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Downlink Delay Distribution
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Uplink Delay Distribution
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PLMN: Public Land Mobile Network
BTS:     Base Transreceiver Station
BSC:    Base Switching Center
MSC:   Mobile Switching Center
VLR:    Visitor Location Register
HLR:    Home Location Register

GGSN: Gateway GPRS Support Node
PDN:    Public Data Network (usually Internet)

SGSN: Serving GPRS Support Node

GMSC: Gateway Mobile Switching Center
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6.4 Delta-encoding and Compression
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6.6 Image Transcoding
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7. GPRSWEB SYSTEM PERFORMANCE
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7.3 Experimental Results
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7.4 Performance Evaluation
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q �3rUsA�ut�vGsuwQxWy q]z xA{}|�~My�x��9� z�q�z ���o��s�� q]z s��=xWy zM� �P��su��xWy�tQs	��y�tQ~
��~&� zM� y z=�=� �3� z �#�4y��A�]����� � s z suw��#tQs9�;� q�z tQs z t9{@�Z�3��suwQy�s z �AsX�=xWy z=�
tQ~=s��=w q �,�X� q w�wQs9�]������y���s���sA�O�=w q ��xWy zM�Xq vGsuw����Z�	�oxW� ��� suxht�tQ~M�#t
tQ~=sAxWs q �=tQy��4y��9�#tQy q]z x�� q �4s�y z t q �M���A�>�_�My�tQs���wQs9�_�=s z tQ��� � � z �
wQsu�
xW�=��t�y z xW�=�Mxht�� z tQy��#�1��suwW� q wQ�o� z �As	��y z x���~Ms z tQ~Ms���� q x q {
� s���wQs�y z tQ~Ms��=w q �AsAxWx q ���M�My����=y z=� � z s��=��s�wQy��4s z t��#��xWsutQ�=�

tQ~M�#tXs z �]�=��sAx�wQsA� q w��=sA��tWw��#�AsAx q ���MxWsuw@�=w q ��xWy zM� ��sA~&�9v,y q �=w�t q
��s��#�A�A�3w��#tQsA���TwQsA�M���A�_s9� � ��y�tQ~ktQ~=s)xWsuwQvGsuw�wQsu�&sA��tQy z=� tQ~MsJ�=y����
��suwQs z tPvGsuwQxWy q�z x q ��tQ~Ms4� q]z tQs z t�tQ~M�#t���s�wQsO�3sA��y�vGsuwQs9� q]z �=y� BsuwW�
s z t q �A�9�]xWy q]z xA{P|�~My�x�xW~ q �=���>s z �]�M��s�� z �]�u�A�=w���tQs@sAv]�]���&��tQy q�z;q �
tQ~=s�wQsA�]����� q wQ���>�=w��#�utQy��9�]�N��s z su¡Mt q �etQ~Ms�su�,tQs z �=s9�
�A�]��~My zM� � z �
�3sA��t��#��s z � q �=y zM� xW��~Msu�4sAxA{

