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Representative random timer adaptation approach in [1]
Collaborative random timer adaptation approach: C = c = 1/2
Collaborative random timer adaptation approach: C = c = 1
Collaborative random timer adaptation approach: C = c = 2
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IKJ R F�F[F�¼PI R F�LcFxZ9X9I�BKA#L Q Y'F�I@C Q C�Y#C�t�A'F%B'&NB@I^M R k¹B@I R A#E9tTM�E9S
Z9A#E�M R OcI R F�F(&cF\MHW!Jzn�A#IKJ0M�BKA#E9t�Y#F�S5M�I^M�BKC�X R W�F�`m|�J9F�BKI!M R
IKC Q C�Y'C�t�O R F Q9R F�B@F�EPIKBTMcB@F�BKB@A#C�Een�JUF R FcMHY'Y�LcF�L[Z5F R B;J�Ma_�F
F�{PX�M�Y¹SUA'B@I^MHE9W�F�IKC�IKJ9F;BKC�X R W�F�M�E9STM R F;BKA#Z9Y#A#E9t�B�C�G]C�E9FhMHEPj
C�I@J9F R `�|�J9F[B@I R A'EUtNI@C Q C�Y#C�t�O R F Q9R F�BKF%EVI@BcM�BKF�B@BKA#C�E}n�J9F R F
M�Y#Y�LcF�L[Z5F R BcJ�Ma_�FzX Q BKI R F\M�L*)�S9C�n�EUBKI R F\M�L R F�Y,MHIKA#C�E9B@J9A Q
M�E9STB@J�M R FiI@J9F�S�MHI^M�S9F�Y#A#_�F R O Q M�IKJUBmn�A#IKJTIKJUF�A R X Q B@I R F\M�L
LcF�L[Z5F R B\`�|�J9F�Z9A#E�M R O=I R F�F[IKC Q C�Y#C�t�O R F Q9R F%BKF�EPIKBcM�LcA#¼�j
IKX R F�C�G�Z�C�IKJ]`
�}F�B@A'L[XUYqMHIKF.I@J9F Q F R G7C R LTM�E9W�F�C�G]I@J9F 698;: MHS�M Q I!M�I@A'C�E

LcF�W!J�MHE9A#BKLoB@X9t�t�F�BKI@F�S}A#E > f@?~MHE9SzC�X R W�C�Y#Y,M�Z5C R M�I@A'_�F�_�F R j
BKA#C�E}CHGmIKJ9F�IKA#LcF R M�S�M Q I^MHIKA#C�E0LcF%W^J5M�E9A#BKL0`c|�C=B@A#L Q Y#A�G7O
IKJ9F�S9F�BKW R A Q IKA#C�ErA#E�I@J9FTG7C�Y#Y'C�n�A#E9tTB@F�W�IKA#C�E9B\k�n�F=n�A#Y#Y�W\M�Y#Y
IKJ9F%L,+;À.-0/21½M�E9S $�À3-4/210k R F�B Q F�W�I@A'_�F�Y#OV`�;C�IKF�IKJ�MHI\k�I@J9F R F�W�C�_�F R O}S9F�Y,MaO0A#B�LcF\MHBKX R F�S}A#E}IKF R LcB
C�G¹IKJ9F;C�E9Fgj n�MaO Q9R C Q MHtVM�I@A#C�E�S9F�Y,MaO�G R C�L IKJ9F;S�M�I!M;BKC�X R W�F�·
LcC R F Q9R F%W�A#BKF�Y#OPk�IKJ9F R F�W�C�_�F R O�S9F%YqMaO´A#BcIKJUF=A#EVI@F R _�MHYmZ5F!j
Ibn)F%F�EeM[L�F�L[Z�F R\� B�S9F�I@F�W�IKA#C�E}C�G~M�Y#C�B@BÇMHE9S R F�W�F Q IKA#C�E}CHG
M R F�I R M�E9B@LcA#BKB@A#C�E�S9A#_PA'SUF�SeZPOeI@J9FTC�E9Fgj n�MaO Q9R C Q M�tPM�I@A'C�E
S9F�Y,MaO�G R C�L�I@J9F�S�MHI^M�BKC�X R W%F�IKC�IKJ9FxLcF�L[Z5F R `

