 L@	

�$+&??� KE@+@@@	 L+E�G+�@@	 E@@	

�$+&?:� K??+�KK	 L+E��+3LA	 �?	

�$+&?C� ?GL+@@@	 L+E�?+�@@	 ?G	

�$+&?F� ?L?+L@@	 L+EGL+�@@	 ?@	

�$+&?G� ?AE+�@@	 L+E�A+�@@	 L@	

�$+&?�� ?�K+@@@	 L+EAL+L@@	 �@	

�$+&:� ?KA+3KG	 L+ELL+3@G	 ?@	

�$+&:�� K@?+@@@	 L+E�?+?@@	 �?	

�$+&C� ?K�+�LA	 L+ELK+�?G	 ?@	

�$+&F� ?K3+@33	 L+ELG+3GA	 ?@	

�$+&G� ?K�+EGK	 L+EL3+K�@	 ?@	

�$+&�� ?L@+@��	 L+EG?+AEL	 ?@	

	
Tabla 3-10: Situación emplazamientos final	
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Figura 3-31: Situación emplazamientos 
 
	

	
	

Figura 3-32: Situación emplazamientos 
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�"$6&� ?R	

���� GR	

�"#$%&��(+&-(&+��66&33� E@R	

�$/&"�6"(=&-&(6$(4� ?R	

	
Tabla 3-11: Objetivos de calidad	
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Figura 3-33: Situación emplazamientos inicial 
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�$+&�� ?K�+?@A	 L+ELK+@@E	 ?@	

�$+&�� ?KA+@EG	 L+EL?+LEK	 ?@	

�$+&��� ?L�+A�@	 L+EG3+G@�	 ?@	

�$+&��� ?GK+LL�	 L+E�?+A��	 ?K	

�$+&��� ?G3+?L?	 L+E�K+3GE	 K�	

�$+&��� ?�3+3�L	 L+E�G+�GG	 ?@	

�$+&�?� ?A�+@3G	 L+EAE+KK?	 LG	

�$+&�:� ?�K+?EK	 L+EAL+?3�	 �@	

�$+&�C� ?3E+A�G	 L+EAA+@AL	 �K	

�$+&�F� K@@+??G	 L+E�E+@�3	 EEL	

�$+&�G� K@A+�@A	 L+E�G+@�L	 3�	

�$+&��� KE�+�GE	 L+E�A+E?�	 3E	

�$+&�� ?KA+E�K	 L+EL?+3GA	 ?@	

�$+&��� K?3+AG?	 L+E3@+ELL	 33	

�$+&��� KK�+KEK	 L+E3?+�GA	 E?E	
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�$+&��� KL@+K�?	 L+E3L+@KK	 E?@	

�$+&��� KLE+?A�	 L+E3G+EGK	 E?A	

�$+&�?� KLE+�3A	 L+E3L+?@G	 E?@	

�$+&�:� KL?+��G	 L+E3G+E��	 E?K	

�$+&�C� KL?+LGE	 L+E3G+A�A	 EK?	

�$+&�F� KLK+L�@	 L+E3L+�A3	 E?@	

�$+&�� ?KA+@LA	 L+ELL+@3A	 ?@	

�$+&?� ?K�+@LK	 L+ELK+@GA	 ?@	

�$+&:� ?KA+3KG	 L+ELL+3@G	 ?@	

�$+&C� ?K�+�LA	 L+ELK+�?G	 ?@	

�$+&F� ?K3+@33	 L+ELG+3GA	 ?@	

�$+&G� ?K�+@?K	 L+EL3+@?�	 ?@	

�$+&�� ?L@+KAA	 L+EG?+A�G	 ?@	

	
Tabla 3-12: Coordenadas sites configuración inicial	
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TOTAL 
 
Users: 319  (standard deviation 0)   
Rate/ downlink: 15,84 Mbps  (standard deviation 0 bps)    uplink: 4,49 

Mbps  (standard  deviation 0 bps)   
 
BREAKDOWN PER SERVICE: 

�
Mobile Internet Access: 
  
Users: 75  (standard deviation 0)   
Rate/ downlink: 13,82 Mbps  (standard deviation 0 bps)    uplink: 2,5 

Mbps  (standard  deviation 0 bps)   
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Multimedia Messaging Service: 
  
