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º�½¹½oÏ<¾KÅ<·o²´¶g¼"²´½Õ½o¶�¾Kµ�ÀAÈiº�·AÅiµ�½¹½o²´¾�²´½¹·o²´Ç!½o²´¼<Ç�µ²´·�À
¶�Ï<Á´³�ÒiµÅF¶�½o½¹²´Ò<Á´µ�²´¼0Ã�µ�¼Sµ�¸»º�Á[·¹¶�¸¹µ�Å<Á5º�Ç�µÁ´¶�½¹·�Ò<Á´¶OÇ7Â]½ÕÒOÊ"ÒSÁÆ¶OÇ7ÂO½�²´¼�·oÈ<µ
½»º�¾�µÕÅi¶g½o²´·o²´¶�¼K²´¼"·¹È<µ!Å<¸oµ,¿]²´¶gÏ<½
ÑG¸»º�¾�µ�Îg·oÈOÏ<½!º�Ç7È<²´µ�¿O²´¼<ÃÒiµ�·¹·oµ�¸Õµ�¸o¸¹¶�¸ÕÇ�¶�¼<Ç,µEº�Á´¾�µ,¼]·MÌ

Transmitter

Quantizer #N

Quantizer #2

Quantizer #1

Rate-Control Unit

Receiver
ACK

Wireless
Channel

Channel 
Feedback

Rate-Distortion

Video
Input

Buffer
Buffer

Video
Output

Discard

Discard

decoder

Buffer

Buffer

a priori
channel
model

DCT

ð ²´Ã�Ï<¸¹µ � � �OÊO½o·oµ,¾�Ò<Á´¶]Ç7Ân³<²5º�Ã�¸»º�¾ËÌ
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ÔAÈ<µ!½oÊO½o·¹µ�¾*Ï<¼<³<µ�¸
Ç�¶g¼<½o²´³<µ�¸7º�·¹²Æ¶g¼�²´½
Åiº�·¹·oµ�¸¹¼<µ�³ËºRÑG·oµ�¸���������%�½¹·»º�¼<³iº�¸¹³�Å<¸¹¶�ÅF¶�½¹µ�³KÑG¶�¸
³<²´Ã�²´·»º�Á<ÀA²´¸oµ�Á´µ�½¹½AÇ�¶�¾K¾nÏ<¼<²´ÇEºRÉ
·o²´¶g¼�Ì�ÔAÈS²Æ½/½¹Ê]½¹·oµ�¾�²´½:ºAÀA²´³<µ7ÉhÒiº�¼<³ Í ý!×�ßI½¹Å<¸oµEº�³n½oÅFµ�Ç�·¹¸oÏ<¾-½¹ÊO½o·oµ,¾ ÀA²´·¹È(Å<¸¹¶OÇ�µ�½o½¹²´¼<Ã�Ã]º�²´¼�¶�Ñ�� ����º�¼S³(Ç7È<²´Å¸»º�·¹µA¶�Ñ�� P	���
×�Ç7È<²´Å<½ 3 ½EÎO¸¹µ�½oÏSÁÆ·¹²´¼<Ã(²´¼�º!³Fº�·»º%¸»º�·oµ ��
 P	� � Ò<²´·o½ 3 ½EÌ/ÔAÈSµÚÅFº�Ç7Â�µ�·¹½Øº�¸oµÕ¶�Ñ %%¾�½oµ,ÇA¶�¸ � �!ÒOÊO·oµ�½
³<Ï<¸7º�·¹²Æ¶g¼n¶�Ñ/ÀAÈ<²´Ç»È�� �AÒOÊO·oµ�½
²´½A·oÈ<µ%ÅiºMÊOÁÆ¶Oº�³�Ì/ßÕ½Úº¸¹µ�½oÏ<Á´·!·oÈSµ�²´¼OÑG¶�¸¹¾"º�·o²´¶�¼·o¸7º�¼<½¹¾�²´½o½¹²Æ¶g¼�¸7º�·oµ%²Æ½�
�% P	
 � ÒS²Æ·¹½ 3 ½EÌAÝh¼�Ã�µ,¼<µ�¸»º�ÁhÎiºÀA²´¸oµ�Á´µ�½¹½!ÁÆ²´¼<ÂnÇ,¶�¼<½¹²Æ½¹·o½
¶�Ñ/·hÀ+¶¸»º�³<²´¶(Á´²´¼<ÂO½EÎg¼iº�¾�µ�Á´ÊÏ<Å<Á´²´¼<Ân¶�¸
¸oµ�¿gµ�¸o½¹µ(Á´²´¼<Â�á5¾K¶�Ò<²´Á´µ7Éh·o¶�ÉhÒiº�½oµEâ:º�¼<³�³<¶�ÀA¼<Á´²´¼<Â¶�¸åÑG¶�¸¹ÀØº�¸o³�Á´²Æ¼SÂ"áïÒiº�½¹µ7ÉW·¹¶�Éh¾�¶gÒ<²´ÁÆµMâ�Ì
�
µ�ÇEº�ÏS½oµn¶�Ñ
·oÈ<µnº�½¹Ê]¾K¾�µ�·¹¸oÊn²´¼0·¹È<µ(²´¼OÑj¶�¸o¾�º�·¹²Æ¶g¼�ºM¿�º�²´Á5º�Ò<Á´µ!º�·�·¹È<µÒiº�½¹µ º�¼<³0·oÈSµ(¾K¶�Ò<²´Á´µÚº�¼<³Ëº�Á´½¹¶�·oÈSµ�³<²ÞÐPµ,¸oµ�¼O·�ÅF¶�À+µ,¸
Ç�¶g¼<½o·¹¸»º�²´¼O·o½�º�¼<³�ÈSµ�¼<Ç�µ�ÅS¸o¶OÇ�µ�½¹½o²´¼<Ã�ÅF¶�À
µ�¸EÎO·¹È<µ!³<µ�½o²´Ãg¼"¶�Ñ[·¹È<µ�½oµ%·hÀ+¶�Á´²´¼<ÂO½
ÈiºM¿�µÕ³<²ÞÐPµ�¸¹µ�¼O·�¸¹µ�ÖOÏ<²´¸oµ�¾Kµ�¼O·o½EÌ � ¼�·oÈSµÚÏSÅ<Á´²Æ¼SÂ
·o¸7º�¼<½¹¾�²´·o·¹µ�¸EÎF·¹È<µnÏ<½oµ,¸�³iº�·7ºn²´½B�i¸o½¹·!½oÅ<¸¹µEº�³mÏ<½¹²´¼<Ã"º �����nÇ�¶g¼O¿�¶�Á´Ï<·¹²´¶�¼iº�Á�µ�¼<Ç�¶O³<µ�¸MÌÔAÈ<µnµ�¼<Ç�¶O³<µ,³mÒ<²´·o½�º�¸¹µ(·¹È<µ�¼¡ÑGÏ<¸o·¹È<µ�¸
½oÅS¸oµEº�³"ÏS½o²´¼<Ã:
���É º�¸oÊ¶�¸¹·oÈ<¶gÃ�¶�¼Fº�Á�½o²´Ãg¼iº�Á´²´¼<ÃÕÑG¶�Á´Á´¶�À
µ�³nÒOÊ�½oÊO¾nÒF¶�Á<²´¼O·oµ,¸oÁ´µEºM¿O²´¼<Ã º�¼<³"à ��� � �C!>½¹Å<¸oµEº�³<²´¼<ÃiÌ/ÔAÈSµÚ¸¹µ�Ç�µ�²´¿gµ�¸
µ�¾KÅ<Á´¶�Ê]½AÒF¶�·¹Èÿº�¼O·oµ�¼<¼Fº�º�¼S³Ë¾nÏ<Á´·¹²ÆÅFº�·oÈK³<²´¿�µ�¸¹½o²´·hÊ�ÀAÈ<µ�¸¹µ�º�¼OÏ<¾nÒFµ�¸A¶�Ñ+Ç�¶�¸¹¸oµ�Á5º�·o¶�¸¹½�á5µMº�Ç7ÈËÇ,¶�¸o¸¹µ�Á5º�·¹¶�¸!Ç�¶�¸¹¸oµ�½¹Åi¶g¼<³<½·o¶�º
Åiº�·oÈiâ�º�¸oµ�º�½o½¹²´Ã�¼<µ�³Y·o¶0µMº�Ç7ÈÄº�¼O·oµ,¼<¼iº<Ì¡ß�ÑWº�½o·�Ç�Á´¶g½oµ�³YÁÆ¶O¶gÅËÅF¶�À+µ,¸(Ç�¶g¼O·o¸o¶gÁ+²´½�ÏS½oµ�³Y·o¶0Ç�¶g¾nÒiº�·�ÙÕºMÊ]Á´µ�²´ÃgÈ0ÑWº�³<²´¼<ÃiÌ � ¼
·oÈSµ(³<¶�ÀA¼SÁÆ²´¼<Â�·¹¸»º�¼S½o¾�²´·¹·oµ�¸MÎiÏS½oµ�¸�²´¼OÑj¶�¸o¾�º�·¹²Æ¶g¼�²´½!µ�¼<Ç�¶O³<µ,³mÏ<½o²´¼<Ã0ºnÈFº�ÁÞÑ5Éh¸»º�·¹µ�Ç�¶g¼]¿g¶�Á´Ï<·¹²Æ¶g¼iº�Á µ�¼<Ç�¶O³<µ,¸ º�¼<³0·oÈSµnµ�¼<Ç�¶O³<µ�³
Ò<²´·o½�º�¸oµ�à ��� � ½oÅ<¸¹µEº�³Iº�¼<³Ó·o¸7º�¼<½¹¾�²´·o·¹µ�³ÓÏ<½o²´¼<Ã<� ��� � ¾�¶O³<Ï<Á5º�·¹²´¶�¼�Ì4�OÅFº�·o²5º�Á[³S²Æ¿gµ�¸o½¹²´·hÊË·¹È<¸o¶gÏ<Ã�ÈÓ·oÈ<µnÏS½oµn¶�ÑA³<²ÞÐ�µ�¸oµ�¼O·
º�¼O·¹µ�¼<¼iº�½�á �²´¼�¶gÏ<¸AÇEº�½¹µEâA²´½AÏ<½¹µ�³0·¹¶(Ç�¶g¾nÒiº�·åÑWº�³<²´¼<ÃiÌ�ßÕÁ´½o¶iÎS·oÈ<µ!½¹²ÆÃg¼iº�Á�·¹¸»º�¼<½o¾K²Æ½¹½o²´¶�¼n²´½AÅ<²´Á´¶�·Aº�½¹½o²´½o·¹µ�³�Ì ��½o²´¼<Ãn·¹È<µ!Å<²´Á´¶�·
½o²´Ãg¼iº�Á�¸¹µ�Ç�µ�²´¿�µ,³ÿº�·A·oÈ<µ�¸¹µ�Ç�µ�²´¿gµ�¸EÎF¾"º�þO²Æ¾�ºMÁ<¸»º�·o²´¶nÇ�¶g¾nÒ<²´¼<²´¼<Ã�¶�Ñ/³<²ÞÐPµ,¸oµ�¼O·�ÅFº�·oÈS½�²´½�º�Ç7È<²´µ�¿gµ�³�Ì
ÔAÈ<µ!Ç�¶�¾nÒS²Æ¼Sµ�¸+²´½'ÑG¶�Á´Á´¶�À+µ,³
ÒOÊn³<µ7Éh²´¼]·¹µ�¸oÁ´µEºM¿gµÚº�¼<³�½¹¶�ÑG·
³<µ�Ç�²´½¹²Æ¶g¼�±Õ²Æ·¹µ�¸oÒS²�³<µ�Ç�¶O³<µ�¸MÌ �+µ�ÇMº�Ï<½¹µ�¶�Ñ�·¹È<µÕÑWº�½¹·+ÅF¶�À+µ,¸+Ç�¶g¼O·o¸o¶gÁ�Ï<½oµ,³�Ñj¶�¸:·¹È<µ!Ï<Å<Á´²´¼<Â(Ç7Èiº�¼<¼<µ�ÁhÎ
·oÈSµ�Ò<²´·!µ�¸o¸¹¶�¸Ò<Ï<¸¹½o·o½n·¹µ�¼<³Y·o¶�ÒiµK¶�Ñ�½¹È<¶�¸¹·oµ�¸³<Ï<¸7º�·o²´¶g¼�Ì"ðS¶�¸º�Ã�²´¿�µ,¼7�Añ:Ù�Î ·oÈSµ�¸oµ�º�¸oµK¾�¶g¸oµÅiº�Ç7Â�µ,·o½²Æ¼mµ,¸o¸o¶g¸�Ñj¶�¸!·oÈ<µ
Ï<Å<Á´²´¼<Â�Ç7Èiº�¼<¼<µ�Á �d·¹È<µ�¸¹µÚº�¸¹µ�ÎgÈ<¶�À+µ,¿�µ�¸MÎ�ÑGµ,À+µ�¸åÒ<²´·o½/²´¼(µ�¸¹¸o¶g¸:²´¼(µEº�Ç7Ènµ�¸o¸¹¶�¼<µ�¶gÏ<½oÁ´Ê¸oµ�Ç,µ�²´¿�µ�³KÅiº�Ç7Â�µ,·EÌ/ÔAÈ<µA³<¶�ÀA¼SÁÆ²´¼<Â!Ç7Èiº�¼<¼<µ�Á
Èiº�½!ÑGµ�À
µ�¸!ÑG¸7º�¾Kµ�½�²´¼Óµ�¸o¸¹¶�¸Ò<Ï<·EÎ ³<Ï<µn·¹¶�·oÈ<µnÒ<ÏS¸o½o·hÊÓ¼iº�·oÏ<¸¹µn¶�ÑA·oÈ<µnµ�¸¹¸o¶g¸o½EÎ/·¹È<µnÅiº�Ç»Âgµ�·�µ�¸¹¸o¶g¸(Ò<ÏS¸o½o·¹½�·oµ,¼<³Ä·¹¶"ÒFµn¾�¶g¸oµ
ÅFµ�¸o½¹²Æ½¹·oµ�¼O·�º�¼S³�È<µ�¼SÇ�µ(¶�Ñ[Á´¶�¼SÃ�µ�¸A³<ÏS¸»º�·¹²´¶�¼�Ì ãmµ!¸oµ7ÑGµ,¸�·o¶<	����ÑG¶g¸A¾�¶g¸oµA³<µ�·7º�²´Á´½EÌ
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��½¹²Æ¼SÃ(½¹²Æ¾nÏSÁ º�·o²´¶�¼%¸oµ�½¹Ï<Á´·o½A¶�Ñ�ÒF¶�·¹È�·oÈ<µÕÏ<Å<Á´²´¼<Â º�¼<³�·¹È<µ�³S¶�ÀA¼<Á´²Æ¼SÂ(·¹¸»º�¼S½oÇ�µ�²´¿gµ�¸o½MÎPº%×0º�¸¹Â�¶�¿Ç»ÈFº�²´¼�¾K¶]³Sµ�Á<ÀAº�½
Ï<½oµ�³�·¹¶
¾�¶O³<µ,Ái·¹È<µ!Òiµ�ÈFºM¿]²´¶g¸A¶�Ñ[·¹È<µ!Á´²Æ¼SÂ]½MÌ�ãmµÕÏ<½oµº�½¹²Æ¾K²´Á º�¸/¾�¶O³<µ�Á�º�½A²´¼7 �&�PÀAÈ<µ,¸oµ�²´·
²Æ½AÏS½oµ�³�·o¶nµ,¿�º�Á´Ïiº�·¹µ�·¹È<µ!Åiµ�¸ ÑG¶�¸¹¾"º�¼<Ç�µ!¶�Ñ
³<²ÞÐ�µ�¸oµ�¼O·Õ½oÅFµ�µ�Ç7ÈmÇ�¶O³<µ�¸¹½EÌAÔAÈ<µ%¾�¶O³<µ�Á�Èiº�½��ù½o·7º�·¹µ�½EÎ�º�¼S³ËºÅiº�Ç7Âgµ�·�µ�¸¹¸o¶g¸�¶OÇ�Ç�Ï<¸¹½!²Æ¼�·¹¸»º�¼S½o¾�²´½¹½o²´¶�¼KÀAÈ<µ�¼0·¹È<µ�Ç7Èiº�¼S¼<µ�Á/²´½
²´¼�½¹·»º�·¹µ� -F�� #��	���%#%� �M��Ì/ð<¶g¸Øº�Á´Á � �  � � �7�<Îg·oÈ<µ!¼<µ�þO·
·o¸7º�¼<½¹²Æ·¹²´¶�¼�²´½
µ�²´·oÈ<µ,¸A·o¶·oÈ<µ!¼<µ�þO·
È<²´Ã�È<µ,¸+½¹·»º�·¹µná5½o·7º�·¹µ  �L'�Mâ
¶�¸ÕÒiº�Ç7Â0·¹¶�½¹·»º�·¹µ
�_Òiº�½¹µ�³Ó¶�¼0·¹È<µ(½¹·»º�·oÏ<½!¶�Ñ
·oÈ<µÇ�Ï<¸¹¸oµ�¼O·oÁ´Ê0¸¹µ�Ç�µ�²´¿gµ�³m³iº�·7ºMÉjÑG¸»º�¾�µ�Ì'ÝjÑ+·oÈ<µÇ7Èiº�¼S¼<µ�Á/²´½Ú²´¼0½¹·»º�·oµ�� �G��ÎF²´·
ÀA²´Á´Á[º�Á´ÀAºMÊO½A¸oµ�·¹Ï<¸o¼Ó·o¶K½o·»º�·oµ��<ÌÕÔAÈ<µµ7ÐPµ,Ç�·o²´¿�µnÇ7Èiº�¼<¼<µ�Á/¸7º�·oµµ�ÖOÏiº�ÁÆ½Õ·o¶K·oÈ<µÇ�¶�¼S½o·»º�¼O·ÚÅFº�Ç7Â�µ�·Õ½o²´ä�µ��0�ÀAÈ<µ�¼Ó·oÈSµ(Ç7Èiº�¼<¼<µ�Á
²´½�²´¼m½o·7º�·oµ�<Î/º�¼<³mµ,Ö]ÏFº�Á´½(·¹¶���ÀAÈ<µ,¼m·oÈ<µKÇ»ÈFº�¼<¼<µ,ÁA²Æ½%²Æ¼Ó½o·7º�·¹µ)� �  � � � ��Ì<!Õ¶�·oµn·¹Èiº�·MÎ/Ï<½o²´¼<Ã¡·oÈ<²´½�¾K¶]³Sµ�ÁhÎ�²´·�²´½
¶�¼SÁÆÊKÅi¶g½o½¹²ÆÒSÁÆµ!·¹¶nÃ�µ�¼<µ,¸»º�·¹µ(ÒSÏ<¸o½¹·�µ�¸¹¸o¶�¸¹½!¶�Ñ+º�·A¾K¶�½o·
¶�Ñ:Á´µ�¼<Ãg·oÈ)� �G��ÌåÔAÈ<µ�µ�¸¹¸o¶g¸�½o·7º�·¹²Æ½¹·o²´Ç�½ÕÇEº�¼0·¹È<µ�¼0ÒFµ�Ç�¶g¼O·o¸o¶gÁ´ÁÆµ,³"ÒOÊ
Å<¸¹¶�ÅFµ�¸oÁ´Ê0º�½¹½o²´Ã�¼<²´¼<Ãn¿�º�Á´Ï<µ�½A·o¶K·oÈ<µ%Å<¸o¶gÒiº�Ò<²´Á´²´·o²´µ�½���� #�� � #	�	��� #�� ����� Ì
ÔAÈ<µ�¿�º�Á´Ï<µ�½AÑj¶�¸A·oÈSµ(Ï<ÅSÁÆ²´¼<Â�º�¼<³0³<¶�ÀA¼SÁÆ²´¼<ÂnÇ7Èiº�¼<¼<µ�Á´½º�· �Añ:Ù F ��� ��� º�¸oµn½¹È<¶�ÀA¼Ë²´¼0·¹È<µÑG¶gÁÆÁ´¶�ÀA²´¼<Ãn·7º�Ò<Á´µ�Î�ÀAÈSµ�¸oµ �©ÀØº�½ÕÑG¶�Ï<¼S³Ë·¹¶"ÒFµ<� %�º�¼<³ �Óá5µ�ÖOÏ<²´¿�º�ÁÆµ,¼]·Õ·o¶�¾"º�þO²Æ¾Ï<¾
Ò<Ï<¸¹½o·Õµ�¸o¸¹¶�¸�Á´µ�¼SÃ�·oÈS½A¶�Ñ����%¾�½¹µ�Ç�º�¼<³6���¾K½oµ�ÇMâåÑG¶�¸
·oÈ<µ%³<¶�ÀA¼<Á´²´¼<Â�º�¼<³�·¹È<µ!Ï<Å<Á´²´¼<Â�Ç7Èiº�¼<¼<µ�ÁhÎO¸oµ,½oÅFµ�Ç�·o²´¿gµ�Á´Ê]Ì
ÔAÈ<µ�½¹µ�¿�º�Á´Ï<µ,½
º�¸¹µÕÑG¶�Ï<¼S³"ÒOÊn¾�º�·oÇ7È<²´¼<Ã%·oÈ<µ�ÅFº�¸»º�¾�µ�·¹µ�¸o½A¶�Ñ[·¹È<µ(×0º�¸oÂ�¶�¿nÇ7Èiº�²´¼<½A·o¶½o²´¾nÏ<Á5º�·¹²´¶�¼<½:¶�Ñ[·¹È<µ�·o¸7º�¼<½¹Ç�µ�²´¿�µ,¸o½EÎF½¹µ�µ(ð ²´ÃiÌ %<Ì
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ð ²´Ã�Ï<¸¹µ % � ×0º�¸oÂ�¶�¿�¾K¶]³Sµ�ÁFÑG¶�¸ÕÇ7Èiº�¼<¼Sµ�Á/Òiµ�ÈFºM¿]²´¶g¸Úº�¼S³0·o¸7º�¼<½¹²Æ·¹²´¶�¼iº�Á�Å<¸¹¶�Òiº�Ò<²´ÁÆ²´·hÊnÅiº�¸»º�¾�µ�·¹µ�¸o½'ÑG¶�¸Õ·oÈ<µ³<¶�ÀA¼<Á´²´¼<Â�º�¼S³0·oÈ<µÏ<Å<Á´²´¼<ÂnÇ7Èiº�¼<¼<µ�Á´½
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ß Ç,¶�¼<½¹µ�¸o¿�º�·o²´¿�µ�º�Å<Å<¸¹¶]º�Ç»ÈY·o¶Ó¾�µ�µ,·�·oÈ<µKÇ�¶�¼S½o·o¸7º�²´¼O·o½n²´¼^á1�Oâ!Ñj¶�¸�·¹È<µ�Ï<¼SÂ]¼S¶�ÀA¼mÑGÏ<·¹Ï<¸oµKÇ7Èiº�¼<¼Sµ�ÁA¸»º�·oµ�½nÀ
¶�Ï<Á´³mÒFµ�·¹¶
º�½¹½oÏ<¾Kµ�À
¶�¸¹½o·AÇEº�½oµ�¿�º�ÁÆÏSµ�½
ÑG¶�¸
·oÈSµ�µ�þOÅiµ,Ç�·oµ�³ÓÇ7Èiº�¼S¼<µ�Á�¸»º�·oµ�½MÌ�:Õ¶�À+µ�¿gµ�¸�·¹È<²´½Øº�Å<Å<¸¹¶]º�Ç7È�À
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I. Finite delay with channel feedback    

II. Finite delay without channel feedback

III. Known channel and infinite delay    
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Downlink channel

I. Finite delay with channel feedback    

II. Finite delay without channel feedback

III. Known channel and infinite delay    
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Uplink channel
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I. Finite delay with channel feedback    
II. Finite delay without channel feedback
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Downlink channel

I. Finite delay with channel feedback    
II. Finite delay without channel feedback
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Uplink channel
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