5�ÕKÖ 6 �.×"�.Ø9��0G,/�Z�87î,��=*:9�Ø@Ø�8©�3�V��# 8©,/.�´��
�}F�BKA#L[X9Y,MHIKFmZ5C�I@J=IKA#L�F R M�S�M Q I^MHIKA#C�E=M Q9Q9R CPM�W!J9F�B�C�E=IKJ9F
B^MHLcF[IKC Q C�Y#C�t�A#F�Bxn�A'I@JeL[X9Y#I@A Q Y'FxY'C�BKB@O}Y'A#E v Ba` � IKJ9F R Y'C�BKB
Q M�I@IKF R E9B�M R F�S9A#BKW�XUBKBKF%S¬A#E > f?
%?K` �.M�W!JoY#A#E v J�MHB MHE
X9E9A�G7C R LcY#O�jbS9A#BKI R A#Z9X9IKF%S�F RKR C R=R MHIKF}M�E9S�A#IKBTF R@R C R�R M�I@FzA#B
d�¼PF�S=I@J R C�X9t�J9C�X9I�IKJ9F�B@A#L[X9Y,M�IKA#C�E]`
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|�J9FmMa_�F R M�t�F R F%{VXUF�BKI@B Q F R Y#C�B@B�A'B
W�Y#C�B@F�IKC�C�E9F�A#E�$�À3-4/21}`�mC�n�F�_�F R k5BKA#E9W�FxIKJ9F R F Q Y#A#F�BhM R F�C Q F R M�I@F�S0A'ETt R C�X Q L�CPS9F
A#E@+mÀ -0/21 k�I@J9FeMa_�F R M�t�F}n~MHA#IKA#E9t Q F R A'CPS C�G[IKJ9F R F Q Y#O
IKA#LcF R A'B
Y#C�E9t5`¹wmB.M�W%C�E9B@F�{PX9F�E9W�F�kPIKJ9F.SUF�Y,MaOhCHG�IKJUF)Z�MHW v C�È
R F�{PX9F%BKI�IKA#LcF R B�M R F�E9C�IhB@XPfcW�A#F�EPI�I@C QUR F�_�F�EPI Q9R F%LNM�I@X R F
R F�{PX9F%BKIKB[M�EUS=IKJ9F[Ma_�F R M�t�FiEPX9L[Z5F R CHG R F�{PX9F%BKIKB�A#E9W R F\M�B@F�B
n�A#IKJ}IKJUFNB@F�BKB@A#C�EeB@A#u�F 4 Ó]A#t�X R FT¡�M < `=Ó9X R IKJUF R L�C R F�k�LcC R F
S9X Q Y#A#W\MHIKF R F�{PX9F�B@IKB Q9R CVSUX9W�FTY,M R t�F R�R F�{PX9F�B@I Q M R M�L�F�IKF R B\`
|�JPX9B\k�IKJ9F R F�W%C�_�F R O[S9F�Y,MaO¢MHY#BKC�A#E9W R FaM�BKF%B�n�A'I@J[IKJ9F�B@F�BKB@A#C�E
BKA#u�F 4 Ó
A't�X R F�¡HW < `