8. RELATED WORK
�¢v]�#wQy�sutU� q �X�3wQsAv,y q �MxOwQsAxWs9�#wQ��~%~&�]x�su�=�]�4y z s9�£tQsA��~ z y��,�=sAx

tQ~M�#t��A� z ��s	�MxWsA�4t qPq �3tQy��4y�xWs���su�O�3w q ��xWy z=�@q vGsuw�~My � ~3�d����tQs z �u�
��y zM¤ x � �M�3t z=q�z so~M�]x@� q_q]¤ s9�¥�#t4���e�	�J��y z=¤ x@xW��sA�Ay�¡M�9�]�����_{J��su�
���#tQsA�T� q w ¤ �9� z ��sC�=w q]¤ s z y z t q tQ~3wQsAsC�A�#tQs �]q wQy�sAxA¦§x q ���3tQy q�z x
tQ~M�#t�� q_q]¤ ��t�y��4�=w q v,y zM� ��y�wQsA��sAxWx���sA�>��suwW� q wQ�o� z �As�¨�tWw�� z xW� q wWt
s z ~&� z �AsA�4s z tQx�tQ~&�#t�sA��sAv]�#tQs>|����©��suwW� q wQ�o� z �us q v�suwo��y�wQsu��suxWx
��y zM¤ x � � z �§¡ z �#����� q tQ~Msuw q �=tQy��4y��9�#tQy q]z xW��~MsA�4suxcÿ�s�{ � {ªxW�o�#wWt
�9�#��~=y zM�=� �=wQsu��sutQ��~=y zM� sutQ��{ �@�#y��4s9�X�#tewQs9�3�M�Ay zM� �M�#t��	tWw�� z xh��suwWwQs9�
� z ��w q � z ��tWwQy��Mx��o���3s q vGsuw�tQ~=s���y z=¤ {

8.1 Wireless Web Solutions
� z �=�@��suw q �ZxWy ��z y�¡M�9� z t�wQsAxWs9�#wQ��~
xhtQ�M�=y�sAx�~&�9vGs�y z vGsAxhtQy � ��tQs9�

��sA����suwW� q wQ�o� z �As � y z�� s z suw��]��«�¬A­ � ¬9® � ¬9¯�° � � z �)� q wQsoxW��sA�Ay�¡M�
�9�#����� � ��y�wQsA��sAxWx���sA�
��suwW� q wQ�o� z �As4« ±�± � ¬9± � ±]² � ±,¬ ��³ ¯9°�{
� q]� �M��´�µ�¶�·�¸�«�¬A­#°��3y�xW�u�MxWxP¹�|�|��*tQ~=w q � � ~M�M�3t�� z �)����tQs z �u�

�3w q �M��sA�4x@� z �lxW~ q �ºtQ~&�#tXs9�]��~»� q �A�M�4s z t@� z �ly z ��y z s9�ly��o� � s
wQs9�_�=y�wQsux}���4y z y��@�M� q ��ÿ�±�¼;�e|�|��1� q w}tWw�� z xh�Hs�w9{Z|�~Msu���=w q � q xWs
tQ~=sX�MxWs q ����suwQxWy�xhtQs z t�� q�zMz sA�utQy q�z xP� z �C�My���sA��y z y zM� t q y��4�3w q vGs
q vGsuw��#���Z��sA�J��s�wW� q wQ�o� z �As]{@��y�su��xWs z ´�µ	¶�·�¸O«�¬9®�°e�A��s9�#wQ���J�=sA� q]z �
xhtWw���tQsP��s z su¡=tQx q �e�My���sA��y z s9��y��4�=��su�4s z t��#tQy q�z x � ��~=y���s@� q�� �M��´�µ
¶�·�¸�«�¬�¯9°��#w � �Ms�tQ~&�#t}�MxWs q �1�3sA��t���s z � q �=y zM� � z �X� q �4�3wQsAxWxWy q�z ��su�
td��sAs z �A��y�s z t��=w q ��xWsuw�� z �J�O�3w q �3�>�A� zl½ wQsA�o��w ¤ �#�M���B¾By��4�3w q vGs
��sA�
��suwW� q wQ�o� z �As�{
¿ y�� rUsA��suw � ´�µo¶�·�¸i« ±]±�°P�3sAvGsA� q ��sA�T� q � � ��y@� q �4�@� z y��9�#tQy q]z x

