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e!fhg	i�jck=l m�n	opjrqts\u�j#v9opw\opvxg	i�j	o
y�zx{}|pj~vU�9��yR�^m+�!���

m9qt�h�I{�zpv���j�zpj	��fhj#zx��fhj������hk�k	�El ��n~��zp��j#z9�t����kUl ���6��qt�tj	o

�3���#�r�}�h�t�O  e!f���oc��qt�Ij	z¡�hj	qt¢�o6£��¤v¥f§¦�qt����£�����vxf¨i�qt��q©��j	i�j	�Ov¡{tª9v¥f�j�s��hopvxzxjrq©i
��f�qt�h�hj#¢«{tª¬q6���e+®1�hj#v¯£°{�zp±I²^e!fhj=s��hopvxzxjrq©i³��f�q©�h�hj	¢«¦�qt�h��£��´��v¥fµi6shopv�¦GjUox�h¢´�´vp¶
v¥j	�·¦Gj~v¯£�j#j	�Wz¥qt���h{�i qt�	�#j	opo�qt�h�¸zpj	opj	zp�tj	�¹qt�#�	j	opo	²*e!f���oµop�h¢��¤vxvx���h�E��o�{�¦�v¥qt����j	�
����qQq]ªXzxqti��´�h�º��zx{tvx{��#{�¢»²]e!fh��o¼ªXzxqti����h�]iµqrwa¦Gjc½�j~u��h¢´���#�´vp¾¡�»²¿jt²À�hj~Á��hj	�§¦OwÂop�Gj:¶
�	�Ãq©¢°�#{��Ov¥zx{t¢�ox�´����qt¢´o¼{�z_½��´i��h¢´���#�´vp¾¼�»²¿jt²À��j#Á��hj#�§¦KwÄv¥fhjµzxj	opj	zÅ�tq}v¥��{t�"ox��fhj#i�j©²EÆÄj
�hj	op�	zx�´¦Gj����a�hj~v�qt�´¢�o_ªX{�shz_ªXz¥q©i��´�h��iµq©��qt��j#i�j#�Kv�op��fhj	i�j	o�{tª+v¥f�j�sh��opv¥zpjrqti4��f�q©��¶
�hj	¢A²MÆÄj9vxfhj	��opv¥s���w¡v¥fhj#oxj�ªXz¥qti������_iµqt�hqt��j	i�j	�OvRop��fhj	i�j	o^£��´v¥f�ox�´i���¢�j!qt�hqt¢´wKv¥�´�rqt¢
i�{\�hj	¢´o	²¿U� qtoÅw\i���vx{tv¥�´�_qr��j#z¥qt��j�qt�#�	j#oxo9�hj	¢�qÇw3qt��qt¢¤w\ox��o_ÈX£�fhj#�]v¥f�j_�hzx{��hqt�Oq©vx��{��3�´o
¢Ãqtzp��jÇÉS�´o_�hzx{Ç�\����j	��²cUo�q�zxj#oxsh¢¤v�{tª°{�shz�i�{\�hj#¢�o	ÊG£�j�oxfh{Ç£&v¥f�q©v��´i��h¢´���#�´v�ªXz¥qti������
{�s�v¥�Ij	zÅªX{�zxi�o!j~u��h¢´���#�´v+ªXzxqti��´�h�6op��fhj	i�j	o#²
Ë]ÌOÍ«ÎpÏ6Ð �}ÑM�t  �+qt¦h¢´j�e+®Ò�hj~v¯£�{tzx±ÄÈ»���e+®&�hj#v¯£°{�zp±�É:ÊGs��hopvxzxjrq©iÓ��f�qt�h�hj#¢»Ê-zxj#oxj#zÅ¶
�tq}v¥��{t��ox��fhj#i�j©Ê-ªXzxqti����h�hÊ\¦�qt����£�����vxf iµqt�hqt��j	i�j	�Ov	Êh�Gj#zpªX{�zpiµq©�h�	j_j~�tq©¢�s�q©vx��{��«Ê�qt�:¶
�	j	opoS��j	¢Ãqrwt²
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��� ����� �   ��jµ��qt����j	z�v¥zxqt�´vxj��hjµ¢Ãq ��j	oÅv¥��{t�Â�hj3¢�q]¦�qt���hjµ��q©oxo¥q©�Kvxj�oxshz�¢�j��rqt��q©¢
i�{��Ov¥qt�Ov����¿sh�3zpn	opjrqts����t¦h¢�nS�hjSvxn	¢´n#�\��op��{���²���q¼¦�qt�h��jU��qtopo¥qt�Ovxj=�hs3�	qt��qt¢Ii�{t�Kv¥qt�Ov
�h{��´v��#v¥zpjE��qtzpv¥qt��n#jÀj	�Ov¥zpjÄsh��ja�hqtzpvx��jQ�hn#�h��n#j��§¢�� q©�	�	g#o�qt¢�n	q©v¥{��´zxj]j#v�sh�hjE��qtzÅv¥�´j
�hn	�h�´n	j���¢�q�¢�� qt�#�	g#o�qr��j#�=zxn#oxj#zp�©q©v¥�´{���²R��jS��qtzÅv�qt��j9j	oÅv�{t¦�v¥j#�\sµ��qtz^sh�µ�hzp{tv¥{\�	{t¢�j��hj
½¯ªXz¥q©i��´�h�©¾Soxshz�¢´j��	qt��qt¢�i�{��Ov�q©�Kv	²+��jU½ ªXz¥qti����h�}¾U�Ij	s�v��~v¥zxj�j:u���¢����#�´vxj_{�s]�´i���¢����#�´vxjt²
 =qt�hoc¢�j#o¼v¥j#��fh�h�"!\s�j	o��hj�½¯ªXzxqti��´�h�©¾�j:u���¢����#�´vxj3¢�j3�hqtzpv¥qt��j��hj�¦�q©�h�hj ��qtopo¥qt�Ov¥j j#opv
�hn#Á����Z��qtzS�hj	o_op������q©s�uQ��fKw\op�#!Kshj	o��hj¡�#{��Ov¥z%$�¢�j¼qt¢�{�zpo�!Kshj¡��q©�ho_¢�j#oUv¥j#��fh�h�#!Kshj#o_�hj
½¯ªXz¥q©i��´�h�©¾��´i��h¢´���#�´v¥j��	j¡�hqtzpv¥qt��j6j#opv��hn#Áh�h�Z��qtz_¢´j6�hzp{tv¥�#{�¢�j6��j�zpn	opj	zp�©q©vx��{��«²'&9{�sho
�hn	�#zx�´�t{��ho�j	�a�hn~v�qt�´¢�!Ks�q©vxzxjcox��fhn#iµq©o���j��tj	opvx��{��À¢�q3¦�qt�h��j��hqtoxoxqt�Ov¥jcoxshz�¢´j¡�rqt��q©¢
i�{��Ov¥qt�Ovr²(&S{�shoµn#v¥s��h��{���oµj	��oxsh�¤v¥jQ�#j	o3op��fhn	i�qto�qr��j#�À�hj	oµi�{\�hg	¢´j	o�qt��qt¢¤wKv¥�#!Kshj#o
ox��i��h¢´j	o	²*)9�hj¼q©��qt¢´w\opj�q©opw\i���v¥{tvx�#!Kshj��hs]��n	¢Ãq©��o!i�{Ywtj	�]��� q©�	�	g#o¡ÈX¢�{�zpo+!Kshj�¢�j��hn#¢Ãqt�´o
�hj°��zx{���q©�Oq©v¥�´{���j	oÅvZ��zxqt�h�-É�j	oÅvZ�hzp{��I{�oxn#jt²���j#o�i�{���g	¢�j#o�i�{��Ovxzxj	�Ov�!Kshj�¢´jZ½ ªXz¥qti������©¾
��i��h¢��´�	�´vxjS��{��h�hj��hj�i�j	��¢´¢�j#shzxj#o+�Gj#zpªX{�zpiµq©�h�	j#o,!\s�j�¢´jS½¯ªXz¥q©i��´�h�©¾9j~u��h¢´���#�´v¥j©²
-(Ð �Y� Î �/. �   m9n#oxj	qts ���t¦�¢�n��hjºv¥n#¢�n~���´ox�´{��*ÈA���e+® �hj~v¯£�{�zp±�É~Ê9�rqt��q©¢Si�{��Ov�qt�Ov	Ê
½¯ªXz¥q©i��´�h�©¾�Ê\qt�#�	g#oS��q©z!zxn	opj	zÅ�tq}v¥��{t��Ê�n#�©qt¢´s�q©v¥�´{��3�hj��Ij	zÅªX{�zxi�qt�h�#jtÊ��hn#¢Ãqt�´o+��� qt�	�#g	o	²
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·���e+®·�hj#v¯£°{�zp±���fKw\op���rq©¢�¢´w=¢�{\{�±Ko¬¢´��±©j°q!v¥zpj	j^iµq©�hjR{tªh�#{Oq}u��Ãqt¢O�	qt¦h¢´j	oMqt�h�¼s�oxs�qt¢´¢´w
�	{Ç��j#zxoSqt�ºq©zxjrqc{tªMoxj~��j	zxqt¢¬¦h¢�{\��±Ko9{©ª�fh{tshoxj#o	²IH\{�i�j_fOw\¦hzp�����hj#v¯£°{�zx±KoUqtzxj�i�qt�hj_{tª
¦G{tvxf§�	{Oq}u���qt¢!qt�h�§Á�¦Ij	z¡�	qt¦h¢�j#o	²§e!fhj�j	�h�\¶¯shopj	zxo�qtzpj��	{��h��j	�#vxj	�·vx{Àv¥fhj j~u\vxj	zx�hqt¢
�h{���j	oR{tªIv¥fhj!v¥zpj	j©²�e!fhj����Ov¥j#zx��qt¢���{��hj#o^qtzxj9qti��h¢��¤Á�j	zpo�£�fh�´��f��#{��Gj!vx{�op�����hqt¢h�hj#�rqrw
�hshj=v¥{¼¦hz¥qt����fh���h��qt���KJ©{�z°�h��oÅv�qt�h�#jt²Re!fhj_¦�q©�h��£�����v¥f�{tª�v¥f�j=�rqt¦�¢�j=�´o+�h�´�\�´�hj	���´�Kvx{
v¯£�{��	¢�qtoxopj	oR{tªI{��hj!£�qÇw6��f�qt�h�hj#¢�oLCZsh�hoÅv¥zxj	qti.��f�q©�h�hj	¢´o^qt�h�c�h{Ç£��hopvxzxj	qti���f�qt�h��j	¢�o#²
e!fhj��h��oÅv¥zx�´¦hs�vx��{���opw\opvxj	iÓzxj#¢��´j	o+{���vxfhj_fhjrq©��¶¯j#�h��£�f�����f ��o!¢´{��	q©v¥j#� q©v+v¥f�j_zx{\{tv!{tª
v¥fhj_v¥zpj	j©²2H\j	j_Á���shzpjck�²
e!f�j��#{�i�i6sh�h�´�rq©vx��{��Äi�j#�h��shi {tªSqa���e+® �hj#v¯£°{�zp±Â�	{���ox��oÅv¥oc���"{t�hj���qt�´z¼{tª

