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A. Performance of VoIP with Mobility in UTRA Long Term Evolution 
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	�@	��4�@)& " LTE ��=4 ��
�
�-	-/
"	�$& "	�*��&
 �6� ��*��+��
+����
���
���& "&
 �6��(4�
�
�A
�+�� 
$�$��B "��+& "��
��G"� 5�?6
 5�
 "
$ ���
*�!.,
��
	
)�*��	
�.#?6
5�
 (user quality of experience) @�/A= �/
�)8$-���)���
��� 
5$ ��	 ���G�	
�	�
�$+���
�����
	� (resource scheduling algorithm) 
�!.,
����"�?$	
�)���-�����@+$
��	 (Dynamic Quality Oriented 
Adaptation Scheme : DQOAS) ���
�.
 QoE �)8$�$G4"5$)7�����(4��
���5$
	�*��$	
���+�/" ��*��+	
��(4�*���4���
$�$��
��G"� 5�& "?6
5�
-/ 
�)��	��  ����
�$(B �)8$	
�)�*���$?�	
�+�
 �$�$"
$ DQOAS 
 ��	 ���G�����6/	�� QoS��)�
�
���- �#�6)���5��/ 5$	�.($(B�=  
�)��	�� ��

" VoIP, video streaming, web browsing traffic 	
���+"?�
5$�6)���& "��
$�$�����
��G"� 5�& "?6
5�
"
$ )�*�����,
�	
�
��=4 �-/ ��* BLER �(4�)8$	
��)�(����(��	��-
$����+��& "	�@	 QoS 
��=4 ��
��-	-/
"5$�6)���& "?6
5�
"
$?��(4@+
 DQOAS algorithm �(
)�*�����,
�+(�
	 5$�)��	���(4�)8$	
���

"	
���
�� VoIP �
�
�A
���4���
$�$��
��G"� 5�	
�5�
"
$ 

LTE �)8$����$���( wireless 5��/�(4)�
	�&GB$ ��'$
�+�	�!/� 
3GPP group $�
��$ ���	
��(4�(�!.,
��6"  �-�
	
��/"&
 �6�A6	��"�" �6/
,
�5-
	
���'$
 [1]�-/	��(	
�5�
 �6/��
� 	����
���
�����(4��4"5��/��4��!	�!�
��	  ���%�� �(4��
���@+
��= 	�(4�*�"�!$5$����$���( LTE 5$��
�
��B$�)�= "��(�"��(��
�& " WiMAX [2] ��
�/
�*+

$���%�	�� 
 �	(4��	����B"� "����$���(�(4�(	
���(����(�" LTE ��$����	��
�
-��
$ =4$>  �/
"��/$ GSM ,UMTS  ��=   CDMA2000 ��* W-CDMA 
�+�/
5�
�/
�	
��"�!$�+������*	
����4��
�@+
�+�	
� reutilizin �=B$�
$
�(4�( �6/ [3] 

5$���= &/
� LTE 	
�	�
�$+& "���/"��=4$����!��*	
�
��+��
+����
���
���& "��
��-	-/
"	�$& "	�*��&
 �6��)8$��4"�(4+( 
	�
�$+�+��
-��
$ 	
�$�
��$ & "��	�&
�)8$��4"�(4+(�
	 �-/�
")7��

�
�
�A$�
@))�*�!	-#5�
��=4  1 Application �)8$�/�$��

"�
		�/
 1 
	�*��&
 �6���
����?6
5�
"
$�!	�$ A

	�*�����/
$�B$�(��
+����
���
����(4
�-	-/
"	�$, 	
�)��� ��	 ���G��(4$�
��$ ?6
�&(�$5$ [4]�*�(?�-/ �!.,
�
	
�����6
��(�"��/�$G4"5$	�*��$�B$ 
     DQOAS  ��	 ���G� �*)�*�����,
��z�
*	�*��&
 �6�$�B$
��
+����
���
����+(����*�z�
* �!.,
��+����& " 1 �)��	���(4��

" 
2 	�*��&
 �6�	����
��-	-/
"& " 	
���
+����
���
����*A6	����6
�+�
?6
5�
"
$5$&.*�(4��
�?�+���" 1 	�*��&
 �6�@+
���	
� �6/5$�,
�
�!.,
�+(  ��=4 �*�$*)7��
$(B 	
�	�
�$+	
���+��
+����
���
���5��/ 
-
 "�(	
����4�)�*�����,
�  DQOAS algorithm & "���=4 "&/
� LTE [5]    
    $(4�= �?$	
�5��/5$	
�	
� Mapping QoS  )���)�!"	
�
��+��
+����
���
���& "	�*��&
 �6�& "�
�
	�)��	���$G4"�
�
�A5�

�/
	
���+��
+���6"�!+ (	�*��&
 �6�	����
+����
���
����6"�!+ �*5�
class 
��
���
�����
������B"�)��	��) 5$�"=4 $@&$(B)������(	
��	
)7��
�+�
��$  &

"-
$�
�
�A��+	
�	
���+��������
	���
�����!	> 	�*��&
 �6�
��*�!+�

��= �)8$	
��	
@&)7��
��
��G"� 5�& "?6
5�
 A

 1 	�*��
&
 �6��)8$��� VoIP.	
���$  	
� mapping �*@�/�)8$	
���+	
��+�-�"
��
����	�*��&
 �6� VoIP ���
*�/
  ��	 ���G�@�/@+
A6	  	����
��=4 
��+	
�&
 �6�)�*�,�$(B 
 LTE ����$���(����'$
	
