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RTO new

FH

MH

Initail Window = 8 packets.

Reconnection

Case 1: 
State :

Disconnection

: Action 
    Send window open at disconnection event.

Start sending new packets at reconnection and 
set new rtx timer.

q/�����~>%8 �~� ���

MH

FH

RTO old
RTO new

Disconnection

Initial Window = 8 packets.

Case 2:
State: Send window closed and waiting for acks at disconnection event.
Action: retransmiiting the last unacked packet with ssthresh set to 

Connection

             window reached till disconnection at reconnection.

q/�����~>%8 �~� ( �

 

MH

FH

Case 3:
State: send window was closed and waiting for acks at
          disconnection event.
Action: lost packet retransmitted without invoking congestion  

             control mechanism as a disconnection event has occurred 
             during wait period of the ack.

RTO old

Initail Window = 8 packets.

RTO new

Disconnection Connection

q/�����~>%8 �~� o �

� �



� ��� 
 �"(`����$ � � $'�!� �!	 �S�����

6�;~8��H���H?H>'��C%;X� ��� FX>%8��%8��QCB8�� ��� �AN ��')&��<#���1 =>+)&2#����q?H> 5vu CB? qwu-�X�wC%��CB>'�H�j�B�x8G> �H�X� ��� �jN ��')&2��#���1
=H+)&0#��4�q?H> qwu�CB?c5yu �X�wC%��CB>}�H�X�B�q8G>��

�����	��
 ��
���
�����
���������� ����!#" $&%'��!)(�%

6�;~8��H:DC%��?��j� C%���H8��7�1J�?�6 � <h� � �A�w>'��?��X� �%:D8��X�w>'��?����w>%84�~8��':D>'��� 8��
�
� � ���%:D?��j�~8�:DC%��?��o8��H8��{C �

�
� �!C%;X8U5vu � � CB>'�H�X�%��� �%�%��?�� �f�H� ���{CB8G>%>'�XFXCB8��S�H�X�S��C%���B8��X�X� �~� �
���X�X? � �f�H��?HF 8�� �]:G�H�B8
���/�B8G8lmj�~� �~� ��� �/C%;~8c5vu.�~?18��4�~?HC �K�H��C �x?H> �H: ���~? �!��8��~�H8���8��{C%� ?H�KF`�H: �H8GC%���B8��{C4� 8G�q?H>%8
�X� �%:D?��X�~8�:DC%��?�� �1C%;X8G>%�x?H>'84:G�H�X:D8���� C%;X8�>%8GCB>'�H�X�'�����%�%��?��zC%� ��8G> �]E/6+*^�}�

�
� �X5yu � �/�B8��X�X���X� �
���X�~? �����9:G��?��B8�� �H�X� ��C �K�H� �f�H��C%���~�
�x?H>/�H: ���~? �!��8��~�H8���8��{C%�sCB?��w>%>}� �H8-�H��C
�~?18����X?HC�:G�H�X:D8��XC%;X8
>%8GCB>'�H�j�%�����%�'��?�� C%����8G>��g?�6 � < �H�%�%�j��8���C%;X�wC C%;~8
�H: ���~? �
��8��~�H8���8��{C%�
������;QC�;X� �H8�� 8G8��o��?��BC��X�X>'���~� C%;~8��X���%:D?��j�~8�:DC%��?���8��H8��{C
�H�X�o� 8�;X� �H8����H:G:D?H>'�X���X����J ?��oC%;X8
?�:G:G�~>%8��X:D84?H�s�H�=Es6 � 8��H8��QCG�

� E/6 � 8��H8��{C �

�
����5vu �����X���':D?��X�~8�:DCB8��S�q>%?�� C%;~87�~8GC � ?H> �
�]:G�H�B8 (*���B8G8vmX�~� �~� (L� � ?�6 � < ���j:D>%8��H�B8���C%;X8
�%�%C%;~>%8��%;�CB?�C%;X8 �
���X�X? � �%� �G8�>'8��H:';~8��7�)8G�q?H>%8��X� �%:D?��X�~8�:DC%��?��o�H�j�Z�B8GC%��C%;X8�:��
�X�oCB?�?��X8H�

�
���K5yu���� :D?��X�~8�:DCB8�� CB?oC%;X8��X8GC �K?H> �R�]:G�H�%8lo*� �B8G8PmX�~���~� oL� � >'8GCB>'�H�X�%����C%�!C%;X8���?��BC Fj�H: �H8GC
�
��C%;~?��~C ��?1�j���xJ����~�zC%;~8��%�BC%;~>'8��%; �H�X� :��
�X� Fj�w>'�H��8GCB8G>'�G� 6
;X������� �~?��~8 �
;~8�� �o�X���':D?�� �
�~8�:DC%��?��o;X�H� ?�:G:G�~>%>%8�� �
;j����8��K�H��C%� �~���x?H>��H: �1�~? �
��8��~�H8���8��QC!CB?�:D?���8H� ��C%;X8G> �
���B8 �~?H>'� �H�
6 � <S�H:DC%��?��X�!�w>%8�C%���H8��
�

� � ?��j�~8�:DC%��?��o8��H8��{C �

�
��� �B8��X�&�
���j�~? � ����?HF 8�� � 5vu �B8��j�X���~8�� �X�wC%�Z�H� F 8G>'����CBCB8��=�1JUC%;~8�?HF)8��&�!���X�~? � �H�j�
�B8GC%�=�S�~8�� >'8GCB>'�H�X�%��� �%�%��?���C%����8G>O� ?!�7�H: ���~? �
��8��~�H8���8��{C%�U�w>'8 :G�X� �X���wC%� �H8-� C%;~8 �X8��
�H: �1�~? �
��8��~�H8���8��QC �
����� �H: ���~? �
��8��~�H8 C%;~8��X�wC%���B8��{C�� 8G�q?H>%8��X���%:D?��j�~8�:DC%��?��
�

�
���s�B8��X�)�!���X�~? � ��� :G��?��B8��

, � �!E/6 � 8��H8��{C ;X�H��;j�wFXF 8��~8�� �
;X����8o5vu �f�H� �X� �%:G�X�~8�:DCB8�� �t?�6 � < �%C%�w>%C%���B8��X�j���~�
�~8�� �X�wC%�7�H�X�[]{�j��: ����J7>'8��H:';~8�� C%;~8 Fj>%8��1��?��X� �
���X�X? � �%� �G8��%���X:D8 �'�BC%;~>%8��%; �����B8GC�CB?
C%;~8 8��w>'� ��8G>f�q�X� � �
� �X�~? � �w�H���~8H�"6�;X8 ��? � �w�H���~8�?H�s:��
�j�h�]� � 8H� ���K�wC >'8�:D?��X�~8�:DC%��?��)�!�����
>%8��j�X:D8�C%;~8�FX>'?H�j�w�j������C J�?H�/:D?��~�H8��BC%��?��=����C%;~84�X8GC �K?H> �`�

, 8����%8^?�6 � < �f�H��C%�
�x?H>
E/6 � 8��H8��QCG�

���



L !�� t
������������������������������������������������� ��� r1\�
��
| 8��X� � �H��� �w?
FjFj����:G�wC%��?������OJH8G>!�~8�� � �H8G>%8����X�wC%��CB? 6 � < �q?H>�CB>'�H�j�%�����%�'��?��
�
?�: ��E � ��6 � < ;X�H� >%8�:D8�� �H8��=�H: ���~? �!��8��~�H8���8��{C
�q>%?��.F 8G8G>�6 � < ����JH8G>��wC�?HC%;~8G>!8��X�
�
E/6 � �XE
8GCB>'�H�X�%��� �%�%��?���6�����8G>��wC!5yu ;X�H��8��1Fj��>%8��
�
� ���%:D?��X�X8�:DC%��?�� � ��? � 8G>�����JH8G>�;X�H� ��� �H8��=�X���%:D?��j�~8�:DC%��?��o�%�����j�H� CB? 6 � < ����JH8G>��
� ?��X�X8�:DC%��?�� � ��? � 8G>�����JH8G>�;X�H� ��� �H8��7:D?��X�~8�:DC%��?��=�%�����X�H� CB? 6 � <h���OJH8G>��
� �wC%�HE
:���� � � �wC%� Fj�H: �H8GC!>%8�:D8�� �H8��Z�q>%?��.F 8G8G>�6 � <h���OJH8G>
?H�wqxu �
?�: � | 8��X� ��C%����8�CB? �B8��X�oF 8��X�j���~���H: ���~? �
��8��~�H8���8��{CG�

� NXWw[xN % d rQ�
�!8GC �K?H> � | C%�wC%�X� ��� C����H���{C%�H���X�
�BC%�wC%�X� ?H��:D?��X�~8�:DC%� �1��C J �!��C%;�C%;~84�~8GC � ?H> �`�
| C%�wC%�X�'E�8�:D?H>'�~8�� ��� C�>'8�:D?H>'�X� C%;~8 �BC%�wCB8�?H�"5yu 6 � <S�wC�C%;~8�C%� ��8�?H�����H�BC��X���':D?��X�~8�:DC%��?���8��H8��{CG�
� C �
� ���
� 8!5	$0.T4)��.�������5yu �!���X�~? � ���!?HF 8��=�H�j�=��C ;X�H� ��?H>%8��X�wC%�zCB?o�B8��X�=?H>eVX+���#<��.�������5vu ;X�H�
�
���j�~? � :G��?��B8��=�H�X� �f�H��C%���~���q?H>
�H: ���~? �
��8��~�H8���8��{C
?H> �<4>Nn$G�
� ���%:D?��X�X8�:DC%��?�� � :G:G�~>'>%8�� �7� Cz� � �X�B87CB?�>%8�:D?H>}�SC%;X�wC�� �X� �%:D?��X�~8�:DC%��?��S8��H8��QCo;X�H� ?1:G:G�~>'>%8�� �
;X8��
�f�H��C%���~���q?H>��H: ���~? �
��8��~�H8���8��{C!�w�qCB8G>
�B8��X�X� �~��Fj�H: �H8GC%�
�x>%?�� FX>%8��B8��{C �
���X�X? ���/� C��X�B8��o�wC C%;~8�C%����8
?H�
E/6 ��8��H8��{C�CB? :};~8�: � �!;~8GC%;~8G> 5vu��H?HC �X���':D?��X�~8�:DCB8�� �!;X����8f�H: ���~? �!��8��~�H8���8��{C%� � 8G>%8!����CB>'�H�X�'��CG�
E/6 ��?�:G:G�~>%>%8�� �!6�;X� ��� ���j�B8�� CB?o>%8�:D?H>'� C%;~8�?�:G:G�~>%>'8��X:D8�?H�K��E/6 � 8��H8��{C �
;~8�� 5vu �f�H���X���':D?�� �
�~8�:DCB8��
�
� �~Fj��� :G�wCB8	?!����? �K8�� � 6�;j���4���4�X�B8���CB?=:';X8�: � C%;j�wC ��� �X�~F`����:G�wCB8��H: ���~? �
��8��~����8��{C%��:G�H���)8z�B8��X� ?H>
�~?HCG�
� �"6�;X8��~8�����Jc��� �H8��oCB?z���H�BC
�H: �1�~? �
��8��~�H8���8��QC �
;~8��o�X�wC%��CB>}�H�X�B�q8G>�?1:G:G�X>'� �q>%?�� qwu CB?z5yu �
?�: ��<98��j�X���~� �"6�;j��� ��� 6�E � � ���s�H�QJo�H: �1�~? �
��8��~�H8���8��QC����fF 8��X�X���~� �q?H>�CB>'�H�X�%� ���%�%��?����
� �H�%C | 8��QC;?�: � ��>'8�:D?H>'�oC%;~84�%8	]{�~8��j:D84�~?�?H�/���H�BC
�B8��{C
�H: �1�~? �
��8��~�H8���8��QCG�
<s8��X�X���X�L?!: � | 8	] ��>%8�:D?H>'�ZC%;~84�B8	]1�~8��X:D84�X?�CB?�� 8��H: ���~? �
��8��~�H8H�
�B>%CBC �"6
;X��� ���fC%;~8 �%��?1?HC%;o>%?��X�X��CB>}��FoC%����8��wC
��?H�j����8�;~?��BCG�

y�\9[_
 [qN d [���N>
A[ b \
�!8GC �K?H> � | C%�wC%�X��� :D?��X�~8�:DCB8��
| C%�wC%�X�'E�8�:D?H>'�~8���� ���X��8
� ���%:D?��X�X8�:DC%��?�� � :G:G�~>'>%8��	� qH? � |��
E/6 ��?�:G:G�~>%>%8��	� qQ? � |~�
� �~Fj��� :G�wCB8	?!����? �K8��	� 6�E � �
�	� (�,-,H���
?�: ��<98��j�X���~�
� qH? � |��

�"
ON>
AT%����

[ u�Fj�H: �H8GC%�!� �o�B8��X�o�j�>\)8G> � �%8��X�)�
���j�~? � ��� ?HF 8�� 
 _9r�\
>%8GC%�~>}�Z�B8��X�X� �~���

r�\ p�[ u
[ u4�B8��j� �
���X�~? � ����:G��?��%8�� � �f�H��C%���~���q?H>!�H: ���~? �
��8��~�H8���8��{C%� 
 _ r�\
>%8GC%�~>}�)�K�H��C%���~���

r�\ p�[ u
>%8GC%�~>}�o���X��8������ :D?��X�X8�:DC%��?��7��� � �X��8����

Y r�\9p"� N dqd ��


� �



	 [�� ��b \s\9r � 
A[ b \ ��

�!8GC �K?H> � | C%�wC%�X��� � � �%:D?��X�~8�:DCB8�� �
| C%�wC%�X�'E�8�:D?H>'�~8���� | C%�wC%�X��� � �
[ u ���������
	���
���������
�� � ��� ����
 
 _9r1\
�~? �H:DC%��?�� �

r�\ p�[ u
[ u ���������
	���
���������
�� � � ��
������ �
! 
A_ r�\
� �H�X:D8���C%;~84E�8GCB>}�H�X�%�����'�%��?���6�����8G>��]E/6+*^� �
| CB?HF | 8��X�X���X�
�
E�8�:D?H>}�7�B8	]1�~8��X:D8H���X?~�"?H�s� �H�BC
�B8��X��F`�H: �H8GC��

r�\ p�[ u
[ u ���������
	���
���������
�� � �#" ��� �$� �
! 
A_ r�\
E/6 ��?�:G:G�~>%>%8���� qH? � |�� �
� ���%:D?��X�X8�:DC%��?�� � :G:G�~>'>%8�� � 6�E � � �

r�\ p�[ u
a ! �	��

[ u&% 
��$'(���*)+�������$�,	 � �.- �/�0�1
�����
�� 
 _9r1\

[ u32 ��	/�4�/�0�1
������5���76������8���*
�� � �:9 �<;>= 
A_ r�\
� ���%:D?��j�~8�:DC%��?�� � :G:G�X>%>%8�� � qH? � |�� �
>%8GCB>}�H�X�%����C�� �H�BC��B8��{C�Fj�H: �H8GC �

r d �Or
�~?H>}���H��6 � <S�)8�;j�"����?��~> �

r�\ p [ u
r d �Or
�%�BC%;X>%8��%; � � � �
���'�BC%;~>%8��%; ��:��!�X� �~>%8�:D8�� �H8G>O���H���H8G>%C%���%8��)�
���X�X? �j� �
:��
�X��� � �
�~? :};X�H�~�H84� �oEs6 � �A�H� �~8 �
E/6 ��?�:G:G�~>%>%8���� 6�E � � � ���4>%8�:D?H>}�oC%;X��� 8��H8��{C
CB? �)8�:};~8�: �H8�� �wC�>%8�:D?��j�~8�:DC%��?�� ���

r�\ p�[ u
� b \s\9r � 
A[ b \ ��

�!8GC �K?H> � | C%�wC%�X��� � ?��X�~8�:DCB8�� �
[ u ���������
	���
���������
�� � � �5����
 
 _9r1\
�~?H>'� �H��6 � <SIK8�;X� �1��?��~> �

r�\ p�[ u
[ u ���������
	���
���������
�� � � 	/
?���*� �
! 
 _ r�\
E�8��'�X��84�B8��j�X���~� C%;~8�Fj�H: �H8GC
�q>%?�� ���H�%C��B8��QC
Fj�H: �H8GC�?����f�w>'�X� �
| 8GC
E/6+* C%����8G> �

r�\ p�[ u
[ u ���������
	���
���������
�� � � '(��� ���5�
! 
 _9r�\

[ u � 9 6@�A�4�B�8�A��
�� � ��9 �<;>= 
 _ r�\
E
8GCB>'�H�X�%����C����H�BC��B8��{C�Fj�H: �H8GC �
E/6 ��?�:G:G�~>%>'8�� � qH? � |�� �

� �



	 N>
ON a-� � p ��

��� ��8GC��%8	]{�~8��j:D84�~?~��CB?z�H: �1�X? �
��8��X�H84�H��F 8G>�6 � < E�8��~?��H���H?H>'��C%;X� � � | ���
[ u % � � ��)�� 
?���*� �
! 
 _9r1\