��f�qt�h�hj#¢�oLC

M  ��{Y£���opv¥zpjrqti ��f�q©�h�hj	¢I£�fh����f�¦hzx{�qt�h�rq©opv�qt¢�¢�op������q©¢�o�ªXzx{�i�f�jrqt��¶ j	�h��v¥{�j	�h�
shoxj#zxoLN
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M U�Àsh��opv¥zpjrqti ��f�qt�h��j	¢�£�fh�´��fÀ�	{�¢´¢�j#�#v¥o=qt¢�¢�ox�´����qt¢´oSªXzp{�i j#�h�Àshopj	zxo=vx{�fhjrq©��¶
j	�h�«²

e!f�jµfhj	qt��¶¯j#�h�Âi�{��h�¤v¥{�zpo=v¥fhj�i6sh¢´vx���h¢´j¡qt�#�	j	opo¼v¥{�v¥fhj�sh�hoÅv¥zpjrqti4��f�qt���hj	¢A²�e¬{
v¥fh�´o�j#�h��ÊZ�¤v�ªXj#j	�h¦hqt��±Ko6v¥fhj�j	�h��¶ shoxj#zxo¼�\��q�v¥f�jµ�h{Ç£��hoÅv¥zxj	qti ��f�qt�h�hj#¢_ÈX{�z¼q�oxi�qt¢�¢
�G{�zÅv¥�´{��c{tª«�¤v:É:²�U¢´¢�j	�h�\¶¯shopj	zxo�qtzxj�oÅw�����fhzx{������	j#�3{���q��#{�i�i�{��¡vx��i�j!zxj#ªXj#zxj#�h�	jUqt�h�
¢�{\��±tj	�À{t�Evxfhj6oxqti�j¼zx{�sh���Evxzx�´�Q�hzx{t��qt�Oq©vx��{��]�hj	¢�qrw�� ÈXvxfhj¡oxshi {tª�v¥f�j¡���K¦G{tsh�h�
qt�h��{�s�v¥¦I{�sh���]�hzp{���qt��q©v¥�´{����hj	¢�qrw�o¥É~Êh�\�Ãq�Ê�ªX{�z�j~u�qti��h¢�j©Ê�v¥�´i�j_¦�s��«j#zxo#²°e¬{µq©��fh��j~��j
v¥fh�´o�opw\�h��fhzp{��h��oxq©v¥�´{��cjrqt��f�j	�h��shopj	zRi6shoÅv°±K�h{Ç£ �¤v¥o�zp{�sh�h�¡v¥zp���c�hzp{���qt�Oq}v¥��{t�¡�hj	¢�qÇw
v¥{6v¥f�j_fhjrqt�\¶¯j	����²Re!fh��o!�´o+�h{��hj=�\��q¡q6�hzx{\�	j#�hshzxj��	qt¢�¢´j	�3zxqt�h���´�h�¡�hzx{\�	j#�hshzpj=£�fh����f
��o��h{tv��´�Wvxfhjaox�	{t�GjE{tª�v¥fhjE��qt�Ij	z#² m�j#ªXj#zxj#�h�	j��¤k���j~u��h¢Ãq©���ho fh{Ç£ vxfh��o�zxqt�h���´�h�
�hzx{\�	j#�hshzxj�{��Ij	zxq©v¥j#o9qt�h���hzx{Ç�\���hj#o9q¡ªXs�zpv¥f�j	z�¦�qt��±K��zp{�sh�h��ªX{�z9���e+® �hj#v¯£°{�zx±Ko#²
�¯�]v¥fhj�ªX{�¢�¢´{Y£��´�h�¡£�j6qtoxopshi�j�v¥f�q}v=qt¢´¢�z¥qt�h�t���h���hzx{\�	j#�hshzpj	o_qtzpj���{��hj6q©�h�ºv¥fhq©v

qt¢�¢�j#�h��¶ shoxj#zxo9ox��i¼sh¢Ãq©vxj	o+vxfhj�o¥qti�j_�hzx{t��qt�Oq©vx��{�� �hj#¢Ãqrw�²�ÆÄj_£���¢�¢�qtoxopshi�j_vxf�q©v��&�´o
¢Ãqtzp��j=�	{ti���q©zxj	��vx{���q©��±tj#v9v¥zxqt�hopi��´oxox�´{��3v¥�´i�j©²
e!f�j���qt�Ij	z¼ªX{\�	shopj	o6{t�Âv¥z¥q©�hoxi���opox��{t� {tª9qtoÅw\�h��fhzx{t�h{�shoc��q©v¥q�² H�sh��fÂvxz¥q����3�´o