;¹ÛÝÜ�Û&% ç¹àaá�ã7ä+h8<.ê5é.ê)-7ê)h?>
�bE.$�À -0/21 k
F�_�F�E´IKJ9C�X9t�J}L�F�L[Z5F R B�S9C=EUC�I�BKJ�M R F�A'SUF�EPj
IKA#W\MHY]Y#C�B@BKF�B�M�EUSNI@J9F�A R F%BKIKA#LTM�IKF%S=E9F�A#t�JPZ5C R J9CPCVSTB@A'u%F�B�M R F
IKJ9F�Ma_�F R M�t�F�C�G]IKJUFhM�W%IKX�MHY�E9F%A't�JPZ�C R J9CPCPS[BKA#u�F�BmMHBKB@CVW%AqMHIKF�S
n�A#IKJ�A#E9S9A#_PA'SUX�M�Y�X Q BKI R F\M�L Y#C�BKBKO´Y#A'E v Bak�IKJ9FzMa_�F R MHt�F R F!j
{PX9F�BKI@BcM�E9S R F Q Y#A#F�B Q F R Y#C�B@BiM R FcBKI@A#Y'Y�E9F\M R j W%C�E9B@I^M�EPI[M�E9S
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M R FiE9C�ImB@J�M R F�Szn�A#I@J=C�I@J9F R Bak +;À -0/21 A#BmY#F�BKB�F!È¹F�W�I@A#_�F[A#E
IKJ9F�MHY'Y�jbY#C�BKB@O�j Y#A#E v W\M�B@F�Z5F�W\M�XUBKF�M�L�F�L[Z5F R\� B.A#E9S9F Q F�EUS9F�EPI
Y#C�BKB@F�Bmn�A#Y#Y R F%S9X9W�F�A#I@B R F%{VXUF�BKI;IKA#LcF R�Q M R M�L�F�IKF R BmM�EUSNI@J9F
S9A�È�F R F�E9W%F�Z�F%Ibn)F�F%E=IKJ9F R F Q9R F%BKF�EPI^MHIKA#_�F � B Q M R MHLcF�I@F R B�M�E9S
C�I@J9F R B�A#BiY#F�B@BiB@A#t�E9A�d�W\MHEPI\` : F�L[Z5F R B�G M R G R C�L½IKJ9F�Y#C�BKB@O
Y#A'E v LTMaOcB@F�E9S R F%{VXUF�BKI@B¢MHE9S R F Q Y#A#F�B\k
IKJPX9Bak¹IKJUF R F�W�C�_�F R O
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Representative random timer adaptation approach in [1]
Collaborative random timer adaptation approach: C = c = 1

Ó
A't�X R Fr£ � �;A#BKI R A#Z9X9IKA#C�E9B}C�GTIKJ9F R F�{PX9F�B@IKBrM�E9S R F Q Y#A#F�B
M�L�C�E9t�L�F�L[Z5F R B.A#E f\£ j EUCVSUFmBKI R A#E9t[I@C Q C�Y#C�t�O

Ó
A#t�X R Fi£�BKJUC�n�B�IKJ9F R F�{PX9F�B@IÇMHE9S R F Q Y'OTS9A#B@I R A#Z9XUIKA#C�ETA#E
IKJ9F f\£ajbE9CPS9F=B@I R A'EUt}IKC Q C�Y#C�t�OP`r�mEUY'A v FNI@J9F=B@A'EUt�Y#F!jbY'C�BKB@O�j
Y#A'E v W\M�B@F�k9B@F�_�F R M�Y R F Q9R F�BKF%EVI!M�I@A'_�F R F�{PX9F�B@IKF R BiM�E9S R F Q Y'A#F R B
M R F�BKF�Y#F�W%IKF�S}A#E +;À.-0/21}`��;C�IKF�IKJ5M�I\kULcC�BKI R F%{VXUF�BKI@BiM�E9S
R F Q Y'A#F�B�M R F[SUA'B@I R A'ZUX9IKF�S}I@C�n~M R S9B�I@J9FcF�SUt�F�B�CHG~I@J9F[BKI R A#E9t
IKC Q C�Y'C�t�OP`