[ u ����� � 	?� ��
?�0� � ��) 
 _9r1\
��� �H8G8GFj���~�����H�%C (��{J1CB8��
�j�X�H: ���~? �!��8��~�H8�� ���
�B8��j�Z�H: ���~? �!��8��~�H8���8��{C �
��C%;o�B8	]{�X8��X:D84�~? | � ( �
�9�H�BC | 8��{C;?!: � � | � (��
<s8��X�X� �~�L?!: � | 8	] � | �
�B8GC
C%����8G>�CB? � ���H?-�H8�?�: � | 8��X��� �f:G�H�����w�qCB8G>!�Z� � �
?�: ��<s8��X�X���~��� 6�E � � �

r d �Or

[ u<2 �	�8� �5�4��� � � � ��'>
�� 
 _9r�\
�%8��X�Z�H: ���~? �
��8��~�H8���8��{C �!��C%; | �B8	]1�~8��X:D84�X?~� �

r d ��r
>'8GC%�~>'� ����� �'�~FXFX>%8��'�%���~� � �~F��,?�: ���
�w�qCB8G>!�B8��X�j���~� ��rh? � qxrh? ���

r�\ p [ u
r�\ p [ u

r d �Or

[ u � 
����*�5�
! � ��)+��
�

� � 
A_ r�\
�B8��j�Z�H: ���~? �!��8��~�H8���8��{C �
��C%;o�B8	]{�X8��X:D84�~? | � ( �
�9�H�BC | 8��{C;?!: � � | � (��
<s8��X�X� �~�L?!: � | 8	] � | �
>%8��%8GC�C%����8G>�CB?z�����H?-�H8 ?!: � | 8��j�%� �f:G�H�����w�qCB8G>!�7��� �
?�: ��<s8��X�X���~��� 6�E � � �

r d �Or
��� | � ���X�~Fj��� :G�wCB8��H: �1�X? �
��8��X�H8���8��QC � �B?Z�B8��X�X� �~� ( � �XF��,?!: �1�4�H� � ?��j��� � 8��%8��X� �{J 6 � < �
E
8��~? ���
�B8��j�oC �K?z�H: �1�~? �
��8��~�H8���8��QC �
��C%;o�B8	]`���~?~� | �
?�: ��<s8��X�X���~��� qH? � |�� �
:G�H�X:D8�� C%����8G>
�j�B8����x?H>���� �H?1:G�wC%��?��Z?H�x?�: � | 8��X�%� � :G�H��� �

r�\ p [ u
r�\ p�[ u

L � �sY
r1\9p ��

[ u&% 
��$'(���*)+�������$�,	 � � �4���0�1
?��� 
?� 
 _ r�\
| 8��X�7�H: ���~? �
��8��~�H8���8��{C �
��C%;o�%8	]j� �~?~� � <s8��X�X���~�L?�: � | 8	] �
� �H�%C | 8��QC;?�: � � <s8��X�X���~�L?�: � | 8	] �
?�: ��<98��j�X���~� � qQ? � |~� �

r d �Or
>%8GC%�~>}� �

r�\ p�[ u
	 [�� ��b \s\9r � 
A[ b \ ��


(�,



�����	� � ��
���
�����
���������� ����!#" (�%'� ! $&%

� � �wC%�HE
:���� �y?�6 � < �H: ���~? �
��8��~�H8��z�H���KC%;~8o�{J1CB8���>%8�:D8�� �H8��S�B? �]�w>�8���:D8GFXC C%;~8o���H�BC�C �K? �1J{CB8��
�X�X>'���~� �H:DC%� �H8!�j�wC%��CB>'�H�X�%�x8G>"�q>%?�� qwu�CB? 5vu �Q6�;~8��H: �1�~? �
��8��~�H8���8��QCK�x?H>�C%;~8��B8
C � ? �{J1CB8�� �!�����
� 8 �X8�����JH8��U�wC���?��BC!�1J 4 ���B8�:��
�B?zC%;X�wCjqwu �X?{8����~?HC ;X�"�H8 CB? �f�H��C �X�{C%������C!C%����8��!?��~CG�!6�;j���
�H:DC%��?�� ?H�
�X8�����J����~�=C%;~8c�H: �1�X? �
��8��X�H8���8��QC��q?H>�C%;~8����H�BC4C � ? �1J1CB8�� � �X:D>%8��H�B8�� C%;~8cFX>%?H�j�w�`������C J
C%;X�wC!���o:G�H�B8�?H�����X� �%:D?��X�~8�:DC%��?���8��H8��{C��T?�6 � <h;X�H��C%;~84���H�BC C � ?z�{J1CB8��
�j�X�H: ���~? �!��8��~�H8��
�

� � ���%:D?��j�~8�:DC%��?�� ���!F
�X�wCB84�~8GC � ?H> �o:D?��X�X8�:DC%� �1��C J��BC%�wC%�X�G�
� � ?��j�~8�:DC%��?�� �O?fC >%8�:D?��X�X8�:DC%��?�� �
?�6 � <2�X�B8���C%;~8��%8 C � ?o�X�X�H: �1�X? �
��8��X�H8��=�1J1CB8��!CB?o�B8��j� ��rh?
� �G8G>%?&�
� �X�~? ���H���H8G>%C%���%8���8��QC�� �H�X� qxrU? �q�q�X� � �
���j�~? ���H���H8G>%C%���B8���8��QC�� �H: ���~? �
��8��~�H8���8��{C%�G�
@%�H$ � �zVg��N_N/=T&('	7�$0585!#��H$05"$!+�70MS.�')V*Nn$84	��$"1l$0./#�5l+�5�#��H$0Y��Q+ �)$!+��������H$0&e5	$ �"G/$".T7�$P.9GH1! �$0& � (�o��
C%;X�H�c�H���)�H: ���~? �!��8��~�H8���8��{C%� �B8G8����B? �q�w>���6�;X8 mX>'�%C �H: ���~? �
��8��~�H8���8��{C �����
��C%; � �)8G>%?er2���X�~? �
?����H8G>%C%���%8���8��QCp����rh?A���H�X�zC%;~8 �B8�:D?��X� �
��C%;z� qX�j���9r2���X�~? ��?����H8G>%C%� �B8���8��{CA�<qxrh?A��CB?�?HF 8��
C%;~8 �!���X�~? ����6�;~8 ��rh?�:G�H�X�B8���C%;~8^qwu�CB? �H�'�%�X��8 C%;X�wC��H��� C%;X8��X�X�H: ���~? �
��8��~�H8���Fj�H: �H8GC%�!�w>'8
�~>'?HFXF 8��o�{JoC%;X8 5vu �H����C �
�����
�X?HC�;X� �H8 �%Fj�H:D8 ���=��C%�!�j�H\ 8G>�� 6�;~8G>%8G�q?H>%8-�Tqwu �q>%8G8��G8�� �B8��X�j���~�
C%;~8��X�wC%�U�H�X� �H���B?U�x>%8G8��G8�� C%;~8c>%8GCB>'�H�j�%�����%�'��?�� C%����8G> � (�o�� � r2;~8����vqwu.>'8�:D8�� �H8���� �:rU? �s��C%�
�B8��j�X���~� �!���X�~? � �
��� �"�%;~>'� ���=�q>%?�� C%;~8 >}����;QC �H���%;~? �!�����[q/���~���~���~�h?���C%;~?��~��;��7>%8�:D8�� �H8G>�� �
�X� �%:D?��~>'�w�H8����q>%?�� �%�X:};��H���H:DC%��?����%���j:D8KC%;X8f�j�%�w�j��8 �
���j�~? ��� ( ���X� 8�:D?���8����~8G���wC%� �H8-�{C%;~8��B8��X�X8G>
� �X�BC >%8�:D? �H8G> �x>%?�� C%;X��� � (�o�� �K6�;~8^qxrU? :G�H�X�%8�� qwu CB? >%8��%�j��8��B8��X�X� �~� C%;X84�X�X�H: �1�~? �
��8��~�H8��
�X�wC%�7�H�^qxrU?-?HF 8��X���~F C%;X8 �B8��X�~8G> � � �
���X�~? ����6�;X�����H:DC%��?�� 8��X�%�~>'8���C%;X�wC�qwu �
�����/�~?HC�C%���H8
:D?��~�H8��%C%��?��7:D?��{CB>%?����H:DC%��?�� �
;~8���Fj�H: �H8GC%�!�w>'8���?��BC �
;X� ��8 5vu �K�H�
�X���%:D?��X�X8�:DCB8��
�"6�;1�X�*?�6 � <
:G�H�X�%8��jqwu CB?c>'8GCB>'�H�X�%����C
C%;~8 Fj�H: �H8GC%�4��?��BC �X�~>'���X� �X���%:D?��j�~8�:DC%��?�� �!��C%;~?��~C �H�QJ=�����H?-�w�wC%��?��U?H�
:D?��~�H8��%C%��?��7:D?��{CB>%?�� ��8�:';X�H�X� �%���G�

� � �~F/?�� �
� �
6�;X���!8��H8��{C4�H����? � ?�6 � < CB?o�B8��X� �X�XFj����:G�wCB8 �H: ���~? �
��8��~�H8���8��{CG��69>'�H�X�'�����%�%��?��Z?H�
�X�XFj����:G�wCB8"�H: �1�~? �
���~�H8���8��QC/��� �j���%�w�j��8����w�qCB8G>/>%8�:D?��X�~8�:DC%��?����q?H>s�
C%����8"F 8G>'��?���?H��?��~8KEs6
6�� 6�;j���
���
�~?��~8 �
��C%;7:D?��X�%���~8G>}���~� C%;~84:G�H�B8 �
;~8�� qwu ������;{C�;X�"�H8 �B8��{C!�X�wC%��F`�H: �H8GC%��� 8G�x?H>%8�>'8�:D8�� �1� �~�
C%;~8 �:rU? �H�X� qxrh? �H: ���~? �
��8��~�H8���8��{C%�G� 6�;X8��B8oFj�H: �H8GC%�c���OJ�:G�H�j�B8ZC%;~8=5vu CB? �H8��~8G>'�wCB8
�X�XFj����:G�wCB8��H: �1�~? �
��8��~�H8���8��QC%� ���X�%CB8��H�Z?H�"�~>%?HFjFj���~��C%;~8��B8 Fj�H: �H8GC%� �H�!C%;~8��B8 Fj�H: �H8GC��
����� � 8�>'8��
CB>'�H�j�%����CBCB8��4�{J^qwu �w�qCB8G>9>%8�:G��8����~� qxrh?4�A6�;~8 �j�~Fj����:G�wCB8"�H: �1�X? �
��8��X�H8���8��QC%�/�%�X�j�B8	]1�~8��QC%��J � ��J
:G�H�X�%84C%;~8eqxu CB?��X�X�X8�:D8��%�%�w>'����Jz8��{CB8G>!C%;X84�]�H�BC
>%8�:D? �H8G>%J7F`;X�H�B8-�j>'8��X�X:G���~����C%�
:D?��~�H8��BC%��?�� �
� � �
�~? ����6�;~8G>%8G�q?H>%8-� �w�qCB8G>4�B8��j�X���~��C%;~8 ��rh?��H�X� qxrU?��H: ���~? �!��8��~�H8���8��{C%���w?�6 � <��'�~FXFX>%8��'�B8��
�X�XFj����:G�wCB8��H: ���~? �
��8��~�H8���8��{C%�!�x?H>�?��X8�>%?��X�X��CB>}��FoC%����8H�

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

q~?H> 5vu�CB?yqwu �X�wC%�ZCB>'�H�X�B�q8G>"�%?�6 � <������~8��'�����~8�� CB?o� 8�;X�"�H8z��� �H8��~8�� :D?��X�X8�:DC%��?�� �w�qCB8G> ��?��~�o�X� � �
:D?��X�~8�:DC%��?��h�]� � 8H�{?��~8!E/6 �^� �1�H��C%;X8!:';j�w>'�H:DCB8G>'���BC%� :G��?H�
C%;~8�:D?��X�~8�:DC%��?��c���OJ�;X�"�H8 :';X�H�X�H8��z�X�X8�CB? C%;X8

( �



Sent but
unacknowledged

Acknowledged Usable Window

Sender Window

FH’s sending window space before ZWA received.

Acknowledged

Negative Usable Window

FH’s sending window space after ZWA received.
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c capacity

 FH BS MH

d msec delay
c capacity

d msec delay

For Simulating WLAN c = 2 Mbps 
d = 15 msec 

d = 150 msec 
c = 100 Kbps For Simulating WWAN
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 Long disconnection 

Frequent Disconnections 

Window

Window

TCP in long disconnection condition. 

TCP in frequent disconnections condition.

Retransmitted packets arrival

Retransmitted packets arrival
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