���*?6
)�*	 �	
��(4��
���5$	
�
-�+-/ �=4 �
��$��	5�$(BdG4"��	��

@+
�(��
��$5���
���� LTE,$�	�����
���4���'$
 ��	 ���G4� ��=4 $�
@)5�
5$���= &/
�	
��/"&
 �6� "
$��	�&

�	(4��&
 "	�� 	
� uplink ��* downlink ���
�.
�	
@&)7��
��
�>  �/
" 
5�
	�@	�
" ��	 ���G4� 5$��
��-	-/
"�
"�,
�*	
���
��&
 �6��(4
�	(4��&
 "	��	�*����
���B$ 	
�	�
�$+���(	
� �)8$	
��	
@&��
��
�
�A
& "�*��5$��
$�$& "	�!/�& " Qos flows $�4$�
�
�A�)8$	
��$���$!$
��*�/���+	
�5�
�����
	�+
�� 
 5$����?$ (Fig.10 and Fig.11) 5$ eNodeB 	�
�$+�(4 1 ms  
(each Subframe) dG4" UEs �)8$�?$	
����/�/" &
 �6� Uplink/Downlink 5$
�/ "	
�5�
�/��	�$��* �����
	��!	 �/
"�(4�
�
�A5�
@+
 ��=4 5�
��(�"-/ 
	
���+�����=4$����!�6/?6
5�
 LTE, advanced scheduling algorithms �(	
�
��'$
5�
��
���
���+

$����(	
��&

5�
"
$5$	
�-
 "	
��!.,
�& " 
QoS �/ "�
"�(4��+������$�(��$5+ )�*�����,
� 
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,
��(4 10 UL reporting mechanism 
  

��=4 ��= 	��
����
*����* coding scheme ,�
�	"
$ 
	�
�$+	
���
�-
 "	
�	
�-�����+��B"5$�/�$ downlink ��* uplink. 5$
�/�$& " eNodeB �
�
�A�(4�*��+�!.,
�& "����
. ���
* UES �/"
&
 �6�& "��	�&
@) eNodeB dG4"5�
	
���+�/
$(B eNodeB �
�
�A�(4�*��= 	
)����)�(4�$ ��*�6)���	
��&

���� ��*�/"	�
��" 5$ downlink �
"
&
 ��$ �$*�)8$��4"��
�)8$�
	 UEs ��=4 5�
  eNodeB �
�
�A)���5�
�&

	��
�,
��/ "����
. UES �(	
��
�"
$�)8$�*�*��+�*�
 $5�
���$AG"
�!.,
�& "�/ "����
.�(4��+����& "	�!/�& "��� �&
 �6� 	
���+?�
���/
$(B �)8$-���(B��+�!.,
��(4A6	��

"&GB$��(�	�/
 Channel Quality Indicators 
(CQI) 
 �
		
�	�
�$+�$�+& " traffic �)8$	
�  	�����=4  ��	�&

�
�
�A��/"@+
��
�  classified 5$ schedulers ��
����	
�&�
�-�� ��=  
non-realtime flows [6] ��*  schedulers ��
���� real-time flows [7]  -���)�
& "��	�&
��"�"-�*�$�	AG"��
��
�
�A�)8$�	.�# ��
����	
���+���
��6/ : channel-aware schedulers [8], queue-aware schedulers ��*queue- 
and channel-aware schedulers [9]. dG4"��+"5�
���$5$ [9]  queue-and 
channel-aware schedulers 5�/5$  LTE downlink �6/	
�5�
  QoS �6/	
�
?��?�
$��
���
	��
�& "	
���
�������B" delay-sensitive flows 
 ��=4  ���
�.
��
�)7����$�B$  �( ������-/ 	
���+"& " 
schedulers (channel conditions, resource allocation  policies, available   
resources, delay sensitive/insensitive traffic, etc) dG4"���(	
�5��/�)8$��4"�(4
��
�)8$ ��=4 ���4� QoS �	�$	�/
��4"�(45�
���	
� IP ���4�-
$5�
 
 Authors of [10]  	
������
*�#	
���+-
�
"���
 (scheduling) 
�����	�-& "	
���
��?��5$ LTE DL ?��(4@+
��+"5�
���$�/
��$�(��
�
��
�)8$5$��
����	
����	
��(4�-	-/
" ,��+��
+����
���
���& " delay �
critical traffic ��/$ VoIP traffic,�+��z�
* �/
"��4"��=4 �(	
��/"&
 �6��/��	�$ 
	�� delay-insensitive traffic ��/$ HTTP/TCP  web surfing ��=    FTP/TCP 
file download 

 DQOAS �)8$	
���'$
�6/	
����4��!.,
� Quality of Experience 
dG4"��"��
5�
�6	�

�(4��=4 �-/ ��
 �	�$5$	
�-�+-/ �=4 �
��(��
$�$�(4�6"&GB$  
Fig.3��+" ��� 	���	& " ��	 ���G� DQOAS 	
�)���)�!"�!.,
�& "
)�*��	
�.#?6
5�
�*��/
"	
���(�$�6
���  during mobile ��* wireless e-
learning: 

 
,
��(4 11 DQOAS adaptation aigorithm 

 
 5$+

$& " client �(	
�A +���� ��/$��+6��(4�(�$

�(4A +���� 
)����)8$	
���/$��+(� �-�(��(4@+
�
�
	 server ��
����	
�)�*���$�	(4��	��
	
�����6
�!.,
� end-user ��
@+
�+��z�
*��+6���*�(4@+
���&
 �6��+�?/
$ 
��+6���
���+���$(Feedback Module) dG4"�)8$-���)�	
�-���� ���
�
�$5�5$	
��/"&
 �6� (delivery-interest parameters) ��/$  �-�
	