j~u��Gj#�#vxj	�Ävx{�¦Gj6vxfhjciµq©���Q��q©zpv_{tª+���e+® v¥zxq����tÊ�ox�´�h�	j����e+® �hj~v¯£�{tzx±Ko¼q©��i v¥{
�rqtzpzpwÂ�¯�Ovxj	zx��j#vcv¥zxq����t²  Us�j vx{Qv¥fhj ¢�qtzx��j��hzx{t��qt�Oq©vx��{�� �hj	¢�qÇwÂqa�IHh�]9¶��� q©��¶
�hzx{Oq©��fµqtoR�´���Zvxfhj	zp�hj#v°��o��h{©vR�G{�opox�´¦h¢�j©ÊOox�����	j��	{�¢´¢��´ox��{t�hoM£�fh�´��fµ�	qt�h�h{tvR¦Ij��hj#vxj	�~v¥j	�
qt�h��qt¦G{tzpv¥j#�µ�´��zpjrqt¢hvx��i�j�£��´¢�¢hop�������´Á��	qt�Ov¥¢´w¼zxj#�hsh�	j9v¥fhj9¦�qt����£�����vxfµj����#��j#�h�#wcv¥{�q
oxi�qt¢�¢�ªXzxqt�#vx��{��c{tªG��f�qt���hj	¢I�rqt�hqt�	�¤v¯w�È@sh��ox¢�{©vxv¥j#����¬���9 C�k�� ��É:²Ze!fhj#zxj#ªX{tzxjSqt�µq©��¶
�hzx{Oq©��f¼¢��´±tj^m�j	oxj#zp�©q©vx��{��� �¬�_�S oxj	j#i�o¬i�{�zxjR�	{t�K�tj	�h�´j	�Ovr²Rm�j#ªXj#zxj#�h�	j�� �!�\�hzpj	opj	�Ov¥o
qt�	�#j	oxo_��zx{tvx{��#{�¢�o�ªX{�z_���e+®.�hj#v¯£°{�zx±]���h�#¢�sh�����h��qµzxj#oxj#zp�©q©v¥�´{��Qop��fhj	i�jt²���{�zSjrqt��f
v¥z¥q©�hoxi���opox��{t��C

M v¥fhj!j#�h��¶ shoxj#z^opj	�h�µq_zxj�!Kshj#opvRv¥{_vxfhj�fhjrqt�\¶¯j	�����´�h�h���	q©v¥�´�h�Svxfhj�¢�j#�h�tv¥fc{tªI��q}v�q
v¥{c¦Ij�opj	�Ov N

M �´ª�vxfhj�zxj�!Kshj#opv^��o�opsh�	�#j	opopªXsh¢AÊKvxfhj�fhjrq©��¶¯j#�h�coxj	���ho°¦hqt��±¡q=��zxqt�OvR��qt��±tj~vR£�fh����f
���h�����rq}v¥j	o�vxfhjavx��i�jÀ���Ov¥j#zp�©qt¢_zpj	oxj#zp�tj	�*ªX{�z�v¥f�jÄ��q}v�q vxz¥qt��oxi���oxop��{��W{tª�v¥fh�´o
��qtzÅv¥���#sh¢Ãq©z�j	����¶¯shopj	zLN

M e!fhj�j	�h��shopj	z�v¥z¥q©�hoxi��´vxo+�´vxo!��qt��±tj~vU�´��v¥fhj��	{tzxzxj#ox�I{��h�h�´�h�cv¥��i�j=�´�Kvxj	zÅ�tq©¢»²
��¢´jrqtzp¢´wQvxfhj�i��´�h��i6s�i qt�#�	j#oxo6�hj#¢ÃqrwÀªX{�z�qt� qtopw\�h��fhzp{��h{�s�o¼��qt��±©j#v¡�	qt�h�h{©v¼¦Ij

oxi�qt¢�¢´j	z+v¥fhqt�#"��6²!e!fhj¼j	�h��¶ shoxj#zxo=i¼shopv9v¥zxqt�hoxi��´v9�¤v¥o9zxj�!Kshj#opvxo_��qt��±tj~v¥o=�´�ºop�Gj#�	�Ãq©¢
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Frame

contention period

contention slot

data period

data slot

�����tshzxj�� C^�=�hj_ªXzxqti�j_{t� vxfhj�sh�hoÅv¥zxj	qtiÓ��f�qt���hj	¢A²

�Gj#zx��{\�À�rq©¢�¢�j#�Q�	{t�Kvxj	�Ov¥�´{��E�Gj#zx�´{��ho#²¼e!fhjc�#{��Ov¥j	�Ovx��{��E�Ij	zx�´{���o�qtzxj6���´�\���hj#�E���À�	{t��¶
v¥j	�Ovx��{��Eox¢´{tv¥o�q©�h�aq zpj�!Kshj#opv���qt��±tj~v¼j:u�qt�#vx¢´wQÁhvxo�{��hj¡�	{t�Kvxj	�Ov¥�´{��aox¢�{©vr²6e!fhjc��q}v�q
qtzxj�v¥zxqt�hoxi��´vpv¥j#�µ�hshzp���h��zxj#oxj	zÅ��j#���Ij	zp��{\�hoR�rqt¢´¢�j#�µ��q©v¥q��Ij	zp��{\�ho	²Ze!f�jU��q©v¥q��Ij	zp��{\�ho
qtzxjc�h�¤���´�hj	�E�´�Kvx{ ��q©v�q ox¢´{tv¥o#Ê�jrqt��fÄ��q©v¥q�op¢�{tv_Áhvxo�{��hjc��q©v¥q���q©��±tj#v�£�fh�´��f �rq©�Ä¦Ij
{tª��tq©zx�Ãq©¦h¢�jS¢�j	���tv¥f�²R�M�¤u�j	�3�©qtzp�Ãqt¦h¢´jU¢´j	�h�tvxf �rqt� ¦Ij_shoxj#�ºqt��� Á�vxv¥j#��v¥{c�e9� �	j	¢´¢�o#²
e!fhjS��zx{tvx{��#{�¢�£�fh����f���oRshoxj#�µv¥{�i�qt��qt��j!vxfhjUq©¢´v¥j#zx��q©�h�	j�¦Ij#v¯£°j	j	���#{��Ov¥j#�Kvx��{����Gj#zx�Ö¶
{��ho+qt�h�3��q}v�q6�Ij	zx�´{���o���o°�rqt¢´¢�j#�µv¥fhjSªXz¥qti����h���hzx{©v¥{\�	{�¢AÊ�q©�h�3v¥fhj=qt��i {tª�vxfh��o+�hqt�Gj#z
��o!v¥{��	{�i���qtzpj���� �Gj	zxj#�OvSªXzxqti��´�h�c�hzx{©v¥{\�	{�¢��´��vxj	zxi�o9{tªZ�Ij	zÅªX{�zxi�qt�h�#jt²+e!fh�´oS�hqt�Gj#z
��o!{�zp�Oqt�h� �	j	��qto+ªX{t¢�¢�{Ç£�o#²��¯� vxfhj��hj~u\vSoxj#�#v¥�´{���Êh£°j�j~u��h¢Ãq©����v¥fhj��h� �«j#zxj#�h�	j�¦Ij#v¯£°j	j	�
j~u��h¢��´�	�¤v^qt�h�3�´i��h¢´���#�´v�ªXzxqti����h���hzp{tv¥{\�	{�¢´o	²M�¯�µoxj#�#vx��{�� A�Ê\£°jU��j	ox�#zx�´¦Gj9ªX{�shz^�h� �Gj	zpj	�Ov
ªXz¥qti����h���hzx{©v¥�	{t¢�o	²¼�¯�aopj	�~v¥��{t�a��Ê�£�jc���¤��jcqt�Eqt�hqt¢´wKv¥�´�rqt¢Mi�{\�hj#¢MªX{�z_{�s�z=�hzx{t�G{�opj	�
ªXz¥qti����h�E�hzp{tv¥{\�	{t¢�o	² H�j	�~v¥��{t���a�t�´��j#o�vxfhj]�Kshi�j	zp���	qt¢�zxj	opsh¢´vxoµ{tªSv¥fhj]�	{�i���qtzp��op{��
¦Gj~v¯£�j#j	�Qv¥f�j�ªX{�shz��hzp{��I{�oxj#�ºªXz¥qti���������zx{tvx{��#{�¢�o#²+e!fh��oS��qt�Ij	z9f�qtoS¦Gj#j	�Q{��Gj	zpj	��v¥{
v¥fhj����R�R� ���O��²¤kr�c�	{ti��¤v¯w�²