Users: 26  (standard deviation 0)   
Rate/ downlink: 896 kbps  (standard deviation 0 bps)    uplink: 768 kbps  

(standard  deviation 0 bps)   
 
Video Conferencing: 
  
Users: 1  (standard deviation 0)   
Rate/ downlink: 192 kbps  (standard deviation 0 bps)    uplink: 192 kbps  

(standard  deviation 0 bps)   
 
Voice: 
  
Users: 217  (standard deviation 0)   
Rate/ downlink: 927,2 kbps  (standard deviation 0 bps)    uplink: 1,04 

Mbps  (standard  deviation 0 bps)   
 
REJECTIONS NUMBER: 27 (8,5%) 
 Pmob > PmobMax: 7 
 Ptch > PtchMax: 3 
 Ec/Io < (Ec/Io)min: 14 
 load saturation: 0 
 Ch. Elts saturation: 0 
 Cell power saturation: 3 
 Multiple causes: 0 
 Code saturation: 0 
 Admission rejection: 0 
 
TOTAL 
 
Users: 292 (91,5%)  (standard deviation 0)   
Rate/ downlink: 14,28 Mbps  (standard deviation 0 bps)    uplink: 4,1 

Mbps  (standard  deviation 0 bps)   
 
BREAKDOWN PER SERVICE: 
 
Mobile Internet Access: 
  
Users: 71 (94,7%)  (standard deviation 0)   
Rate/ downlink: 12,67 Mbps  (standard deviation 0 bps)    uplink: 2,43 

Mbps  (standard  deviation 0 bps)   
 
Multimedia Messaging Service: 
  
Users: 23 (88,5%)  (standard deviation 0)   
Rate/ downlink: 768 kbps  (standard deviation 0 bps)    uplink: 704 kbps  

(standard  deviation 0 bps)   
 
Video Conferencing: 
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Users: 0 (0%)  (standard deviation 0)   
Rate/ downlink: 0 bps  (standard deviation 0 bps)    uplink: 0 bps  

(standard deviation 0  bps)   
 
Voice: 
  
Users: 198 (91,2%)  (standard deviation 0)   
Rate/ downlink: 841,8 kbps  (standard deviation 0 bps)    uplink: 963,8 

kbps  (standard  /&7$)+$"(���#*31���
�

	
Tabla 3-13: Resultados simulación configuración inicial	
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Figura 3-34: Situación emplazamientos intermedia 
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TOTAL 
 
Users: 331  (standard deviation 0)   
Rate/ downlink: 12,16 Mbps  (standard deviation 1,75 Mbps)    uplink: 

5,79 Mbps   (standard deviation 371,1 kbps)   
 
BREAKDOWN PER SERVICE: 
 
Mobile Internet Access: 
  
 Users: 80  (standard deviation 5,56)   
 Rate/ downlink: 9,9 Mbps  (standard deviation 1,71 Mbps)    

uplink: 3,5 Mbps     (standard deviation 408,13 kbps)   
 
Multimedia Messaging Service: 
 
 Users: 25  (standard deviation 4,59)   
 Rate/ downlink: 796,44 kbps  (standard deviation 225,99 kbps)    

uplink: 803,56   kbps  (standard deviation 170,96 kbps)   
 
Video Conferencing: 
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 Users: 2  (standard deviation 1,45)   
 Rate/ downlink: 405,33 kbps  (standard deviation 278,15 kbps)    

uplink: 405,33   kbps  (standard deviation 278,15 kbps)   
 
Voice: 
 
 Users: 223  (standard deviation 3,65)   
 Rate/ downlink: 1,06 Mbps  (standard deviation 101,06 kbps)    

uplink: 1,08    Mbps  (standard deviation 78,81 kbps)   
 
 
REJECTIONS NUMBER: 3 (0,9%) 
 Pmob > PmobMax: 1 
 Ptch > PtchMax: 1 
 Ec/Io < (Ec/Io)min: 1 
 load saturation: 0 
 Ch. Elts saturation: 0 
 Cell power saturation: 0 
 Multiple causes: 0 
 Code saturation: 0 
 Admission rejection: 0 
 
TOTAL 
 
Users: 326 (98,5%)  (standard deviation 2,85)   
Rate/ downlink: 11,4 Mbps  (standard deviation 1,57 Mbps)    uplink: 5,71 

Mbps   (standard deviation 357,72 kbps)   
 