��6���(�
&
 �6� (Loss rate) ��
��/
�

��*	
�	
��$	�$& "&
 �6� ��*��")�*���$
�!.,
�	
��/"&
 �6�+
��  The Dispatcher and the N-Level Builder Module 
5�
�)8$?� feedback ��*)���)�!"�
�	
�5��/��*-���)��(4�*�!��
����
?6
5�
"
$�!	�$�
�	
�& "	� (list of rules) -���)�(parameters) 
)�*	 �+
��?6
5�
&
 �6��(4�	(4��&
 " (the QoE expectation levels for every 
user) ��*&
 �6��d���4$�(4�z�
*��
*�" (dG4"?6
5�
"
$�*-
 "���
�.
 ��
���� 
streaming session @|�# Video �)8$	
���= 	��
�����d���4$)7��!��$, video 
metadata, =4$>) �*+��	
����4�-
$��

" 	
�)���)�!"@+$
��	& "�*+��
�!.,
� ��*	�@		
�)���-���+�5�
 DQOAS �
��*� (�+5$ [11] 
 ��
�����)��	��)�*�!	-#�(4��

"?��	
���
���)8$	�� 2 
classes ���	
��(4�-	-/
" ��* a Round Robin schedule, ��	
� ���
��/
 i-
th -
���
��G"� 5�& "?6
5�
"
$ [10] �=   
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 ��+"AG"�/
�z�(4�5$	
��/"Packet  �)8$ ��
+��

��
���
���& "	
����	
����B"��	���B"�(4� "  �= ���
�*��/
"	
��/"
&
 �6��(4�	�+&GB$ ���+�d��#�6"�!+�(4� +��
 "	���	.�#�!.,
���
����
?6
5�
"
$  ��
$�$& "?6
5�
�(4	�
�$+�!	�/�"���
	
��/" Transmission 

Time Interval (TTI), ,  ��
��/
�

�6"�!+  is 
the maximum ratio of delayed ��*	
��6���(� packet  	�� �!.,
�	
�
5�
���	
�5$	
�����6
& "?6
5�
"$( service quality  perceived ) �+�?6
5�
 ��"

$/
� 5� A

 �)8$�/
�z�(4�& "&$
+ packet 	��2 ���	
� , ��* 
 �)8$�/
�z�(4���
$�$&
 �6��(4�
�
�A�/"@)��"?6
5�
  5$����
.	
�

�/"&
 �6��+(��	�$ , then  

 
,
��(4 12 Changing QoS Class for low priority e-learning traffic flow 

 
 ��
�����-/�*?6
5�
"
$ , the maximum accepted ratio of delayed
��* lost packets (ε) �-	-/
"	�$,-���)�& "?6
5�
"
$ ,-
 "	�
�$+ 	
�@�/
dB�
 & "�*+���!.,
��(4-4�
�!+�(4� ����@+
 ��
���� video stream �(4�&

�
, 

$(4�)8$�*+��	
�����(4-4�
�!+ DQOAS �
�
�A�/"@+
��
���� user    ε 
�)8$�/
�(4	�
�$+@�
&

"-
$  �/
"�($����
��� ���
*	
��6���(���= ��
��/
�



& " packet �*�+�!.,
��"  ��4"�(4�	
)7��
$(B, ε �(maximum ��/
	�� 
 �-�
��
��/
�

��*	
��6���(� packet �)8$	
����4� mininum expected 

level:    
 ��=4 ���/"	
���
���(��	%.*��/$	�*���(4�-	-/
"	�$  ?6
5�
�*
)�*����
���
���� QoE �6" -/ 	
�5�
�)��	�� A

��B"	�*�� �( QoS class  

�+(��	�$  5$	�.($(B (1) 	�
��)8$ 

 
&
 @+
�)�(��& "	
� �6/5$�*+�� QoS �+(��	�$ $�B$  ��	 ���G�

�z�
*	
���(�"��
+����� �*���
�.
	�*����B"�6/	���*+����
���
���
�+(��	�$ (��
+����
���
���& "?6
5�
�(4 �6/5$���). 5$�
"$(B packet �(4�&

�


�
	�)��	���+(����
�-/5$ bearers  �(4�-	-/
" �*�(��
��/
�

& "���
�+(��	�$, 	
�)���)�!" �)��	�� & " QoE ��+" �6/5$ 
 5$	�.(& "��
��	��
�*���
�.
  �)��	���(4��

" 3��
�
�-	-/
"& "	�*��&
 �6�  VoIP, video streaming and web browsing 
traffic. �-/�*)�*�,��*��+	
��(4�-	-/
"	�$ �+� downlink  scheduler  
&
 �6� VoIp �)8$ scheduler �(45�
	��!��	G4"A
�� dG4"	���&
 �6���� video 
��* web browsing �)8$ ���@+$
��	  
 	
�$�
��$  ��	 ���G� �+�5�
 DQOAS �/��	�$ 	��&
 �6�5��/
5$	
���+��(�"��
+�� mapping scheme @+
���	
�����!��(4���4�&GB$��$= 	�/

&
 �6�$�B$ �(4�)8$ ���@+$
��	 scheduled. 	
����
�.
&
 �6��(4����&

�
�
	
�)��	���+(�� �	��
$ VoIP, DQOAS�
�
�A���4��*+���!.,
���
�����=4  
multimedia stream based �$	
�-�B"�/
& "?6
5�
"
$ �$�/ "�
"	
����
�

���z�����$ ��*�$ resource allocation scheme, 	��	
��/"?�	�*��
$
 ��(4�!+�$ 	
���
�� VoIP, ���4��!.,
��+����& ")�*��	
�.#& "
�)��	�� 