;¹ÛÝÜ�Û'Ú <�á�ßPß <�ê5é.êH-2ê)h >
�bE $�À3-4/210k5n)F�EUC�IKA#W�FxIKJ�MHImIKJUF�EPX9L[Z�F R C�G R F�{PX9F%BKIKBxS9F!j
W R FaM�BKF%B�n�A#IKJTIKJ9FxBKF�B@BKA#C�E=B@A#u�FiM�EUS=IKJ9FxEVXUL[Z�F R CHG R F Q Y#A#F�B
A#E9W R FaM�BKF%Bzn�A#IKJ�IKJUF}BKF�B@BKA#C�E�B@A'u%F�` 6 A'EUW�F}IKJ9F}n�A#S9I@JpA#EPj
W R FaM�BKF%BiF�¼ Q C�E9F%EVI@A,M�Y#Y#O=n�A#IKJ0S9F Q I@J}A'E0IKJUF[I R F%F[IKC Q C�Y#C�t�OPk
LcC R F[Y#C�B@BKF�B[M R FNSUA'B@I R A'ZUX9IKF�S´IKC�n�M R S9BiI@J9FcY#F\M GmLcF�L[Z5F R B
n�J9F�ETIKJUF�BKF�B@BKA#C�ETB@A'u%F�A#E9W R FaM�BKF%B\`.|�JUF R F!G2C R F�k9G2F�n)F R Y'C�BKB@F�B
M R FmBKJ5M R F%SNZPO[M�LTM��!C R A#IbO�C�G]I@J9FmL�F�L[Z5F R B)MHE9S[IKJUFhEPX9L�j
Z�F R CHG R F�{PX9F�B@IKB Q F R Y#C�B@BmS9F�W R F\MHBKF�Ba` � E=IKJUFiC�IKJ9F R J�MHE9S]k
BKA#E9W�F;LcC R F�Y'C�BKB@F�B~M R F;S9A#BKI R A#Z9X9IKF%S[IKC�n�M R SUB.IKJ9F;Y#F\MaG]L�F�L[j
Z�F R B\k�L�C R F R F�{PX9F%BKIKB�W\M�E�Z�F R F Q Y#A#F�SrZPOpM¶LNM��!C R A#IbOeCHG
IKJ9F�LcF�L[Z5F R B\`��;C�I@FcIKJ5M�I\k�I@J9FNMa_�F R MHt�F R F Q Y#A#F�B Q F R Y'C�BKB
n�J9F�E $ 7 & 7 f�A#B.Y,M R t�F R IKJ�MHEcIKJUFmMa_�F R M�t�F R F Q Y'A#F�B�n�J9F�E
$ 7 &#7 É� `��}FmA#S9F%EVI@A�d�F�STIKJ9A#B�B@W�F�E�M R A#CcM�B "#�\�! �"]��+,�9+Ý�i A#E > �a?K`
ÓUC R I@J9FTB^M�L�F R F\MHBKC�ErLcF�EPI@A'C�E9F�SeMHZ�C�_�F�k.I@J9F=Ma_�F R M�t�F

R F�{PX9F%BKIKB Q F R Y#C�BKB.S9F%W R F\MHBKF�B�n�A#I@JiI@J9F�BKF�B@BKA#C�E�BKA#u�FmMHE9SiI@J9F
Ma_�F R M�t�F R F Q Y#A#F�B Q F R Y#C�BKB�A#E9W R FaM�BKF%B[n�A'I@JzI@J9F[BKF%BKBKA#C�E}BKA#u�F
A#E=+mÀ -0/21 `*�;C�n)F%_�F R kPIKJ9F R F%W�C�_�F R OcS9F%YqMaO�A#E9W R F\M�B@F�BmB@X9ZPj
BKI!M�EPIKA,M�Y#Y#O[n�A#IKJ=I@J9F�B@F�BKB@A'C�EzB@A#u�F�`�|�C�G7X R IKJ9F R XUE9S9F R BKI^MHE9S
IKJ9A#B
Z�F�J5Ma_VA#C R kan)F Q Y#C�I]I@J9F R F�{PX9F�BKI�M�E9S R F Q Y#O�S9A#BKI R A#Z9X9I@A'C�E
C�G�IKJ9F0fa£ajbE9CPS9FmI R F�F�IKC Q C�Y#C�t�O�A#E=Ó]A#t�X R F�¤9`
Ó R C�L�Ó]A#t�X R F)¤Ukan)F�G7C�XUE9S�LcC�B@I¹C�G�I@J9F R F�{PX9F�B@IKB)M R F.B@F�EPI

ZPOzY#F\M GmLcF�L[Z5F R B 4 LcF�L[Z5F R�� � Ä � É�� < M�E9S}E9C�E9FcCHG~I@J9F
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Representative random timer adaptation approach in [1]
Collaborative random timer adaptation approach: C = c = 1