BREAKDOWN PER SERVICE: 
 
Mobile Internet Access: 
 
 Users: 77 (96,3%)  (standard deviation 6,04)   
 Rate/ downlink: 9,17 Mbps  (standard deviation 1,51 Mbps)    

uplink: 3,46    Mbps  (standard deviation 426,07 kbps)   
 
Multimedia Messaging Service: 
 
 Users: 24 (96%)  (standard deviation 4,61)   
 Rate/ downlink: 789,33 kbps  (standard deviation 217,56 kbps)    

uplink: 796,44   kbps  (standard deviation 176,21 kbps)   
 
Video Conferencing: 
 
 Users: 2 (100%)  (standard deviation 1,56)   
 Rate/ downlink: 384 kbps  (standard deviation 300,19 kbps)    

uplink: 384 kbps     (standard deviation 300,19 kbps)   
 
Voice: 
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 Users: 221 (99,1%)  (standard deviation 3,83)   
 Rate/ downlink: 1,06 Mbps  (standard deviation 100,13 kbps)    

uplink: 1,07    Mbps  (standard deviation 78,88 kbps)   
�
	

Tabla 3-14: Resultados simulación configuración intermedia	
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Site Transmitter Height (m) Azimuth (°) Site Transmitter Height (m) Azimuth (°) 
Site0 Site0_1 30 0 Site3 Site3_2 30 120 
Site0 Site0_2 30 120 Site3 Site3_3 30 240 
Site0 Site0_3 30 240 Site30 Site30_2 30 120 
Site1 Site1_1 30 0 Site30 Site30_3 30 233 
Site1 Site1_2 30 120 Site31 Site31_1 30 254 
Site1 Site1_3 30 240 Site31 Site31_2 30 42 
Site10 Site10_1 30 0 Site32 Site32_2 30 69 
Site10 Site10_2 30 55 Site32 Site32_3 30 279 
Site10 Site10_3 30 240 Site34 Site34_1 30 0 
Site11 Site11_2 30 80 Site34 Site34_2 30 120 
Site11 Site11_3 30 237 Site34 Site34_3 30 240 
Site12 Site12_1 30 0 Site35 Site35_1 30 0 
Site12 Site12_2 30 83 Site35 Site35_2 30 120 
Site12 Site12_3 30 263 Site35 Site35_3 30 240 
Site13 Site13_2 30 50 Site36 Site36_2 30 32 
Site13 Site13_3 30 222 Site36 Site36_3 30 245 
Site13 Site13_1 30 353 Site37 Site37_1 30 0 
Site14 Site14_1 30 0 Site37 Site37_2 30 120 
Site14 Site14_2 30 120 Site37 Site37_3 30 240 
Site14 Site14_3 30 240 Site38 Site38_1 30 15 
Site15 Site15_1 30 67 Site38 Site38_3 30 261 
Site15 Site15_2 30 249 Site39 Site39_2 30 88 
Site16 Site16_1 30 44 Site39 Site39_3 30 240 
Site16 Site16_3 30 265 Site4 Site4_1 30 0 
Site17 Site17_1 30 32 Site4 Site4_2 30 120 
Site17 Site17_2 30 243 Site4 Site4_3 30 240 
Site18 Site18_2 30 84 Site40 Site40_2 30 92 
Site18 Site18_3 30 260 Site40 Site40_3 30 240 
Site19 Site19_2 30 120 Site42 Site42_2 30 119 
Site19 Site19_3 30 276 Site42 Site42_3 30 215 
Site2 Site2_1 30 0 Site43 Site43_2 30 68 
Site2 Site2_2 30 120 Site43 Site43_3 30 308 
Site2 Site2_3 30 240 Site44 Site44_1 30 0 
Site20 Site20_1 30 0 Site44 Site44_2 30 120 
Site20 Site20_2 30 120 Site44 Site44_3 30 240 
Site20 Site20_3 30 240 Site45 Site45_1 30 309 
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Site21 Site21_2 30 120 Site45 Site45_2 30 72 
Site21 Site21_3 30 240 Site45 Site45_3 30 218 
Site22 Site22_1 30 0 Site46 Site46_1 30 286 
Site22 Site22_2 30 120 Site46 Site46_2 30 58 
Site22 Site22_3 30 240 Site47 Site47_1 30 240 
Site23 Site23_1 30 0 Site47 Site47_2 30 41 
Site23 Site23_2 30 120 Site48 Site48_1 30 231 
Site23 Site23_3 30 240 Site48 Site48_2 30 55 
Site24 Site24_1 30 0 Site49 Site49_1 30 252 
Site24 Site24_2 30 120 Site49 Site49_2 30 85 
Site24 Site24_3 30 240 Site5 Site5_1 30 0 
Site25 Site25_1 30 0 Site5 Site5_2 30 120 
Site25 Site25_2 30 120 Site5 Site5_3 30 240 
Site25 Site25_3 30 240 Site50 Site50_1 30 247 
Site26 Site26_2 30 120 Site50 Site50_2 30 65 
Site26 Site26_3 30 240 Site6 Site6_1 30 0 
Site27 Site27_1 30 0 Site6 Site6_2 30 120 
Site27 Site27_3 30 240 Site6 Site6_3 30 240 
Site28 Site28_1 30 0 Site7 Site7_1 30 338 
Site28 Site28_2 30 120 Site7 Site7_3 30 215 
Site28 Site28_3 30 240 Site8 Site8_1 30 27 
Site29 Site29_1 30 355 Site8 Site8_2 30 175 
Site29 Site29_2 30 75 Site9 Site9_1 30 0 
Site29 Site29_3 30 282 Site9 Site9_2 30 120 
Site3 Site3_1 30 0 Site9 Site9_3 30 240 