� ��� � �~�	�°�~�Ó��Ó�#� � �#�#���:���}����� �#��
 ������������#�

®=��j~£�j#�QªXzx{�i j#�h��¶¯s�oxj	zpo�ox����j�v¥f�j¼ªXz¥qti�j¼�#{��hop��opvxo=���Ovx{�qt�Eqt¢¤v¥j	zp��qt�h�#j¼{tªR{t�hj6�	{t��¶
v¥j	�Ovx��{����Gj#zx��{\�c£��´v¥f�{��hjS��q©v¥q��Ij	zp��{\��²<H�j#jSÁ���s�zxjU��²�®=�´j#£°j	�µªXzp{�i�fhj	qt��¶¯j#�h�3op���hj©Ê
v¥fhj3zpj�!Kshj#opv¥o�qt���Âv¥fhj���q}v�qQqtzpj3zxj#�	j#�´��j#�¨{t�hj3���K¦I{�sh�h�"��zx{���q©�Oq©v¥�´{�� ��j	¢Ãqrw q©ª v¥j#z
v¥fhj#��z�zxj#ox�Ij	�#vx�´�tj�v¥zxqt�hopi��´oxox�´{��ho_{��av¥fhj�sh�hoÅv¥zpjrqti ��f�q©�h�hj	¢A²3e!fhj�fhjrqt�\¶¯j	��� i6shoÅv
v¥z¥q©�hoxi��´v^{��µvxfhj=�h{Ç£��hoÅv¥zpjrqti ��f�qt�h��j	¢I½¯���Ov¥j#zpªXz¥q©i�j�¦I{�sh�h��q©zpwO¾S��qt��±tj~v¥o�ÈX�
	·��qt��±�¶
j#v¥o¥É�£�fh����f�qtzpj_zxj	�#j	�¤��j	�]{��hj_{�s�v¥¦I{�sh�h���hzx{t��qt�Oq©vx��{��µ�hj	¢�qÇwµ¢Ãq©vxj	z+¦Ow�vxfhj_j	�h��shopj	z
��� {�zx��j	z+v¥{c±K����±�{��Qv¥fhj��hj:u\v9ªXzxqti�jt²
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e!f�jÄ�
	Ó��qt��±©j#v]�	{��Ov¥qt���ho�qt¢´¢SvxfhjE����ªX{�zpiµq}v¥��{t�¸�hj	j#�hj	�¹v¥{§�hzp{��Gj#zx¢¤w¸shopjEvxfhj
���h�#{�i��´�h� ªXz¥qti�jtÊ����1 ��ºvxfhj3¢�j#�h�tvxfÂ{tª!v¥f�j3�	{��Ovxj	�Ov¥�´{��"�Gj#zx�´{��ho¼qt�h� vxfhj3¢´j	�h�tvxfÂ{tª
v¥fhj]��q©v�qÄ�Gj#zx��{\�§v¥{���j~v¥fhj#z�£��¤v¥f·vxfhjºzpj	ox�Ij	�~v¥�¤��jQop��fhj	�hs�¢�j	o�{©ª_v¥fhj]��z¥qt�Ovxj	�¸��q}v�q
ox¢�{©v¥o	²�e!fhj¡�
	*�hqt��±tj~v��´o=�h{tv_qµªX{�zxi�qt¢¬�hj	j#��²�S¢´vxj	zx�hq©v¥�¤��j	¢¤w�ÊG��q©v�q3op¢�{tvxo=�	{tsh¢��À¦Ij
��z¥qt�Ovxj	�Â{���jµ¦Owa{��hjµ¦OwÄoxj#��qtz¥q}v¥j	� ��z¥qt�Ovx���h�]��qt��±tj~v6v¥zxqt�hopi��¤vxv¥j#� {���jµ{�s�vx¦G{tsh�h�
�hzx{��hqt�Oq©vx��{�� �hj	¢�qrw vx��i�j]¦Ij#ªX{tzxjºj	qt��f ��q©v¥q ox¢´{tv¥o#² �¯�¸vxfh��o��rq©oxjºvxfhjQ�	{t�Kvxj	�Ov¥�´{��
�Gj#zx��{\� j	��� �#{�sh¢��W¦IjE��i��h¢��´�	�´vx¢´w"�#¢�{�opj	�W¦Ow v¥fhjQÁhzxopv�zpj	�	j#�´�tj	� �tz¥qt�Ov¥�´�h�"��qt��±©j#v
qt�h�Àv¥fhj¡ªXzxqti�j¼�	{�sh¢´�E¦Gj¡j#�h�hj	� qto_ox{\{��aqt¢´¢���zxqt�Ov¥j	�a��q©v¥q3ox¢´{tv¥o_j:u�����zxj#o	²c�¯�Àv¥fh�´o
�rqtopj�{t�hj ox�Ijrqt±Ko�{tª �
�8��?�9���
�°ªXz¥qti����h�À�´�"{��h�I{�ox�¤v¥�´{��Âv¥{  ��L��?�9���
��ªXzxqti��´�h�Q�\�ÃqÀ�
	
��qt��±tj~v¥o#²]�¯�Ov¥j#zxi�j	�h��q©v¥j���i��h¢´j	i�j	�Ov�q©vx��{��º¦Gj~v¯£�j#j	�"j~u��h¢´���#�´v�qt�h�Ä��i��h¢��´�	�´vSªXz¥qti������
qtzxj_�I{�oxop��¦h¢´jt²
ÆW�¤v¥fEj~u��h¢´���#�´v_ªXz¥q©i��´�h���´v��´o_�	¢�j	qtz_v¥f�q}v�qt¢�¢Zzpj�!Kshj#opv¼ªX{tz=v¥fhj��hj~u\v�ªXz¥qti�j¡i6shoÅv

¦Gj_zpj	�	j#�´�tj	�º¦Ij#ªX{tzxj=v¥f�j�vxz¥qt��oxi���oxop��{���{©ªMvxfhj��
	¹��q©��±tj#v	²°e!f�j	zxj~ªX{�zxj��¤ª�q¡zpj�!Kshj	oÅvU�´o
v¥z¥q©�hoxi��´vpv¥j	�º¢�j	opo=v¥f�q©�#��vx��i�j¼¦Ij#ªX{�zpj¼v¥f�j¡zxj	�#j	��vx��{��À{©ª^vxfhj6�
	1��qt��±©j#v	Ê�vxfhj	�Qvxfhj
��q©v�qcox¢´{tv�£�{tsh¢���¦Gj���zxqt�Ov¥j	�]{��]vxfhj�oxj	�#{��h�ºq©ª v¥j#zS�hj:u\vSªXzxqti�j©Ê�¦Gj#�rqts�oxj¼�¤v9�rqt�h��{tv
¦Gj9��z¥q©�Kvxj	�3�´��vxfhjU�#shzxzpj	�Ov+�
	¨��qt��±tj~vr²°�=�hjU�	qt¢�¢hvxfh��o^j �Gj	�~v�vxfhj �=���� >�� ��5�� ����-j �Gj	�#v	Ê
v¥fh�´o+£���¢�¢G¢�j	qt��v¥{cox{�i�j�i��´�h{�z°ox����j�j��«j#�#v9��� �hj#¢Ãqrw��#{�i���s�v�q©vx��{���o	²
ÆWf�j	��qt��j#�h��¶ shoxj#z°f�q©oZv¥z¥q©�hoxi��´vpv¥j	��q_zxj�!Kshj	oÅv°£�fh�´��f�£�qto^�h{tvRzpj	�	j#�´�tj	�µ¦Ow6vxfhj

