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$EVWUDFW�We propose a Transport PCE architecture to deploy a Transport PCE by means of Network 
Function Virtualization. Virtual PCEs are deployed on demand, but they are perceived as a single 
Virtualized Network Function. We present the benefits by experimental validation.�
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1HWZRUN� )XQFWLRQV� 9LUWXDOL]DWLRQ� �1)9�� DLPV� DW�
XVLQJ� ,7� YLUWXDOL]DWLRQ� WHFKQLTXHV� WR� YLUWXDOL]H�
HQWLUH� FODVVHV� RI� QHWZRUN� QRGH� IXQFWLRQV�� $�
9LUWXDOL]HG�1HWZRUN�)XQFWLRQ��91)��FRQVLVWV�RI�D�
QHWZRUN�IXQFWLRQ�UXQQLQJ�DV�VRIWZDUH�RQ�VHYHUDO�
YLUWXDO� PDFKLQHV� LQVWHDG� RI� KDYLQJ� FXVWRP�
KDUGZDUH� DSSOLDQFHV� IRU� WKH� SURSRVHG� QHWZRUN�
IXQFWLRQ����

$�WUDQVSRUW�3DWK�&RPSXWDWLRQ�(OHPHQW��3&(��LV�
D� WUDQVSRUW� QHWZRUN� IXQFWLRQ�� ZKLFK� LV� DEOH� WR�
SHUIRUP�FRQVWUDLQHG�SDWK�FRPSXWDWLRQ�RQ�D�JUDSK�
UHSUHVHQWLQJ� D� QHWZRUN� �7UDIILF� (QJLQHHULQJ�
'DWDEDVH���7('����7KH�3&(�JOREDO�DUFKLWHFWXUH�
DQG�FRPPXQLFDWLRQ�SURWRFRO��3&(3��KDYH�EHHQ�
VWDQGDUGL]HG�E\�,(7)��7KH�3&(�FDQ�EH�UXQ�DV�DQ�
DSSOLFDWLRQ�RQ� WRS�RI�&RPPHUFLDO�2II�7KH�6KHOI�
�&276�� HTXLSPHQW��� 7KH� LQLWLDO� GULYHU� IRU� WKH�
GHSOR\PHQW� RI� 3&(V� ZDV� WKH� LQFUHDVLQJ�
FRPSOH[LW\� RI� SDWK� FRPSXWDWLRQ�� 7KH� 3&(�
DUFKLWHFWXUH� KDV� EHHQ� H[WHQGHG� WR� VXSSRUW�
VFDODELOLW\�FRQVWUDLQWV�ZLWK�WKH�LQWURGXFWLRQ�RI�WKH�
KLHUDUFKLFDO� 3&(�� 8VLQJ� KLHUDUFKLFDO� 3&(�
DUFKLWHFWXUH��HDFK�3&(�LV�FRQVLGHUHG�DV�D�VLQJOH�
QHWZRUN�IXQFWLRQ����

,Q�WKLV�SDSHU��ZH�SURSRVH�WKH�DGRSWLRQ�RI�WKH�1)9�
DUFKLWHFWXUH� WR�GHSOR\�D�3&(�GHGLFDWHG� WR�SDWK�
FRPSXWDWLRQ� RI� D� WUDQVSRUW� QHWZRUN� DV� D� 91)��
$OWKRXJK� WKH�1)9�DUFKLWHFWXUH�KDV�VXFFHVVIXOO\�
EHHQ� GHPRQVWUDWHG� IRU� PRELOH� QHWZRUNV�� WKHUH�
KDYH� EHHQ� RQO\� IHZ� DWWHPSWV� WR� LQWURGXFH� WKLV�
DUFKLWHFWXUH� WR� FRUH� QHWZRUNV�� $� 3&(� 1)9�
RUFKHVWUDWRU� LV� LQWURGXFHG��VR�WKDW� WKH�SURSRVHG�
WUDQVSRUW�3&(�1)9�LV�EH�DEOH�WR�KDQGOH�LQWHQVH�
SHDN� ORDGV� RI� SDWK� FRPSXWDWLRQ� UHTXHVWV�� 7KH�
1)9� RUFKHVWUDWRU� G\QDPLFDOO\� GHSOR\V� YLUWXDO�
3&(V��Y3&(V��RQ�GHPDQG�WR�NHHS�WKH�TXDOLW\�RI�
WKH� 91)� �H�J��� LQ� WHUPV� RI� ODWHQF\�� UHTXHVW�
SURFHVVLQJ� WLPH�� GHGLFDWHG� DOJRULWKPV�� HWF���� $�
Y3&(� LV� D� 3&(� LQVWDQFH�� ZKLFK� LV� UXQ� DV� D�
VRIWZDUH� DSSOLFDWLRQ� RQ� D� FORXG� FRPSXWLQJ�
HQYLURQPHQW��H�J���D�YLUWXDO�PDFKLQH����

:H�DOVR�LQWURGXFH�D�3&(�'16��LQ�RUGHU�WR�RIIHU�

WKH�GHSOR\HG�Y3&(V�DV�D�VLQJOH�91)�SHUFHLYHG�
E\�WKH�GLIIHUHQW�3DWK�&RPSXWDWLRQ�&OLHQWV��3&&����

)LQDOO\��D�3&(�IURQW�HQG�EDFN�HQG�DUFKLWHFWXUH�LV�
SURSRVHG� WR� E\SDVV� WKH� OLPLWDWLRQV� RI� WKH�
SUHVHQWHG�DSSURDFK��

3URSRVHG�$UFKLWHFWXUH�

,Q�WKLV�VHFWLRQ��WKH�SURSRVHG�WUDQVSRUW�3&(�1)9�
DUFKLWHFWXUH�LV�GHVFULEHG��)LJ����D���$�3&(�1)9�
2UFKHVWUDWRU� LV� WKH� HQWLW\� UHVSRQVLEOH� IRU� WKH�
GHSOR\PHQW�RI�WKH�3&(�DV�D�91)��7KH�3&(�1)9�
2UFKHVWUDWRU� FRQVLVWV� RI� WKUHH� VHSDUDWHG�
PRGXOHV��3&(�91)�SURYLGHU��9LUWXDO�,7�UHVRXUFHV�
DQG�3&(�FRPSXWDWLRQ�ORDG�PRQLWRULQJ��

7KH� 3&(� 91)� SURYLGHU� LPSOHPHQWV� WKH�
QHFHVVDU\� ORJLF� IRU� GHSOR\LQJ� WKH� QHFHVVDU\�
Y3&(� LQ� RUGHU� WR� JXDUDQWHH� WKH� TXDOLW\� RI� WKH�
91)��,Q�RUGHU�WR�JXDUDQWHH�WKH�TXDOLW\��WKH�3&(�
91)�SURYLGHU�LQWHUDFWV�ZLWK�WKH�3&(�FRPSXWDWLRQ�
ORDG� PRQLWRULQJ� PRGXOH� LQ� RUGHU� WR� REWDLQ� WKH�
QHFHVVDU\� GDWD� WR� GHFLGH� WR� GHSOR\� D� QHZ�
LQVWDQFH�RI�D�Y3&(�RU�WR�GHOHWH�RQH��YLD�WKH�YLUWXDO�
,7�UHVRXUFHV�PRGXOH��7KXV��WKH�3&(�91)�LV�WKH�
UHVSRQVLEOH� IRU� GHSOR\LQJ� WKH� ORJLF� RI� WKH�
RUFKHVWUDWRU��

7KH�9LUWXDO� ,7� UHVRXUFHV�PRGXOH� LV� UHVSRQVLEOH�
IRU� PDQDJLQJ� D� FORXG� LQIUDVWUXFWXUH� �H�J���
2SHQ6WDFN���7KH�FORXG�LQIUDVWUXFWXUH�VKDOO�DOORZ�
WKH� G\QDPLF� GHSOR\PHQW� DQG� UHOHDVH� RI� YLUWXDO�
PDFKLQHV�ZLWK�FXVWRP�LPDJHV�UXQQLQJ�Y3&(�DV�
DQ� DSSOLFDWLRQ�� 7KH� FORXG� LQIUDVWUXFWXUH� PXVW�
DVVLJQ�WR�WKH�Y3&(�D�QHZ�,3�DGGUHVV�IURP�D�VHW�
RI�DYDLODEOH�RQHV��7KLV�,3�DGGUHVV�LV�SDUVHG�DQG�
WKH�3&(�'16�LV�QRWLILHG�ZLWK�WKH�QHZ�,3�DGGUHVV�
IRU�D�QHZ�DYDLODEOH�Y3&(��

)LQDOO\�� WKH� 3&(� FRPSXWDWLRQ� ORDG� PRQLWRULQJ�
PRGXOH� LV� WKH� UHVSRQVLEOH� IRU� PRQLWRULQJ� WKH�
TXDOLW\�RI�WKH�91)��7KH�PRQLWRUHG�SDUDPHWHUV�DUH�
D�VHW�RI�WKH�3&(�PRQLWRULQJ�SDUDPHWHUV�GHILQHG�
LQ����ZKLFK�DUH�H[SRVHG�E\�WKH�Y3&(V��E\�PHDQV�
RI�DQ�+773�VHUYHU��2QH�RI� WKHVH�SDUDPHWHUV� LV�
WKH�PHDQ�SDWK�SURFHVVLQJ�WLPH��,I�WKH�PHDQ�SDWK�
SURFHVVLQJ�WLPH�H[FHHGV�D�FHUWDLQ�WKUHVKROG��WKH�



3&(�91)�FRXOG�GHSOR\�D�QHZ�Y3&(�WR�UHGXFH�WKH�
SHDN�UHTXHVW�ORDG�LQ�WKH�3&(�91)��

$V�D�3&(�GLVFRYHU\�PHFKDQLVP��D�3&(�'16�LV�
SURSRVHG�� '16� LV� D� TXHU\�UHVSRQVH� EDVHG�
PHFKDQLVP��$�3DWK�&RPSXWDWLRQ�&OLHQW��D�3&&��
FDQ� XVH� '16� WR� GLVFRYHU� D� 3&(� RQO\� ZKHQ� LW�
QHHGV� WR� FRPSXWH�D�SDWK�DQG�GRHV�QRW� UHTXLUH�
DQ\�RWKHU�QRGH�LQ�WKH�QHWZRUN�WR�EH�LQYROYHG��,Q�
FDVH�RI�DQ�LQWHUPLWWHQW�3&(3�VHVVLRQ��ZKLFK�DUH�
V\VWHPDWLFDOO\�RSHQHG�DQG�FORVHG�IRU�HDFK�3&(3�
UHTXHVW�� D� '16�EDVHG� TXHU\�UHVSRQVH�
PHFKDQLVP�LV�VXLWDEOH��0RUHRYHU��'16�VXSSRUWV�
ORDG� EDODQFLQJ� ZKHUH� PXOWLSOH� Y3&(V� �ZLWK�
GLIIHUHQW�,3�DGGUHVVHV��DUH�NQRZQ�LQ�WKH�'16�IRU�
D�VLQJOH�3&(�VHUYHU�QDPH�DQG�DUH�VHHQ�IRU�WKH�
3&&� DV� D� VLQJOH� UHVRXUFH�� 5HTXHVWV� DUH� ORDG�
EDODQFHG�DPRQJ�Y3&(V�ZLWKRXW�DQ\�FRPSOH[LW\�
DW�WKH�3&&��

7KH�PHVVDJHV�H[FKDQJHG�EHWZHHQ�WKH�GLIIHUHQW�
HOHPHQWV� RI� WKH� SURSRVHG� DUFKLWHFWXUH� DUH�
GLVSOD\HG�LQ�)LJ����E��,W�FDQ�EH�REVHUYHG��WKDW�WKH�
3&(� 1)9� 2UFKHVWUDWRU� LV� WKH� UHVSRQVLEOH� IRU�
FKHFNLQJ� WKH�GLIIHUHQW�TXDOLW\�SDUDPHWHUV� WR� WKH�
GHSOR\HG�Y3&(V��2QFH�WKHVH�TXDOLW\�SDUDPHWHUV�
DUH� UHFHLYHG�� WKH� 3&(� 91)� SURYLGHU� PRGXOH�
ZLWKLQ� WKH� 3&(� 1)9� 2UFKHVWUDWRU� LV� WKH�
UHVSRQVLEOH�WR�GHWHUPLQH�ZKHWKHU�D�QHZ�Y3&(�LV�
UHTXLUHG���

,I�D�Y3&(�LV�VHOHFWHG�WR�EH�GHSOR\HG��WKH�9LUWXDO�
,7� UHVRXUFHV� PRGXOH� ZLOO� GHSOR\� D� QHZ� YLUWXDO�
PDFKLQH�ZLWK�WKH�Y3&(�LPDJH��ZLOO�DVVLJQ�D�QHZ�
,3�DGGUHVV� WR� WKH� Y3&(�DQG�RQFH� WKH� Y3&(� LV�
VWDUWHG��WKH�9LUWXDO�,7�UHVRXUFHV�PRGXOH�ZLOO�QRWLI\�
WKH�QHZ�Y3&(�,3�DGGUHVV�WR�WKH�3&(�'16��

2QFH�D�3&&� UHTXLUHV�D�QHZ�SDWK�FRPSXWDWLRQ��
ILUVW�ZLOO�LVVXH�D�'16�TXHU\�WR�WKH�3&(�'16��7KH�
3&(� '16� LV� UHVSRQVLEOH� WR� ORDG� EDODQFH� WKH�

GLIIHUHQW�Y3&(V��VR� UHWXUQV�D�VLQJOH� ,3�DGGUHVV�
FRUUHVSRQGLQJ�WR�RQH�RI�WKH�Y3&(V��)LQDOO\��WKH�
3&&�HVWDEOLVKHV�D�SDWK�FRPSXWDWLRQ�VHVVLRQ�ZLWK�
WKH�FRUUHVSRQGLQJ�Y3&(��
�
([SHULPHQWDO�3HUIRUPDQFH�

7KH�H[SHULPHQWDO� SHUIRUPDQFH�RI� WKH�SURSRVHG�
7UDQVSRUW� 3&(� 1)9� DUFKLWHFWXUH� KDV� EHHQ�
HYDOXDWHG�LQ�WKH�&ORXG�&RPSXWLQJ�3ODWIRUP�RI�WKH�
$'5(1$/,1(�7HVWEHG�DW�&77&��$Q�2SHQ6WDFN��
FORXG� KDV� EHHQ� GHSOR\HG� RQ� WRS� RI� D� &XVWRP�
6HUYHU�XVLQJ�DQ�$VXV�=�1$�'��ERDUG�ZLWK���,QWHO�
;HRQ�(�������SURFHVVRUV�DQG����*E�5$0��

7KH� SURSRVHG� 1)9� RUFKHVWUDWRU� KDV� EHHQ�
GHYHORSHG� LQ� 3\WKRQ�� DQG� WKH� 3&(� KDV� EHHQ�
GHVFULEHG� LQ� ���7KH�3&(�'16�VHUYHU�KDV�EHHQ�
VHWXS� XVLQJ� ELQG��� ZKLFK� LV� WKH� VWDQGDUG� OLQX[�
'16� VHUYHU�� $OO� WKH� GHSOR\HG� Y3&(� ZKHUH�
VKDULQJ�D�VWDWLF�QHWZRUN�YLHZ�RI�D�W\SLFDO�6SDQLVK�
���QRGH����OLQN�)OH[L�JULG�':'0�QHWZRUN��,Q�WKH�
IXWXUH�� %*3�/6� FRXOG� EH� XVHG� LQ� RUGHU� WR�
G\QDPLFDOO\�V\QFKURQL]H�WKH�7('�RI�WKH�GLIIHUHQW�
Y3&(V��

7KH�GHSOR\HG�Y3&(V�DOORZV�WKH�PHDVXUHPHQW�RI�
WKH�UROOLQJ�PHDQ��ZH�XVH�D����UHTXHVW�ZLQGRZ��
SURFHVVLQJ� WLPH� RI� D� UHTXHVW� �WLPH� EHWZHHQ� D�
UHTXHVW� LV� UHFHLYHG� DQG� UHVSRQGHG�� YLD� +773�
WKURXJK�DQ�;0/�UHVSRQVH��

(YHU\� QHZ� LQVWDQFH� RI� Y3&(� LV� GHSOR\HG� E\�
PHDQV� RI� WKH� 2SHQ6WDFN� QRYD� $3,�� ZKLFK� LV�
UHVSRQVLEOH�IRU�YLUWXDO�PDFKLQHV�PDQDJHPHQW�RQ�
DQ� 2SHQ6WDFN� FORXG�� $OO� GHSOR\HG� YLUWXDO�
PDFKLQHV� VKDUH� D� FRPPRQ� ILOH� UHSRVLWRU\� IRU�
HDVH� RI� V\QFKURQL]DWLRQ�� :H� KDYH� SUHSDUHG� D�
Y3&(� VQDSVKRW�� ZKLFK� LV� DEOH� WR� HDVLO\� UXQ� D�
Y3&(��

7KH� 2SHQ6WDFN� QHXWURQ� $3,�� UHVSRQVLEOH� IRU�
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QHWZRUN�FRQILJXUDWLRQ��DVVLJQV�WR�WKH�Y3&(�DQ�,3�
DGGUHVV�� ZKLFK� LV� ODWHU� DGGHG� DV� D� SRVVLEOH�
UHVROXWLRQ�IRU�SFH�ODE�FWWF�HV�WR�WKH�3&(�'16���

7KH�3&&�LV�UHVSRQVLEOH�IRU�LVVXLQJ�D�'16�TXHU\��
ZKHQ�D�QHZ�SDWK�FRPSXWDWLRQ�UHTXHVW�LV�LVVXHG��
:KHQ� WKH� 3&(� '16� UHFHLYHV� D� '16� TXHU\�� LW�
DSSOLHV� D� VLPSOH� ORDG� EDODQFLQJ� DOJRULWKP� E\�
UHWXUQLQJ� D� GLIIHUHQW� Y3&(� ,3� DGGUHVV� IRU� HDFK�
TXHU\�� )LQDOO\�� WKH� 3&&� HVWDEOLVKHV� D� 3&(3�
VHVVLRQ� WR� WKH�DVVLJQHG�Y3&(��)LJ�� ��D�� VKRZV�
WKH� VWDQGDUG� 3&(3� VHVVLRQ� LQFOXGLQJ� 23(1��
.((3$/,9(��3&5HTXHVW��3&5HSO\�DQG�&/26(�
PHVVDJHV��

,Q� RUGHU� WR� VWUHVV� WKH� SURSRVHG� DUFKLWHFWXUH�� D�
3&&� UHTXHVWV� ���� UHTXHVWV� SHU� VHFRQG�� (DFK�
SDWK� FRPSXWDWLRQ� UHTXHVW� LV� UDQGRPO\� VHOHFWHG�
EHWZHHQ�WZR�HQGSRLQWV�RI�WKH�GHVFULEHG�IOH[L�JULG�
QHWZRUN�� 7KH� PHDQ� UHTXHVW� SURFHVVLQJ� WLPH�
�7SURF��LV�PHDVXUHG�DV�D�PHDQ�RI�WKH�SUHYLRXVO\�
GHILQHG� UHTXHVW� SURFHVVLQJ� WLPH� RI� WKH� FXUUHQW�
Y3&(V���

:H� KDYH� UHTXHVWHG� ������ 3DWK� &RPSXWDWLRQ�
5HTXHVWV�IRU�HDFK�PHDVXUHPHQW��:KHQ�D�VLQJOH�
Y3&(��DFWLQJ�DV�D�3&(��ZDV�GHSOR\HG�WKH�7SURF�
ZDV�����PLFURVHFRQGV��,W�FDQ�EH�REVHUYHG�WKDW�
ZKHQ� PRUH� Y3&(V� KDYH� EHHQ� GHSOR\HG� WKH�
PHDVXUHG�7SURF� LV�UHGXFHG��)RU�H[DPSOH�� IRU���
Y3&(V�GHSOR\HG��7SURF�LV�����XV��)LJ����E���

)LJ����F�VKRZV�WKH�PHDQ�PHDVXUHG�&38�ORDG�DW�
D�VLQJOH�Y3&(��ZKHQ�GLIIHUHQW�Y3&(�KDYH�EHHQ�
GHSOR\HG��7KH�PHDVXUHG�&38�ORDG�WHQGV�WR�EH�
EDODQFHG�E\�WKH�GLIIHUHQW�Y3&(V��ZKHQ���Y3&(�
DUH�GHSOR\HG�WKH�PHDQ�&38�ORDG�LV�RI��������,I�
WKHUH�DUH���Y3&(V�GHSOR\HG�WKH�&38�ORDG�LV�RI�
������,W�FDQ�EH�REVHUYHG��WKDW�LI�PRUH�Y3&(V�DUH�
GHSOR\HG�� WKH� FRPSXWDWLRQDO� ORDG� LV� EDODQFHG�
EHWZHHQ� WKHP�� DOORZLQJ� D� IDVWHU� PHDQ� UHTXHVW�
SURFHVVLQJ�WLPH��
�

&RQFOXVLRQV�

:H� KDYH� SUHVHQWHG� D� WUDQVSRUW� 3&(� 1)9�
DUFKLWHFWXUH��ZKLFK�LV�DEOH�WR�JXDUDQWHH�D�PHDQ�
UHTXHVW�SURFHVVLQJ� WLPH�ZLWKLQ�D�GHWHFWHG�SHDN�
RI� SDWK� FRPSXWDWLRQ� UHTXHVWV�� 7KH� SURSRVHG�
DUFKLWHFWXUH� H[SORLWV� WKH� EHQHILWV� RI� 1)9�� :H�
KDYH�H[SHULPHQWDOO\�HYDOXDWHG�WKH�PHDQ�UHTXHVW�
SURFHVVLQJ� WLPH�� GHPRQVWUDWLQJ� WKH� EHQHILWV� RI�
WKH�SUHVHQWHG�DSSURDFK��

)XUWKHU�UHVHDUFK�VKDOO�EH�GRQH�RQ�UHTXHVW�SHDN�
GHWHFWLRQ��WKH�XVDJH�RI�SUH�GHSOR\HG�Y3&(V�DQG�
ILQDOO\�WKH�LQWURGXFWLRQ�RI�WKH�IURQW�HQG�EDFN�HQG�
3&(�DUFKLWHFWXUH�WR�E\SDVV�WKH�QHHG�IRU�D�3&(�
'16�� VR� WKDW� GHGLFDWHG� Y3&(V� DQG� PRUH�
FRPSOH[� UHTXHVW� DOORFDWLRQ� DOJRULWKPV� FDQ� EH�
H[SORLWHG��
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