	
Tabla 3-15: Transmisores diseño final	
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Figura 3-35: Situación emplazamientos final 
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TOTAL 
 
Users: 331  (standard deviation 0)   
Rate/ downlink: 11,43 Mbps  (standard deviation 1,29 Mbps)    uplink: 

5,91 Mbps   (standard deviation 382,34 kbps)   
 
BREAKDOWN PER SERVICE: 
 
Mobile Internet Access: 
 
 Users: 81  (standard deviation 9,05)   
 Rate/ downlink: 9,22 Mbps  (standard deviation 1,32 Mbps)    

uplink: 3,69    Mbps  (standard deviation 495,74 kbps)   
 
Multimedia Messaging Service: 
 
 Users: 25  (standard deviation 4,27)   
 Rate/ downlink: 824,89 kbps  (standard deviation 152,18 kbps)    

uplink: 832    kbps  (standard deviation 241,36 kbps)   
 
Video Conferencing: 
 
 Users: 1  (standard deviation 1,29)   
 Rate/ downlink: 341,33 kbps  (standard deviation 197,84 kbps)    

uplink: 341,33   kbps  (standard deviation 197,84 kbps)   
 
Voice: 
 
 Users: 221  (standard deviation 7,62)   
 Rate/ downlink: 1,05 Mbps  (standard deviation 94,93 kbps)    

uplink: 1,04    Mbps  (standard deviation 87,81 kbps)   
 
REJECTIONS NUMBER: 2 (0,6%) 
 Pmob > PmobMax: 0 
 Ptch > PtchMax: 0 
 Ec/Io < (Ec/Io)min: 2 
 load saturation: 0 
 Ch. Elts saturation: 0 
 Cell power saturation: 0 
 Multiple causes: 0 
 Code saturation: 0 
 Admission rejection: 0 
 
TOTAL 
 
Users: 327 (98,8%)  (standard deviation 1,33)   
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Rate/ downlink: 10,72 Mbps  (standard deviation 1,29 Mbps)    uplink: 
5,84 Mbps   (standard deviation 317,69 kbps)   

 
BREAKDOWN PER SERVICE: 
 
Mobile Internet Access: 
 
 Users: 79 (97,5%)  (standard deviation 8,86)   
 Rate/ downlink: 8,58 Mbps  (standard deviation 1,24 Mbps)    

uplink: 3,68    Mbps  (standard deviation 503,13 kbps)   
 
Multimedia Messaging Service: 
 
 Users: 25 (100%)  (standard deviation 4)   
 Rate/ downlink: 810,67 kbps  (standard deviation 159,64 kbps)    

uplink: 817,78   kbps  (standard deviation 221,25 kbps)   
 
Video Conferencing: 
 
 Users: 1 (100%)  (standard deviation 1,2)   
 Rate/ downlink: 298,67 kbps  (standard deviation 204,62 kbps)    

uplink: 298,67   kbps  (standard deviation 204,62 kbps)   
 