fhjrqt�\¶¯j	���Ä�hs�jcvx{ ox{�i�j¡�	{�¢´¢��´ox��{t�º{�z_j#zxzx{tz	Ê��´vU£���¢�¢M¦Gjc�´��ªX{�zxi�j	�À�´�Qv¥fhjc�
	1��qt��±©j#v
È@�I{�oxop��¦h¢¤w¨¦Ow·�hj#ª@qts�¢´v3¦Ij	�	qtshopjÀ�´v3��{�j#o3�h{tv�zpj	�#j	�´�tjÀ��z¥q©�Kv�É~²1e!fhj#zxj~ªX{�zxjÀ�#{�¢�¢´���hj#�
zxj�!Kshj#opv��#{�sh¢��ºzxj#vxz¥qt��oxi��´vxvxj	�Q{t�ºv¥fhj¼�hj~u\v=ªXzxqti�j3È@{�zS���ºvxfhj6opj	�	{t�h�Eq©ª v¥j#z=�hj:u�v=�´ª
¢Ãq©vxj=zxj�!\s�j	opvS£��´vxf�j:u��h¢��´�	�´v�ªXz¥qti����h�OÉ~²
�M����shzpj A�opfh{Ç£�o=qt�]j~u�qti��h¢�j�{tªMªXz¥qti����h�¡{t�Gj#z¥q©vx��{���²RÆÄj��h�´ox�h¢�qrw�{��]vxfhj�o¥qti�j

v¥��i�j�ox�	qt¢�j v¥f�j]sh��opv¥zpjrqti ��fhqt�h�hj#¢S{�� v¥fhj�j	����¶¯shopj	z�ox�´�hjºq©�h�·{��§v¥f�j]fhj	qt��¶ j	�h�
ox����jtÊ-qt�h��v¥fhj��h{Ç£��hoÅv¥zxj	qtiÓ��f�qt���hj	¢¬{�� v¥fhj�fhjrq©��¶¯j#�h�ºop���hj©²�&S{©v¥���#j_v¥f�q©v9zpj�!Kshj	oÅv¥o
qt�h�E��qt��±©j#v¥o�qtzpj¡zxj	�#j	�¤��j	� � vx��i�j¡q©ª vxj	z=v¥f�j	��zSv¥z¥q©�hoxi���opox��{t��²¼e¬{ ox��i��h¢´�´ª w £�j�qto�¶
oxshi�jµv¥fhq©vcqt¢´¢^��zx{���q©�Oq©v¥�´{��Â�hj#¢Ãqrw\o¡qtzpj3{��Âv¥f�j3sh�hoÅv¥zxj	qti ��fhqt�h�hj#¢�qt�h�"�h{���j3{��
v¥fhj��h{Ç£��hopvxzxjrq©i ��f�qt���hj	¢A²U�¯�ºª@qt�~vrÊI£�j6opfh{�sh¢´�º�hzp{�¦�qt¦�¢´w]qtoxopshi�j�v¥fhq©vUvxfhj6zx{tsh�h�
v¥��i�j��hj#¢Ãqrw � ��o�f�qt¢¤ªU{t�¨v¥f�j]sh��opv¥zpjrqti ��f�q©�h�hj	¢Uqt�h�¨f�qt¢´ªS{�� v¥fhj��h{Ç£��hopvxzxj	qti
��f�qt�h�hj#¢»Ê-v¥fh�´o���o9{��h¢´w�q�v¥zxqt�hop¢Ãq©vx��{�� {tª ����"c�´�]v¥f�j¼qt�#�	j#oxo=�hj#¢Ãqrw\o9£��¤v¥f]�h{µ��f�q©�h��j
���3¢�q©v¥jSzxj�!Kshj#opv9{\�	�	s�zxj	���	jt²^e¬{¡ox��i��h¢´�´ª w¡v¥f�j=j~u�qti��h¢�j©Ê�£°j�qt¢�op{¡��j#v+zx���µ{tª¬�	{�¢´¢���op��{��
{��#�	shzpj	�h�#jt²
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request
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inter-frame
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packet will be granted

IB packet
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end-user side

head-end side
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on the next frame 
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will be granted on
late request, packet

the second frame after

received request,

boundary

upstream
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downstream 
channel

inter-frame
boundary

���´��shzpj A$CR��z¥qti������6{��Ij	z¥q}v¥��{t��Êhj	����¶¯shopj	z�ox�´�hj_��j#zxoxs�oUfhj	qt��¶¯j#�h��ox����jt²
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Æ j_£���¢´¢«�hj#ox�#zx��¦Ij_ªX{�shz+v¯w\�Ij	o9{tªMªXzxqti����h�6��zx{tvx{��#{�¢�oLC
k�²!v¥fhj����Öu�j	��mSq}v¥��{c��zxqti��´�h�6�hzp{tv¥{\�	{t¢9N
��²!v¥fhj_®^qtzp�Ãqt¦�¢�j=m9q©vx��{c��z¥qti������6�hzx{©v¥{\�	{�¢�N
A�²!v¥fhj_®^qtzp�Ãqt¦�¢�j ��j#�h�tv¥f]��z¥qti������6�hzx{©v¥{\�	{�¢�N
�h²!v¥fhj��]�´�h��i�qt¢I�¯i���¢����#�´v+�-zxqti����h�6��zx{tvx{��#{�¢»²

e!fhj�v¥f�zxj	j^Á�zxoÅv��hzp{tv¥{\�	{�¢K¦Ij	¢´{��h�Svx{Svxfhj+�	¢�qtoxoM{tª�j:u���¢����#�´v¬ªXz¥qti������hÊÇv¥fhj°¢ÃqtoÅv��hzp{tv¥{\�	{t¢
��o!�	¢´jrqtzp¢´w�¦Gj#¢�{�����o+v¥{cv¥fhj��#¢Ãqtopo!{tª��´i���¢����#�´v^ªXz¥qti������h²

����� �	��
�������������������������! �"#�$�����&%'�)(�*
�¯�6v¥fh�´o��hzp{tv¥{\�	{�¢AÊtfhj#zxj	q©ª v¥j#zZ�h����±K��q©i�j#��½Å�Zm9�¬¾�ÊÇvxfhj�ªXz¥q©i�j#oZqtzpj!qt¢´£�qrw\o�{tª�v¥fhj�o¥qti�j
¢�j	���tv¥f�q©�h��v¥fhj=�#{��Ov¥j#�Kvx��{�� �Ij	zp��{\�ho+qtzpj_qt¢¤£+qrw\o+v¥fhj_oxqti�j�C����1 ���v¥fhj=zxq©v¥�´{6¦Ij#v¯£°j	j	�
�	{��Ov¥j#�Ov¥��{t�¨q©�h�"��q©v¥qE�´o¡qt¢¤£+qrw\o6v¥fhj�oxqti�j�¢�j	���tv¥f�²a�¯�"v¥fh�´o6�rq©oxj �´v�£���¢�¢°¦Gj���j	zÅw
¢���±©j	¢¤wÄvxf�q©v�{��h¢¤w"qÀªXz¥qt�~v¥��{t� {©ªSvxfhj ��q©v�qEox¢´{tv¥o6£��´¢�¢+¦Ij ��z¥q©�Kvxj	��Ê^v¥fhj {tvxfhj	zc��q}v�q
ox¢�{©v¥o_£���¢´¢Zzxj#iµqt�´�À�tq©�rqt�Ovr²�e!fhjµ¦�shopwE��q}v�q ox¢�{©v¥o�qtzxjc��zp{�sh�Ij	�Äq©v�vxfhjcj	�h�Ä{tª�vxfhj
��q©v�q��Gj#zx��{\�Qq©�h�Eqtzxj¼��z¥qt�Ovxj	�Àqt�#�	{�zp�h�����µv¥{�q��M���M�.�I{�¢��´�#wÄÈ@����zpopv=�¯�Q����zpopv��=s�v�É
zxj	��qtzx�h�´�h�¡zxj�!Kshj	oÅv¥oUzpj	�#j	��vx��{���v¥�´i�j#o	²
ÆWf�j	�Âv¥f�jµ�hj~v¯£�{�zp± �´o�{Ç��j#zx¢´{Oqt�hj#��ÊZv¥fhj��hzx{t�G{�zÅv¥�´{�� {tª��tq©�rqt�Ov6op¢�{tvxo�vxj	�h�ho�v¥{

�h��i����h�´oxfWqt�#�	{�zp�h������¢´wt²³e!fh�´o���j	zpox�´{�� �´o vxfhjEÁ�zxoÅv]�tj	zxop��{�� {tª¼ªXzxqti����h�"�hzp{tv¥{\�	{t¢
�hzx{��I{�opj	� vx{À���e+®���zx{tvx{��#{�¢�o#²�� v6��o�q]¢´{Ç£����Ov¥j#zxj#opv6op���h�#j�vxfhjµ�Ij	zÅªX{�zxi�qt�h�#jµqtzpj
�h{tvU�tj	zÅwQ��{\{��«²S� v_�	qt�Q¦Ij6�h{tvxj	�ºvxf�q©v_op���h�#j¼�#{��Ov¥j	�Ovx��{��À�Ij	zp��{\�º¢�j#�h�tvxfQ��oUq�Á�u�j	�
��qtz¥q©i�j~v¥j	z#Ê«v¥f�j¡�
	*��qt��±tj~v��	{�sh¢´�À¦Gj¡zpj	oÅv¥zx�´�#vxj	�Àv¥{��¤v¥o�½¯��z¥q©�Kvx���h�}¾¼�hqtzpv	²¼���´��shzpj¼�
oxfh{Ç£ qt��j~u�qti��h¢�jU{tª¬�Zm9�ÄªXz¥qti�jU£��¤v¥f�q¼Á�u�j#��zxq©v¥�´{6{tª¬�h�´�hj=�	{t�Kvxj	�Ov¥�´{���ox¢´{tv¥o+qt�h�
�h���hj_�hq©v�q¡ox¢´{tv¥o#²��¯��vxfhj��h��op�h¢Ãqrwtj	��j~u�qti��h¢�j_{���¢´wµvxfhzxj#j���q©v�q¡op¢�{tvxoSq©zxj_��zxqt�Ov¥j	�«²

���,+ -.�/�$���/01(��2�3�/��������$�4�����# 5"!�$�����&%'�)(�*
e!fhj	opj��hzp{tv¥{\�	{t¢�o_qtzpj¡v¥fhjc��i�i�j	�h��q©v¥j���i��hzx{Ç�tj	i�j	�Ov�{tª^v¥fhj¡Á�u�j	�Äz¥q©vx��{��hzp{tv¥{\�	{t¢�o	²
�¯� vxfhj	opj_�hzx{©v¥{\�	{�¢´o	Ê�f�j	zxj	q©ª v¥j#z!�h����±K��q©i�j#�3½ ®_m9�¬¾�ÊKv¥f�j=ªXz¥qti�j	o!q©zxj�qt¢¤£+qrw\o!{tª�Á�u�j	�
¢�j	���tv¥f�ÊM¦hs�v�v¥fhj�z¥q©vx��{�¦Gj~v¯£�j#j	�"�	{t�Kvxj	�Ov¥�´{��"qt���Â��q©v¥q��©qtzx�´j	o����Ä{�zx�hj#z�vx{º��j~v6zx�´�
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vacant data slot
contention period

fixed data periodfixed 

granted data slot

������s�zxj!� CZ�_��jS��mS�QªXz¥q©i�j+£��¤v¥fc�tq©�rqt�Ov^��q©v¥q�op¢�{tvxoUÈX¢��´��fOv���zxj~w�É^qt������zxqt�Ov¥j#����q}v�q
ox¢�{©v¥o�È@�hqtzx±3�tzxj#w�É:²

granted data slot

variable data periodvariable contention period

���´��shzxj ��C^�_��j�®=mS�ÂªXzxqti�jS£��´v¥f �©qtzx��qt¦h¢´jU�	{t�Kvxj	�Ov¥�´{��]qt�h����q©v�q¡�Ij	zp��{\�ho	²

{tª��tq©�rqt�Ov���q©v¥q§op¢�{tvxo	²&e!fhj	zpj#ªX{�zpjÄ�
	Ó��qt��±©j#vxo]i6s�opv ox�Ij	�#�´ª w¸vxfhjÀ¢�j#�h�tvxf¹{©ª�vxfhj
�	{��Ov¥j#�Ov¥��{t�a�Ij	zp��{\�QªX{�z=v¥f�j¡���h�#{�i��´�h�µªXzxqti�j©²6e!fhjc��i��hzp{Y�tj	i�j	�Ov_�´o_���Àv¥fhjcq©�	�	j#oxo
�hzx{tvx{��#{�¢�¦Ij	�	qtshoxj��´v���zx{Ç�\���hj#o9¢´{��h��j#z!�	{��Ovxj	�Ov¥�´{��]�Ij	zp��{\�ho+ªX{�z+vxfhj�o¥qti�j�¢�{Oqt��o�qt�h�
v¥fhj#zxj#ªX{tzxj�¢�j#oxo��	{�¢´¢��´ox��{t��ªX{�z+vxfhj�zxj�!Kshj#opvxo	²
e!f�j	zxj��´o!qt��qt¢´vxj	zp��q©v¥�¤��j=�´i���¢�j	i�j	�Ov¥q©v¥�´{���fhqt¢´ª�£�qrw3ªXzx{�i Á�u�j	��z¥q©vx��{¡q©�h���tq©zx�¤¶

qt¦h¢�j z¥q©vx��{·ªXzxqti��´�h�¨£�f�����f qt¢�¢´{Ç£�oº¢�j#oxoQªXzpj�!Kshj	�Ovash�I��q©vxj"{tª��	{��Ov¥j#�Ov¥��{t� �Ij	zp��{\�
¢�j	���tv¥fho#²Z�¯�3v¥f���o��	qtoxjSv¥fhjUqt�h�hzp{��hzx��q©v¥jSz¥q©vx��{���o°�hj	zp�´��j#�3ªXzx{�i j�!\s���¢��´¦hzx�´shiÒªX{�zpi6sh¢�q
¦�qtoxj#��{���vxfhj=j#opv¥�´iµq}v¥j9{tª�v¥f�j=qt�~v¥s�qt¢-v¥zxq����U¢´{Oqt��²Me!fh��o°�	{�i��h¢��´�rq©vxj	����j	zpox�´{��3��o^{tª
¢�{Ç£�j#z!���Ov¥j#zxj#opvr²
e!f�j°®_m9� �hzx{tvx{��#{�¢�o¬qtzpj°�#shzxzpj	�Ov¥¢¤w�sh�h�hj#z�oÅv¥sh��w�ªX{�zM���e+®·�hj#v¯£°{�zx±Ko#²������tshzxj �

oxfh{Ç£�o¡qt� j~u�qti��h¢�j�{tª!®_m9�¹ªXzxqti�jtÊM£�f�����fÂ�´o�vxfhj3j�!Ksh�¤�©qt¢�j#�Kv�{tª!vxfhj3�Zm9�¹ªXzxqti�j
oxfh{Ç£��§���aÁ���shzpj3�º£��´vxfh{�s�v��©qt�rqt�Ov¡�hq©v�qºop¢�{tvxo	²Qe!f�j	zxj q©zxj�vxfhzxj#j���q©v¥qºox¢´{tv¥o#Ê�qt¢�¢
��z¥qt�Ovxj	��Êh�tj	zxopsho�Áhª v¯wO¶¯{��hj��#{��Ov¥j	�Ovx��{���ox¢´{tv¥o#²

��� � -.�/�$���/01(���� ���! �������$�4�����# ��.���/���&% �4(�*
e!fh��o¡�´o6v¥fhj sh¢¤v¥��i�q©vxj  ��L��?�9���
��ªXzxqti����h�Q��zx{tvx{��#{�¢»²Ä�¯�§vxfhj	opj]��zx{tvx{��#{�¢�o#Ê�fhj	zpjrq©ª vxj	z
�h����±K��qti�j	�E½¯® ���¬¾¥Ê�j	�´vxfhj	z�v¥f�j3¢�j#�h�tv¥f qt�h� vxfhjµzxq©v¥�´{º{tª�v¥fhjµªXzxqti�jµqtzpj��©qtzp�Ãqt¦h¢´jtÊ
j#��j#zpw ��q©z¥qti�j#vxj	z!¦Ij	������s��G��q}v¥j	�]����v¥f�j��
	W��qt��±©j#v	²°e!fhj�z¥q}v¥��{¡�	qt��¦Gj��hj#zx�´�tj	�ºqto
���¼®=mS�]�tj	zpox��{t����j	ox�#zx�´¦Gj#��¦Ij	¢´{Ç£�²�e!fhj�ªXzxqti�j�¢�j#�h�tvxf¡�	{�sh¢´�6¦Ij+{���vx��i����	j#�6���¼{�zx�hj#z
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Frame n Frame n+1

���´��shzpj � C�e�£�{�® ���ÂªXz¥qti�j	o+£��¤v¥f��©qtzx��qt¦h¢�jU¢�j	���tv¥f�qt�h� zxq©v¥�´{h²

v¥{¼{t��v¥�´i�� �	j9qr��j	zxqt��jS��qt��±tj~v9qt�	�#j	opo+�hj	¢�qrw�²�U�µj~u�qti��h¢�j9{tª�opsh��f�{���vx��i����rq}v¥��{t�6£���¢�¢
¦Gj3�t�´��j#�Â���Äv¥fhj3��j~u\vcoxj#�#v¥�´{���²À�M����shzpj � opfh{Ç£�o6v¯£�{QªXzxqti�j	o6¦Ij#ªX{�zpj3qt���§q©ª v¥j#z6q
¢�j	���tv¥fc��f�qt����j�C¬v¥fhj!Á�zpopvRªXz¥qti�j!f�qtoZvx{tv�q©¢h¢�j#�h�tv¥fcj�!\s��´�©qt¢�j#�Ov�v¥{�ox�Öu�vxj	j#�µ�	{t�Kvxj	�Ov¥�´{��
ox¢�{©v¥o	Ê�v¥fhj�oxj#�	{����]ªXz¥q©i�j=�´o!Áhª v¯w3Áh�tj��#{��Ov¥j	�Ovx��{�� ox¢´{tv�¢�{t�h�h²
e!f���o_±K���h�À{©ª°��zx{tvx{��#{�¢�oSf�qto_�h{tvUw�j#v�¦Ij	j#�a�´�O��j	oÅv¥�´�Oq©v¥j#�QªX{�z����e+® �hj~v¯£�{�zp±Ko	²

e!fhj���i���qt�#v+{tª�opsh��fº{t��v¥�´i�� �rq©vx��{��ho^£���¢´¢«¦Ij��´�O��j	oÅv¥�´�Oq©v¥j#� ����q¡�hj~u\vSoxj	�~v¥�´{���²

����� � ���#�����)(�� �5"1(���%'���������������! 5"#���/���&% �4(�*
e!fhj	opjº�hzp{tv¥{\�	{�¢´o¡¦Gj#¢�{����avx{avxfhj �
�8��?�9���
�+ªXz¥qti����h�À��zx{tvx{��#{�¢�o¡�#¢Ãqtopo	²¨ÆÄj��hzxj#oxj	�Ov
v¥fhj�op��i��h¢�j#opv6�tj	zxop��{�� {tª9v¥fh�´o¡�	¢�qtoxo�È v¥fhj#zxjrq}ª v¥j	z¡vxfhj���qti�j�½�i����h�´iµq©¢¤¾ÅÉ:²Q�¯�§v¥fhj#oxj
�hzx{tvx{��#{�¢�o#ÊYfhj	zpjrq©ª vxj	z�������±K��qti�j	�=½p�]����¾�Êrv¥f�j��
	Ä�hqt��±tj~v�qtzpj°{�i��´vpv¥j#��ÊY�����h¢Ãqt�#j�v¥fhj#zxj
qtzxj�oxj�!Kshj#�h�	jc{tª<���!��	��1�
	��¼��qt��±©j#vxo�È9D�m(�hqt��±tj~v¥o�ÉU£�fh�´��fQox�Ij	�#�´ª w�v¥fhj�ox��fhj#�hsh¢´j	o_{tª
jrqt��fÂ�tz¥qt�Ov¥j#� ��q}v�q]op¢�{tv	²�eM{]ox�´i��h¢´�´ª wtÊ�£�j�q©oxoxs�i�jcv¥f�q}v¼j	qt��f D�m �hqt��±tj~v¡��z¥q©�Kvxo
{��h¢´w�{���j6��q©v¥q3ox¢�{©vr²���{��Ov¥j#�Ov¥��{t�À�Gj#zx��{\�hoUqtzxj6�´i���¢����#�´vx¢´w3�#¢�{�opj	�À¦Ow�v¥fhj¡zpj	�	j#��v¥�´{��
{tª D�m(��qt��±©j#vxo	²�e!fhj6j �Gj	�~v¥�¤��j¡�	¢´{�oxj�v¥�´i�j���oSvxfhj6j	qtzx¢´��j	oÅvUop��fhj	��sh¢�jczxj#�	j#�´��j#��²,D�m
��qt��±tj~v¥ocqtzpj�vxz¥qt�hopi��¤vxvxj	�Â�´�Äv¥�´i�j�{�zp�hj	z6op{ºv¥fhq©v6op��fhj	�hs�¢�j3v¥�´i�j#o¼q©zxj3�´�h�	zpjrqtop���h�h²
D�zxqt�Ov¥j	��ox¢´{tv¥o¬qtzpj^qt¢�op{Sq©¢�¢�{\�rq}v¥j	�_�´�¼�M���M� {�zx�hj#z�£��´v¥f�zxj#ox�Ij	�~vMvx{Szpj�!Kshj	oÅvZzpj	�	j#��v¥�´{��
v¥��i�j	o#²R��{��Ov¥j#�Ov¥��{t�]�Ij	zp��{\��zpj	oÅv�qtzÅv!£�fhj	�ºqt¢�¢��#shzxzpj	�Ov9ox��fhj#�hsh¢´j	oUfhqÇ�tj�j~u��h��zpj	��²
e!f�j�qt���©qt�Ov�qt�tj�{tª-v¥f�j��]���Q�hzp{tv¥{\�	{�¢´oM�´o�v¥fhq©vZ�¤v�qt¢´¢�{Ç£�o�q©opw\�h��fhzp{��h{�shoR��zxqt�Ov¥�´�h�

��qt��±tj~v¥o�qt�h�µi�{�zpj���j~u���¦�¢�j�iµq©��qt��j#i�j#�Kv	²�e!fhj#zxjS��oR�h{��hj	j#��v¥{�qt��q©��vRv¥fhj�ªXz¥qti������
{tªSvxfhj�sh�hopvxzxj	qti ��f�qt�h��j	¢!v¥{Ev¥fhj j:u��´opvxj	�Ovµ��{Y£���opv¥zpjrqti8ªXzxqti����h�h²"e!f�j]�´i��h¢´���#�´v
ªXz¥qti����h�6qt��qt��v��¤v¥opj	¢´ª�vx{�vxfhj��	{��h���´v¥�´{��3{tªMv¥zxq����	o	²Re!fhj#zxj���o!¢´j	opo9��j	¢Ãqrw��´����f�qt�h��j	¢
qt�	�#j	oxo�ox�����	j�v¥fhj9ªXz¥qti�j	oR�h{��h{tv°�hj	j#�3v¥{�¦GjS¢Ãqtzp��j	z�v¥fhqt�µ�hzp{���qt��q©v¥�´{��c¢Ãqtzp��j	z �6²Z�¯�
ª@qt�#v^v¥fhj#zxj=�	qt�3¦IjUopj#��j#z¥qt¢«�	{��hopj	�#s�v¥�¤��jUªXzxqti�j#o°£��¤v¥fh�´��{���j=�hzx{t��qt�Oq©vx��{����hj#¢Ãqrw�qt�h�
v¥fhj�¢Ãq}v¥j=zpj�!Kshj	oÅv=j��«j#�#v9��o!opsh�h�hzpj	oxopj	��²
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GR GR GR GR

downstream channel

upstream channel

implicit frame n implicit frame n+1 implicit frame n+2

�M����shzpj � C��¯i��h¢��´�	�¤v�ªXz¥q©i��´�h�¼�\�ÃqcqtoÅw�����fhzx{���{�sho D�m ��q©��±tj#vxo	²

�¯�·�	{�sh�Ovxj	zx�hqtzpv	Ê+v¥fhjQ�]���Ò�hzp{tv¥{\�	{�¢���j#�hj	zxq©v¥j#oµi�{�zxj v¥zxq����º{��¨�h{Ç£��hopvxzxj	qti
��f�qt�h�hj#¢«op���h�#jU�
	·��q©��±tj#vxo+�	{t�Kvxj	�Ov!�´o°�h{Ç£¹�h�´ox��q©vx��fhj	�µ���µopj#�tj	z¥q©¢ D�mW�hqt��±tj~v¥o	Ê�¦�s�v
�h{Ç£��hopvxzxjrq©iÓ�rqt��q©�	�´v¯w3��o!�h{tv��#{��hop���hj#zxj	��¢��´i��¤v¥�´�h�h²
�M����shzpj ��opfh{Ç£�o+qt��j~u�qti��h¢�j�{tª«��i��h¢��´�	�¤v�ªXz¥q©i��´�h�h²¬e!fhjS�#{��Ov¥j#�Kvx��{����Gj#zx�´{��ho^qtzpj

�	¢�{toxj	��¦Ow D�m¸��qt��±tj~v¥o#Ê��h{©v¥���#j!v¥f�q©v�vxfhj9ox��fhj#�hsh¢�j9�����h���	q©v¥j#���´�¡v¥fhj.D�m·��qt��±©j#v+�	qt�
¦Gj����h��j	�Ij	�h�hj#�Ov={tªZvxfhj�vx��i�j_{tª�zpj	�	j#��v¥�´{���ÊI�hzx{Ç�\����j	�]vxf�q©vS�´vS��o�����v¥fhj�ªXs�vxshzxj¼qt�h�
v¥f�q©v!vxfhj_v¥�´i�j={tzx�hj#z9�´o!�hzxj#oxj#zp��j#��²

� % �+�������³7��!�#�92 ��� ���:2µ���#�

�!��� � �&�#��(�*
�¯�¼v¥fh�´o�opj	�#vx��{���£�j+��zx{Ç�\���hj�qUoxfh{tzpv�q©��qt¢´w\op��o¬{tª�v¥fhj�qt�	�#j	opo��hj	¢�qÇw\o#²MÆÄj!qtoxopshi�j°v¥fhq©v
v¥fhjS�G{���sh¢Ãq©vx��{��c{tª�j	�h��¶ shoxj#z��´o°�I{tv¥j#�Ov¥�Ãq©¢�¢´w¼����Áh�h�´vxjt²�ÆÄjUq©oxoxs�i�j9v¥f�q©v�qt¢´¢I�hq©v�q�ox¢�{©v
¢�j	���tv¥fhoZqtzxj+�´�hj	�Ovx���rq©¢»Ê� ��?� �Zj�!\shqt¢�v¥{_{t�hj!�e9���	j	¢´¢hqt���cvxf�q©v�{t�hj+zxj�!Kshj	oÅv°f�{�¢��hoMªX{�z
{��hj¡��qt��±©j#v	²6Æ jcqtopoxshi�jcq yM{��´oxop{��aqtzxzp�´�©qt¢�{©ª��a��qt��±tj~v¥o��Gj#z=v¥�´i�j�sh�h�´v	Ê�j�!Ks�q©¢�¢´w
�h��oÅv¥zx�´¦hs�vxj	�¨qti�{t�h�aqt¢�¢!j#�h��¶¯s�oxj	zpo	² e!fhj v¥�´i�j�s��h�´vcªX{�z��·£���¢´¢+¦Gj�vxfhj]�hq©v�qaox¢�{©v
¢�j	���tv¥f�²
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��������� ����	
	 Í �¬����� ���	�� Ì �}���¬������� � Ì .��Ç�Y�  ���¬�h� Ì  � Í
Æ j°�h{���� vRqtopoxshi�j+i6sh¢¤v¥�Ö¶¯zxj�!Kshj	oÅv���q©��±tj#vR{tz�zxj�!Kshj	oÅvR�h�����©w�¦hqt��±tj#�¡{��6��q©v¥qUox¢´{tv¥oM¦Gj:¶
�rqtshopjR�´v�£°{���� vM�´i��hqt�#v�q©�	�	j#oxoM�hj	¢�qÇwU�Gj#zpªX{�zpiµq©�h�	j©Ê}op���h�#jR�����h{���¶ {Ç��j	zp¢�{Oq©���#{��h�h�¤v¥�´{��
j	�h��¶ shoxj#z�¦hs��Gj	z9qtzxj��h{©v�j~u��Gj#�#vxj	�ºvx{��#{��Ov�qt�´��v¥f�qt��{��hj_{t�hj��Gj#�h�h�������hqt��±tj~vr²
e!f���o+¢�q©v¥j#z��	{t�h�h�´vx��{�����o°�rqt¢´¢�j	�¡½���f�q©�h�hj	¢Gv¥z¥q©�hox��q©zxj	���#wO¾�²R� v+�´o+q6��q}v¥shzxqt¢G�#{��hopj~¶

!\s�j	�h�#j={tª�vxfhjSs��\¦I{�sh���h�hj	opo!�Kshi6¦Ij	z^{tª�j	����¶¯shopj	zpo!qt�h��{tª�v¥f�jUj~u��Ij	�~v¥j	�3Áh�h�´vxj	�hj#oxo
{tª�qt�#�	j	opo6�hj#¢Ãqrw\o��´� �h{��\¶¯{Ç��j#zx¢�{�qt� �#{��h�h�¤v¥��{t�ho	² H��´�h�	jcv¥f�j3qr��j#z¥qt��j�v¥�´i�jc¦Ij#v¯£°j	j	�
v¥fhj6�tj	�hj#z¥q©vx��{��Q{©ª^v¯£°{���qt��±©j#vxo�{t�Qv¥fhj6oxqti�j6j	�h�\¶¯shopj	z_��oS���´zpvxs�qt¢�¢¤w ����Áh�h�´vxj3È ��j	zÅw
¢Ãqtzp��jÇÉS�#{�i���qtzxj#�Àv¥{�qr��j	zxqt��j�qt�#�	j	opo���j	¢ÃqrwtÊ�v¥fhj#�avxfhjc¦hs��Gj	z�qtzxj¡��{tv�j~u��Ij	�#vxj	�av¥{
�	{��Ov�q©���·i�{�zpj vxf�qt�¨{��hjº�hqt��±tj~vr² H�sh��f �	{t�h�h�´vx��{��§�´o��I{�oxop��¦h¢´j]{t�h¢´w"�¤ª=£°jºshopjQq
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v¥fhj�qt�~v¥s�q©¢«v¥zxqt�hoxi���opox�´{���{tª¬v¥fhj���q©v¥q$N

�h²!v¥fhj�j:u��¤v��hj	¢�qrw�²

entrance

second request

after collision
transmission

first request

collision
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after next frame
late request with feedback on the next 

regular request with feedback

on the next frame
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��o � � ����£�f�����fa¢�jrq©�hoUv¥{ zpj#v¥zxqt�hopi��´oxox�´{��Àsh�Ov¥�´¢�opsh�	�#j	oxoÅªXsh¢Rv¥z¥q©�hoxi���opox��{t��²¼�Rqt��fazxj:¶
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