��wQ��~=y�tQsu�utQ�=wQs	tQ~M�#t��=xWsAx��@�&�#y�w q �N�3w q �3y�sAx�� z �OsA�4�=� q �3x�y�tQx q � z
�3w q t q � q � q vGsuw�tQ~=sX��y z=¤ {�� q � � ��y�y�x�xWy��4y����#w�t q ���e�	� � sA�J�=�=t
� q �A�MxWsAx q�z ���=� z s�tU� q w ¤ x � � z � � y�vGsAx�� q wQs���sAy � ~_t	t q �3y�xW� q�z �
z sA�utQs9� q ��s�w��#tQy q�z tQ~&� z ��s�� q � q we���e�	�B{�À�t6�=xWsAxNy�tQx6�=w q �=wQy�sut��#wW�
�3w q t q � q �&�9�]����s9��� q � � ��y&¹	|�|���ÿ���¹�|�|��}�NtQ~M�#t}y��4�3w q vGsAxN��y��4y��
t���tQy q]z x q ��|������ z �@¹	|�|�� q vGsuw����M�C{G|�~Ms���¹�|�|��)�3w q t q � q �
q �=tQy��4y��AsAxo�MxWs q ���&� z �3��y��3tQ~E�MxWy zM� �My z ��wW�E~=s9���3suw�s z � q �=y zM�3�
�=�#t��j� q �4�3wQsAxWxWy q�zlq ��tQsu�,t4� z ��y��o� � sux � � z ��y��o� � sOtWw�� z xW� q �3�
y zM� {
� sA�&�N�3�=wQsAxWxZ«�¬�±9°_��w q �%Àh���8� q �A�MxWsAx q�z y��4�=w q v,y zM� ��sA���=w q ��xh�

y zM� ��s�wW� q wQ�o� z �As q vGsuw���y�wQsA��sAxWxX��y zM¤ x�tQ~=w q � � ~)�9�]��~My z=�=� �=y� BsuwW�
s z �Ay zM�3� �3w q t q � q ��� z �)~Ms9�]�=suwPwQs9�3�M�utQy q�z �4su��~M� z y�xW�4xA{>Á z ��y ¤ s
� sA�&�N�3�=wQsAxWx � ���Z�	� � su��� q �A�=xWxWsAx q]z tQ~Ms>Âh�#�����A�=xh� q]zMÃ ���e�	�
��y zM¤ � z �*xW��sA�Ay�¡&�A�]����� q�z ��sA�8��suwW� q wQ�o� z �As�{Ä|�~My�xCy�xCx q �4su�
��~M�#to�3y� Bs�wQs z tX��w q � � sA�M�Z�3�3wQsAxWx � ��~=y���~E�]y��4x4��toy��4�3w q v3y z=�
��sA�
ÅAÆ#Ç�Èº��suwW� q wQ�o� z �us q�z ���M�É��y zM¤ xA{ � su�&�N�=�3wQsAxWx����#xP�=su�
xWy ��z s9��t q xW�M�M� q wWt6�#�M�=��y��9��tQy q�z x1��~M�#w��]��tQsuwQy��As9���_�	wQsA��sutQy�tQy�vGse� z �
�3wQs9�=y��ut��#�M��s4wQsAxW� q�z xWsAx � ��~MsuwQs q]z ���Jx q �4s4�AsuwWt��#y z y z � q wQ�o��tQy q�z
��~&� zM� s�y z � � y�vGs z �&� � s�{
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9. ISSUES AND DISCUSSION
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É�Ô Á:Æ0Ê Æ0Ã:Ã.É�Æ0ÿ�Õ�Æ0Á>ÖwÏ�Á:õ�Â�Ç+Ä0Æ0Ýfô�Ç�= 
/ádæ/í/í � å
ä+ë�é Þ�ß6ß6ß �c�wáIR/í/æ¡ádâ
Þ ä$è>í0
/ä�í0è`ê#å
ä8å���àFádä��{í0
/í/äTæ/í Ì?Ò�ó È+Ç�Æ/ó�Ì+îFï�Ã>Ñ7Á:Â�Ê Ô Â�Ì8×`Ï0Ó^Æ0õfÿ8Æ0Á�¼{ñ�ñ�û^¿