Voice: 
 
 Users: 220 (99,5%)  (standard deviation 7,48)   
 Rate/ downlink: 1,04 Mbps  (standard deviation 92,64 kbps)    

uplink: 1,04    Mbps  (standard deviation 89,05 kbps)�
	

Tabla 3-16: Resultados simulación configuración final	
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Figura 3-36: Resultados gráficos simulación configuración final	
	

	

	

	
	

Figura 3-37: Resultados gráficos simulación configuración final	
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Figura 3-38: Resultados gráficos simulación configuración final 
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Figura 3-39: Coverage by signal level 
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Figura 3-40: Coverage by transmitter 
 

	

.�	
 �
	
 �����	(
#� 	������	�� 
����	'�
	 ����	 ��	-���	��$
����	
 �*	����
���	

���	�� 	�� ����� 	���� #� ��
 	�
	��
 ���	�� 
/�+	

	

.�	
�	
 �����	�
	 �����#�
���	 
	#�
 ���	
�	�1#
��	�
	
 ������
 	�� 
	'�
	
�	

����	�����	 �
�	#���	  ��
���	 
�	�#����	 �
	���
����	 �
	 �
�
�����+	>� ���� 	��#� 	 �	

��������	
�	 �����#�
���	����
���	��#�	�#����	�
	���
����	
�	�
�
�����	��@	�I#+	

	

���	
�	�#����	'�
	(
#� 	��
 ��	�
	���
����	
�	�
�
�����	���
�
#� 	'�
	
�	��	

-���	�
	��	���
�	�
	����	�
�������	�
�������������	��
�� 	
0� �
	 �����#�
���	����	�� 	

�� ������ 	 '�
	 (�)	 
���
	 �� 	 �� ����� 	 
#���-�#�
��� +	 .�	 
 ��	 #
#����	 (
#� 	

�
��
 
�����	 
�	 �
 ������	 ����	 ��	 -���	 �
	 ��	 
 ������	 �
	 �
�����	 ����
	 (�)	 ���	

����
��������	#�)��	�
	
#���-�#�
��� +	��	���
#� 	�� 
����	
�	��	��"���	K�LE+	

	

	



�������������	
����
��������	 	 EEG	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

	
	

Figura 3-41: Overlapping (-80 dBm <=Signal level) 
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Figura 3-42: Dowlink total noise: terminal Mobile Phone, servicio Voice 
	

	

	
	

Figura 3-43: Dowlink total noise: terminal Laptop, servicio Internet	
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Figura 3-44: Pilot reception analysis (Ec/Io): terminal Mobile Phone, servicio 
Voice, movilidad AVE 
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Figura 3-45: Pilot reception analysis (Ec/Io): terminal Laptop, servicio Internet, 
movilidad AVE 
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Figura 3-46: Service area (Eb/Nt) DL terminal Mobile Phone, servicio Voice, 
movilidad AVE 

	

	

	
	
Figura 3-47: Service area (Eb/Nt) DL terminal Laptop, servicio Internet, movilidad 

AVE 
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Figura 3-48: Service area (Eb/Nt) UL terminal Mobile Phone, servicio Voice, 
movilidad AVE 
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Figura 3-49: Service area (Eb/Nt) UL terminal Laptop, servicio Internet, movilidad 
AVE 
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Figura 3-50: Effective service terminal Mobile Phone, servicio Voice, movilidad 
AVE 

	

	

	
 

Figura 3-51: Effective service area terminal Laptop, servicio Internet, movilidad 
AVE 

	

	

	



�������������	
����
��������	 	 E?K	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

���?�:�F �3+5/$"�/&�+-)3*)3"3�

	

. ��	��
�������	
 �����	
�	���$����	������	�
	��	#����	�
	���
��	 ������	
�	����	

�����	�
�	#���!	)	��	�
��
 
���	�
	���
���	���	
�	����
���	 
�
��������+	

	

.�	
�	 � �
#�	����	 
	�����-�	��	#
���� #�	�
	��� �� �	�
��#�����	��� �� �	

"������!	 �,=	 %����:����
�	 ,�����
�&	 M?N+	 9����� 	 �	 ��	 �
�����-�����	 ����
� ��	 �
	 �� 	

��
��
���� !	
 	�� ���
	���
����	��	���#���	�	��	
 ������	���������	��	 ��� �� �	���
 	�
	