 
,
��(4 13 Semi-persistent and dynamic scheduling 
 
���(	
��	
)7��
�)8$	
��+� �	
�5�
�����
� "�*�� LTE  

[12] ��
��
�
�A5$	
���(�$��� LTE SISO (Single Input Single 
Output)��* MIMO networks using TxD (Transmission Diversity) or 
OLSM (Open Loop Spatial Multiplexing) ���+	
��/"?/
$ 
 PHY layer model �)8$ �
$& "	
� post-equalization SINR 	
�
��$  pre-calculated  fading parameters ��*��=4 �+d��d
 $5$	
���
$�.
�(45�
���
   5$	
��+� ��(4+�
�$�$	
� �)8$	
�5�
 3  schedulers  (round 
robin, proportional fair and maximum throughput),	����
�	�*��&
 �6�
��
�����!	 UE, ��
$�$ 7 eNodeBs 	�� 20 UE �(4��+"5�
���$ 	
��+� �
	
�5�
��= &/
� LTE   -
�
"�(4 4 ��+" parameters  	
�5�
DQOAS 
 ��	 ���G� ��* scheme ��+��
+����
���
��� ��$ 5$ �/�$�(4 3 �)8$	
�
+�
�$�$	
� ��=4 �+� �	
�)���& " ��	 ���G�?/
$���= &/
� LTE.  ?�	
�
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��
� "@+
+
�� schedulers �(4�-	-/
"	�$ ��=4 ��(��	��?��(4@+
�����=4 5�
  
parameters mapping scheme �+��@�/)���(no adaptation algorithm is 
employed) ���= ��/�A
)7-�	��� LTE QoS ��=4 ��+	
�	�*�����-��(�+(� 

 
-
�
"�(4 4 Parameters used for running simulation scenarios 

 
 ��
$�$�����
� "�)8$	
����
�.
��
����	
��+� �	
�
+�
�$�$	
�& "	
���$ 	�@		
�)���-�� 5$�-/�*�A
$	
�.#��
� " 3
	�*��&
 �6�	��	
��-	-/
"& "	
���+��
+����
���
��� �)8$	
��/"5�
�-/
�* user ��=4 �(4�*)�*���$	
���
�����?�� (VoIP, video streaming and 
web browsing data).  User i ���
�.
	
�� 5�	��	
����	
��(4@+
��� A



�*+���!.,
� �)8$&

"-
$  ��=4  ��+"AG"
�*+���!.,
�&�B$-4�
�(4� ���� ��
���� User  

 
,
��(4 14 LTE network map one eNodeB with 10 UE attached 

 
 �A
$	
�.#��	5�
 -���)� �
-��
$ QoS  mapping scheme 
��*	�@	� QoS LTE ��=4 �/"	�*�� 5�
�-	-/
"5$	
���
+����
���
��� 
�A
$	
�.#�(4� " 	�@		
��/" LTE �)8$	
��+� �	
�5�
��$  mapping 

schema, 5$ video and web browsing data streams �)8$	
����
�.
	
��(
	
���+��
+����
���
����+(��	�$	��$B�
�$�	�+(��	�$5$ ��� schedulers 
5$&.*�(4	
���
�� VoIP employs �*5�
 semi-persistent scheduler 
�A
$	
�.#�(4�
� 5�
 DQOAS algorithm ����6/	�� mapping scheme  5��/ 
��
�����-/�*�A
$	
�.# 5$ 3 �A
$	
�.#�(4���/ � schedulers @+
���	
�
���
�.
  Maximum Throughput scheduler (MT) Round Robin scheduler 
(RR) and Proportional Fair scheduler (PF) 
 �*+���(4-
 "	
�&�B$l��
���� multimedia stream -�B"@�
�(4 0.500 
Mbps ��
�����!	user 5$&.*�(4��
����	�*���(4� " (web browsing) �*+��
accepted -4�
�!+-�B"@�
�(4 0.250Mbps �+���$�*���
�.
 �+�5�
 semi-
persistent scheduler, 	
���
�� VoIP A6	�/"�)8$�!.,
��(4��$= ��
��
+
	
�& "?6
5�
"
$5$�/�$& " throughput ��*�/
�z�(4� & "BLER ��
$�.
5$�/�" 40 ��$
�(& "�-/�*�����
� " 
 ����
�$(B�*�$*$�
	
���
 mapping scheduler ��
����-���)� 
LTE QoS �	
@&	
�-�B"�/
��
+����
���
���	
�@��� "  	�
	�
��
��(4
��

"�+��)��	���+(��	�$ ���(	
�A6	  	����
��=4 ���4�)�*�����,
�	
�
5�
 DQOAS ?/
$���= &/
� LTE 	
����4���
$�$& "�)��	����
 �	�$-/ 
?6
5�
�(��
��G"� 5���*�+	�*��BLER & "�-/�*�!���  �(4@+
���?�+(�+�
�d�6��4$�(4$�
��$  ��=4 �)��	��)�*�!	-#�$G4"��

"��+(� �-�(���4"��*
	
���
��web browser@+
���	
��$���$!$?6
 �&(�$	��	
����
�.