» Ú�Úd½�Ù�¿�OTÔ Ê k:Æ0ÿ$Æ0Á:ð Ì2K�¿�K`Æ0Ê Ô Ç?Ì+Ù�¿�]�Ï�k:Ï Ì Â�Ç+ÈZ]f¿+ÜFÂ�Â�Ñ7Ô Ë{Â�Ô Ç�Æ0Ç$Ì5Í�ÙN`aÉh¾�OTô
É4ÉhÉ Ò Ï�Ö
Ñ�Ø6Â�Á:Æ�L2ô�õ�Ð�Á:Ï0Ó^Æ0ÈZg`Ã:Â�ÿ+Ô Ê Ô Ñ�ó�ÏdÖ�ÉhÉ4É Ô Ç�Ù#Ï�ÿ+Ô Ê Æ�É1î`×
8 Ç^Ó Ô Á:Ï�Ç+õ�Æ0Ç^Ñ�Ã:Ý�Ì?Þ¡ß6ß6ß �E�
áIR/ç�� Þ ä$è>í0
/ä�í0è Ì$×`Ï0Ó^Æ0õ<ÿ$Æ0Á�¼{ñ�ñ�ù

» Ú��d½aK�¿8À6Â�Ê Â�Ë�Á:Ô Ã:Å�Ç+Â�Ç$Ì8Ü�¿,]�Â�Ñ�i<Â�Ç�È#Ò$¿$Ò Æ0Ã7Å+Â�Ç$Ì5Í7ôPõ�Ð�Á:Ï0Ó Ô Ç+ð�;FÎ6Õ d ôPÕ
Ð$Æ0Á>ÖCÏ�Á:õ�Â�Ç+Ä0Æ�Ï{Ó�Æ0ÁaÉ4Ô Á:Æ0Ê Æ0Ã:Ãa×FÆ/Ñ�Ø6Ï�Á:Ë�Ã:Ý Ì$ô�Ç>= 
/á�æ¡í/í � å
ä�ë�éká?�	j<à.ê
êoBED Þ àEB`ê Ì8×`Ï0Ó^Æ0õfÿ8Æ0Á�¼{ñ�ñ�J

» Údý�½�î�¿8À6Â�Ë�Á:Æ�Â�Ç+ÈlÀF¿?Ü�¿8À.Â�È�Á:Ô Ç+Â�Ñ7Å$Ì5Í7ôPú�;aÎ.ÕQL8ô�Ç+È�Ô Á7Æ0Ä/ÑP;aÎ.ÕhÖwÏ�ÁFõ�Ï�ÿ�Ô Ê Æ
Å�Ï�Ã:Ñ7Ã:Ý Ì$ô�Ç>= 
/ádæ/í/í � å
ä�ë�éká?�fèWl8ía}2�^èWl Þ�ß6ß.ßnÞ à p à�n Ì?Ð+Â�ð�Æ0Ã�¼���ùdú>¼{ý���Ì
ü2Â�Ç+Ä0Ï�ï Ó^Æ0Á¡Ì�À.Î`Ì?Ù#Â0ó1¼{ñ�ñ�J�¿

» Ú�Jd½a;`¿T¾�ÏlÌ8ø+¿$Ù#Ï�Á:Ï�Ç+Ã:Ë�ÔwÌ�þ<¿TÒ8¿�Õ2Å+Â�Ñ7Â�Ë�Ì8Â�Ç+Èlü<¿$¾�ï+Ð+Ñ7Â Ì2Í?^8Á:Æ0Æ�i0Æ/ú);aÎ6ÕQL
î(Ñ7Á:ï�Æ�Æ0Ç+È+úwÑ7Ï�úCÆ0Ç�È�Æ0Ç�Å+Â�Ç+Ä0Æ0õ�Æ0Ç^Ñ6õ�Æ0Ä¡Å+Â�Ç+Ô Ã:õ�ÖwÏ�Áaõ�Ï�ÿ+Ô Ê Æ
Æ0Ç^Ó Ô Á:Ï�Ç+õ�Æ0Ç^Ñ�Ã¡Ì Ýfô�Ç>= 
/á�æ/í¡í � å
ä�ë�éfá?� Þ�ß6ß6ß�Þ T w B<àcB�ê�F�HIHIH Ì8ô�Ã:Á7Â�Æ0Êw¿