�
 ���
������	 �
	 ��	 
 ������	 ���"
�!	 #���
��
���	 �#�� 	 
����
 	  �#���*�
�#
��
	

������
	��	��
���	��
#��+	���	���#���	��
�
	
 ���	 ��������	���	�� 	��
 	 
����
 	�
	���	


 ������	�� 
	):�	���	�� 	�	#* 	
 ������
 +	����	���	�
	�� 	�� 
 	�#������� 	#����
�
	


�	 ��������	 ���	 
�	 #����	 (� ��	 '�
	 ��	 ��
�������	 (����	 ���	 �
	 
��� 	 
 	 
0�
 ���!	

#�#
���	
�	
�	'�
	 
	��������	
�	
����
	���	
 �	�� 
+	

	

.�	 
�	 
����
	 � �
��
��
!	 ������
	 
�	 �
�����	 �
	 ��� �� �	 "������!	 ��	  
/��	

���� #�����	���	
�	#����	
 	�
�
�����	���	�� 	
 ������
 	�� 
	����������� !	
�
���*��� 
	

���	  
�
�����	�	��#��������	�
	 �� 	  
/��
 	�
#������� +	.�	"
�
���!	����	
 ������
 	

�� 
	  ������ 	
�	
#���-�#�
��� 	�� ����� !	 
 	#* 	 �*���	  
�
�������	 ��	  
/��	�
	#�)��	

�������	 % ���	 (�������&+	 ����	 
 ������
 	 �� 
	  ������ 	 
�	 ��	 #� #�	 
#���-�#�
���!	

��#�	�����
	
�	������ 	 
�����-��� !	��	���0�#����	�� ���	�
�#��
	��#�����	�� 	 
/��
 	

% ���
�	(�������&	���
 	�
	��	�
#���������+	

	

.�	 ���$����	 �
	�� 
 	 ���	 
�	'�
	��	#����	 ��
�
	 ��������	 
 	 ��	'�
	  
	 �����
	

��#�	���$����	������	%�����
	�
�&+	.�	�1#
��	#*0�#�	�
	
 ������
 	'�
	��
�
�	���#��	

����
	�
�	���$����	������	�
	��	#����	%�����
	�
�	��-
&	�
�
��
	�
�	����	�
	�
�#����+		

	

.�	����
���	'�
	 
	�����-�	����	'�
	���	
 ������	���#
	����
	�
�	���$����	������	�
	

��	 �
�#����	
 �*	�� ���	
�	
�	����
���	�
	�#����	 �
������	�
	 ��� �� �	%��	��
 (���&!	

�
������	����	 ����	 ������	 
�	 ��	 �����	���� #���
� V�
�� V=�
�	����
+	�� 	 ���� #� ��
 	

'�
	 ��� ����)
�	 
�	 ���$����	 ������	 �
	 ��	 #����	 �
�
�	 ��#����	 �� 	  �"��
��
 	

���������
 4	

	

� ;
�
�	�����-��	��	#� #�	��
��
����	

� ��	�������	�
	��	 
/��	������	%.�:F�&	�
	��	#
$��	
 ������	�
�
	 ��
���	��	�#����	

�
������	����	��	#��������	�
�	�
�#����	%
�	��
 ���	�� �	�EL	�I&+	

� �� 	 ������ 	 �
	 �� 	 �
#* 	 �� 
 	 �
�	 ���$����	 ������	 �
�
�	 �
�
�	 ���	 �
������	

.�:F�	 '�
	 ��	 ���"�	 ���	 �
��$�	 �
�	 �#����	 �
	 ��� �� �	 �
������	 �	 ��	 #
$��	


 ������+	

� ;
�
�	 
�	
 ������
 	�
���� 	�
	 ��	#
$��	�� 
!	 �	 
	(�	 
�
��������	 ��	������	

��	�
 �����
�	��	�
�"(���� 	
�	�� 	������
�� ���� 	�
	�� 	
'���� +	

	

	

.�	�� 	��"��� 	K�G?	)	K�GK	 
	#�
 ����	�� 	�
 ������ 	�
	
 �
	
 �����+	

	



�������������	
����
��������	 	 E?L	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

	
	
Figura 3-52: Handoff status terminal Mobile Phone, servicio Voice, movilidad AVE 
	

	

	
	