Ó
A't�X R F�¤ � �;A#BKI R A#Z9X9IKA#C�E9B}C�GTIKJ9F R F�{PX9F�B@IKBpMHE9S R F Q Y#A#F�B
M�L�C�E9t�L�F�L[Z5F R B�A#E f\£ j EUCVSUFhI R F�FxIKC Q C�Y#C�t�O

A#B Q9R C Q C R IKA#C�E�M�Y
IKC[IKJUF�S9F Q I@JTC�G.IKJ9FxI R F%F�IKC Q C�Y'C�t�OP`�wmB�M
R F�B@X9Y#I\kUIKJ9F R F�W�C�_�F R OTS9F�Y,MaO[A#B�BKXUZPj C Q IKA#LTM�Yb`�mC�I@FmI@J�M�Iak +mÀ -0/21 C Q F R MHIKF�B�A#EcY#F\MHS9F R LcCPS9F�Z5F�Ibn�F�F�E
IKJ9F[Y#F\M G~L�F�L[Z5F R B�M�E9S0C�I@J9F R Ba`��;C�n)F%_�F R k]A#I�C Q F R MHIKF�B�A#E
t R C�X Q LcCPS9F=M�L�C�E9t0Y#F\MaG�LcF�L[Z5F R Ba`�|�J5M�IcA#BakmI@J9FzY#F\M G
LcF�L[Z5F R B 4K+Ýl,&\l k¹IKJ9F R F Q9R F�BKF�EPI!M�IKA#_�F�B < R F�Y#O=C�E Q9R C�Z�MHZ9A#Y#A'B j
IKA#W�BKX Q9QUR F�B@BKA#C�E[I@C R F�S9X9W%F�S9X Q Y#A#W\M�I@F�B\`
|�J9F R F!G7C R F�kPI@J9F)Y#F\M G
LcF�L[Z5F R B � À � B�M R F;W�Y#C�B@FmIKC�
�� ¡�M�EUS[IKJ9F�A R Æ � B~M R F Q9R C Q C R j
IKA#C�E5M�Y¹IKC[I@J9F�E9F�A#t�JPZ5C R J9CPCVSTB@A'u%F�`

5�Õ�� �5. ��,j!�,���6-��Ø�ÙP�Z���M�3��9���.�±\� 9³.���Ø�#��V,9�
|�J9F Q9R F�_PA#C�XUB]BKF%W�IKA#C�EUB.S9A#BKW�XUBKBKF%S[IKJ9F)MHt�t R F�tPM�IKF%SiF R@R C RDR F!j
W�C�_�F R O Q F R G2C R LTM�E9W%F)CHG�BKF�B@BKA#C�E[L�F�L[Z5F R Ba`��bE�IKJUA'B�B@F�W�IKA#C�E]k
n)Fxn�A'Y#Y¹A#EP_�F�B@IKA#tVMHIKF�LcF%L[Z�F Ra� B)A#E9S9A#_PA#S9X�MHY�Z5F�J�Ma_PA#C R B\`��}F
W!J9CPC�BKF�I@J9F�¥ajbE9CPS9FmI R F�F�IKC Q C�Y#C�t�O�IKC�F�¼9M�L�A#E9F)I@J9F Q F R G7C R j
LNMHE9W�F�`�|�J9F Q9R C Q MHtVM�I@A#C�E0S9F�Y,MaOTG R C�L½IKJ9F[B@C�X R W�FcI@C=A#IKB
E9F\M R F�B@I[S9C�n�E9BKI R F\MHLëLcF%L[Z�F R A#B�I@F�EeI@A'L�F�B�Y#C�EUt�F R I@J�M�E
IKJ9F QUR C Q M�tVMHIKA#C�E0S9F�Y,MaOTZ5F�Ibn)F%F�EeIbn�CTE9F�A#t�JPZ5C R A#E9tTL�F�L[j
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 (b) independent losses
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Representative random timer adaptation approach in [1]
Collaborative random timer adaptation approach: C = c = 1
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 (b) collaborative approach
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