» Ú�ùd½�¾<¿?À6Â�Á7Ô Ã7ÅlÂ�Ç+È<]f¿�`�ÿ+Á:Â�Ä�i0Ë{Â Ì5Í>É�Ï�Á7Ê ÈlÉ�Ô È�Æ�ÉiÆ0ÿ#Î6Â�Ä¡Å+Ô Ç+ðzL�;�Á:Æ0Ç+È�Ã
Â�Ç+È<;�Æ0Ä�Å�Ç+Ô h�ï+Æ0Ã:Ý Ì$Þ�ß6ß6ß àFádâ�â�ã+ä8å�æ/ç�èwå�ádä�é�êiç{ë+ç{ì¡å
ä�í Ì$ôPÇ^Ñ�Æ0Á:Ç+Æ/Ñ
;�Æ0Ä�Å�Ç+Ï�Ê Ï�ð�ó�Ò Æ0Á:Ó Ô Ä0Æ0Ã/Ì8Ù#Â0ólÚ������ ¿

» Ú�òd½aO�¿ ^8Â�Ç?Ì�Õ4Î6Â�Ï Ì$ø+¿8î`Ê õ�Æ0Ô È�ÂkÂ�Ç�Èlî�¿(e�¿$À6Á:Ï�È+Æ0Á/Ì2Í7Ò+ï+õ�õ�Â�Á>ó�Î.Â�Ä¡Å+Æ�L
îbÃ:Ä0Â�Ê Â�ÿ+Ê Æ�ØFÔ È+Æ/úCÂ�Á:Æ0ÂkØ6Æ0ÿ#Ä0Â�Ä�Å�Æ�Ã:Å+Â�Á:Ô Ç+ð�Ð�Á:Ï�Ñ7Ï�Ä0Ï�Ê Ý Ì�;�Æ0Ä¡Å+Ç�Ô Ä0Â�Ê
ÜFÆ0Ð$Ï�Á:Ñ�¼���ù�¼�Ì8þ�Æ0Ð+Â�Á>Ñ7õ�Æ0Ç^ÑFÏdÖ2Î6Ï�õ�Ð+ï+Ñ7Æ0ÁaÒ+Ä0Ô Æ0Ç�Ä0Æ�ÌIg`Ç�Ô Ó^Æ0Á:Ã:Ô Ñ�ó�Ï�Ö
É�Ô Ã:Ä0Ï�Ç�Ã:Ô Ç_q�Ù#Â�È�Ô Ã7Ï�Ç?Ì,^�Æ0ÿ1¼dñ�ñ�û^¿

» Ú�ûd½ ���������� � "!�!�!$#.!�*"�����"4�-�+�#��"4�7
» Ú�ñd½�×`ô>Òz;`Ì(^�ô�Õ6ÒlÕ�g`À�¼dû���ú>¼�LfÍ7Ò+Æ0Ä0ï+Á:Æ	KFÂ�Ã:Å�Ò�Ñ�Â�Ç�È+Â�Á:È+Ý Ì

���������� � "!�!�!$#&�0��'(#��I��10�$#W7��"�� "���0�21m��-��I1� "���m�z�"�������,#�����+�' Ì�î`Ð+Á:Ô Ê�¼dñ�ñ�J
» ����½�×�e$Ô Ð�OTÔ ÿ$Ì(;.Å+Æk¿ × 8 ;�e$Ô Ð<OTÔ ÿ+Á:Â�Á>ó