Figura 3-53: Handoff status terminal Laptop, servicio Internet, movilidad AVE 
	

	

	



�������������	
����
��������	 	 E?G	

�������������	
����
��������	���	�����	�
	���	�
�	����	����	��	���
�	�
	����	�
�������	�
�������������	

���?�:�G �3+5/$"�/&�$(+&-=&-&(6$)�&(�&%�6)()%�*$%"+"�

	

.�	 
�	 
 �����	 �
	 ���
��
�
����	 
�	 
�	 �����	 ������	 
�	 ����	��0
�	  
	 ������	  �	 
�	

�1#
��	�
	�� 
 	'�
	 
	�
���
�	���	 �����
��
	.�:F�	
 	B
0�
 ���C!	
�	
�	 
�����	�
	'�
	

 
	 ��
�
	
�	�1#
��	#*0�#�	�
	�� 
 	������ 	�
�#�����	���	
�	�
�#����	#����	
�
"���+	

	

.�	�� 	��"���	K�GL	�
#� 	�� 	�
 ������ 	�
	
 �
	
 �����	����	
�	�
�#����	������	

 
������	�����
	F��
��
�	���
  	)	#��������	�6.+	

	

	
 

Figura 3-54: Pilot pollution servicio Internet, terminal laptop, movilidad AVE	
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Figura 3-55: Pilot pollution servicio voice, terminal Mobile Phone, movilidad 
pedestrian	
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Figura 3-56: Automatic Neighbour allocation	
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Figura 3-57: Domain Proyecto codes 
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Figura 3-58: Primary Scrambling codes Automatic allocation 
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Transmitter 
Primary 
scrambling 
code 

Transmitter 
Primary 
scrambling 
code 

Transmitter 
Primary 
scrambling 
code 

Site0_1 0 Site23_1 32 Site39_2 33 

Site0_2 2 Site23_2 33 Site39_3 0 

Site0_3 36 Site23_3 34 Site4_1 129 

Site1_1 37 Site24_1 35 Site4_2 130 

Site1_2 64 Site24_2 36 Site4_3 131 

Site1_3 65 Site24_3 5 Site40_2 32 

Site10_1 33 Site25_1 37 Site40_3 34 

Site10_2 1 Site25_2 64 Site42_2 1 

Site10_3 32 Site25_3 65 Site42_3 32 

Site11_2 0 Site26_2 66 Site43_2 5 

Site11_3 35 Site26_3 67 Site43_3 34 

Site12_1 0 Site27_1 68 Site44_1 4 

Site12_2 32 Site27_3 69 Site44_2 5 

Site12_3 3 Site28_1 0 Site44_3 32 

Site13_1 32 Site28_2 1 Site45_1 3 

Site13_2 33 Site28_3 37 Site45_2 35 

Site13_3 1 Site29_1 4 Site45_3 33 

Site14_1 0 Site29_2 2 Site46_1 2 

Site14_2 2 Site29_3 37 Site46_2 4 

Site14_3 3 Site3_1 3 Site47_1 4 

Site15_1 4 Site3_2 69 Site47_2 34 

Site15_2 34 Site3_3 96 Site48_1 34 

Site16_1 5 Site30_2 0 Site48_2 5 

Site16_3 2 Site30_3 3 Site49_1 5 

Site17_1 1 Site31_1 32 Site49_2 33 

Site17_2 33 Site31_2 4 Site5_1 4 

Site18_2 34 Site32_2 2 Site5_2 33 

Site18_3 2 Site32_3 1 Site5_3 132 

Site19_2 36 Site34_1 97 Site50_1 0 

Site19_3 1 Site34_2 98 Site50_2 3 

Site2_1 66 Site34_3 99 Site6_1 34 

Site2_2 67 Site35_1 96 Site6_2 133 

Site2_3 68 Site35_2 97 Site6_3 160 

Site20_1 36 Site35_3 98 Site7_1 5 

Site20_2 4 Site36_2 5 Site7_3 35 

Site20_3 5 Site36_3 3 Site8_1 1 

Site21_2 3 Site37_1 100 Site8_2 32 

Site21_3 2 Site37_2 101 Site9_1 33 

Site22_1 0 Site37_3 128 Site9_2 0 

Site22_2 1 Site38_1 4 Site9_3 2 

Site22_3 4 Site38_3 0   

	
Tabla 3-17: Asignación códigos de scrambling 

	