�*� (�+ / $�
	&GB$ ��=4 ":5�
	
��	
@)��"�)��	��)�*�!	-#�(4��

"�
�
&
 �6��(4�-	-/
"  flows: VoIP, video streaming and web browsing �+�	
�
)����-/"�
�
���- �# QoE ���4�&GB$��
����	
�5�
"
$5�
 VoIP video and 
web browsing 5$���
�+(��	�$ (e.g. video conferencing over LTE) @+
 
 ��
�����A
$	
�.#	
��+� ��-/�*���B" ��
�AG" BLER ��* 
throughput �����
*�#��
����?6
5�
��B"��+��*��
����?6
5�
�$�+(��  User 
Fig.7 �(4�(	
���+�/"?/
$��*�()�*��	
�.# BLER  �+� User 1 ��=4 ��$�(	
�
�
 "&   web browsing (stream 1)  video streaming (stream 2) ��*VoIP 
traffic �
	  application �+(��	�$ 	�@	 QoS LTE  ��*	
� mapping �+��dG4"
�)8$	
�5�
5$	�.($(B 5$ Fig.8 &
 �6��+(��	�$�
�"�!+ ��=4  the new mapping 
scheme A6	5�
"
$�/��	�$	�� DQOAS adaptive algorithm ��$�
�
�A�*
��"�	-���$�/
 �/
 BLER �*�+�"���	$
 �5$	�.(�(4� " 5$&.*�(4��"��	%

�!.�/
& "�/"?/
$�(4�(��A(��,
� 	�*��&
 �!���B"�6/ @�
@)�)8$�*+��-4�
�!+
�!.,
��(4�
+���" �+�by User 1 (500 kbps for video streaming and 250 
kbps for web browsing)���4� QoE �+����& "�)��	�� ��=4   DQOAS 
algorithm 5�
�/��	����+��
+����
���
����(4$�
��$  5$�6)��	 (first figue) 
the streams are not meeting the minimum quality conditions expected by 
user 1 thus reducing the applications� quality of experience 
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 $ 	�
		
��+ BLER ,	
���$ &
 ��
	�+& "�	
)7��
	
�
?	?�$& "throughput �)8$���
*�/
����!���
��-	-/
"�*��/
"�*+��	
�
�/"&
 �6��+� DQOAS 
 	
��)�(4�$�)�"5��/5$ throughput �)8$�/"�(4@�/�G")�*�"�#	
�
	�*��$	
��/"&
 �6� multimedia ���
*�)8$	
��+�!.,
�	
��/"&
 �6��(4
@+
��� �/
"��+���� 
    Table II ��+"�/
 BLER �(@+
����*��/
"	
��+� "��=4 5�
��B" 3 
schedulers (VoIP  traffic 5�
 semi-persistent scheduling��*��$@�/��+"�/

	��� (represented) �/
�z�(4��(4@+
���5$�/�" 3 �A
$	
�.#�(4�( 0.7 % - 1.4 % 
-4�
	�/
��=4 ��(��	��	�.(��	���
* �-�
	
��/"���@+$
��	�(45�
�+� 
DQOAS 

 
,
��(4 15 Throughput and BLER for User when Proportional Fair 

scheduler is used 
 

 A

 scheduler MT 5�
 �����
� "�����	 �/
�z�(4� Throughput 
�(4�@+
���-/ ?6
5�
��B"��+�(4@+
�=  0.291 Mbps 5$&.*�(4	�*���(4� "�(
�/
�z�(4� 1.840 Mbps 

 
-
�
"�(4 5 Bler averag values when different schedulers areused 

 
5$	�.($(B��
$�$?6
5�
�(��
��G"� 5���(�" 23 ���
*�)8$	
�

	�
�$+�z�
*?6
5�
 CQI �(4+(�(4�!+ -
���	%.*& " schedulers MT ��
���� 
��
� "�(4?��(4@+
-
		
�)���)�!"��"�" �6/5$�*+���(4-4�
�!+& " QoS Level 

���
*�)8$	
���+��
+����
���
���5��/ 5$	�.($(B ��
$�$����G"� 5�& "
?6
5�
5$���
�+(��	�$���4�&GB$ dG4"��+"5�
���$�/
	
��)�(4�$�)�"	
���+��
+��
��
���
����/��5�
	�*��&
 �6�5$	
��/"&
 �6����4�&GB$ 
 Third scenario 	
�)���5�
  ��	 ���G4� DQOAS �(4)���&
 �6�
& "��B"� " stram�(4�(��
���
����+(��	�$ �
		
� schame $�
�
)�*�!	-#5�

5$	
���+��
+����
���
��� �)8$���
*�/
 DQOAS �(��
�����5$	
�
- ��$ "�!.,
��+�" �/
 BLER �*�+�"5$	�.($(B 

 
,
��(4 16 Throughput and BLER for User when Proportional Fair 

scheduler is used 
 

 ��
�/
�/
 throughput �z�(4�-/ ?6
5�
	�
�$+��B"��+ �*@�/�)8$�(4�6"
�(4�!+��/
� "	�.(��	 ��
$�$& "�6	�

�(4� 5��*���4��
	&GB$ 28% ��(��	��
�A
$	
�.#��	 ��* 15% ��=4 ��(��	���A
$	
�.#�(4 2 +�"-
�
" 

 
-
�
"�(4 6 The percentage of satisfied users when three schedulers are 

considered 
DQOAS  ��	 ���G��/��	�� scheme 	
���+��
+����
���
���

& "&
 �6� ��*���6�$#5�
���$�/
�
�
�A�(4�*+�
�$�$	
�)����(4���
*��& "
�$=B �
������-��(�+(���* web browsing traffic streamed �$���= &/
� LTE 
wireless �+��)��	���(4��

" VoIP traffic 
  ?�	
��
$�
�*��+"5�
���$�/
&�B$- $���(	
� DQOAS �
�
�A
5�
 @+
?�+(5$  3GPP LTE networks A

5$A

��+��
+����
���
��� scheme 
���	
��+��+�+�)�"��=4 5�
 DQOAS � 	
�5$	
���+	
���+��������
	�
��=4$����!  	�
�$+	
��*@�/��$�(4	
�-�B"�/
&�B$- $���(	
�& " scheduler 
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�*@�/��$	
�&�B$- $���(	
�& "-�B "�/
5�
  DQOAS ��=4 )���)�!"
)�*�����,
�	
���=4 ���" 	
����4���
$�$& "?6
5�
�G"� 5���
 �	�$dG4"
�)8$?�	�*���(4@+
�
	 VoIP  
 A

���"	
��(4��$ ��+(� 	
�)���-���(45�
5$	
���+"-$& "
	
���
�� VoIP �)8$�(4�
+���"�(4�*���4���
$�$& "?6
5�
�G"� 5�5$&.*�(4
�+ BLER ��*	
���+	
������
	�����!5$��	%.*�()�*�����,
��
	&GB$
	
���
"
$-/ @)	
�&�
����"	
���+��
+����
���
����(4�	�+&GB$���"��=4 5�

@+
	
�- ��$ "����@)�6/	
��)�(4�$�)�"�(4 
�)�
	�5$	
���+�/" VoIP
	
��+� ����"	
��(4��$ �+�5�
�����
� "	
�&�
���$�!#�(4�-	-/
"	�$
�
�
�A5�
@+
	����
� "�)8$ (	�$G4"�(4$/
�$5�& "	
�&�
�"
$$(B 
 
D. QoS-Aware Load Balancing in 3GPP Long Term Evolution Multi-Cell 
Networks 
 5$����
�$(B-���� �)7��
& " load banlancing ��
����
���= &/
� LTE �$=4 "�
	���= &/
� LTE �(��-A!)�*�"�#��=4 5�
	
����	
��(4�(
�!.,
� ������& "	
� load imbalance ��
�-
 "	
��(4�-	-/
"& "	
�
5�
���	
� ��
����?6
5�
�(4�(��
�-
 "	
�5$ �-�
�(4-4�
 
��/"?�5�
�	�+	
�
)� "	�$�6" &.*�(4?6
 5�
 =4$@�/@+
�(	
�	�
�$+��
�-
 "	
�5$&�B$-4� 
 
throughput & ��&-	
�5�
"
$ 
��*-4�
  
 5$����
�$(B �*$� 
 �� 
��-	-/ 
 " & ")7��
	
� ���4 �
)�*�����,
���� Multi Objective ��B"��+�"����(�(4	�
�$+@�
 �����
*�#
��
�d��d
 $& " load balancing ��
 ���B"��$ �$��
"�	
@&)7��
 dG4"
���@)AG"5$��=4 "	
� guaranteed hybrid 	
�	�
�$+-
�
"& "�!.,
�5$
	
�5�
���	
�?6
5�
�(4-�*�$�	AG"�!.,
�5$	
�5�
���	
���*?6
5�
�(4@�/�(
��
�-
 "	
�& "�!.,
�5$	
�5�
���	
� ��*	
�����!�	
�- ������= 
��(�	5�
"
$ 
 	
���
� "���	�

"&�
"�*+�
�$�$	
�5$��=4 "& "��%�(�(4�*
$�
@)�6/	
� load balancing  �/
"�($����
����(4+(&GB$ ��*?6
5�
�(4�(��
�
-
 "	
�5$�!.,
�& "	
�5�
���	
��*��
5�
	
�)� "	�$�+�" ��*	
�
���4�&GB$& "& ��&- throughput �(4+(�(4�!+& "?6
5�
 
 ��+	
��	
)7��
& " load balancing 5$ ���= &/
� LTE ��	%.*
�(4�-	-/
"& "��
�-
 "	
��!.,
�5$	
�5�
���	
� (QoS)  
 ���= &/
� LTE �()�*�����,
��$=4 "�
	�(��
 
	
���� Multi 
Input Multi Output (MIMO) ��*����$���(	
��&

AG"��� Orthogonal 
Frequency Division Multiple (OFDM)  �/
"@�	�-
�)�*�����,
�& "
���= &/
�@+
��� �������
�
	��=4 "	
� load imbalance �*��/
"�d��#�(4 �6/
5	�
 ��(�" �("
$������)8$��
$�$�
	�(4�*��+	
�	��)7��
�(4 �	�+&GB$5$
���= &/
��������# ��/$ �channel borrowing�[1] ��=  �call tansfer�[2] 5$
�*�� GSM �	-�� �/
"��/$ �"�������)�(4�$���= &/
� ��*��
������$�#
�*��/
"?6
5�
 ��*�d��#�(4 �)8$-���(B��+��
��-	-/
"5$���= &/
� LTE 

���= $	�� �"������ [3] � [5] �-/"
$������(4	�/
����
�.
��(�"?6
5�
@�/�(
��
�-
 "	
�5$�!.,
�5$	
�5�
���	
� (QoS) 
 ���= &/
���
��d��# downlink LTE 5�
?6
5�
���	
� heterogenous 
�(4�(��
�-
 "	
�5$��=4 "& "�!.,
�5$	
�5�
���	
� (QoS) 5$�6)���
& "?6
5�
�(4�(��
�-
 "	
��(4�-	-/
"	�$5$��=4 "& " QoS ��/$ -
� �-�
��-
�"�(4 Constant bit rate (CBR) ?6
5�
�(��
�-
 "	
� �-�
-4�
�!+ ��*��
�
�
5�
+(�(4�!+ Best effort (BE) ��
����?6
5�
�(4@�/�(��
�-
 "	
�5$��=4 "& " QoS 
�6)�(4 1 �(��B"��+ 7 �d��#�-/�/*�d��#�*A6	����!�+��/�$�(4 �6/-�"	�
" 
eNodeB �
�
�A5�
����	�$@+
 physical resource block (PRB) �)8$�$/���(4
���	�(4�!+�
�
�A��+���5�
?6
5�
�-/�/*�$5$�-/�/*�|�� 1 �������$
�(-/ �|�� 
���"��

"��"�# 
 �
�
�A-���� ���*����6
��
���"& "����
.@+
��$�( ��*
&
 �6��A
$*& "�/ "����
.�(4��
�$

�(4�/"����
.&
 �6���= �
�"
$
&
 �6� 
 ����
.��*��(�"�(4�	�+	
���	�$+
�� �-�
�/�$��=  Signal-
to-Interference-and-Noise-Ratio (SINR) user ∈ K �(4@+
����
	 PRB l �
	 
�d��# I ∈ n �(4�|�� τ �=  
QoS-Guaranteed Hybrid Scheduling 
 5$�
")����-�?6
5�
�(4�(��
�-
 "	
� QoS �6" ��	�*�(	
�
���)�*	�$ �/
"�-���(45$�/�"��	 
�6)������= &/
��(4��+��������
	� ��=4 - ��$ " �-�
& "?6
5�
 CBR ��*
	
�	�
�$+�����
	��(4���= ��
����?6
5�
 BE ��=4 ���4� ��A)�*���$#5�
	��
���= &/
� 
 ��
�-
 "	
��(4��
	��
�& "?6
5�
�(4�(��
�-
 "	
�& " QoS 
��"�"�)8$)7��
)���
.& "�����
	��(4��+���5�
	��?6
5�
�(4�(��
�-
 "	
�
5$ QoS �*A6		�
�$+�z�
* �-�
��$+#��+�#��*)�*�����,
��+��z�(4�
& " CBR user k 5$�d��# i 	
���+��������
	�A6		�
�$+�)8$��
�A(4���

+�"$(B 
Simulator 

 )�*���$AG" ������& " ����  ��=4 )�*�����,
���
�$/
�*
�)8$& " CBR 	
�)� "	�$& "?6
5�
 ?/
$ 5 �) �#�d$-#& "?6
5�
 BE ��* 
throughput ���& "?6
5�
 �6/5$�A
$	
�.#�(4�( �-�
�
AG"�"�(4 �/
"�$/$ $ 
-�B"�-/?6
5�
 BE @+
���)�*�����,
�	
� load balancing �*��

�	�� [4] ?�
����#�*��/
	�� ���  
 ���= &/
�$(B)�*	 �+
���d��#&$
+���	 7 �d��#5$ hexagonal �(4
)�*	 �+
��?6
5�
 hetorogenous ��+"5$�6)�(4 1 �*�*�/
"�*��/
" eNodeB 
5	�
��(�" 130 meters 	�
��"5$	
��/"�6"�!+& " eNodeB ��B"��+��/
	�� 38 
dBm ��*�(&$
+& "��$+#�� +�#  10MHz dG4 "�(��
�� +��
 "	��
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�A
$	
�.#��
� "�(4 3GPP �$*$�
 [10] ���$��$(B�*5�
��=4 ��(	��(4�"
?�	�*��& ��&-�(45�
"
$ 
 ��=4 ?6
5�
 BE 5$�-/�/*�d��#�
AG" CBR -
�	�*��$	
�& "���

d " (poisson) λ�
	 ��* λ�


  �(4��	�/
�5�
	��?6
5�
�/
�z�(4�)�*�
. 100 
��$
�( �+���
�-
 "	
���B"��+& "?6
5�
 CBR ��+�)8$ �-�
 250kbps 
Simulator Result 
 N/A , LB CBR ��* CBR + BE LB 5�
��+"?��*��/
" no load 
balancing ��* load balancing ��B" 2 CBR ��*?6
5�
 BE -
���
+�� 
 

 
,
��(4 15 ��+" Handover threshold of CBR users 

 
��=4  ����  �(&$
+���	 ?6
5�
 CBR �(��
$�$�
	�*��
5�
 load 

balancing ��+!��
	&GB$ +�"$�B$���= &/
��
�
�A5�
���	
�?6
5�
 CBR �(4�*
  	5�
�����
	�$
 � ��*���4� ����  ��
����?6
5�
 BE �/ "�/
"�*��/
" 
CBR LB ��* N/A �*�(&$
+���	 throughput & " CBR + BE LB �(&$
+
���		�/
 LB CBR �/
5�
�/
�& "	
����4� throughput & "?6
5�
 �6/�(4 4.5% - 
9.8% 	
��6���(�& " �-�
��
�������� �$=4 "�
	 handover ?6
5�
 BE 
�/ $&

"�*@�/5�
"
$�-/�*���4� �-�
��
�����& " throughput +
��-
$�!$
�/
5�
�/
�& ")�*�����,
���=4$��
�A(4-4�
 ?��(4@+
�*� +��
 "	��?�����# 
[4] �+�@�/-
 "���
�.
�	(4��	�� QoS 
� $�,$3*4/4/,"7!24/+5-�(-6$0%$/�#$2$"�8,�!�9/$�.:*9%9 $2%�" 
 )�*���$)�*�����,
�	
���
"
$& " ��	 ���G�	�� handover 
A
�� ��* �-�
�(4�-	-/
"& "?6
5�
�(4�
AG"5$�d��# ����  	�� ���  ��B"
� " �/
"A6		�
�$+�)8$ 1.5 

 
,
��(4 16 ��+" Arrive rates of CBR and BE users in cell 1 

 
 �-�
��
��������& "?6
5�
,
�5-
 �-�
	
��&

AG"�(4�-	-/
"	�$��+"+�" �6) 
�)8$	
����4�&GB$& " �-�
	
��(4?6
5�
�
AG" ���AG" �-�
��
������+�"
�$=4 "�
	�����
	�A6	�� ��� "���4�&GB$�+�?6
5�
 CBR ��*�����
	�$
 �
	�/
+

$d

�& "?6
5�
 BE �/ "�/
�*��/
" CBR LB ��* N/A �*�( �-�
	
�
���4��6"&GB$& "?6
5�
�(4�
AG" ��
�$/
�*�)8$�6"��
����?6
5�
 CBR ��
 handover 
��
����	
� load balancing �G"�(�����
	����= $
 ���
����?6
5�
  �-�

��
������z�(4���� CBR LB ��/
	�� 15.9% $
 �	�/
�(4@�/�(	
� load 
balancing ��*	
��6���(� �-�
��
������+�����z�(4���
� 7.1% 5$ LB 
CBR ��=4 �)�(����(��	��-
$�!$�/
5�
�/
�& "?6
5�
5$�=B$�(4 CBR LB 
 )7��
	
� load balancing 5$���= &/
� LTE &
 	�
�$+ QoS 
-/
">�(4$�
�
���
�.
 &�B$��		�
�$+)7��
	
�)��� multi objective 5�

���
*�� ��*�����
*�#��
�d��d
 $& ")7��
 ��$ 	� �	
���
"
$
���	
��G	%
 ��*	
��	
@&5$	
�	�*�
� ���AG"	
����)�*	�$& " QoS 
��
�AG"��
�-
 "	
� QoS & "?6
5�
"
$�(4�-	-/
"	�$ ��*5�
	
�����&


����!� �
	$�B$�(	
�)�*���$�/
)�*�����,
�	
���
"
$ handover �$
���= &/
� 5$����
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�
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�$/
�*�)8$	
�)� "	�$& "?6
5�
 CBR 
��*���4� �-�
��
�����& "?6
5�
5$& ��&-�d��# �+��z�
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��+��-& "
 �-�
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E. Enhancing FEC Application in LTE Cellular Networks 
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&
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���
"
$5$��� 	d(4 IMS ��*A/
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�-/
">5$�
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���+	
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5�
���	
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�) ��*��$��"	�
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5�
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���+	
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"
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��������
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���	
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 +�"	�/
�&

"-
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$
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"
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,
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 ��=4 ��=4 �-/ 	��?6
5�
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�����
���� SIP (Session Initiation 
Protocol) 	
��/"����
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5�
�/"��
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�����/�"��(�", &
 ��
� SIP �*�/"?/
$?6
�����
���� SIP �/"����
.@)��" 
PGW ��*�G"@) P-CSCF/��=4  P-CSCF @+
���&
 ��
� SIP ��$��"�"&�B$- $
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�* ���
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���
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$& " SRVCC 5$�/�$-/ @) 
SRVCC PROCEDURE (���( SRVCC) 
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��(4 25 ��+"�A
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���*,
����& "
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� SRVCC  ��+"5�
���$	
���
"
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���$/��"
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�����
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�����! 
3G/ ���/
$(B��
����(45�
5$�$/��"
$ �/�$-/ @)$(B ���
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����& "
&�B$- $	
� SRVCC / )�*	
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" ?6
5�
1 ��* ?6
5�
2 
�*��+-�B"&GB$�+�5�
���(	
��(4 ���
�@�
5$�/�$	/ $�$

$(B 
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��(4 25 SRVCC Procedure 
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�
�A��	�)�(4�$
�+�-�"�*��/
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5�
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� SRVCC �+��z�
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UTRAN ��*5$�(4�!+	� MSC ��
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��=4  MSC ��* RNC @+
��������
	��(4��
�)8$��=4 � "����d���4$��(�"5$+
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& � $�d���4$	�� SCC-AS ��=4 ����@)�d���4$ 
Volte CS �+��$�= 	
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& @)��" 
UE2 ��=4 ����)�
��
"& "�d���4$&
 �6� Volte (5$&�B$-
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MSC (&�B$- $�(4 4) ����6/@)	��	
�-
�&�B$- $$(B MSC �/"�(B��
����6�.#
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�� "�����
	� CS @) Mme ��* MME �/"Handover & 5�
��
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$ eNodeB (&�B$�(4 5) ��=4 )�*����
���
����5$�����# UE1 ����!�
	@) 
3G LTE UTRAN ��
$�
"��
���� SIP ����
.+
���=4 ��(�"�*A6	��

"&GB$
�*��/
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�
�A��4$5��(4�*
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�?/
$�
" MSC 5�
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&
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.
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�����
����	
� SRVCC �-/- $$(B���$
���/
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�|	���(4��
�*@))���)�!"dG4"�
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�5$�/�$-/ @)$(B 
ENHANCED SRVCC PROCEDURE  
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�A/
�� $�+��$& "
�d���4$	
��
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�
�
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�/"& "
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"
$& "+
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�
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entity ��=4 �G+ SIP ����
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Switch Fall Back 
 �=  -�+�*����+�� �$ LTE @)	/ $ ��
���
	
�-/ ����
.5��/
�$�*���+�� �/
" 2G ��=  3G  �-�$��-� 
 
Single Radio Voice Call Continuity (SRVCC) 
 �/��5�
	
��=4 �
�+
����(�"�$ 2G/3G �
�
�A�/"-/ @)��" LTE 
@+
 �/
"-/ �$=4 "5$	�.(���=4 $�(4�*��/
"���= &/
� 2 )�*�,�$(B ?�����#& "
��$�= �/��5�
� �) ���- �#5�
���	
���(�"@+
+(&GB$ �*��/
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��(4�)8$ 
LTE 	�� 2G/3G �+�� 
 
 Voice over LTE via Generic Access (VoLGA) 
 �= �)�(4�$	
��=4 �
�+
����(�"�+�-�" @)�)8$ VoIP ��
��/"�$
���= &/
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 Native CS Service and its necessity 
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�
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CURRENT SOLUTIONS 

• CS fallback 

• SRVCC 

• VoLGA 

• Third party VoIP services like skype. 
 
CS fallback 
 CS fallback solution 5�
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