���������� � "!�!�!$#&��%�1m��*�4��2%�����3(#���3"�� ��0��30�2���0-�4�%�3� "�����0�����m�� 
» �^¼0½�ô�Ç^Ñ7Æ0Á:Ç�Æ/Ñaþ�Á:Â�Ö
Ñ/Ì2Í�;.Å�Æ�ü`Î6þ�Ô � ¾�Æ0Ç�Æ0Á:Ô Ä�þ�Ô � Æ0Á:Æ0Ç+Ä0Ô Ç+ðfÂ�Ç+È

Î.Ï�õ�Ð�Á:Æ0Ã:Ã:Ô Ï�Ç#þ�ÂdÑ7Âa^�Ï�Á:õ�Â�Ñ7Ý�Ì
Å^Ñ7Ñ7Ð(L d�d ØaØ.Ø�¿ Ô Æ/Ñ:Ö�¿ Ï�Á:ð d Ô Ç^Ñ7Æ0Á:Ç�Æ/Ñ:úCÈ�Á:Â�Ö
Ñ7Ã d È+Á:Â�Ö
Ñ:úPË�Ï�Á:Ç+úwÓ^Ä0È+Ô � ú��^ù^¿ Ñ 9 Ñ/Ì
×`Ï0Ó^Æ0õfÿ8Æ0ÁFÚ���� ¼

» ��Úd½�ø2OTÔ ÿ+þ�Ô � Ì8ø^Â0ÓdÂ�þ�Ô � O�Ô ÿ�Á:Â�Á>ó
���������� � �1��0-�42%�3"���"4�7�3(#���3��� 0��4�����3�%0��1� ���'��m�����0���� 

» ���d½�ø+¿$Î6Â�Á>Ñ�ØaÁ7Ô ð�Å^Ñ/Ì.Í7¾�Õ2Ü`ÒZOTÔ Ç+ËlÎ6Å+Â�Á:Â�Ä/Ñ7Æ0Á:Ô i0Â�Ñ7Ô Ï�Ç�Ý�Ì
���������� � "!�!�!$#&%�'(#)%�*"+�#�*�%,#.-�/� 0-21�3"4�1� "42%�5�6�6� �'��m��/�%0��*"4$#�����+�'

» �dý�½�Í7îFÇ#ô�Ç^Ñ7Á:Ï�È�ï+Ä/Ñ7Ô Ï�Ç�Ñ�ÏkÑ7Å+Æ�ü5Ï�È�ÂdÖCÏ�Ç�Æ�¾�Õ2ÜFÒ 8 Ç^Ó Ô Á:Ï�Ç+õ�Æ0Ç^Ñ.Â�Ç+È
Ò+ï+Ð�Ð8Ï�Á>Ñ7Æ0ÈlÒ Æ0Á>Ó Ô Ä0Æ0Ã:Ý Ì�ô�Ã:Ã:ï�Æk¼�¿ ¼ d ¼{Ú���� Ì$þ�Æ0Ä0Æ0õfÿ$Æ0Á6Ú�������Ì$ü5Ï�È�ÂdÖCÏ�Ç�Æ
OTÑ7È$¿ Ì$Ú������ ¿

» ��Jd½a^�Ô Á7Ã>Ñ7Å+Ï�Ð�¾�Õ2Ü`Ò�î`Ä0Ä0Æ0Ê Æ0Á:Â�Ñ7Ï�Á¡Ì ���������) � "!�!�!�#.���04�1"�����0��#&%��0+� 
» ��ùd½ ��%m���"-�+��������������) � "!�!�!�#.��%m����-�+���#���4�7�� Ì

�2%m����4�*�%�3��W���������� � �!�!�!$#.�2%m����4�*�%�3(#��"4�7�� Ì
����%m���,�����������) � "!�!�!�#)%�'(#)%�*0+�#�*�%(#�-�/� "��3�1�3�*"42%m�� ��"�� � 0��3"����1� 0��3���¡� ��


