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,Q�WKH�SDVW�GHFDGH��$,�WHFKQRORJ\�KDV�H[SHULHQFHG�UDSLG�GHYHORSPHQW�DQG�LV�VWLUULQJ�XS�D�QHZ�URXQG�RI�WHFKQRORJ\�UHYROX�
WLRQ��$,�LV�D�GDWD�GULYHQ�WHFKQRORJ\�WKDW�FDQ�H[WUDFW�IHDWXUHV�IURP�D�ODUJH�DPRXQW�RI�GDWD�WKURXJK�PDFKLQH�OHDUQLQJ�WRROV�VXFK�
DV�QHXUDO�QHWZRUNV��DQG�IXUWKHU�H[HFXWH�DFWLRQV�VXFK�DV�MXGJPHQW��FODVVLŀFDWLRQ��SUHGLFWLRQ��GHFLVLRQ��DQG�FRQWHQW�JHQHUDWLRQ��
&XUUHQWO\��$,�KDV�VXFFHVVIXOO\�VROYHG�D�VHULHV�RI�SUREOHPV�WKDW�ZHUH�GLŃFXOW� WR�KDQGOH� LQ� WKH�SDVW��DQG�KDV�DFKLHYHG�D�JUHDW�
VXFFHVV�LQ�PDQ\�DUHDV�VXFK�DV�LPDJH�UHFRJQLWLRQ�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ�LQ�FRPSXWHU�VFLHQFH��DQG�PRWLRQ�FRQWURO�DQG�
WUDMHFWRU\�SODQQLQJ�LQ�URERWLFV�>�@�

$W� WKH� VDPH� WLPH�� PRELOH� FRPPXQLFDWLRQ� V\VWHPV� DUH� DOVR� FRQWLQXRXVO\� HYROYLQJ� WRZDUGV� KLJKHU� WKURXJKSXW�� ORZHU�
ODWHQF\��KLJKHU�UHOLDELOLW\��ODUJHU�QXPEHU�RI�FRQQHFWLRQV��KLJKHU�VSHFWUXP�XWLOL]DWLRQ��HWF��:LWK�WKH�WUHPHQGRXV�LQFUHDVH�LQ�WKH�
UHTXLUHPHQWV�RI�PRELOH�FRPPXQLFDWLRQ��WUDGLWLRQDO�PHWKRGV�KDYH�HQFRXQWHUHG�ERWWOHQHFNV��IRU�ZKLFK�$,�LV�H[SHFWHG�WR�SURYLGH�
PRUH�HŃFLHQW�VROXWLRQV�

����6FHQDULRV�LQ�WKH�FRPPXQLFDWLRQ�V\VWHP�ZKHUH�LPSOLFLW�UHODWLRQVKLSV��IHDWXUHV�RU�NQRZOHGJH��HVSHFLDOO\�ORFDOL]HG�RQHV��
KDV�VLJQLŀFDQW�LPSDFWV�RQ�VSHFLŀF�IXQFWLRQV�EXW�KDUG�WR�EH�HVWDEOLVKHG�E\�WUDGLWLRQDO�PHWKRGV��([DPSOHV�FRQWDLQ�WKH�LPSDFW�RI�
ZLUHOHVV�FKDQQHOV��FKDQQHO�YDULDWLRQ�SDWWHUQV��WKH�UHODWLRQVKLS�EHWZHHQ�XVHU�ORFDWLRQ�DQG�ZLUHOHVV�FKDQQHOV��WKH�LPSHUIHFWQHVV�
RI�SRZHU�DPSOLŀHUV��3$���DQG�WKH�YDULDWLRQ�SDWWHUQV�RI�EXVLQHVV�WUDŃF��8VLQJ�WRROV�VXFK�DV�QHXUDO�QHWZRUNV��$,�FDQ�H[WUDFW�WKHVH�
LPSOLFLW� UHODWLRQVKLSV�� IHDWXUHV��RU� NQRZOHGJH� IURP�D� ODUJH�DPRXQW�RI�PRELOH� FRPPXQLFDWLRQ�GDWD� VR�DV� WR�PRGHO� FRPSOH[�
SUREOHPV�PRUH�DFFXUDWHO\��WKHUHE\�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�FRPPXQLFDWLRQ�V\VWHP�

%DVHG�RQ�WKH�UHVHDUFK�E\�ERWK�DFDGHPLD�DQG�LQGXVWU\��ZH�KDYH�VXPPDUL]HG�WKH�PDLQ�GLUHFWLRQV�RU�VFHQDULRV�ZKHUH�$,�FDQ�
SOD\�DQ�LPSRUWDQW�UROH�DQG�SURYLGH�VLJQLŀFDQW�YDOXH�LQ�PRELOH�FRPPXQLFDWLRQ�V\VWHPV�

2.1 Driving Forces and Use Cases of the Convergence of AI and Communication
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����3UREOHPV�LQ�FRPPXQLFDWLRQ�V\VWHPV�WR�ZKLFK�FORVHG�IRUP�VROXWLRQV�DUH�QRW�HDV\�WR�EH�REWDLQHG�E\�WUDGLWLRQDO�PHWKRGV�
LQ� H[SHFWHG� WLPH�RU� SUREOHPV�ZLWKRXW� H[SOLFLW� FORVHG�IRUP� VROXWLRQV��� ([DPSOHV� FRQWDLQ� JOREDO�ZLUHOHVV� UHVRXUFH� DOORFDWLRQ��
PXOWL�XVHU�SDLULQJ��FRYHUDJH�RSWLPL]DWLRQ��DQG�FDSDFLW\�RSWLPL]DWLRQ��,Q�WUDGLWLRQDO�VFKHPHV��WKHVH�SUREOHPV�DUH�JHQHUDOO\�LQ�WKH�
IRUP�RI�RSWLPL]DWLRQ�SUREOHPV�RU� WUDYHUVDO�SUREOHPV�ZLWK� YHU\�KLJK� FRPSOH[LW\�� $,� FDQ�PDS� WKH� UHODWLRQVKLS�EHWZHHQ� LQSXW�
LQIRUPDWLRQ��LQFOXGLQJ�VWDWHV��FRQGLWLRQV��KLVWRULFDO� UHVXOWV��HWF���DQG�SRWHQWLDO�VROXWLRQV�WKURXJK�GDWD�GULYHQ�RU�PRGHO�GULYHQ�
DSSURDFKHV��WKXV�UHGXFLQJ�WKH�FRPSOH[LW\�RI�WKH�FRPPXQLFDWLRQ�V\VWHP�

����7KH�SUREOHP�RI�MRLQW�RSWLPL]DWLRQ�RI�PXOWLSOH�UHODWHG�PRGXOHV�LQ�FRPPXQLFDWLRQ�V\VWHPV��([DPSOHV�FRQWDLQ�FURVV�OD\HU�
RSWLPL]DWLRQ��MRLQW�RSWLPL]DWLRQ�RI�PXOWLSOH�UHODWHG�PRGXOHV�LQ�PXOWLSOH�LQSXW�PXOWLSOH�RXWSXW��0,02��VLJQDO�SURFHVVLQJ��DQG�MRLQW�
VRXUFH�FKDQQHO� FRGLQJ�� &XUUHQWO\�� WKH� RSWLPL]DWLRQ� RI� GLłHUHQW� FRPPXQLFDWLRQ�PRGXOHV� LV� GRQH� VHSDUDWHO\� ZKLOH� WKH� MRLQW�
RSWLPL]DWLRQ� LV� UDUHO\�GHSOR\HG�GXH� WR� FRPSOH[LWLHV� LQYROYHG��$,� FDQ�PRGHO�PXOWLSOH� UHODWHG� IXQFWLRQDO�PRGXOHV�DV�D�QHXUDO�
QHWZRUN��WUDQVIRUPLQJ�WKH�FRPSOH[�PXOWL�PRGXOH�SUREOHPV�LQWR�VLPSOH�GDWD�ŀWWLQJ�RU�UHJUHVVLRQ�SUREOHPV��WKXV�REWDLQLQJ�QHDU�
JOREDO�RSWLPDO�VROXWLRQV�
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7KH�DIRUHPHQWLRQHG�DSSOLFDWLRQ�RI�$,�DV�D� WRRO� WR�DVVLVW�PRELOH�FRPPXQLFDWLRQ� LV�NQRZQ�DV�$,� IRU�QHWZRUN� �$,�1(7��RU�
LQWHUQDO�$,�VHUYLFHV��,Q�DGGLWLRQ��LQ�WKH�IXWXUH��PRELOH�QHWZRUNV�ZLOO�DOVR�SURYLGH�UHOHYDQW�VXSSRUW�IRU�D�ODUJH�QXPEHU�RI�$,�VHUYLFHV��
:LWK�WKH�GHYHORSPHQW�RI�$,��PRUH�DQG�PRUH�$,�VHUYLFHV�DUH�QHHGHG�E\�YHUWLFDOV��0DQ\�RI�WKHVH�$,�VHUYLFHV�UHTXLUH�PRELOH�QHWZRUNV�
WR�SURYLGH�KLJKHU�WKURXJKSXW��ORZHU�ODWHQF\��H[WUHPH�FDSDFLW\�DQG�XELTXLWRXV�FRYHUDJH��)RU�H[DPSOH��LQ�WKH�PHGLFDO�LQGXVWU\��
$,�DVVLVWHG�GLDJQRVLV�DQG�WUHDWPHQW�UHTXLUH�WUDQVPLVVLRQ�RI�H[DPLQDWLRQ�UHVXOWV�ZLWK�KLJK�UHVROXWLRQ�DQG�LQWHUDFWLRQ�ZLWK�ORZ�
ODWHQF\�� DXWRQRPRXV� GULYLQJ� DQG� GURQH� FRQWURO� UHTXLUH� WKH� UHDO�WLPH� IHHGEDFN� RI� D� ODUJH� DPRXQW� RI� VHQVRU� GDWD� DQG� WKH�
WUDQVPLVVLRQ�RI�FRPPDQG�PHVVDJHV��LQ�VPDUW�IDFWRULHV��WKH�PRWLRQ�DQG�WUDMHFWRU\�LQIRUPDWLRQ�RI�URERWV�VKRXOG�EH�WUDQVPLWWHG�
ZLWK�ORZ�ODWHQF\�DQG�KLJK�UHOLDELOLW\�WR�DFKLHYH�HŃFLHQW�FRPPDQG�DQG�VFKHGXOLQJ��7KHUHIRUH��LW�LV�QHFHVVDU\�WR�SURYLGH�UHOHYDQW�
VXSSRUW�IRU�$,�VHUYLFHV�WKURXJK�PRELOH�QHWZRUNV�ZLWK�HłHFWLYH�DOORFDWLRQ�RI�FRPPXQLFDWLRQ��FRPSXWLQJ��DQG�VWRUDJH�UHVRXUFHV��
7KLV�VXSSRUW�IRU�$,�SURYLGHG�E\�PRELOH�QHWZRUNV�LV�FDOOHG�QHWZRUN�IRU�$,��1(7�$,��RU�H[WHUQDO�$,�VHUYLFHV��,Q�WKLV�SDSHU��$,�1(7�LV�
WKH�PDLQ�IRFXV�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�1(7�$,�ZRXOG�DOVR�EH�VXSSRUWHG�HłHFWLYHO\�E\��*�V\VWHP�DV�D�VHUYLFH�

$,�KDV�PDQ\�DSSOLFDWLRQ�GLUHFWLRQV�LQ�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��DQG�WKHUH�LV�D�JUHDW�SRWHQWLDO�IRU�LPSURYLQJ�V\VWHP�
SHUIRUPDQFH�DQG�UHGXFLQJ�FRPSOH[LW\��%HORZ��ZH�SUHVHQW�WKH�VLJQLŀFDQFH�RI�$,�LQ�PRELOH�FRPPXQLFDWLRQ�WKURXJK�PXOWLSOH�XVH�
FDVHV�
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2.2 Use Cases of Convergence of AI and Communication

12.50 
13.19 

10.75 

9.60 

11.41 

0

2

4

6

8

10

12

14

64 96 116 180 244

濧濻
濸澳
濺濴

濼瀁
澳瀂
濹澳瀆

瀃濸
濶瀇
瀅濴
濿澳濸

濹濹濼
濶濼
濸瀁

濶瀌
漏

澸漐

feedback bits

$W�ŀUVW��ZH�SUHVHQW�DSSOLFDWLRQV�RI�$,�LQ�H[WUDFWLQJ�LPSOLFLW�UHODWLRQVKLSV��IHDWXUHV��RU�NQRZOHGJH�LQ�FRPPXQLFDWLRQ�V\VWHPV��
7KH� UHSUHVHQWDWLYH� XVH� FDVHV� LQFOXGH�$,�EDVHG� FKDQQHO� VWDWH� LQIRUPDWLRQ� �&6,�� IHHGEDFN� HQKDQFHPHQW�� FKDQQHO� HVWLPDWLRQ��
EHDP�SUHGLFWLRQ�HQKDQFHPHQW��SRVLWLRQLQJ�HQKDQFHPHQW��QHWZRUN�VHOHFWLRQ��VLJQDOLQJ�VWRUP�SUHGLFWLRQ��XVHU�PRELOLW\�RSWLPL]D�
WLRQ��DQG�3$�QRQOLQHDULW\�VXSSUHVVLRQ�

)LJ�������6SHFWUDO�HŃFLHQF\�JDLQ�RI�$,�EDVHG�&6,�FRPSUHVVLRQ�RYHU�FRQYHQWLRQDO�&6,�FRPSUHVVLRQ�EDVHG�RQ�5HOHDVH����7\SH�
,,�FRGHERRNV��QRQ�$,�

$,�EDVHG�&6,�IHHGEDFN�HQKDQFHPHQW�FDQ�EH�IXUWKHU�FDWHJRUL]HG�LQWR�WZR�VXE�XVH�FDVHV��$,�EDVHG�&6,�FRPSUHVVLRQ�DQG�
$,�EDVHG�&6,�SUHGLFWLRQ�

,Q�&6,�FRPSUHVVLRQ��$,�WHFKQLTXHV�DUH�XWLOL]HG�WR�FRPSUHVV�DQG�UHFRQVWUXFW�PXOWL�GLPHQVLRQDO�FKDQQHO�VWDWH�LQIRUPDWLRQ��
WKHUHE\� UHGXFLQJ� WKH� &6,� IHHGEDFN� RYHUKHDG� DQG�RU� LPSURYLQJ� WKH� &6,� UHFRYHU\� DFFXUDF\�� 7KH�PDLQVWUHDP� VROXWLRQ� IRU� &6,�
FRPSUHVVLRQ�LV�WKH�HQFRGHU�GHFRGHU�DUFKLWHFWXUH��ZKHUH�DQ�HQFRGHU�PRGHO�GHSOR\HG�RQ�WKH�XVHU�GHYLFH�VLGH�FRPSUHVVHV�WKH�&6,�
DQG�IHHGEDFN�WKH�JHQHUDWHG�ELW�VHTXHQFH��ZKLOH�D�GHFRGHU�PRGHO�GHSOR\HG�RQ�WKH�QHWZRUN�VLGH�GHFRGHV�WKH�UHFHLYHG�IHHGEDFN�
ELW�VHTXHQFH�WR�UHFRQVWUXFW�WKH�&6,��*HQHUDOO\��WKH�HQFRGHU�PRGHO�XVHG�IRU�&6,�FRPSUHVVLRQ�DQG�WKH�GHFRGHU�PRGHO�XVHG�IRU�&6,�
UHFRQVWUXFWLRQ�QHHG�WR�EH�SDLUHG��L�H���D�GHFRGHU�FDQ�RQO\�HłHFWLYHO\�UHFRQVWUXFW�RQH�RU�PRUH�FRPSUHVVHG�&6,�JHQHUDWHG�E\�WKH�
FRUUHVSRQGLQJ�HQFRGHUV��)LJ������VKRZV�WKH�VSHFWUXP�HŃFLHQF\�JDLQ�RI�$,�EDVHG�&6,�FRPSUHVVLRQ�RYHU�WUDGLWLRQDO�5HOHDVH����
7\SH�,,�FRGHERRN�EDVHG�&6,�FRPSUHVVLRQ��ZLWKRXW�$,���'HWDLOHG�VLPXODWLRQ�SDUDPHWHUV�FDQ�EH�UHIHUUHG�WR�>�@�DQG�WKH�UHIHUHQFHV�
WKHUHLQ��)URP�)LJ�������LW�FDQ�EH�REVHUYHG�WKDW�$,�EDVHG�&6,�IHHGEDFN�LV�DEOH�WR�DFKLHYH�DSSUR[LPDWHO\�����VSHFWUXP�HŃFLHQF\�
JDLQ�JLYHQ�WKH�VDPH�IHHGEDFN�RYHUKHDG�

AI-based CSI feedback enhancement
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$,�EDVHG�&6,�SUHGLFWLRQ�H[WUDFWV� WKH�KLGGHQ�SDWWHUQV�RI�&6,� YDULDWLRQ�RYHU� WLPH�DQG�SUHGLFWV� WKH�&6,�RI� IXWXUH�PRPHQWV�
EDVHG�RQ�KLVWRULFDO�&6,�� ,Q�WKLV�ZD\��WKH�DJLQJ�LVVXH�RI�&6,�IHHGEDFN�FDQ�EH�FRPSHQVDWHG��7KH�EDVLF�VFKHPH�RI�$,�EDVHG�&6,�
SUHGLFWLRQ� LV� WR�XVH�PXOWLSOH�KLVWRULFDO�&6,V�DV� LQSXWV� WR� WKH�QHXUDO�QHWZRUN��DQG� WKHQ�REWDLQ� WKH�&6,V�RI� WKH� VSHFLŀHG� IXWXUH�
PRPHQWV�WKURXJK�WKH�QHXUDO�QHWZRUN��)LJ������VKRZV�WKH�DYHUDJH�WKURXJKSXW�JDLQ�WKDW�FDQ�EH�REWDLQHG�E\�WKH�$,�EDVHG�&6,�
FRPSDUHG�ZLWK� WKH�VFKHPH�ZLWKRXW�SUHGLFWLRQ�DQG�WKH�VFKHPH�XVLQJ�DXWRUHJUHVVLYH� �$5��EDVHG�QRQ�$,�&6,�SUHGLFWLRQ�XQGHU�
GLłHUHQW�UHVRXUFH�XWLOL]DWLRQ��58���7KH�GHWDLOHG�VLPXODWLRQ�SDUDPHWHUV�DUH�SURYLGHG�LQ�>�@��,W�FDQ�EH�VHHQ�WKDW�$,�EDVHG�&6,�SUHGLF�
WLRQ�FDQ�DFKLHYH�FRQVLGHUDEOH�JDLQV�HVSHFLDOO\�DW�WKH�VFHQDULR�ZLWK�KLJKHU�58�

)LJ�������0HDQ�WKURXJKSXW�JDLQ�RI�$,�EDVHG�&6,�SUHGLFWLRQ
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)LJ�������,OOXVWUDWLRQ�RI�$,�EDVHG�'056�FKDQQHO�HVWLPDWLRQ

0RELOH�FRPPXQLFDWLRQ�V\VWHPV�UHTXLUH�WKH�XVH�RI�UHIHUHQFH�VLJQDOV�IRU�FKDQQHO�HVWLPDWLRQ��$V�WKH�QXPEHU�RI�DQWHQQDV�DW�
EDVH�VWDWLRQV��%6V��DQG�XVHU�HTXLSPHQW��8(V��LQFUHDVHV��WKH�RYHUKHDG�RI�UHIHUHQFH�VLJQDOV�JHWV�KHDYLHU��7R�DGGUHVV�WKLV�LVVXH��$,�
WHFKQRORJ\�FDQ�EH�XVHG�WR�H[SORUH�WKH�FRUUHODWLRQ�DPRQJ�FKDQQHO�UHVSRQVHV�RQ�GLłHUHQW�WUDQVPLVVLRQ�UHVRXUFHV��VXFK�DV�WLPH��
IUHTXHQF\��DQG�VSDFH���DQG�GHVLJQ�ORZ�FRVW��KLJK�SUHFLVLRQ�FKDQQHO�HVWLPDWLRQ�PHWKRGV�

7DNLQJ�GH�PRGXODWLRQ�UHIHUHQFH�VLJQDO��'056��DV�DQ�H[DPSOH��FKDQQHO�HVWLPDWLRQ�FDQ�EH�UHDOL]HG�E\�XVLQJ�WKH�FKDQQHO�
HVWLPDWLRQ�UHVXOWV�DW�WKH�'056�UHVRXUFHV�DV�LQSXWV�WR�WKH�$,�PRGHO��DQG�WKH�FKDQQHO�HVWLPDWLRQ�RQ�DOO�WKH�UHVRXUFHV�DV�RXWSXWV�RI�
WKH�$,�PRGHO��DV�VKRZQ�LQ�)LJ��������6LQFH�WKH�UHODWLRQVKLS�RI�&6,V�RQ�GLłHUHQW�WUDQVPLVVLRQ�UHVRXUFHV�LV�JHQHUDOO\�QRQOLQHDU�LQ�
QDWXUH��$,� FDQ�DFKLHYH�KLJKHU�HVWLPDWLRQ�DFFXUDF\�RU� ORZHU� UHIHUHQFH�VLJQDO�RYHUKHDG�FRPSDUHG� WR� WUDGLWLRQDO� LQWHUSRODWLRQ�
PHWKRGV��,Q�)LJ�������WKH�$,�EDVHG�'056�FKDQQHO�HVWLPDWLRQ�LV�YDOLGDWHG�ZLWK�WKH�VLPXODWLRQ�SDUDPHWHUV�GHWDLOHG�LQ�WKH�OLWHUDWXUH�
>�@��7KH�EOXH�OLQH�LQ�WKH�ŀJXUH�UHSUHVHQWV�WKH�'056�HVWLPDWLRQ�LPSOHPHQWHG�ZLWK�WKH�FRQYHQWLRQDO�OLQHDU�PLQLPXP�PHDQ�VTXDUH�
HUURU�DOJRULWKP�DW�����RYHUKHDG��������LQ�WKH�IUHTXHQF\�GRPDLQ��ZKRVH�LPSOHPHQWDWLRQ�UHTXLUHV�WKH�HVWLPDWLRQ�UHVXOWV�RI�WKH�
WUDFNLQJ�UHIHUHQFH�VLJQDO��756��DV�DX[LOLDU\�LQIRUPDWLRQ��7KH�UHG�OLQH�UHSUHVHQWV�WKH�SHUIRUPDQFH�REWDLQHG�XVLQJ�$,�EDVHG�'056�
FKDQQHO� HVWLPDWLRQ�DW�GLłHUHQW� IUHTXHQF\�GRPDLQ�RYHUKHDGV� �ZLWKRXW� UHO\LQJ�RQ� WKH� 756��� ,W� FDQ�EH� VHHQ� WKDW� WKH�$,�EDVHG�
VFKHPH�DFKLHYHV�KLJKHU�HVWLPDWLRQ�DFFXUDF\�DQG� ORZHU�EORFN�HUURU� UDWH� �%/(5��XVLQJ�D� ORZHU�UHIHUHQFH�VLJQDO�RYHUKHDG�DQG�
ZLWKRXW�WKH�DVVLVWDQFH�RI�756�

,Q�������YLYR�VSRQVRUHG�WKH�$,�EDVHG�FKDQQHO�HVWLPDWLRQ�WUDFN�LQ�WKH�VHFRQG�ZLUHOHVV�FRPPXQLFDWLRQ�$,�FRPSHWLWLRQ�RI�WKH�
,07��������*��3URPRWLRQ�*URXS������WHDPV�FRPSHWHG�IRU�RYHU�WZR�PRQWKV�DQG�GHVLJQHG�VRSKLVWLFDWHG�PRGHOV��VLJQLŀFDQWO\�
LPSURYLQJ�WKH�DFFXUDF\�RI�FKDQQHO�HVWLPDWLRQ��DQG�SXVKLQJ�IRUZDUG�WKH�FRQYHUJHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�

Channel estimate of all resources

'/�HGYKJ�INGTTKR�KYZOSGZOUT

AI model

Channel estimate on 
DMRS
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,Q�DGGLWLRQ��IRU�FKDQQHO�HVWLPDWLRQ�RI�FKDQQHO�VWDWH�LQIRUPDWLRQ�UHIHUHQFH�VLJQDO��&6,�56���FRPSUHVVHG�VHQVLQJ�WHFKQLTXHV�
VXFK�DV�DSSUR[LPDWH�PHVVDJH�SDVVLQJ��$03��FDQ�EH�FRQVLGHUHG�WR�UHGXFH�WKH�DLUVSDFH�UHIHUHQFH�VLJQDO�RYHUKHDG��L�H���XVLQJ�WKH�
VSDUVH�SRUW�UHIHUHQFH�VLJQDO�WR�HVWLPDWH�WKH�FKDQQHO�RI�DOO�SRUWV��+RZHYHU��WKH�PDLQ�GLVDGYDQWDJH�RI�WKH�$03�DOJRULWKP�LV�WKDW�
WKH�RSWLPDO�VHQVLQJ�PDWUL[�DQG�WKH�VKULQNDJH�IXQFWLRQ�LQ�WKH�LWHUDWLYH�HVWLPDWLRQ�DOJRULWKP�FDQQRW�EH�REWDLQHG�H[SOLFLWO\��,Q�WKLV�
UHJDUG��DV�VKRZQ�LQ�)LJ�������WKH�SURFHVV�RI�WKH�UHIHUHQFH�VLJQDO�SDVVLQJ�WKURXJK�WKH�VHQVLQJ�PDWUL[�DQG�WKH�LWHUDWLYH�SURFHVV�RI�
VROYLQJ� WKH�$03�DOJRULWKP�FDQ�EH�XQIROGHG� LQWR� WZR�QHXUDO�QHWZRUNV�XVLQJ� WKH�PRGHO�GULYHQ� LGHD�� LQ�ZKLFK� WKH�ŀUVW�QHXUDO�
QHWZRUN�GHWHUPLQHV�WKH�RSWLPDO�VHQVLQJ�PDWUL[��DQG�WKH�VHFRQG�QHXUDO�QHWZRUN�UHFRQVWUXFWV�WKH�$03�LWHUDWLYH�DOJRULWKP��:LWK�
HQG�WR�HQG� VXSHUYLVHG� WUDLQLQJ� RYHU� D� ODUJH� DPRXQW� RI� GDWD�� WKH� RSWLPDO� VHQVLQJ� PDWUL[� DQG� VKULQNDJH� IXQFWLRQ� FDQ� EH�
GHWHUPLQHG�WR�LPSURYH�WKH�DFFXUDF\�RI�FKDQQHO�HVWLPDWLRQ�EDVHG�RQ�FRPSUHVVHG�VHQVLQJ�

)LJ�������,OOXVWUDWLRQ�RI�$,�EDVHG�ORZ�RYHUKHDG�&6,�56�FKDQQHO�HVWLPDWLRQ

)LJ�������(YDOXDWLRQ�RI�$,�EDVHG�'056�FKDQQHO�HVWLPDWLRQ
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濖hannel 
Estimation

DFT
Wireless 
channel

10



1PTJUJPOJOH�NFUIPET� ����� ����.FBTVSFNFOU� ��������.PEFM�PVUQVU 1PTJUJPOJOH�BDDVSBDZ�	����6&T

*2�:*5'

*OXKIZ�'/�VUYOZOUTOTM

'/�GYYOYZKJ�VUYOZOUTOTM

)LUVW�SDWK�GHOD\

&KDQQHO�LPSXOVH�UHVSRQVH

&KDQQHO�LPSXOVH�UHVSRQVH

/RFDWLRQ�

/RFDWLRQ

72$

�����P

����P

����P

7DEOH������3RVLWLRQLQJ�DFFXUDF\�RI�GLłHUHQW�SRVLWLRQLQJ�PHWKRGV�LQ�LQGRRU�IDFWRU\�1/26�VFHQDULRV

$,�EDVHG�HQKDQFHPHQW�RI�EHDP�SUHGLFWLRQ�LQFOXGHV�VSDWLDO�GRPDLQ�EHDP�SUHGLFWLRQ�DQG�WHPSRUDO�GRPDLQ�EHDP�SUHGLF�
WLRQ��6SDWLDO�GRPDLQ�EHDP�SUHGLFWLRQ�XVHV�D�VPDOO�VHW�RI�EHDP�PHDVXUHPHQWV�IURP�VHW�%�WR�SUHGLFW�WKH�EHDP�LQIRUPDWLRQ�RI�WKH�
FRPSOHWH�VHW�$��ZKHUH�VHW�%�FDQ�EH�D�VXEVHW�RI�VHW�$�RU�GLłHUHQW�IURP�VHW�$��H�J���VHW�%�FDQ�EH�ZLGH�EHDPV�ZKLOH�VHW�$�FDQ�EH�
QDUURZ�EHDPV���7KH�PHWKRG�RI�WHPSRUDO�GRPDLQ�EHDP�SUHGLFWLRQ�LV�VLPLODU�WR�WKDW�RI�VSDWLDO�GRPDLQ�EHDP�SUHGLFWLRQ��EXW�WKH�
LQSXW� RI� WKH� QHXUDO� QHWZRUN� LQFOXGHV�PHDVXUHPHQW� UHVXOWV� IURP�PXOWLSOH� KLVWRULFDO� RFFDVLRQV�� DQG� WKH� RXWSXW� RI� WKH� QHXUDO�
QHWZRUN�LQFOXGHV�SUHGLFWLRQ�UHVXOWV�IURP�PXOWLSOH�IXWXUH�RFFDVLRQV��7KH�FRUH�LGHD�RI�EHDP�SUHGLFWLRQ�LV�WR�LPSURYH�WKH�DFFXUDF\�
RI�EHDP�SUHGLFWLRQ�DQG�UHGXFH�WKH�FRPSOH[LW\�RI�EHDP�SUHGLFWLRQ�ZKLOH�UHGXFLQJ�WKH�FRVW�RI�EHDP�PHDVXUHPHQW��7KHUHIRUH��
DVVLVWDQFH�LQIRUPDWLRQ�PD\�DOVR�EH�XVHG�LQ�WKH�LQSXW�RI�WKH�QHXUDO�QHWZRUN�WR�IXUWKHU�LPSURYH�WKH�DFFXUDF\�RI�EHDP�SUHGLFWLRQ�

:H�KDYH�YHULŀHG�WKH�$,�EDVHG�EHDP�SUHGLFWLRQ��DQG�WKH�VSHFLŀF�VLPXODWLRQ�SDUDPHWHUV�DUH�GHWDLOHG�LQ�UHIHUHQFH�>�@��:KHQ�
XVLQJ�����RI� WKH�EHDP�PHDVXUHPHQW�UHVRXUFHV�RI�VHW�$�DV�VHW�%�� WKH�$,�EDVHG�VROXWLRQ� LPSURYHV�WKH�7RS���EHDP�SUHGLFWLRQ�
DFFXUDF\�UHODWLYH�WR�WKH�QRQ�$,�VROXWLRQ�IURP�������WR�DERXW������:KHQ�XVLQJ�����RI�WKH�EHDP�PHDVXUHPHQW�UHVRXUFHV�RI�VHW�$�
DV�VHW�%��WKH�$,�EDVHG�VROXWLRQ�LPSURYHV�WKH�7RS���EHDP�SUHGLFWLRQ�DFFXUDF\�UHODWLYH�WR�WKH�QRQ�$,�VROXWLRQ�IURP�����WR�DERXW�
����� 7KHUHIRUH�� WKH� SHUIRUPDQFH� RI� WKH� $,�EDVHG� VROXWLRQ� LV� VXSHULRU� WR� WKH� QRQ�$,� VROXWLRQ� ZKHQ� XVLQJ� WKH� VDPH� EHDP�
PHDVXUHPHQW�UHVRXUFHV��

$,�EDVHG�SRVLWLRQLQJ� LV� WR� HVWDEOLVK�D�PDSSLQJ�EHWZHHQ� FKDQQHO� UHVSRQVHV�DQG�8(�SRVLWLRQ� WKURXJK�$,� WHFKQRORJLHV��
%DVHG�RQ�WKH�RXWSXW�W\SH�RI�$,�PRGHO�� LW�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�WZR�VXE�XVH�FDVHV��GLUHFW�$,�SRVLWLRQLQJ�DQG�$,�DVVLVWHG�
SRVLWLRQLQJ��'LUHFW�$,�SRVLWLRQLQJ�UHIHUV�WR�WKH�FDVH�LQ�ZKLFK�WKH�$,�PRGHO�GLUHFWO\�HVWLPDWHV�WKH�8(�SRVLWLRQ�EDVHG�RQ�WKH�FKDQQHO�
UHVSRQVHV�EHWZHHQ�WKH�8(�DQG�PXOWLSOH�WUDQVPLVVLRQ�UHFHSWLRQ�SRLQWV��753V���$,�DVVLVWHG�SRVLWLRQLQJ�UHIHUV�WR�WKH�FDVH�LQ�ZKLFK�
WKH�$,�PRGHO�HVWLPDWHV�WKH�LQWHUPHGLDWH�IHDWXUHV��VXFK�DV�WLPH�RI�DUULYDO��72$���EDVHG�RQ�WKH�FKDQQHO�UHVSRQVHV�EHWZHHQ�WKH�8(�
DQG�PXOWLSOH�753V��7KHQ��ZLWK�WKH�SRVLWLRQ�RI�PXOWLSOH�753V�DQG�LQWHUPHGLDWH�IHDWXUHV��WKH�8(�SRVLWLRQ�FDQ�EH�IXUWKHU�FDOFXODWHG��
7DEOH�����FRPSDUHV�WKH�SRVLWLRQLQJ�DFFXUDF\�RI�GLłHUHQW�SRVLWLRQLQJ�PHWKRGV�LQ�LQGRRU�IDFWRU\�QRQ�OLQH�RI�VLJKW��1/26��VFHQDUL�
RV��6SHFLŀF�VLPXODWLRQ�SDUDPHWHUV�FDQ�EH�IRXQG�LQ�>�@��&RPSDUHG�ZLWK�WUDGLWLRQDO�ORFDOL]DWLRQ�PHWKRGV�EDVHG�RQ�GRZQOLQN�WLPH�
GLłHUHQFH�RI�DUULYDO��'/�7'2$��PHDVXUHPHQW�RI�WKH�ŀUVW�SDWK��$,�EDVHG�SRVLWLRQLQJ�UHDSV�D�VLJQLŀFDQWO\�LPSURYHG�SHUIRUPDQFH�
LQ�WHUPV�RI�SRVLWLRQLQJ�DFFXUDF\�

'/�HGYKJ�KTNGTIKSKTZ�UL�HKGS�VXKJOIZOUT

'/�HGYKJ�KTNGTIKSKTZ�UL�VUYOZOUTOTM
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6LPLODUO\�� LQ� WKH�GLJLWDO�SUH�GLVWRUWLRQ��'3'�� WHFKQRORJ\��$,�FDQ� OHDUQ�WKH�UXOHV�RI�QRQOLQHDU� WUDQVIRUPDWLRQ�RI�VLJQDOV�E\�
VWXG\LQJ�D�ODUJH�QXPEHU�RI�3$�LQSXW�DQG�RXWSXW�VLJQDOV��$V�VKRZQ�LQ�)LJ������E\�SHUIRUPLQJ�D�UHYHUVH�RSHUDWLRQ��L�H���'3'��RQ�WKH�
VLJQDO� LQSXW� WR� WKH�3$� WKURXJK�D�QHXUDO�QHWZRUN�� WKH�QRQOLQHDU�GLVWRUWLRQ�JHQHUDWHG�E\� WKH�3$�RQ� WKH�RULJLQDO�VLJQDO�FDQ�EH�
FDQFHOOHG� RXW�� 6LPLODUO\�� WKURXJK� VLPXODWLRQ� YHULŀFDWLRQ�� $,�EDVHG� '3'� FDQ� UHGXFH� (90� E\� DSSUR[LPDWHO\� ��� FRPSDUHG� WR�
WUDGLWLRQDO�'3'�>�@�

)LJ�������6FKHPDWLF�GLDJUDP�RI�$,�EDVHG�75�WHFKQRORJ\

)LJ�������6FKHPDWLF�GLDJUDP�RI�$,�EDVHG�'3'

IFFT...

X

X AI

 

X IFFT AI PA

DPD

2UWKRJRQDO�IUHTXHQF\�GLYLVLRQ�PXOWLSOH[LQJ��2)'0��V\VWHP�KDV�WKH�DGYDQWDJHV�RI�DQWL�LQWHUIHUHQFH��DQWL�IDGLQJ��DQG�KLJK�
VSHFWUXP�XWLOL]DWLRQ��DQG�WKXV�LV�ZLGHO\�XVHG�LQ�WKH�HUD�RI��*�DQG��*��+RZHYHU��2)'0�DOVR�KDV�WKH�LVVXH�RI�KLJK�SHDN�WR�DYHUDJH�
SRZHU�UDWLR��3$35���ZKLFK�FDQ�FDXVH�3$V�WR�HQWHU�WKH�VDWXUDWLRQ�UHJLRQ�OHDGLQJ�WR�QRQOLQHDU�GLVWRUWLRQ��,Q�RUGHU�WR�LPSURYH�WKH�
OLQHDULW\�DQG�HŃFLHQF\�RI�WKH�V\VWHP��LW�LV�QHFHVVDU\�WR�UHGXFH�WKH�SHDN�WR�DYHUDJH�SRZHU�UDWLR�RI�WKH�2)'0�VLJQDO��5HFHQWO\��
GHHS�OHDUQLQJ�KDV�LQVSLUHG�UHVHDUFKHUV�WR�XVH�GDWD�GULYHQ�RU�PRGHO�GULYHQ�PHWKRGV�WR�FRXQWHUDFW�WKH�HłHFWV�RI�3$�QRQOLQHDULW\��
$V�VKRZQ�LQ�)LJ�������LQ�WKH�7RQH�5HVHUYH��75��DOJRULWKP�IRU�UHGXFLQJ�3$35��$,�WHFKQRORJ\�FDQ�EH�XVHG�WR�FDSWXUH�WKH�LPSOLFLW�
UHODWLRQVKLS�EHWZHHQ�WKH�2)'0�VLJQDO�DQG�WKH�RSWLPDO�SHDN�FDQFHOOLQJ�VLJQDO��,Q�WKH�LQIHUHQFH�VWDJH��ZKHQ�D�QHZ�2)'0�VLJQDO�
LV�LQSXW��$,�ZLOO�SURYLGH�WKH�FRUUHVSRQGLQJ�RSWLPDO�SHDN�FDQFHOODWLRQ�VLJQDO��7KURXJK�VLPXODWLRQ�YHULŀFDWLRQ��LQ�WKH�FDVH�ZKHUH�
WKH�UHVHUYHG�VXEFDUULHUV�DFFRXQW�IRU�����RI�WKH�WRWDO�VXEFDUULHUV��WKH�$,�DVVLVWHG�75�DOJRULWKP�FDQ�UHGXFH�3$35�E\�DQ�DGGLWLRQDO�
�G%�FRPSDUHG� WR� WKH� WUDGLWLRQDO�75�DOJRULWKP��6LPLODUO\��XQGHU� WKH�VDPH�3$�SRZHU�EDFN�Rł�� WKH�$,�EDVHG�75�DOJRULWKP�FDQ�
DFKLHYH�ORZHU�HUURU�YHFWRU�PDJQLWXGH��(90��>�@�

C

PA

'/�HGYKJ�VU]KX�GSVRO灣KX��6'��TUTROTKGXOZ_�Y[VVXKYYOUT�

12



0RELOLW\�PDQDJHPHQW�LV�D�IXQGDPHQWDO�PHFKDQLVP�IRU�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��ZKLFK�FDQ�SURYLGH�8(�ZLWK�VHUYLFH�
FRQWLQXLW\��)RU�WKH�WUDGLWLRQDO�PHWKRG��LW�LV�FKDOOHQJLQJ�IRU�D�WULDO�DQG�HUURU�EDVHG�VFKHPH�WR�DFKLHYH�QHDUO\�]HUR�IDLOXUH�KDQGR�
YHU��,Q�WKLV�FDVH��$,�FDQ�EH�XWLOL]HG�WR�RSWLPL]H�WKH�PRELOLW\�PDQDJHPHQW��$,�EDVHG�PRELOLW\�RSWLPL]DWLRQ�PDLQO\�UHOLHV�RQ�WKH�
SUHGLFWLRQ�RI�8(�WUDMHFWRU\�DQG�FHOO�UHVRXUFH�VWDWXV��WR�GHWHUPLQH�WKH�DSSURSULDWH�WDUJHW�FHOO�DQG�KDQGRYHU�WLPLQJ�IRU�WKH�8(��7KH�
SUREDELOLWLHV�RI�KDQGRYHU�IDLOXUH�DQG�XQLQWHQGHG�HYHQWV��H�J���KDQGRYHU� WR�WKH�ZURQJ�FHOO��DUH�H[SHFWHG�WR�EH�UHGXFHG��7KH�
W\SLFDO�LQSXWV�RI�PRGHO�LQIHUHQFH�LQFOXGH�UDGLR�UHVRXUFH�PDQDJHPHQW��550��DQG�WKH�ORFDWLRQ�RI�8(��7KH�PRGHO�FDQ�EH�GHSOR\HG�
DW�HLWKHU�QHWZRUN�VLGH�RU�8(�VLGH��,I�WKH�PRGHO�LQIHUHQFH�IXQFWLRQDOLW\�LV�GHSOR\HG�RQ�WKH�QHWZRUN�VLGH��WKH�8(�QHHGV�WR�UHSRUW�WKH�
PHDVXUHPHQWV�DQG�RU�ORFDWLRQ��7KLV�PD\�EH�SUREOHPDWLF�LI�XVHUV�WXUQ�Rł�ORFDWLRQ�UHSRUWLQJ�GXH�WR�SULYDF\�FRQFHUQV��&RPSDUHG�
ZLWK�WKH�QHWZRUN�VLGHG�PRGHO��WKH�8(�VLGHG�PRGHO�FDQ�DFKLHYH�PRUH�UHDO�WLPH�550�PHDVXUHPHQW�SUHGLFWLRQ��WDUJHW�FHOO�SUHGLF�
WLRQ�RU�XQH[SHFWHG�HYHQW�SUHGLFWLRQ�DQG�WKXV�LPSURYH�XVHU�PRELOLW\�H[SHULHQFH�

'/�HGYKJ�SUHOROZ_�UVZOSO`GZOUT
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7DNLQJ�550�SUHGLFWLRQ�DV�DQ�H[DPSOH�� WKH�SURFHGXUH�RI�$,�EDVHG�PRELOLW\�RSWLPL]DWLRQ� LV� LOOXVWUDWHG� LQ�)LJ�������7R�EH�
VSHFLŀF��ZKHQ�WKH�WULJJHU�FRQGLWLRQ�RI�WKH�PHDVXUHPHQW�UHSRUW�LV�PHW�DW�7���8(�FDQ�SUHGLFW�WKH�550�PHDVXUHPHQW�RI�VHUYLQJ�FHOO�
DQG�QHLJKERU�FHOOV�ZLWKLQ�WKH�GXUDWLRQ�RI�777��WLPH�WR�WULJJHU���,I�WKH�550�PHDVXUHPHQW�SUHGLFWLRQ�UHVXOWV�ZLWKLQ�WKH�777�PHHW�
WKH�UHSRUWLQJ�FRQGLWLRQ��WKH�8(�PD\�VHQG�WKH�PHDVXUHPHQW�UHSRUW�LPPHGLDWHO\�WR�DYRLG�KDQGRYHU�IDLOXUH�GXH�WR�WKH�LQDELOLW\�WR�
UHFHLYH�WKH�KDQGRYHU�FRPPDQG��,Q�DGGLWLRQ��WKH�8(�PD\�UHSRUW�WKH�SUHGLFWHG�550�PHDVXUHPHQW�IRU�D�ORQJHU�SHULRG��ZKLFK�FDQ�
EH�XVHG�IRU�WDUJHW�FHOO�DQG�KDQGRYHU�WLPLQJ�GHWHUPLQDWLRQ�WR�DYRLG�WKH�RFFXUUHQFH�RI�UDGLR�OLQN�IDLOXUH�VKRUWO\�DIWHU�WKH�KDQGR�
YHU�

7KH�FRUUHVSRQGLQJ�HYDOXDWLRQ�UHVXOWV�LQ�D�GHQVH�XUEDQ�VFHQDULR�DUH�LOOXVWUDWHG�LQ�)LJ�������&RPSDUHG�ZLWK�OHJDF\�KDQGR�
YHU��WKH�$,�EDVHG�KDQGRYHU�FDQ�VLJQLŀFDQWO\�UHGXFH�WKH�SUREDELOLW\�RI�KDQGRYHU�IDLOXUH�DQG�XQLQWHQGHG�HYHQWV��H�J���VKRUW�WLPH�
RI�VWD\��SLQJ�SRQJ�KDQGRYHU��

)LJ�������$,�EDVHG�PRELOLW\�RSWLPL]DWLRQ�ZLWK�550�SUHGLFWLRQ

)LJ�������+DQGRYHU�IDLOXUH�UDWH��OHIW��DQG�SLQJ�SRQJ�KDQGRYHU�UDWH��ULJKW��RI�OHJDF\�KDQGRYHU�DQG�
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Handover failure rate  

Legacy Handover 澳澳濔激濵濴瀆濸濷澳濛濴瀁濷瀂瀉濸瀅

0.00澸

5.00澸

10.00澸

15.00澸

short time of stay 瀃濼瀁濺激瀃瀂瀁濺澳濛濢
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Handover 
determination RACHHandover 

command

AI-based 
handover 
procedure T0
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prediction 

report
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handover  

RRM prediction can cover the duration where 
unintended events may occur

UE may fail to 
receive the 
command

UE may fail to 
complete the 

RACH

RLF may occur 
shortly after the 

handover

Legacy Handover 澳澳濔激濵濴瀆濸濷澳濛濴瀁濷瀂瀉濸瀅
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)LJ��������,OOXVWUDWLRQ�RI�$,�EDVHG�8(�$FFHVV�1HWZRUN�6HOHFWLRQ

7KHUH�DUH�VFHQDULRV�ZKHUH�PXOWLSOH�UDGLR�DFFHVV�W\SHV�FRH[LVW�DQG�FRPSOHPHQW�HDFK�RWKHU�LQ�WKH�PRELOH�FRPPXQLFDWLRQ�
V\VWHPV��7DNLQJ�WKH�FXUUHQW��*�DV�DQ�H[DPSOH��DOWKRXJK��*�GHSOR\PHQW�KDV�EHHQ�FDUULHG�RXW�RQ�D�ODUJH�VFDOH��EXW�XELTXLWRXV��*�
15��1HZ�5DGLR��FRYHUDJH�PD\�QRW�EH�DFFHVVLEOH�IRU�D�ORW�RI�DUHDV��7KLV�VLPLODU�VLWXDWLRQ�PD\�DOVR�H[LVW�LQ�WKH��*�HUD�ZLWK�WKH�
H[SHFWDWLRQ�WKDW�VHYHUDO�UDGLR�DFFHVV�WHFKQRORJLHV��5$7V���H�J����*���*�DQG��*��FRH[LVW�IRU�VRPH�WLPH�

'LłHUHQW�DFFHVV�WHFKQRORJ\�KDV�GLłHUHQW�DGYDQWDJHV��H�J����*�/7(�KDV�ORZHU�IUHTXHQF\�VSHFWUXP�DQG�KLJKHU�ODWHQF\��EXW�
EHWWHU�QHWZRUN�FRYHUDJH��YLFH�YHUVD���*�15�KDV�KLJKHU�IUHTXHQF\�VSHFWUXP�DQG�ORZHU�ODWHQF\��EXW�OLPLWHG�FRYHUDJH��IRU��*��WKHUH�
PD\�VWLOO�H[LVW� WUDGHRł�EHWZHHQ�WKH�FRYHUDJH�DQG�FDSDFLW\��)URP�WKH�SHUVSHFWLYH�RI�DSSOLFDWLRQV��GLłHUHQW�DSSOLFDWLRQV�KDYH�
GLłHUHQW�UHTXLUHPHQWV�IRU�QHWZRUN�.3,V��IRU�H[DPSOH��DXJPHQWHG�UHDOLW\��$5���YLUWXDO�UHDOLW\��95���HWF��ZLWK�KLJK�UHTXLUHPHQWV�IRU�
UDWH�DQG�ODWHQF\�DUH�PRUH�VXLWDEOH�IRU�XVLQJ�KLJK�IUHTXHQF\�DQG�ODUJH�EDQGZLGWK�5$7��ZKLOH�WKRVH�VHUYLFHV�ZLWK�KLJK�PRELOLW\�
UHTXLUHPHQWV�LV�PRUH�SURSHU�WR�FKRRVH�5$7�ZLWK�D�ODUJH�FRYHUDJH�DUHD�WR�DYRLG�IUHTXHQW�VZLWFKLQJ��$V�VKRZQ�LQ�)LJ��������$,�FDQ�
EH�XVHG�WR�DQDO\]H�WKH�KLVWRULFDO�GDWD�RI�HQG�XVHUV�DQG��*�QHWZRUN��REWDLQ�$,�PRGHO�LPSO\LQJ�8(�EHKDYLRU�DQG�QHWZRUN�SHUIRU�
PDQFH�FKDUDFWHULVWLFV��%DVHG�RQ�WKH�$,�PRGHO��LW�FDQ�SUHGLFW�ZKDW�NLQG�RI�VHUYLFH�WKH�8(�LV�XVLQJ�RU�ZLOO�XVH��DQG�ZKLFK�FHOO�RU�
VSHFLŀF�ORFDWLRQ�LW�ZLOO�PRYH�WR��DQG�SUHGLFW�FRUUHVSRQGLQJ�QHWZRUN�ORDG�DQG�SHUIRUPDQFH�IRU�GLłHUHQW�5$7�W\SHV�RU�$FFHVV�W\SHV��
%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH��*�QHWZRUN�FDQ�WKXV�GHFLGH�WKH�RSWLPDO�DFFHVV�QHWZRUN�VHOHFWLRQ�VWUDWHJ\�

'/�HGYKJ�;+�'IIKYY�4KZ]UXQ�9KRKIZOUT

Current network 

data

Historical 

data

Network selection strategy

4G

5G

6G

AI model training

AI Model Prediction

(UE behavior,
trajectory, network load)
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1H[W��ZH�ZLOO� LQWURGXFH�$,�DSSOLFDWLRQV� WR� VFHQDULRV�ZKHUH�FORVHG�IRUP�VROXWLRQV�DUH�QRW�HDVLO\�REWDLQHG�E\� WUDGLWLRQDO�
PHWKRGV�LQ�WKH�H[SHFWHG�WLPH�RU�SUREOHPV�ZLWKRXW�H[SOLFLW�FORVHG�IRUP�VROXWLRQV��7KH�UHSUHVHQWDWLYH�XVH�FDVHV�DUH�$,�EDVHG�
ZLUHOHVV�UHVRXUFH�PDQDJHPHQW��QHWZRUN�HQHUJ\�VDYLQJ��DQG�ORDG�EDODQFLQJ�

)LJ��������LOOXVWUDWLRQ�RI�$,�EDVHG�VLJQDOLQJ�VWRUP�SUHGLFWLRQ

'/�HGYKJ�YOMTGROTM�YZUXS�VXKJOIZOUT

:LWK�WKH�UDSLG�JURZWK�RI�QHWZRUN�VXEVFULEHUV��WKH�ULVN�RI�VLJQDOLQJ�VWRUPV�LV�JURZLQJ�VLJQLŀFDQWO\��(PSLULFDOO\��VLJQDOLQJ�
VWRUPV�VHHP�WR�OHDG�WR�IDLOXUHV�ZLWK�D�ODUJH�VFRSH�DQG�ORQJ�GXUDWLRQ��KDYLQJ�D�ODUJH�QHJDWLYH�LPSDFW�RQ�XVHU�H[SHULHQFH�DQG�WKH�
UHSXWDWLRQ�RI�WKH�RSHUDWRU��VR�WKH�SUHYHQWLRQ�RI�QHWZRUN�VLJQDOLQJ�VWRUPV�LV�WKH�PRVW�LPSRUWDQW�FKDOOHQJH�IRU�RSHUDWRUV��,Q�WKH�
SDVW�� RSHUDWRUV� FRXOG� RQO\� EDFNZDUGO\� GHWHFW� VLJQDOLQJ� VWRUPV� DW� WKH� QHWZRUN� RSHUDWLRQ� DQG�PDLQWHQDQFH� OHYHO�� DQG� WKHQ�
DUWLŀFLDOO\�DQDO\]H�WKH�URRW�FDXVH�DQG�WUDŃF�GLYHUVLRQ��7KLV�SURFHVV�RIWHQ�GHSHQGHG�RQ�WKH�H[SHULHQFH�RI�H[SHUWV��ZKLFK�XVXDOO\�
WRRN�D�IHZ�KRXUV�RU�HYHQ�VHYHUDO�GD\V��

:LWK� WKH�XVH�RI�$,� WHFKQRORJ\� LQ�PRELOH�FRPPXQLFDWLRQ�QHWZRUNV���*�QHWZRUNV� LV�H[SHFWHG� WR�SHUIRUP�VLJQDOLQJ�VWRUP�
SUHYHQWLRQ�ZLWK�WKH�DVVLVWDQFH�RI�$,��$V�VKRZQ�LQ�)LJ�������� WKH��*�QHWZRUN�$,�HQWLW\�FROOHFWV�D� ODUJH�DPRXQW�RI�GDWD�VXFK�DV�
QHWZRUN�PHWULFV�� EHKDYLRUDO� SHUIRUPDQFH�� QHWZRUN� FRQŀJXUDWLRQV�� 8(�EHKDYLRU�� HWF��� LQ� ERWK� QRUPDO� VFHQDULRV� DQG�QHWZRUN�
VLJQDOLQJ�VWRUP�VFHQDULRV��%DVHG�RQ�WKHVH�GDWD��WKH�$,�PRGHO�LV�WUDLQHG�WR�PLQH�WKH�FRUUHODWLRQ�EHWZHHQ�WKHVH�IHDWXUHV�DQG�WKH�
RFFXUUHQFH�RI�VLJQDOLQJ�VWRUPV��7KLV�$,�PRGHO�LV�XVHG�WR�SUHGLFW�WKH�SUREDELOLW\�RI�VLJQDOLQJ�VWRUPV�RFFXUULQJ�LQ�WKH�QHWZRUN��DQG�
HYHQ�DFFXUDWHO\�SUHGLFW�WKH�QHWZRUN�SHUIRUPDQFH�DQG�RWKHU�GHULYDWLYH�FRQVHTXHQFHV�RI�VLJQDOLQJ�VWRUPV��ZKLFK�FDQ�EH�XVHG�DV�
D�QHWZRUN�ZDUQLQJ�PHVVDJH�RU�DGMXVWPHQW�UHFRPPHQGDWLRQ�WR�LQIRUP�WKH�FRUUHVSRQGLQJ�HTXLSPHQW�RU�SHUVRQQHO�LQ�DGYDQFH�

Current 

network 

data

Historical 

data

Signaling storm warning, 

network state prediction, 

mitigation recommendation

AI Model Training

AI Model Inference

RANUE

UE

UE
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180.12

200.42

165
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185
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195
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205

traditional greedy scheduling scheme 濔濿激濵濴瀆濸濷澳瀆濶濻濸濷瀈濿濼瀁濺澳瀆濶濻濸瀀濸

濦濶
濻濸

濷瀈
濿濼瀁

濺澳
瀆濶
瀂瀅
濸

7KHUH�DUH�PDQ\�WDVNV��RU�XVH�FDVHV��LQ�WKH�DFFHVV�QHWZRUN��ZKLFK�LV�D�FRQWLQXRXV�
SURFHVV�RI�DGMXVWPHQWV�EDVHG�RQ�FKDQJHV�LQ�WKH�ZLUHOHVV�HQYLURQPHQW��ORDG��QXPEHU�
RI�XVHUV��HWF��)RU�H[DPSOH��WKLV�NLQG�RI�WDVNV�LQFOXGHV�XVHU�VFKHGXOLQJ��DFFHVV�FRQWURO��
UHVRXUFH�DOORFDWLRQ��HWF��7KH�GHFLVLRQ�JLYHQ�LQ�HDFK�URXQG�WKHUHRI�QRW�RQO\�DłHFWV�WKH�
V\VWHP�SHUIRUPDQFH� LQ� WKH�FXUUHQW� URXQG��EXW�DOVR�DłHFWV� WKH�GHFLVLRQ� LQ� WKH�QH[W�
URXQG�� 5HLQIRUFHPHQW� OHDUQLQJ� LV� D� WHFKQLFDO� WRRO� WR� VROYH� WKLV� NLQG� RI� SUREOHPV��
5HLQIRUFHPHQW�OHDUQLQJ�REWDLQV�WKH�VWDWLF�DQG�G\QDPLF�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�
DQG� HQYLURQPHQW� WKURXJK� LQWHUDFWLRQ� ZLWK� WKH� V\VWHP� DQG� HQYLURQPHQW�� VR� DV� WR�
DGDSWLYHO\�UHDOL]H�WKH�RSWLPDO�VWUDWHJ\��&XUUHQWO\��UHLQIRUFHPHQW�OHDUQLQJ�LV�VWXGLHG�LQ�
PDQ\�DVSHFWV�RI�ZLUHOHVV�UHVRXUFH�PDQDJHPHQW��VXFK�DV�VSHFWUXP�UHVRXUFH�DOORFD�
WLRQ��G\QDPLF�SRZHU�DOORFDWLRQ��VFKHGXOLQJ�LQ�VLGHOLQN�DQG�XQPDQQHG�DHULDO�YHKLFOH�
�8$9�� FRPPXQLFDWLRQ��DFFHVV� FRQWURO�DQG� VOLFLQJ� UHVRXUFH�DOORFDWLRQ� LQ� ODUJH�FRQ�
QHFWLYLW\� FRPPXQLFDWLRQ��HWF��&RPSDUHG�ZLWK� WKH� WUDGLWLRQDO� VFKHPHV�� WKH�ZLUHOHVV�
UHVRXUFH�PDQDJHPHQW� EDVHG�RQ� UHLQIRUFHPHQW� OHDUQLQJ� FDQ�DGDSW� WR� WKH� V\VWHP�
DQG�HQYLURQPHQW�PRUH�ŁH[LEO\�DQG�DFKLHYH�KLJKHU�V\VWHP�SHUIRUPDQFH�DQG�UHVRXUFH�
XWLOL]DWLRQ�

7DNLQJ� XVHU� VFKHGXOLQJ� DV� DQ� H[DPSOH�� YLYR� KRVWHG� WKH� $,�EDVHG� ZLUHOHVV�
UHVRXUFH� VFKHGXOLQJ� WUDFN� IRU� FHOO� IUHH� VFHQDULRV� LQ� WKH� �*$1$� �*� 1HWZRUN� $,�
&KDOOHQJH�LQ����������WHDPV�FRPSHWHG�LQ�WZR�URXQGV�RI�WKH�SUHOLPLQDU\�DQG�UHPDWFK�
URXQGV�� GHVLJQLQJ� KLJK�SHUIRUPDQFH� $,� PRGHOV� WKDW� VLJQLŀFDQWO\� RSWLPL]HG� WKH�
UHVRXUFH�DOORFDWLRQ�VWUDWHJ\�DQG�LPSURYHG�WKH�RYHUDOO�SHUIRUPDQFH�JDLQ�RI�VFKHGXO�
LQJ��$,�EDVHG�ZLUHOHVV�UHVRXUFH�VFKHGXOLQJ�WDNHV�WKH�FXUUHQW�FKDQQHO�LQIRUPDWLRQ�DV�
ZHOO� DV� WKH� KLVWRULFDO� VFKHGXOLQJ� UDWH� DV� WKH� LQSXW� WR� WKH� $,�PRGHO�� DQG� WDNHV� WKH�
WLPH�IUHTXHQF\�DLU�GRPDLQ�UHVRXUFH�DOORFDWLRQ�SROLF\�DW�WKH�IXWXUH�PRPHQW�DV�WKH�$,�
RXWSXW�� ,Q� )LJ�� ������ ZH� VKRZ� WKH� VFKHGXOLQJ� VFRUHV� RI� WKH� $,�EDVHG� VFKHGXOLQJ�
VFKHPH� DQG� WKH� WUDGLWLRQDO� JUHHG\� VFKHGXOLQJ� VFKHPH�� 7KH� VFKHGXOLQJ� VFRUH�
LQWHJUDWHV�WKH�RYHUDOO�VFKHGXOLQJ�UDWH�RI�WKH�QHWZRUN�DQG�WKH�VFKHGXOLQJ�IDLUQHVV�RI�
LQGLYLGXDO�XVHUV��+LJKHU�VFRUHV�LQGLFDWH�KLJKHU�RYHUDOO�QHWZRUN�WKURXJKSXW�DQG�EHWWHU�
XVHU�VFKHGXOLQJ�IDLUQHVV��,W�FDQ�EH�VHHQ�WKDW�WKH�$,�EDVHG�VFKHPH�FDQ�DFKLHYH�EHWWHU�
VFKHGXOLQJ�WKDQ�WKH�WUDGLWLRQDO�QRQ�$,�VFKHPH��

)LJ�� ������ 6FKHGXOLQJ� VFRUHV� RI� WKH� $,�EDVHG� VFKHGXOLQJ� VFKHPH� DQG� WKH�
WUDGLWLRQDO�JUHHG\�VFKHGXOLQJ�VFKHPH

'/�HGYKJ�]OXKRKYY�XKYU[XIK�SGTGMKSKTZ

17

\O\U�)USS[TOIGZOUTY�8KYKGXIN�/TYZOZ[ZK



)LQDOO\��ZH�ZLOO�LQWURGXFH�VFHQDULRV�ZKHUH�$,�LV�DSSOLHG�WR�MRLQW�RSWLPL]DWLRQ�RI�PXOWLSOH�PRGXOHV��7KH�UHSUHVHQWDWLYH�XVH�
FDVHV�LQFOXGH�MRLQW�RSWLPL]DWLRQ�RI�UHODWHG�IXQFWLRQV�LQ�0,02�VLJQDO�SURFHVVLQJ��MRLQW�VRXUFH�FKDQQHO�FRGLQJ��FURVV�OD\HU�RSWLPL�
]DWLRQ��HWF�

)LJ��������$,�EDVHG�QHWZRUN�HQHUJ\�VDYLQJ

7KH�JURZLQJ�GHPDQG�IRU�FRPPXQLFDWLRQ�VHUYLFHV�KDV�OHG�WR�D�VKDUS�LQFUHDVH�LQ�WKH�QXPEHU�RI�QHWZRUN�VLWHV�DQG�QHWZRUN�
HQHUJ\�FRQVXPSWLRQ��$W�WKH�VDPH�WLPH��WKH�QHHG�IRU�QHWZRUN�HQHUJ\�VDYLQJ�E\�QHWZRUN�RSHUDWRUV�LV�EHFRPLQJ�XUJHQW��&XUUHQWO\��
QHWZRUN�HQHUJ\�VDYLQJ�LV�PDLQO\�DFKLHYHG�WKURXJK�GHDFWLYDWLRQ�DFWLYDWLRQ�DW�WKH�FHOO�OHYHO��7R�EH�VSHFLŀF��ZKHQ�WKH�FHOO�VHUYLFH�
ORDG�LV� ORZHU�WKDQ�D�WKUHVKROG��WKH�FHOO�FDQ�EH�GHDFWLYDWHG��DQG�WKH�VHUYLFH�FDQ�EH�RńRDGHG�WR�QHLJKERU�FHOOV�WR�UHGXFH�WKH�
RYHUDOO� QHWZRUN� HQHUJ\� FRQVXPSWLRQ��:KHQ� WKH� ORDG� RI� WKH� QHLJKERU� FHOO� H[FHHGV� D� WKUHVKROG�� WKH� GHDFWLYDWHG� FHOO� FDQ� EH�
UHTXHVWHG�WR�EH�DFWLYDWHG�WR�DYRLG�QHWZRUN�FRQJHVWLRQ�DQG�LPSDFW�RQ�XVHU�H[SHULHQFH��+RZHYHU��PDNLQJ�GHFLVLRQV�RI�GHDFWLYD�
WLRQ�DFWLYDWLRQ�EDVHG�RQ�WKH�ORDG�RI�D�VLQJOH�FHOO�PD\�UHVXOW�LQ�IUHTXHQW�FKDQJHV�RI�FHOO�VWDWXV��OHDGLQJ�WR�PDVVLYH�XVHU�VHUYLFH�
LQWHUUXSWLRQ��7UDGLWLRQDO�PHWKRGV�DUH�OLPLWHG�E\�FRPSXWDWLRQDO�FRPSOH[LW\�DQG�LW�LV�GLŃFXOW�WR�GLUHFWO\�REWDLQ�WKH�RSWLPDO�DFWLYD�
WLRQ�GHDFWLYDWLRQ�GHFLVLRQ�IRU�D�ODUJH�DUHD�RI�FHOOV��PDNLQJ�LW�LQIHDVLEOH�WR�DFKLHYH�RSWLPDO�QHWZRUN�HQHUJ\�HŃFLHQF\��7KH�JHQHUDO�
SURFHGXUH�RI�$,�EDVHG�QHWZRUN�HQHUJ\�VDYLQJ�LV�VKRZQ�LQ�)LJ��������:LWK�WKH�SUHGLFWLRQ�RI�8(�WUDMHFWRULHV�DQG�UHVRXUFH�VWDWXV�RI�
HDFK�FHOO��WKH�QHWZRUN�PD\�GHWHUPLQH�FDQGLGDWH�FHOOV�IRU�DFWLYDWLRQ�GHDFWLYDWLRQ��2Q�WKH�RWKHU�KDQG��$,�FDQ�EDODQFH�QHWZRUN�
HQHUJ\�FRQVXPSWLRQ�DQG�VHUYLFH�TXDOLW\��DQG�PD[LPL]H�QHWZRUN�HQHUJ\�HŃFLHQF\��$�VLPLODU�DSSURDFK�FDQ�DOVR�EH�DSSOLHG�WR�
ORDG�EDODQFLQJ��KDYLQJ�GLłHUHQW�VHUYLFH�W\SHV�DOORFDWHG�UHDVRQDEO\�LQ�YDULRXV�IUHTXHQF\�EDQGV�WR�RSWLPL]H�QHWZRUN�VSHFWUXP�
HŃFLHQF\�

'/�HGYKJ�TKZ]UXQ�KTKXM_�YG\OTM

Location/trajectory

A濜

Input of UE

Measurement

Energy efficiency

Input of RAN-node

Resource status

Predicted trajectory

Prediction

Predicted resource 

status

Cell activation/ 

deactivation

Decision

handover
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2QH�DGYDQWDJH�RI�$,�LV�LWV�DELOLW\�WR�H[SORUH�LPSOLFLW�UHODWLRQVKLSV�EHKLQG�GDWD��,Q�FRPPXQLFDWLRQ�V\VWHPV��VRPH�IXQFWLRQV�
DUH�UHODWHG�EXW�WKHLU�VSHFLŀF�UHODWLRQVKLSV�FDQQRW�EH�H[SOLFLWO\�UHSUHVHQWHG��OHDGLQJ�WR�OLPLWHG�HłHFWLYHQHVV�RI�MRLQW�RSWLPL]DWLRQ��
7R�DGGUHVV� WKLV��$,�FDQ�EH�XVHG�WR� MRLQWO\�RSWLPL]H�PXOWLSOH� UHODWHG�IXQFWLRQV��7KH�V\VWHP�FDSDFLW\�RI�0,02� LV�GHWHUPLQHG�E\�
SUHFRGLQJ��ZKLFK�LV�JHQHUDWHG�EDVHG�RQ�FKDQQHO�HVWLPDWLRQ��EDVHG�RQ�FKDQQHO�UHFLSURFLW\�IRU�WLPH�GLYLVLRQ�GXSOH[LQJ�V\VWHPV��
DQG� EDVHG� RQ� FKDQQHO� IHHGEDFN� IRU� IUHTXHQF\�GLYLVLRQ� GXSOH[LQJ� V\VWHPV��� ZKLFK� LQ� WXUQ� LV� UHODWHG� WR� WKH� GHVLJQ� RI� SLORW�
VHTXHQFHV��$OWKRXJK�VLQJOH�PRGXOH�$,�RSWLPL]DWLRQ�FDQ� LPSURYH� WKH�SHUIRUPDQFH�RI�HDFK�PRGXOH�� LW�FDQQRW�DFKLHYH�JOREDO�
RSWLPDOLW\� LQ� WHUPV�RI�RYHUDOO�V\VWHP�SHUIRUPDQFH��7R�DGGUHVV� WKLV��ZH�FDQ�FRQVLGHU�PRGHOLQJ�WKH�UHODWHG�IXQFWLRQV� LQ�0,02�
VLJQDO�SURFHVVLQJ�DV�D�MRLQW�SUREOHP��HVWDEOLVKLQJ�D�JOREDO�ORVV�IXQFWLRQ��DQG�REWDLQLQJ�WKH�RSWLPDO�0,02�WUDQVPLVVLRQ�VFKHPH��
,Q�)LJ��������WDNLQJ���XVHU�0,02�DV�DQ�H[DPSOH��&6,�56�VHTXHQFH�VHOHFWLRQ��FKDQQHO�IHHGEDFN��DQG�SUHFRGLQJ�PDWUL[�JHQHUDWLRQ�
FDQ�EH�DFKLHYHG�WKURXJK�WKUHH�VXE�QHXUDO�QHWZRUNV��7KH�SDUDPHWHUV�RI�WKH�ŀUVW�VXE�QHWZRUN�DUH�WKH�UHIHUHQFH�VLJQDO�VHTXHQFHV�
REWDLQHG� WKURXJK� QHXUDO� QHWZRUNV�� WKH� VHFRQG� VXE�QHXUDO� QHWZRUN� JHQHUDWHV� &6,� IHHGEDFN� ELWV�� DQG� WKH� WKLUG� VXE�QHXUDO�
QHWZRUN�JHQHUDWHV�SUHFRGLQJ�PDWULFHV��'XULQJ�WUDLQLQJ��WKHVH�WKUHH�VXE�QHWZRUNV�DUH�FRQFDWHQDWHG��7KH�VSHFWUDO�HŃFLHQF\�LV�
XVHG�DV�WKH�JOREDO� ORVV�IXQFWLRQ�WR�REWDLQ�WKH�SDUDPHWHUV�RI�HDFK�VXE�QHXUDO�QHWZRUN�WKURXJK�JUDGLHQW�GHVFHQW��7KH�JOREDO�
QHXUDO� QHWZRUN� REWDLQHG� LQ� WKLV� ZD\� DFFRPPRGDWHV� WKH� GHSHQGHQFLHV� EHWZHHQ� PXOWLSOH� VXE�QHWZRUNV�� DFKLHYLQJ� KLJKHU�
VSHFWUDO�HŃFLHQF\�WKDQ�WKH�VHSDUDWHO\�WUDLQHG�VFKHPH�

)LJ��������-RLQW�RSWLPL]DWLRQ�RI�&6,�56�VHTXHQFH�VHOHFWLRQ��FKDQQHO�IHHGEDFN�DQG�SUHFRGLQJ�PDWUL[�JHQHUDWLRQ

'/�HGYKJ�PUOTZ�UVZOSO`GZOUT�UL�XKRGZKJ�L[TIZOUTY�OT�3/35
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&URVV�OD\HU�IXQFWLRQV�FDQ�EH�MRLQWO\�RSWLPL]HG�IRU�EHWWHU�SHUIRUPDQFH��)RU�H[DPSOH��GLłHUHQW�WUDŃF�GHPDQGV�DQG�VHUYLFH�
FKDUDFWHULVWLFV�ZLOO� UHVXOW� LQ�GLłHUHQW�RSWLPDO� WUDQVPLVVLRQ� UHVRXUFHV�DQG� WUDQVPLVVLRQ�PRGHV��+RZHYHU�� WKH� IXQFWLRQV�RI� WKH�
GLłHUHQW� OD\HUV�DUH�QRW�FRQFDWHQDWHG�WRJHWKHU�DQG�WKH�REMHFWLYHV�RI�RSWLPL]DWLRQ�DUH�GLłHUHQW�IRU�WKH�GLłHUHQW� OD\HUV��VR�LW� LV�
GLŃFXOW�WR�JLYH�D�FORVHG�IRUP�VROXWLRQ�GLUHFWO\��7R�DGGUHVV�WKLV�SUREOHP��UHVRXUFH�DOORFDWLRQ�DQG�WUDŃF�VHUYLFH�SUHGLFWLRQ�FDQ�EH�
PRGHOHG�DV�D�MRLQW�WDVN��6SHFLŀFDOO\��XVLQJ�KLVWRULFDO�WUDŃF��VHUYLFHV��UHVRXUFH�DOORFDWLRQ�DV�LQSXWV��ZLWK�WKH�REMHFWLYH�RI�RSWLPL]�
LQJ� WKH� ŀQDO� SHUIRUPDQFH� �H�J��� WKURXJKSXW��� WKH� $,�PRGHO� FDQ� UHFRPPHQG� D� UHVRXUFH� DOORFDWLRQ� UHVXOW�� 6LPLODUO\�� ERWK� WKH�
DGDSWLYH�PRGXODWLRQ�DQG�FRGLQJ��$0&��DW�WKH�SK\VLFDO�OD\HU�DQG�K\EULG�DXWRPDWLF�UHSHDW�UHTXHVW��+$54��DW�WKH�GDWD�OLQN�OD\HU�
DUH�IXQFWLRQV�WKDW�G\QDPLFDOO\�DGMXVW�WKH�WUDQVPLVVLRQ�FRQŀJXUDWLRQ��7KH\�FDQ�DOVR�EH�YLHZHG�DV�D�MRLQW�WDVN�DQG�D�FURVV�OD\HU�
MRLQW�RSWLPL]DWLRQ�FDQ�EH�DFKLHYHG�EDVHG�RQ�$,��7KH�JRDO�RI�FURVV�OD\HU�RSWLPL]DWLRQ�LV�JHQHUDOO\�WKH�ŀQDO�SHUIRUPDQFH�RI�WKH�
QHWZRUN��$V�D�UHVXOW��WKHUH�LV�D�QHHG�WR�FRXSOH�WKH�$,�WUDLQLQJ�DQG�UHDVRQLQJ�SURFHVV�ZLWK�UHDOLVWLF�V\VWHPV��ZKLFK�LV�GLŃFXOW�WR�EH�
DFKLHYHG�E\�XVLQJ�VXSHUYLVHG� OHDUQLQJ��5HLQIRUFHPHQW� OHDUQLQJ� LV�D� VROXWLRQ� WR� WKLV�SUREOHP��'XULQJ� WKH�PRGHO� WUDLQLQJ�� WKH�
UHFRPPHQGHG�FRQŀJXUDWLRQ�JLYHQ�E\�WKH�$,�PRGHO�FDQ�EH�DSSOLHG�WR�WKH�V\VWHP��DQG�WKH�UHVSRQVH�RI�WKH�V\VWHP��IRU�H[DPSOH��
WKH�ŀQDO�SHUIRUPDQFH�RI�WKH�QHWZRUN�RU�UHODWHG�GHULYDWLYH�LQGLFDWRUV��FDQ�EH�XVHG�DV�D�UHZDUG�RU�VFRUH�WR�JXLGH�WKH�RSWLPL]DWLRQ�
RI�WKH�$,�PRGHO��:KHQ�VXFK�DQ�LWHUDWLYHO\�RSWLPL]HG�PRGHO�LV�WUDLQHG��LW�FDQ�EH�GHSOR\HG�LQ�WKH�DFWXDO�V\VWHP�WR�ŁH[LEO\�DGDSW�WR�
WKH�FKDQJH�RI�HQYLURQPHQW�

$ORQJ�ZLWK�WKH�IXUWKHU�UHVHDUFK�LQ�DFDGHPLD�DQG�LQGXVWU\�DV�ZHOO�DV�WKH�ZLGHU�XVH�RI�$,�WHFKQRORJLHV�DQG�UHVRXUFHV��WKHUH�
ZLOO�EH�PRUH�YDOXDEOH�XVH�FDVHV�HPHUJLQJ� WR�FRQWLQXRXVO\� LPSURYH� WKH�SHUIRUPDQFH�RI�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��)RU�
H[DPSOH��$,�KDV�JUHDW�SRWHQWLDOV�LQ�WKH�IXQGDPHQWDO�SK\VLFDO�OD\HU�GHVLJQ�VXFK�DV�ZDYHIRUP�GHVLJQ��PRGXODWLRQ�DQG�GHPRGXOD�
WLRQ��FKDQQHO�FRGLQJ��VLJQDO�GHWHFWLRQ��VLJQDO�HTXDOL]DWLRQ��DV�ZHOO�DV�LQ�DGYDQFHG�GHVLJQ�VXFK�DV�MRLQW�GHVLJQ�RI�WUDQVFHLYHU��
WUDQVPLVVLRQ�PHFKDQLVPV�EDVHG�RQ�HQG�WR�HQG�DUFKLWHFWXUHV��H�J���WUDQVPLVVLRQ�ZLWKRXW�SLORW�RU�F\FOLF�SUHŀ[�

7UDGLWLRQDO�MRLQW�VRXUFH�FKDQQHO�FRGLQJ�DOORZV�XVHUV�WR�FKDQJH�VRXUFH�FRGLQJ�SDUDPHWHUV�EDVHG�RQ�FKDQQHO�RU�QHWZRUN�
FRQGLWLRQV�� RU� WR� VHOHFW� FKDQQHO� FRGLQJ��PRGXODWLRQ�� DQG�QHWZRUN�SDUDPHWHUV�EDVHG�RQ� VRXUFH� FKDUDFWHULVWLFV��+RZHYHU�� LWV�
HłHFWLYHQHVV�KLJKO\�GHSHQGV�RQ�WKH�H[SHUW�NQRZOHGJH��,Q�UHFHQW�\HDUV��WKH�GHYHORSPHQW�RI�$,�KDV�SURYLGHG�QHZ�LGHDV�IRU�WKH�
GHVLJQ�RI�MRLQW�VRXUFH�FKDQQHO�FRGLQJ��$PRQJ�WKHP��WKH�VWUXFWXUH�RI�DXWR�HQFRGHUV��$(V��LV�YHU\�VXLWDEOH�IRU�LPSOHPHQWLQJ�MRLQW�
VRXUFH�FKDQQHO�FRGLQJ��7KH�HQFRGHU�WDNHV�WKH�VRXUFH�LQIRUPDWLRQ�DQG�WKH�FXUUHQW�FKDQQHO�LQIRUPDWLRQ�DV�LQSXW�DQG�REWDLQV�WKH�
ELWVWUHDP�VLJQDO�WR�EH�WUDQVPLWWHG�WKURXJK�WKH�IRUZDUG�SURSDJDWLRQ�RI�WKH�QHXUDO�QHWZRUN��7KH�GHFRGHU�DW�WKH�UHFHLYHU�LV�WUDLQHG�
WRJHWKHU�ZLWK�WKH�HQFRGHU�WR�LPSOHPHQW�WKH�LQYHUVH�RSHUDWLRQ�RI�WKH�HQFRGHU��7KHUHIRUH��WKH�RULJLQDO�LQIRUPDWLRQ�FDQ�EH�UHFRQ�
VWUXFWHG�IURP�WKH�UHFHLYHG�ELWVWUHDP�

,Q�DGGLWLRQ��MRLQW�VRXUFH�FKDQQHO�FRGLQJ�FDQ�DOVR�EH�GHVLJQHG�EDVHG�RQ�WKH�LGHD�RI�VHPDQWLF�FRPPXQLFDWLRQ��)LUVW��WKH�
PXOWLGLPHQVLRQDO�VHPDQWLF�IHDWXUHV�RI�WKH�VRXUFH�DUH�H[WUDFWHG�XVLQJ�QHXUDO�QHWZRUNV��7KHQ�GLłHUHQW�FRGLQJ�VWUDWHJLHV�DUH�XVHG�
EDVHG�RQ�WKH�LPSRUWDQFH�RI�HDFK�GLPHQVLRQ�RI�VHPDQWLFV�DFFRUGLQJ�WR�VSHFLŀF�D�SULRUL�NQRZOHGJH��,Q�WKLV�ZD\��WKH�FKDUDFWHULVWLFV�
RI� WKH�NQRZQ�FKDQQHO�FDQ�EH�EHWWHU�XWLOL]HG��)RU�H[DPSOH�� LQ� LPDJH�DQG�YLGHR� WUDQVPLVVLRQ��XVLQJ�VHPDQWLF�FRPPXQLFDWLRQ�
EDVHG�MRLQW�VRXUFH�FKDQQHO�FRGLQJ�PD\�DFKLHYH�EHWWHU�TXDOLW\�FRPSDUHG�WR�WUDGLWLRQDO�LPDJH�FRPSUHVVLRQ�FRGLQJ��,Q�DGGLWLRQ��
&6,�FRPSUHVVLRQ�FDQ�EH�YLHZHG�DV�D�VSHFLDO�MRLQW�VRXUFH�FKDQQHO�FRGLQJ�SUREOHP�ZKHUH�WKH�HŃFLHQF\�RI�&6,�IHHGEDFN�FDQ�EH�
IXUWKHU�LPSURYHG�E\�XVLQJ�WKH�LGHD�RI�VHPDQWLF�FRPPXQLFDWLRQ��6SHFLŀFDOO\��WKH�RULJLQDO�&6,�DW�WKH�WUDQVPLWWHU�FRUUHVSRQGV�WR�
VRXUFH�LQIRUPDWLRQ��DQG�WKH�&6,�LQIRUPDWLRQ�WR�EH�IHG�EDFN�FRUUHVSRQGV�WR�WKH�ELWVWUHDP�DIWHU�MRLQW�VRXUFH�FKDQQHO�FRGLQJ��DQG�
WKH�UHFHLYHU�SHUIRUPV�LQYHUVH�SURFHVVLQJ�WR�UHFRQVWUXFW�WKH�RULJLQDO�&6,�

'/�HGYKJ�PUOTZ�YU[XIK�INGTTKR�IUJOTM

'/�HGYKJ�IXUYY�RG_KX�UVZOSO`GZOUT
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$,�ZLOO�EH�D�QDWLYH�DQG�XELTXLWRXV�WHFKQRORJ\�WKDW�SURYLGHV�FRPSUHKHQVLYH�VXSSRUW�IRU��*��,Q�RUGHU�WR�OHYHUDJH�$,�LQ��*��LW�LV�
QHFHVVDU\�WR�VWDUW�IURP�VHYHUDO�GHVLJQ�SULQFLSOHV�WKDW�FRPELQH�WKH�ULFKQHVV�RI�XVH�FDVHV�ZLWK�WKH�HŃFLHQF\�RI�WKH�V\VWHP��*LYHQ�
WKDW��*�KDV�DOUHDG\�H[SORUHG�WKH�DSSOLFDWLRQ�RI�$,�LQ�PRELOH�FRPPXQLFDWLRQ��ZH�ŀUVW�VXPPDUL]H�WKH�FXUUHQW�VWDWH�RI�WKH�DSSOLFD�
WLRQ�RI�$,� LQ��*�PRELOH�FRPPXQLFDWLRQ��6HFRQGO\��ZH�HODERUDWH�RQ�WKH�EDVLF� ORJLF�RI�QDWLYH� LQWHOOLJHQFH��DQG�SURSRVH�GHVLJQ�
SULQFLSOHV�IURP�PXOWLSOH�GLPHQVLRQV�WR�DFKLHYH�GHHS�FRQYHUJHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�

7KH�VWDQGDUGL]DWLRQ�ZRUN�RI�DSSO\LQJ�$,�WR�PRELOH�FRPPXQLFDWLRQV�KDV�EHHQ�FDUULHG�RXW�VXFFHVVLYHO\�LQ�WKH��UG�JHQHUDWLRQ�
SDUWQHUVKLS�SURMHFW���*33����*33�KDV�ODXQFKHG�D�QXPEHU�RI�SURMHFWV�WR�VWDQGDUGL]H�WKH�DSSOLFDWLRQ�RI�$,�WR�PRELOH�FRPPXQLFD�
WLRQ� V\VWHPV�� VXFK� DV� $,�0/� IRU� 2$0�� $,�0/� IRU� 1*�5$1�� (QDEOHUV� IRU� 1HWZRUN� $XWRPDWLRQ� IRU� �*�� �*� 6\VWHPV� 6XSSRUW� IRU�
$,�0/�EDVHG� 6HUYLFHV�� DQG�$,�0/� IRU� $LU� ,QWHUIDFH�� ,Q� WHUPV�RI� XVH� FDVH� VWXGLHV�� �*33�KDV� ODXQFKHG�$,�EDVHG� HQKDQFHPHQW�
VWXGLHV� LQ�WKH�FRUH�QHWZRUN��UDGLR�DFFHVV�QHWZRUN��5$1���DQG�SK\VLFDO� OD\HU��$PRQJ�WKHVH�XVH�FDVHV� LQWURGXFHG�LQ�&KDSWHU����
$,�EDVHG�&6,�IHHGEDFN�HQKDQFHPHQW��EHDP�SUHGLFWLRQ�HQKDQFHPHQW��DQG�SRVLWLRQLQJ�HQKDQFHPHQW�KDYH�EHHQ�VWXGLHG�LQ�5$1���
$,�EDVHG�PRELOLW\�RSWLPL]DWLRQ��ORDG�EDODQFLQJ��DQG�QHWZRUN�HQHUJ\�VDYLQJ�KDYH�EHHQ�VWXGLHG�LQ�5$1���DQG�$,�EDVHG�DFFHVV�
QHWZRUN�VHOHFWLRQ�KDV�EHHQ�VWXGLHG�LQ�WKH�FRUH�QHWZRUN��,Q��*��$,�SHUIRUPV�SOXJ�LQ�RSWLPL]DWLRQ�IRU�VSHFLŀF�SUREOHPV�FDVH�E\�
FDVH��7KLV�DSSURDFK�LV�D�QDWXUDO�H[WHQVLRQ�RI�WKH��*�QHWZRUN�DQG�SURYLGHV�VRPH�SHUIRUPDQFH�LPSURYHPHQW�IRU�VSHFLŀF�SUREOHPV�

%DVHG�RQ�WKH�VWXG\�RI��*��ZH�VWDUW�IURP�WKH�EDVLF�ORJLF�RI�QDWLYH�LQWHOOLJHQFH�DQG�SURSRVH�PXOWLSOH�GHVLJQ�SULQFLSOHV�IRU�WKH�
FRQYHUJHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�WR�EXLOG�D�VROLG�IRXQGDWLRQ�IRU��*�
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3.1 Basic Logic of Native Intelligence in 6G

REWD LQ �GD WD � IR U �PRGH O �
WUDLQLQJ��PRGHO�LQIHUHQFH��
DQG�PRGHO�PDQDJHPHQW�

FRQGXFW�PRGHO�WUDLQLQJ�
EDVHG�RQ�WKH�FROOHFWHG�GDWD�
WR�REWDLQ�PRGHOV�IRU�LQIHU�
HQFH�

GHSOR\�WKH�WUDLQHG�PRGHO�WR�
WKH�FRUUHVSRQGLQJ�QRGH�WR�
FRPSOHWH�WKH�SURFHVV�RI�
YDOLGDWLRQ�DQG�UHJLVWUDWLRQ�

LQSXW�GDWD�LQWR�WKH�WUDLQHG�
PRGHO��JHW�WKH�FRUUHVSRQG�
LQJ �RXWSXW � UHVX O W V �DQG �
DSSO\�WKHP�WR�WKH�FRPPX�
QLFDWLRQ�V\VWHP�

FRQWURO � WKH�VWDWH�RI � WKH�
PRGHO��LQFOXGLQJ�VHYHUDO�
VXE�IXQFWLRQV�VXFK�DV�PRQ�
LWRULQJ�WKH�SHUIRUPDQFH�RI�
WKH�PRGHO��DQG�FRPSOHWLQJ�
WKH �DG MXV WPHQ W �R I � W KH �
PRGHO��LQFOXGLQJ�VZLWFKLQJ��
DFWLYDWLRQ�GH�DFWLYDWLRQ��
IDOOEDFN��HWF���

7KH� QDWLYH� LQWHOOLJHQFH� LQ� �*� GLVFXVVHG� LQ� WKLV� ZKLWH� SDSHU� LV� HODERUDWHG� IURP� WKH� SHUVSHFWLYH� RI� $,�1(7�� 7KH� QDWLYH�
LQWHOOLJHQFH�LQ��*�UHIHUV�WR�WKH�QDWLYH�LQWHJUDWLRQ�RI�$,�FDSDELOLWLHV�LQWR�WKH��*�QHWZRUN��$,�ZDV�FRQVLGHUHG�LQ�WKH�GHVLJQ�RI�WKH��*�
DUFKLWHFWXUH�DW�WKH�EHJLQQLQJ�DQG��*�ZLOO� UHVHUYH�WKH�IXQFWLRQV�� LQWHUIDFHV��FDSDELOLWLHV��DQG�VLJQDOLQJ�VWUXFWXUHV�UHTXLUHG�IRU�
YDULRXV�$,�XVH�FDVHV�WR�UHDOL]H�WKH�GHHS�FRQYHUJHQFH�RI�$,�DQG�PRELOH�FRPPXQLFDWLRQ�QHWZRUNV��$�ODUJH�QXPEHU�RI�XVH�FDVHV�
IRU�HPSRZHULQJ��*�ZLWK�$,�DUH�LQWURGXFHG�LQ�&KDSWHU���RI�WKLV�ZKLWH�SDSHU��:LWK�WKH�ZLGHU�XVH�RI�$,�WHFKQRORJLHV�DQG�IXUWKHU�
GHYHORSPHQW�RI�$,�UHVRXUFHV��WKHUH�ZLOO�HPHUJH�PRUH�DQG�PRUH�KLJK�YDOXH�XVH�FDVHV�LQ��*��,I�ZH�FRQWLQXH�WR�GHVLJQ�SURWRFROV�
IRU�HDFK�XVH�FDVH�RQH�E\�RQH�DV�LQ��*��WKH�FRPSOH[LW\�DQG�UHGXQGDQF\�RI�WKH�SURWRFROV�ZLOO�EH�VLJQLŀFDQWO\�LQFUHDVHG��7KHUHIRUH��
ZH�EHOLHYH�WKDW�WKH�DUFKLWHFWXUH�GHVLJQ�VKRXOG�EH�EDVHG�RQ�ORJLFDO�IXQFWLRQV�DQG�ORJLFDO�QRGHV�WR�DFFRPPRGDWH�WKH�$,�XVH�
FDVHV�LQ��*��7KLV�LV�EHFDXVH�WKH�SK\VLFDO�H[HFXWLRQ�ORFDWLRQ�RI�GLłHUHQW�XVH�FDVHV�LV�QRW�H[DFWO\�WKH�VDPH��IRU�H[DPSOH��EHDP�
PDQDJHPHQW� LQYROYHV� 8(V� RU� EDVH� VWDWLRQV� ZKLOH� SRVLWLRQLQJ� HQKDQFHPHQW� LQYROYHV� 8(V�� %6V� DQG� ORFDWLRQ� PDQDJHPHQW�
IXQFWLRQ�UHODWHG�HQWLWLHV���GHVLJQLQJ�WKH�DUFKLWHFWXUH�EDVHG�RQ�SK\VLFDO�QRGHV�ZLOO�QRW�EH�SRVVLEOH�WR�DFFRPPRGDWH�GLłHUHQW�XVH�
FDVHV��:KLOH�RQ�WKH�RWKHU�KDQG��WKH�ORJLFDO�IXQFWLRQV�LPSOHPHQWHG�E\�GLłHUHQW�XVH�FDVHV�FDQ�EH�XQLŀHG�XQGHU�D�VDPH�IUDPH�
ZRUN��H�J���E\� UHIHUULQJ� WR� WKH� ORJLFDO� IXQFWLRQV�RI�GDWD�FROOHFWLRQ��PRGHO� WUDLQLQJ��PRGHO�GHSOR\PHQW��PRGHO� LQIHUHQFH��DQG�
PRGHO�PDQDJHPHQW��7KH�VSHFLŀF�FRQWHQWV�RI�HDFK�ORJLFDO�IXQFWLRQ�DUH�DV�IROORZV�

*GZG
IURRKIZOUT
L[TIZOUT

3UJKR
ZXGOTOTM
L[TIZOUT

3UJKR
JKVRU_SKTZ�
L[TIZOUT

3UJKR
OTLKXKTIK
L[TIZOUT

3UJKR
SGTGMKSKTZ

L[TIZOUT
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Data source Management 
node

Training 
node

Execution 
node

Model management function

Logical node

Data collection function

Model training function

Model deployment and 
Inference function

Inference 
node

Data 
transfer

Model 
transfer

Inference 
result transfer

&RUUHVSRQGLQJO\��WKH�DERYH�ORJLF�IXQFWLRQV�QHHG�WR�EH�H[HFXWHG�LQ�RQH�ORJLF�QRGH�RU�FROODERUDWLYHO\�LQ�PXOWLSOH�ORJLF�QRGHV��
7KH�DIRUHPHQWLRQHG�ORJLFDO�QRGHV�LQFOXGH�GDWD�VRXUFHV��WUDLQLQJ�QRGHV��LQIHUHQFH�QRGHV��H[HFXWLRQ�QRGHV��DQG�PDQDJHPHQW�
QRGHV��$PRQJ�WKHP��WKH�LQIHUHQFH�QRGH�REWDLQV�WKH�RXWSXW�RI�WKH�$,�PRGHO��DQG�WKH�H[HFXWLRQ�QRGH�DSSOLHV�WKH�RXWSXW�RI�WKH�$,�
PRGHO�WR�VSHFLŀF�IXQFWLRQV�RI�WKH�FRPPXQLFDWLRQ�V\VWHP�� ,Q�PRVW�FDVHV��WKH�LQIHUHQFH�QRGH�DQG�WKH�H[HFXWLRQ�QRGH�DUH�WKH�
VDPH�RQH��)LJ������VKRZV�WKH�FRUUHODWLRQ�EHWZHHQ�ORJLFDO�IXQFWLRQV�DQG�ORJLFDO�QRGHV��

$IWHU�GHVLJQLQJ�D�SURWRFRO�IUDPHZRUN�EDVHG�RQ�ORJLFDO�IXQFWLRQV�DQG�ORJLFDO�QRGHV��LW�RQO\�QHHGV�WR�PDS�ORJLFDO�QRGHV�WR�
DFWXDO�SK\VLFDO�QRGHV�LQ�VSHFLŀF�XVH�FDVHV��,Q�SUDFWLFH��PXOWLSOH�ORJLFDO�QRGHV�PD\�FRUUHVSRQG�WR�D�VLQJOH�SK\VLFDO�QRGH��,Q�WKLV�
FDVH��WKH�LQWHUDFWLRQ�SURFHVV�EHWZHHQ�WKHVH�ORJLFDO�QRGHV�ZLOO�EH�UHDOL]HG�ZLWKLQ�WKH�SK\VLFDO�QRGH�ZLWKRXW�VLJQDOLQJ�VXSSRUW��,Q�
WKH�IROORZLQJ��ZH�H[SORUH�WKH�GHVLJQ�SULQFLSOHV�RI�WKH�FRQYHUJHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�LQ�ŀYH�GLPHQVLRQV�

)LJ�������&RUUHODWLRQ�EHWZHHQ�ORJLFDO�IXQFWLRQV�DQG�ORJLFDO�QRGHV

/LIHF\FOH�PDQDJHPHQW�����������������������'LVWULEXWLRQ�RI�$,�ORJLFDO�IXQFWLRQ������������������������6KDULQJ�RI�$,�UHVRXUFHV�ZLWKLQ�GHYLFH

/HDUQLQJ�IUDPHZRUNV��������������������������(YROXWLRQ
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,Q�WKH��*�$,�V\VWHP�WKDW�FRQYHUJHV�$,�DQG�PRELOH�FRPPXQLFDWLRQ��DQ�$,�PRGHO�QHHGV�
WR�JR�WKURXJK�WKH�SURFHVV�RI�GDWD�FROOHFWLRQ��PRGHO�WUDLQLQJ��PRGHO�WUDQVIHU��PRGHO�YDOLGD�
WLRQ�� PRGHO� GHSOR\PHQW�� PRGHO� LQIHUHQFH�� PRGHO� PRQLWRULQJ�� DQG� PRGHO� DGMXVWPHQW��
IRUPLQJ� D� YDULHW\� RI� IXQFWLRQV� LQ� WKH� OLIHF\FOH� RI� $,�PRGHOV�� /LIHF\FOH�PDQDJHPHQW� LV� D�
QHFHVVDU\�DQG�XQLTXH�RSHUDWLRQ�IRU�$,�DSSOLHG�LQ�PRELOH�FRPPXQLFDWLRQ��7KH�PDLQ�UHDVRQ�
LV�WKDW�$,�PRGHOV�DUH�WUDLQHG�EDVHG�RQ�GDWD��DQG�WKH�HłHFWLYHQHVV�RI�WKH�PRGHO�LV�FORVHO\�
UHODWHG� WR� WKH� TXDOLW\� RI� WKH� GDWD�� WKH� VLPLODULW\� EHWZHHQ� WKH� WUDLQLQJ� DQG� DSSOLFDWLRQ�
HQYLURQPHQW�� ,W� LV� LQHYLWDEOH� WKDW� WKHUH� LV� D� PLVPDWFK� EHWZHHQ� WKH� $,� PRGHO� DQG� WKH�
DSSOLFDWLRQ�HQYLURQPHQW��ZKLFK�FDXVHV�WKH�LQVXŃFLHQW�PRGHO�JHQHUDOL]DWLRQ��7KHUHIRUH��LW�
LV�QHFHVVDU\�WR�PDQDJH�WKH�OLIHF\FOH�RI�WKH�PRGHO�

7KH� ORJLFDO� IXQFWLRQV� DQG� ORJLFDO� QRGHV� LQWURGXFHG� LQ� WKH� SUHYLRXV� VHFWLRQ� DUH�
DSSOLFDEOH� WR� DOO� $,� XVH� FDVHV� LQ� PRELOH� FRPPXQLFDWLRQ� V\VWHPV�� 7KHUHIRUH�� D� XQLŀHG�
OLIHF\FOH�PDQDJHPHQW�FDQ�EH� UHDOL]HG�EDVHG�RQ� WKHVH� ORJLF�QRGHV�DQG� ORJLF� IXQFWLRQV��
)XUWKHUPRUH��E\�VSOLWWLQJ�WKH�OLIHF\FOH�PDQDJHPHQW�SURFHVV�RI�$,�PRGHOV��ZH�ŀQG�WKDW�WKH�
OLIHF\FOH�PDQDJHPHQW� LV� D� FORVHG�ORRS� SURFHVV�� $V� VKRZQ� LQ� )LJ�� ����� WKLV� FORVHG�ORRS�
SURFHVV�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�D�ODUJH�DQG�D�VPDOO�ORRS��7KH�IRFXV�RI�WKH�ODUJH�ORRS�LV�
WR� DFTXLUH� D� QRYHO� PRGHO�� ZKLFK� FDQ� EH� UHDOL]HG� WKURXJK� GDWD� FROOHFWLRQ�PRGHO�
WUDLQLQJ�PRGHO�WUDQVIHU�PRGHO�UHJLVWUDWLRQ�PRGHO�LQIHUHQFH�PRGHO�PRQLWRULQJ��7KH�IRFXV�
RI�WKH�VPDOO�ORRS�LV�WR�SHUIRUP�PRGHO�DGMXVWPHQW��ZKLFK�LV�PDLQO\�UHDOL]HG�WKURXJK�GDWD�
FROOHFWLRQ�PRGHO�DGMXVWPHQW�PRGHO�WUDQVIHU�PRGHO�UHJLVWUDWLRQ�PRGHO�LQIHUHQFH�PRGHO�
PRQLWRULQJ�

+RZHYHU��GDWD�FROOHFWLRQ�DQG�PRGHO�WUDQVIHU�DUH�QRW�PDQGDWRU\�IRU�WKH�VPDOO�ORRS��
GHSHQGLQJ� RQ� WKH� VSHFLŀF�PRGHO� DGMXVWPHQW� VFKHPH�� ,W� FDQ� EH� VHHQ� WKDW� WKHUH� LV� DQ�
RYHUODS� EHWZHHQ� WKH� ODUJH� DQG� VPDOO� FORVHG� ORRSV�� L�H��� PRGHO� UHJLVWUDWLRQ�� LQIHUHQFH��
PRQLWRULQJ��7KHVH�IXQFWLRQV�DUH�PDLQO\�UHODWHG�WR�WKH�H[HFXWLRQ�RI�RQH�PRGHO��,Q�DGGLWLRQ��
GDWD�FROOHFWLRQ�LQ�ODUJH�ORRS�JHQHUDOO\�LQYROYHV�D�ODUJH�DPRXQW�RI�GDWD�FROOHFWLRQ��ZKLFK�LV�
PDLQO\� FROOHFWHG� RńLQH�� ZKLOH� GDWD� FROOHFWLRQ� LQ� VPDOO� ORRS� JHQHUDOO\� LQYROYHV� D� VPDOO�
DPRXQW�RI�GDWD�FROOHFWLRQ�UHTXLUHG�IRU�PRGHO�ŀQH�WXQLQJ��ZKLFK�LV�PDLQO\�FROOHFWHG�RQOLQH�

����1DWLYH�DQG�8QLŀHG�/LIHF\FOH�PDQDJHPHQW�

)LJ�������7KH�ODUJH�DQG�VPDOO�FORVHG�ORRS�LQ�WKH�OLIHF\FOH�PDQDJHPHQW

Model
registration

Model
inference

Model
monitoring

Model
adjustment

Model
training

Model
transfer

Data
collection
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,Q�SUDFWLFH��DOO�XVH�FDVHV�FDQ�RSHUDWH�EDVHG�RQ�VXFK�D�OLIHF\FOH�PDQDJHPHQW�WKDW�LQFOXGHV�ERWK�ODUJH�DQG�VPDOO�FORVHG�
ORRSV��7KH�ODUJH�ORRS�LV�H[HFXWHG�ZKHQ�D�QHZ�YHUVLRQ�RI�WKH�PRGHO�LV�UHTXLUHG��DQG�WKH�VPDOO�ORRS�DGGUHVVHV�WKH�LVVXHV�ZKHQ�
PRGHO�DGMXVWPHQWV�DUH�UHTXLUHG�DV�XVHUV�PRYH�DURXQG�DQG�WKH�HQYLURQPHQW�FKDQJHV�

$�NH\�IXQFWLRQ�LQ�WKH�XQLŀHG�OLIHF\FOH�PDQDJHPHQW�LV�GDWD�FROOHFWLRQ��+RZ�WR�UHDOL]H�GDWD�FROOHFWLRQ�EDVHG�RQ�D�XQLŀHG�
VFKHPH�LV�FULWLFDO��:H�IRXQG�WKDW�ERWK�XVHU�SODQH�DQG�FRQWURO�SODQH�WKDW�KDYH�EHHQ�GHŀQHG�LQ��*�FDQQRW�VDWLVI\�WKH�QHHGV�RI�
GDWD�FROOHFWLRQ�IRU�$,�

&XUUHQWO\�� WKH�FDSDFLW\�RI� WKH�FRQWURO�SODQH� LV������E\WHV� IRU�D�VLQJOH� WUDQVPLVVLRQ� >�@��ZKLFK�
FDQQRW�PHHW�WKH�WUDQVPLVVLRQ�GHPDQG�RI�ELJ�GDWD�

7KH�XVHU�SODQH�FDQ�RQO\�WUDQVPLW�GDWD�EHWZHHQ�WKH�8(�DQG�WKH�XVHU�SODQH�IXQFWLRQ��83)���IRU�
H[DPSOH��LI�WKH�8(�WUDQVPLWV�GDWD�WKURXJK�WKH�GDWD�SODQH��WKH�EDVH�VWDWLRQ�FDQQRW�REWDLQ�WKH�
GDWD��,Q�DGGLWLRQ��XVHU�SODQH�GDWD�FROOHFWLRQ�PD\�QHHG�DGGLWLRQDO�XVHU�FRQVHQW�VLQFH�FKDUJLQJ�
SROLF\�ZRXOG�LPSDFW�XVHUҴV�SUHIHUHQFH�

'DWD�FROOHFWLRQ�XVLQJ�FRQWURO�SODQH�DQG�XVHU�SODQH�KDV�WKH�SUREOHP�RI�GXSOLFDWH�FROOHFWLRQ�RI�
WKH�VDPH�RU�VLPLODU�GDWD�

7R�VROYH�WKH�DERYH�SUREOHPV��ZH�SURSRVH�WKDW��*�$,�
VKRXOG�XQLI\�GDWD�FROOHFWLRQ�ZLWK�WKH�KHOS�RI�GDWD�SODQH��
DV�VKRZQ�LQ�)LJ�������7KH�GDWD�LQWHUDFWLRQ�LQ�GDWD�SODQH�
KDV�WKH�GLYHUVLW\�RI�RQH�SRLQW�WR�PXOWLSRLQW��PXOWL�
SRLQW�WR�RQH�SRLQW��PXOWLSRLQW�WR�PXOWLSRLQW��7KH�WHUPLQD�
WLRQ�ORFDWLRQ�RI�WKH�GDWD�FDQ�EH�LQ�WKH�FRUH�QHWZRUN��UDGLR�
DFFHVV�QHWZRUN��DQG�8(��7KHUHIRUH��WKH�GDWD�SODQH�FDQ�
HŃFLHQWO\�DQG�ŁH[LEO\�VXSSRUW�YDULRXV�GDWD�H[FKDQJH��
'HSHQGLQJ�RQ�WKH�TXDOLW\�RI�VHUYLFH�DQG�WKH�KLHUDUFK\�RI�
GDWD��WKH�GDWD�FRQWURO�IXQFWLRQ�LQ�GDWD�SODQH�LV�UHVSRQVLEOH�
IRU�WKH�FUHDWLRQ��PRGLŀFDWLRQ��DQG�UHOHDVH�RI�GDWD�WUDQVIHU�
FKDQQHOV�EHWZHHQ�WKH�GDWD�SURYLGHU�DQG�WKH�GDWD�FRQ�
VXPHU��+HUH��WKH�GDWD�SURYLGHU�LV�WKH�DIRUHPHQWLRQHG�GDWD�
VRXUFH�ORJLFDO�QRGH��GDWD�FRQVXPHU�FDQ�EH�WKH�WUDLQLQJ�
QRGH��LQIHUHQFH�QRGH�DQG�PDQDJHPHQW�QRGH��%HVLGHV��
WKH�GDWD�FRQWURO�IXQFWLRQ�DOVR�FRQWDLQV�D�GDWD�FROOHFWLRQ�
PDQDJHPHQW�VXEIXQFWLRQ�WKDW�SURFHVVHV�UHFHLYHG�GDWD�
UHTXHVWV��LQFOXGLQJ�PHUJLQJ�LGHQWLFDO�GDWD�UHTXHVW��DQG�
JHQHUDWHV�GDWD�FROOHFWLRQ�FRQWURO�LQIRUPDWLRQ�WR�JXLGH�
GDWD�SURYLGHUV��,Q�WKLV�ZD\��WKH�SUREOHP�RI�GXSOLFDWH�GDWD�
FROOHFWLRQ�FDQ�EH�DYRLGHG��HQDEOLQJ�DQ�HŃFLHQW�DQG�
XQLŀHG�GDWD�FROOHFWLRQ�

1

2

3

)LJ�������'DWD�FROOHFWLRQ�IRU�$,�XVH�FDVHV�EDVHG�RQ�WKH�
GDWD�SODQH

Data control 
function

Data privacy and 
security function

Data storage 
function

Data 
Provider

AI use 
cases

Data processing 
function

UE-RAN

RAN-CN
UE-CN

UE-RAN-CN

UE RAN CN
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����'LVWULEXWLRQ�RI�$,�/RJLFDO�)XQFWLRQ�LQ��*�6\VWHP

,Q�WUDGLWLRQDO�FRPPXQLFDWLRQ�V\VWHPV��WKH�FRPSXWLQJ�SRZHU�LV�PDLQO\�GHSOR\HG�DW�WKH�QHWZRUN�VLGH�DQG�XVHG�IRU�FRPSXWD�
WLRQDO�SURFHVVLQJ�RI�FRPPXQLFDWLRQ�VHUYLFHV��:LWK�WKH�UDSLG�GHYHORSPHQW�RI�WKH�$,�LQGXVWU\��LQWHOOLJHQW�SURFHVVRUV�VXFK�DV�JUDSK�
LFV�SURFHVVLQJ�XQLWV��*38V���QHXUDO�QHWZRUN�SURFHVVLQJ�XQLWV��138V���WHQVRU�SURFHVVLQJ�XQLWV��738V���DQG�RWKHU�LQWHOOLJHQW�SURFHV�
VRUV�KDYH�FRQWLQXRXVO\�HPHUJHG��1HZ�W\SHV�RI�FRPSXWLQJ�SRZHU�FRQWLQXH� WR�HPHUJH��DQG� WKHLU�FRVW��HQHUJ\�HŃFLHQF\��DQG�
FRPSXWLQJ�OHYHO�DUH�DOO�EHLQJ�LPSURYHG�GD\�E\�GD\��0HDQZKLOH��LQ�WKH�IXWXUH�PRELOH�FRPPXQLFDWLRQ�V\VWHP��DOPRVW�DOO�QHWZRUN�
HOHPHQWV�QHHG�WR�EH�HQKDQFHG�ZLWK�$,��7KHUHIRUH��DV�VKRZQ�LQ�)LJ�������HDFK�QHWZRUN�HOHPHQW�ZLOO�KDYH�LWV�RZQ�XVH�FDVHV�DQG�
FROODERUDWLYH�XVH�FDVHV�DFURVV�QHWZRUN�HOHPHQW�QRGHV��DQG�GLłHUHQW�$,�IXQFWLRQV�ZLOO�EH�GLVWULEXWHG�LQ�HDFK�QHWZRUN�HOHPHQW�
QRGH��6SHFLŀFDOO\��VLQJOH�QRGH�XVH�FDVHV�FDQ�EH�IXUWKHU�GLYLGHG�LQWR�8(�XVH�FDVHV��EDVH�VWDWLRQ��%6��XVH�FDVHV��FRUH�QHWZRUN��&1��
XVH�FDVHV��DQG�QHWZRUN�PDQDJHPHQW�XVH�FDVHV��&URVV�QRGH�XVH�FDVHV�FDQ�EH�GLYLGHG�LQWR�8(�%6�XVH�FDVHV��8(�&1�XVH�FDVHV��
%6�&1�XVH�FDVHV��DQG�QHWZRUN�PDQDJHPHQW�%6�XVH�FDVHV�

)LJ��������*�'LVWULEXWLRQ�RI�$,�IXQFWLRQV�DQG�XVH�FDVHV�LQ�WKH�QHWZRUN

:KHQ�GHSOR\LQJ�$,�IXQFWLRQV�LQ�SK\VLFDO�QRGHV��GLłHUHQW�$,�IXQFWLRQV�VKDOO�IROORZ�GLłHUHQW�SULQFLSOHV�

0RGHO� WUDLQLQJ� LV�D�YHU\�FULWLFDO�SDUW�RI��*�$,��&HQWUDOL]HG� WUDLQLQJ� W\SLFDOO\�DFKLHYHV� WKH�SHUIRUPDQFH�XSSHU�ERXQG��EXW�
UHTXLUHV�GDWD�WR�EH�DJJUHJDWHG�DQG�WKHQ�WUDLQHG�LQ�RQH�SODFH��ZKLFK�PD\�UDLVHV�FRQFHUQV�RQ�GDWD�SULYDF\�DQG�GDWD�VHFXULW\�

*OYZXOH[ZOUT�UL�SUJKR�ZXGOTOTM�L[TIZOUTY

CN

QoE 
prediction

Traffic 
prediction

Network Management

A濜 use cases

BS

濖hannel 
estimation

mobility

A濜 use cases 
inside B濦

Root cause 
analysis

abnormal 
detection

A濜 use cases

UE

濖濦濜 
prediction

positioning

AI resources

AI functions

A濜 use cases 
inside UE

collaborated use激cases

collaborated 
use激cases

collaborated 
use激cases

AI resources

AI functions

AI resources

AI functions

AI resources

AI functions

collaborated 
use激cases
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7KHUHIRUH��WKHUH�LV�D�QHHG�WR�NHHS�WKH�GDWD�ORFDO�IRU�WUDLQLQJ�LQ�YDULRXV�FDVHV��%XW�WKLV�LQ�WXUQ�IDFHV�WKH�SUREOHPV�RI�OLPLWHG�
ORFDO�GDWD� IHDWXUHV�� OLPLWHG�GDWD�YROXPH��DQG� OLPLWHG�FRPSXWLQJ�SRZHU��'LVWULEXWHG� OHDUQLQJ� LV�D�VROXWLRQ� WR�VDWLVI\� WKH�GDWD�
SULYDF\�DQG�VHFXULW\�QHHGV�ZKLOH�JXDUDQWHHLQJ�VXŃFLHQW�WUDLQLQJ�GDWD�DQG�FRPSXWLQJ�SRZHU��'LVWULEXWHG�OHDUQLQJ�LV�D�JHQHUDO�
WHUP�IRU�D�FODVV�RI�OHDUQLQJ�PHWKRGV�ZKRVH�FRUH�LGHD�LV�WKDW�PXOWLSOH�QRGHV�DUH�LQYROYHG�LQ�WUDLQLQJ��DQG�WKH�GDWD�GRHV�QRW�QHHG�
WR�EH�DJJUHJDWHG� WR�D�FHQWUDOL]HG�QRGH��7KHUH�DUH�YDULRXV�GLVWULEXWHG� OHDUQLQJ�PHWKRGV�VXFK�DV� IHGHUDWHG� OHDUQLQJ��VZDUP�
OHDUQLQJ��VSOLW�OHDUQLQJ�HWF��)URP�WKH�FKDUDFWHULVWLFV�RI�GLłHUHQW�GLVWULEXWHG�OHDUQLQJ�DUFKLWHFWXUHV�VXPPDUL]HG�LQ�7DEOH������LW�FDQ�
EH�VHHQ�WKDW�GLłHUHQW�GLVWULEXWHG�OHDUQLQJ�DUFKLWHFWXUHV�KDYH�WKHLU�RZQ�WUDLQLQJ�PRGHV��WRSRORJLHV��H[FKDQJHG�FRQWHQWV�DQG�
DSSOLFDEOH�VFHQDULRV��

7KHUHIRUH��LW�LV�QHFHVVDU\�WR�GHVLJQ�D�XQLŀHG�GLVWULEXWHG�IUDPHZRUN�WR�VXSSRUW�PXOWLSOH�GLVWULEXWHG�OHDUQLQJ�PHWKRGV��DQG�
VHOHFW�WKH�DSSOLFDEOH�OHDUQLQJ�PHWKRG�WR�SURYLGH�VHUYLFHV�LQ�VSHFLŀF�EXVLQHVV�

:KHQ�EXLOGLQJ�D�YLUWXDO�QHWZRUN�IRU�GLVWULEXWHG�OHDUQLQJ�LQ�D�PRELOH�QHWZRUN��VXLWDEOH�QRGHV�QHHG�WR�EH�VHOHFWHG�WR�SDUWLFL�
SDWH� LQ� WKH�FROODERUDWLRQ��7KH�PRVW� LPSRUWDQW�FULWHULRQ�IRU�VHOHFWLQJ�QRGHV� WR�SDUWLFLSDWH� LQ�FROODERUDWLRQ� LV� WKH�TXDQWLW\�DQG�
TXDOLW\�RI�GDWD�RQ�WKH�QRGH��,Q�DGGLWLRQ��WKH�VHOHFWLRQ�RI�FROODERUDWLYH�QRGHV�DOVR�QHHGV�WR�FRQVLGHU�IDFWRUV�VXFK�DV�WKH�FRPSXW�
LQJ�SRZHU�DQG�WUDQVPLVVLRQ�FDSDFLW\�RI�WKH�QRGHV�

7DEOH������6XPPDU\�RI�FKDUDFWHULVWLFV�RI�PXOWLSOH�GLVWULEXWHG�OHDUQLQJ�PHWKRGV

7KH� GDWD� RI� HDFK� QHWZRUN� HOHPHQW� GLUHFWO\� RU�
LQGLUHFWO\� FRQWDLQV� LQIRUPDWLRQ� DERXW� WKH� QHWZRUN�
HOHPHQW�DQG�LWV�HQYLURQPHQW��7KH�GDWD�FDQ�HQKDQFH�WKH�
YDOXH� RI� WKH� FRPPXQLFDWLRQ� V\VWHP� ZLWK� UHDVRQDEOH�
DSSOLFDWLRQ��EXW�DOVR�DW�WKH�ULVN�RI�PDOLFLRXV�XVH��$W�WKH�
VDPH� WLPH�� GDWD� LWVHOI� PD\� EH� DQ� DVVHW� RI� WKH� GDWD�
VRXUFH�QRGH��7KHUHIRUH��WKHUH�LV�D�FHUWDLQ�QHHG�IRU�GDWD�
SULYDF\�RZQHUVKLS�SURWHFWLRQ�UHTXLUHPHQWV�IRU�WKH�GDWD�
RI�HDFK�QHWZRUN�HOHPHQW��

$�FHQWUDOL]HG�WUDLQLQJ�DUFKLWHFWXUH�UHTXLUHV�FHQWUDO�
L]HG�GDWD�VWRUDJH��DQG�LI�WKH�GDWDEDVH�LV�EUHDFKHG�E\�D�
F\EHUDWWDFN��LW�ZLOO�OHDG�WR�PDVVLYH�GDWD�OHDNDJH�

%JTUSJCVUFE�MFBSOJOH�BQQSPBDI� $IBSBDUFSJTUJDT

)HGHUDWHG�OHDUQLQJ

6ZDUP�OHDUQLQJ

6SOLW�OHDUQLQJ�

1R�FHQWUDO�SDUDPHWHU�VHUYHU��QR�QHHG�WR�XSORDG�SDUDPHWHUV�WR�D�FHQWUDO�VHUYHU�IRU�DJJUHJDWLRQ

$�FHQWUDO�SDUDPHWHU�VHUYHU�DQG�GLVWULEXWHG�FOLHQW�QRGHV�HDFK�WUDLQ�D�SRUWLRQ�RI�D�FRPSOHWH�
QHXUDO�QHWZRUN

7KH�PRVW�FRPPRQ�GLVWULEXWHG�OHDUQLQJ�DUFKLWHFWXUH�JHQHUDOO\�FRQVLVWV�RI�D�FHQWUDO�SDUDPHWHU�
VHUYHU�DQG�PXOWLSOH�GLVWULEXWHG�FOLHQW�QRGHV��ZKHUH�PRGHOV�DUH�WUDLQHG�DW�WKH�FOLHQW�QRGHV�DQG�

DJJUHJDWHG�DW�WKH�VHUYHU�EHIRUH�EHLQJ�GLVWULEXWHG

*GZG�6XO\GI_ *GZG�9KI[XOZ_
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'DWD�SULYDF\�DQG�VHFXULW\�LVVXHV�DOVR�QHHG�WR�EH�FRQVLGHUHG�LQ�PRGHO�LQIHUHQFH��+RZHYHU��XQOLNH�PRGHO�WUDLQLQJ��PRGHO�
LQIHUHQFH� UHTXLUHV�D�VPDOO�DPRXQW�RI�GDWD��DQG� WKH� ULVN�RI�GDWD�SULYDF\�DQG�VHFXULW\� LV� UHODWLYHO\� VPDOO�� 7KHUHIRUH��XQGHU� WKH�
SUHPLVH�RI�HQVXULQJ�GDWD�SULYDF\�DQG�VHFXULW\��FRPSXWDWLRQ�RńRDGLQJ�FDQ�EH�PRUH�ŁH[LEOH�GXULQJ�WKH�PRGHO�LQIHUHQFH�VWDJH��

$�NH\�UHTXLUHPHQW�RI�PRGHO�LQIHUHQFH�LV�LQIHUHQFH�ODWHQF\��,I�WKH�FRPSXWLQJ�SRZHU�RI�WKH�GDWD�VRXUFH�QRGH�LV�DEXQGDQW��WKH�
LQIHUHQFH�VKRXOG�EH�FRPSOHWHG�DW�WKH�GDWD�VRXUFH�QRGH��+RZHYHU��LI�WKH�FRPSXWLQJ�SRZHU�RI�WKH�GDWD�VRXUFH�QRGH�LV�OLPLWHG�DQG�
LQIHUHQFH�LV�VWLOO�SHUIRUPHG�RQ�WKH�GDWD�VRXUFH�QRGH��WKH�FRPSXWDWLRQ�ODWHQF\�ZLOO�QRW�EH�DEOH�WR�VDWLVI\�UHTXLUHPHQWV��*LYHQ�WKH�
$,�FDSDELOLWLHV�RI�GLłHUHQW�QRGHV�DQG�WKH�GLłHUHQW�QHHGV�RI�$,�VHUYLFHV��WKH�DYDLODEOH�$,�FDSDELOLWLHV�ZLWKLQ�WKH�QHWZRUN�DUH�FKDUDF�
WHUL]HG�E\�XQHYHQ�GLVWULEXWLRQ�DQG�G\QDPLF�FKDQJHV��,Q�WKLV�FDVH��QRGHV�ZLWK�DEXQGDQW�$,�FDSDELOLWLHV��FDOOHG�DVVLVW�QRGHV��FDQ�
EH�DOORZHG�WR�DVVLVW�QRGHV�ZLWK�KLJK�GHPDQG�IRU�$,�FDSDELOLWLHV��FDOOHG�GHPDQG�QRGHV��WR�DFFRPSOLVK�VSHFLŀF�$,�LQIHUHQFH�WDVNV��
DQG�WKHQ�IHHGEDFN�WKH�GHVLUHG�LQIRUPDWLRQ�WR�WKH�GHPDQG�QRGHV��7KLV�LV�D�G\QDPLF�$,�LQIHUHQFH�IXQFWLRQ�GLVWULEXWLRQ��DW�WKLV�WLPH��
WKH�LQIHUHQFH�GHOD\�FRQVLVWV�RI�WZR�SDUWV��WKH�FRPSXWDWLRQ�GHOD\�DQG�WKH�WUDQVPLVVLRQ�GHOD\��DQG�WKH�NH\�LV�KRZ�WR�UHGXFH�WKH�
WUDQVPLVVLRQ�GHOD\��7KHUHIRUH��WKH�SULQFLSOH�RI�VHOHFWLQJ�FROODERUDWLYH�QRGHV�LV�FUXFLDO��:KHQ�VHOHFWLQJ�DVVLVW�QRGHV��LW�LV�QHFHVVDU\�
WR� FRQVLGHU�PXOWLSOH� IDFWRUV�� VXFK�DV� WKH�GLVWDQFH�EHWZHHQ� WKH�QRGH�DQG� WKH�GHPDQG�QRGH�� WUDQVPLVVLRQ� FRVWV�� FRPSXWLQJ�
SRZHU��DQG�RWKHU�IDFWRUV�

0RGHO�PRQLWRULQJ� UHTXLUHV� QHDU� UHDO� WLPH� ODWHQF\��
DQG�IDLOXUH�WR�SHUIRUP�PRGHO�VWDWH�DGMXVWPHQWV�RQ�WLPH�
ZLOO� UHVXOW� LQ� V\VWHP� SHUIRUPDQFH� GHJUDGDWLRQ�� 0RGHO�
PRQLWRULQJ�DQG�GHFLVLRQ�PDNLQJ�DERXW�PRGHO�VWDWH��H�J���
PRGHO�DFWLYDWLRQ�GHDFWLYDWLRQ��DUH�FORVHO\�UHODWHG��:KHQ�
GHSOR\LQJ� PRGHO� PRQLWRULQJ�� LW� VKRXOG� IDFLOLWDWH� HDUO\�
GHFLVLRQ�PDNLQJ��7KXV��LW�LV�EHVW�WR�LQWHJUDWH�WKH�PRQLWRU�
LQJ� PHWULFV� FROOHFWLRQ�FRPSXWDWLRQ� IXQFWLRQ� DQG�
GHFLVLRQ�PDNLQJ� IXQFWLRQ� LQ� WKH� VDPH� QRGH� WR� DYRLG�
GHOD\V� FDXVHG� E\� WUDQVPLVVLRQ�� QHJRWLDWLRQ�� DQG� RWKHU�
SURFHVVHV��7KHUH�DUH�DOVR�RWKHU�SRVVLELOLWLHV�E\�GHSOR\LQJ�
PRQLWRULQJ�PHWULFV�FROOHFWLRQ�FDOFXODWLRQ�IXQFWLRQ�EDVHG�
RQ�ZKHUH�WKH�JURXQG�WUXWK�DQG�PRGHO�RXWSXWV�DUH�JHQHU�
DWHG�LQ�RUGHU�WR�DYRLG�WUDQVPLVVLRQ�GHOD\�FDXVHG�E\�WKH�
WUDQVPLVVLRQ�RI�JURXQG�WUXWK�LQIRUPDWLRQ�

%\�SURSHUO\�GLVWULEXWLQJ�$,�IXQFWLRQV�LQ��*�QHWZRUNV��
KLJKHU� H[HFXWLRQ� HŃFLHQF\� DQG� UHVRXUFH� XWLOL]DWLRQ� FDQ�
EH� DFKLHYHG�� ZKLFK� KHOSV� WR� DFKLHYH� HŃFLHQW� PRELOH�
FRPPXQLFDWLRQ�

*OYZXOH[ZOUT�UL�SUJKR�OTLKXKTIK�L[TIZOUTY

*OYZXOH[ZOUT�UL�SUJKR�SUTOZUXOTM�L[TIZOUTY
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$,�UHVRXUFHV�LQFOXGH�KDUGZDUH�UHVRXUFHV�DQG�VRIWZDUH�UHVRXUFHV��+DUGZDUH�UHVRXUFHV�LQFOXGH�*38V��138V��738V��DSSOLFD�
WLRQ�VSHFLŀF�LQWHJUDWHG�FLUFXLWV��$6,&V���HWF���DQG�VRIWZDUH�UHVRXUFHV�LQFOXGH�$,�IUDPHZRUNV�DQG�DOJRULWKPV�

7KHUH�DUH�FHUWDLQ�WLGH�HłHFWV�LQ�WKH�GHPDQG�IRU�$,�UHVRXUFHV�E\�WKH�XVH�FDVHV�RI��*�$,��L�H���WKH�GHPDQG�IRU�$,�UHVRXUFHV�E\�
GLłHUHQW�XVH�FDVHV�H[KLELW�GLłHUHQW�SDWWHUQV� LQ�WLPH�� ,Q�WKLV�UHJDUG��$,�UHVRXUFHV�DQG�XVH�FDVHV�FDQ�EH�GHFRXSOHG�WR�DFKLHYH�
EHWWHU�UHVRXUFH�XWLOL]DWLRQ�DQG�SHUIRUPDQFH�DW�D�ORZHU�FRVW�DQG�H[SHQVH�E\�WLPH�GLYLVLRQ�RI�WKH�VKDUHG�$,�FRPSXWDWLRQ�UHVRXUFHV�
DFURVV�GLłHUHQW�XVH�FDVHV��

&XUUHQWO\��WKH�GHVLJQ�RI�$,�XVH�FDVHV�LQ��*�$GYDQFHG�GRHV�QRW�WDNH�LQWR�DFFRXQW�DERYH�PHQWLRQHG�VKDUHG�FRPSXWDWLRQ�
UHVRXUFH��ZKLFK�PD\�OHDG�WR�WKH�IROORZLQJ�SUREOHPV�����3RRU�FRPSDWLELOLW\�RI�QHZ�$,�XVH�FDVHV��VLQFH�$,�UHVRXUFHV�DUH�WLHG�WR�
VSHFLŀF�$,�XVH�FDVHV��QHZ�$,�XVH�FDVHV�FDQQRW�XVH�H[LVWLQJ�$,�UHVRXUFHV�����/RZ�HŃFLHQF\�RI�$,�UHVRXUFH�XWLOL]DWLRQ��DV�VKRZQ�LQ�
)LJ������D���WKH�FRPPXQLFDWLRQ�HTXLSPHQW�VXSSRUWV�$,�EDVHG�&6,�FRPSUHVVLRQ��PRELOLW\�HQKDQFHPHQW��DQG�EHDP�SUHGLFWLRQ��
+RZHYHU�� WKHVH� WKUHH�XVH� FDVHV�GR�QRW� QHFHVVDULO\� QHHG� WR� LQIHU� DW� WKH� VDPH� WLPH�� LI� RQO\� EHDP�SUHGLFWLRQ� UHTXLUHV�PRGHO�
LQIHUHQFH�DW�D�FHUWDLQ�PRPHQW��WKH�UHPDLQLQJ�WZR�$,�XVH�FDVHV�GR�QRW�UHTXLUH�LQIHUHQFH��EXW�WKH�FRUUHVSRQGLQJ���$,�UHVRXUFHV�
FDQQRW�EH�XVHG�IRU�EHDPIRUPLQJ�PRGHO�LQIHUHQFH��ZKLFK�PDNHV�LW�GLŃFXOW�WR�HłHFWLYHO\�XWLOL]H�$,�UHVRXUFHV�

7R�VROYH�WKH�DERYH�SUREOHPV���*�$,�UHVRXUFHV�DQG�$,�XVH�FDVHV�VKRXOG�EH�GHFRXSOHG��DQG�WKXV�HQDEOH�PXOWLSOH�XVH�FDVHV�
VKDULQJ�$,�UHVRXUFHV�ZLWKLQ�GHYLFH��:KHQ�DGGLQJ�QHZ�$,�XVH�FDVHV��H[LVWLQJ�$,�UHVRXUFHV�ZLWKLQ�GHYLFH�FDQ�EH�GLUHFWO\�UHXVHG�
ZLWKRXW�XSGDWLQJ�$,�KDUGZDUH�UHVRXUFHV��ZKLFK�LPSURYHV�WKH�FRPSDWLELOLW\�RI�QHZ�$,�XVH�FDVHV�

,Q�DGGLWLRQ��DV�VKRZQ�LQ�)LJ������E���LI�RQO\�WKH�EHDP�SUHGLFWLRQ�XVH�FDVH�UHTXLUHV�PRGHO�LQIHUHQFH�DW�D�FHUWDLQ�WLPH��WKH�
HQWLUH�$,�UHVRXUFH�FDQ�EH�XVHG�WR�VKRUWHQ�WKH�LQIHUHQFH�WLPH�DQG�LPSURYH�WKH�XWLOL]DWLRQ�HŃFLHQF\�RI�$,�UHVRXUFHV��:KHQ�PXOWLSOH�
XVH�FDVHV�VKDUH�$,�VRIWZDUH�UHVRXUFHV��LW�LV�QHFHVVDU\�WR�FRQVLGHU�ZKHWKHU�WKH�SODWIRUPV�RI�PXOWLSOH�XVH�FDVHV�DUH�FRPSDWLEOH��
DQG�ZKHWKHU�WKH�DOJRULWKP�VRIWZDUH�LQWHUIDFHV�RI�PXOWLSOH�XVH�FDVHV�DUH�FRPSDWLEOH�

3.4 Decoupling of AI Resources And Use Cases

)LJ�������5HODWLRQVKLS�EHWZHHQ�$,�XVH�FDVHV�DQG�$,�UHVRXUFHV�

Beam prediction

Mobility enhancement

濖濦濜 compression

…
A濜 resource 3

A濜 resource 2

A濜 resource 1

(a) A濜 use cases tied to specific A濜 
resources

Beam prediction

Mobility enhancement

濖濦濜 compression

A濜 resources

Use激cases

…

…

(b) Multiple A濜 use cases share 
A濜 resources
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,Q�WKH�DERYH�VFHQDULR��WKH�$,�UHVRXUFH�LQWHUDFWLRQ�PHFKDQLVP�FDQ�EH�GHVLJQHG�EDVHG�RQ�WKH�LPSRUWDQFH�RI�$,�XVH�FDVHV��
SURFHVV�UHTXLUHPHQWV��RU� WLPHOLQH�UHTXLUHPHQWV���DQG�TXDOLW\�RI�VHUYLFH��4R6��UHTXLUHPHQWV�� IRU�H[DPSOH�� WR�DOORFDWH�PRUH�$,�
UHVRXUFHV�WR�XVH�FDVHV�WKDW�KDYH�D�JUHDWHU�LPSDFW�RQ�V\VWHP�SHUIRUPDQFH��,I�WZR�IXQFWLRQV�KDYH�D�VWULFW�WLPLQJ�UHODWLRQVKLS��WKH�
XVH�FDVH�ZLWK�WKH�ŀUVW�WLPLQJ�VKRXOG�EH�SULRULWL]HG�IRU�UHVRXUFH�VKDULQJ��6LPLODUO\��XVH�FDVHV�ZLWK�KLJK�4R6�UHTXLUHPHQWV�DOVR�
QHHG�WR�EH�JLYHQ�SULRULW\�LQ�DOORFDWLQJ�$,�UHVRXUFHV��)RU�H[DPSOH��ZKHQ�WKH�$,�PRGHO�IXQFWLRQ�UHVRXUFH�UHTXHVW�IURP�8(�WR�%6�
FRQWDLQV�PXOWLSOH� XVH� FDVHV�� VLQFH� HDFK� XVH� FDVH� KDV� GLłHUHQW� SURFHVVLQJ� GHOD\� UHTXLUHPHQWV�� WKH� SULRULWL]DWLRQ� RUGHU� DQG�
SURFHVVLQJ�GHOD\�UHTXLUHPHQWV�RI�HDFK�XVH�FDVH��FDQ�EH�QRWLŀHG�WR�%6��VR�WKDW�%6�FDQ�GHFLGH�WKH�RUGHU�LQ�ZKLFK�WKH�XVH�FDVHV�DUH�
WR�EH�H[HFXWHG�EDVHG�RQ�WKHVH�UHTXLUHPHQWV�

,Q�DGGLWLRQ��WKH�GHFRXSOLQJ�RI�$,�UHVRXUFHV�DQG�$,�XVH�FDVHV�LV�DOVR�EHQHŀFLDO�WR�PRGHO�WUDLQLQJ��$IWHU�WKH�GHFRXSOLQJ�RI�$,�
UHVRXUFHV�DQG�$,�XVH�FDVHV��WKH�$,�UHVRXUFHV�ZLOO�EHFRPH�D�FRPPRQ�UHVRXUFH��)RU�$,�WDVNV�ZLWK�KLJK�JHQHUDOLW\��PXOWLSOH�PRGHO�
SURYLGHUV��H�J���GLłHUHQW�RSHUDWRUV�DQG�8(�YHQGRUV��FDQ�VKDUH�$,�UHVRXUFHV��MRLQWO\�WUDLQ�D�PRGHO��DQG�WKHQ�GLVWULEXWH�LW�WR�WKHLU�
UHVSHFWLYH�XVHUV��7KLV�FDQ�VLJQLŀFDQWO\�LPSURYH�WKH�XWLOL]DWLRQ�RI�$,�UHVRXUFHV�DQG�WKH�HŃFLHQF\�RI�PRGHO�WUDLQLQJ�

7KH�LPSDFW�RI�WKH�DERYH�GHVLJQ�SULQFLSOHV�RQ�WKH�JHQHUDO�$,�GHVLJQ�OLHV�LQ�WKH�JHQHUDO�UHVRXUFH�LQWHUDFWLRQ�VLJQDOLQJ��,I�$,�
UHVRXUFHV� DUH� WLHG� WR� XVH� FDVHV�� WKHQ� WKH�$,� UHVRXUFH� LQWHUDFWLRQ� VLJQDOLQJ� IRU� GLłHUHQW� XVH� FDVHV�ZLOO� EH�GLłHUHQW��:KHQ�$,�
UHVRXUFHV�DUH�GHFRXSOHG�IURP�XVH�FDVHV��WKH�$,�UHVRXUFH�LQWHUDFWLRQ�VLJQDOLQJ�XVHG�E\�PXOWLSOH�XVH�FDVHV�FDQ�EH�JHQHUDO��7KH�$,�
UHVRXUFH�JHQHUDO�LQWHUDFWLRQ�VLJQDOLQJ�FDQ�LQFOXGH�QRGH�DYDLODEOH�UHVRXUFH�UHSRUW�QRWLŀFDWLRQ��$,�PRGHO�IXQFWLRQDOLW\�UHTXHVW�WR�
DFFRPPRGDWH�QHHGV�RI�GLłHUHQW�DYDLODEOH�$,�UHVRXUFHV�DQG�VR�RQ��

,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRPPRQ�UHVRXUFH�LQWHUDFWLRQ�VLJQDOLQJ�FDQ�EH�XVHG�E\�GLłHUHQW�XVH�FDVHV�EHWZHHQ�DQ\�WZR�
QRGHV��EXW�WKH�LQWHUDFWLRQ�VLJQDOLQJ�LV�RIWHQ�GLłHUHQW�EHWZHHQ�GLłHUHQW�QRGHV�VXFK�DV�8(�&1�DQG�8(�%6�

,Q�DGGLWLRQ�WR�WKH�GHFRXSOLQJ�RI�$,�UHVRXUFHV�DQG�XVH�FDVHV�PHQWLRQHG�DERYH��WKH�VKDULQJ�EHWZHHQ�8(�VLGH�PRGHP�VSH�
FLŀF�$,� UHVRXUFHV�DQG�8(�JHQHUDO�$,� UHVRXUFHV� LV�DOVR�ZRUWK\�RI�DWWHQWLRQ��:LWK� WKH�SRSXODUL]DWLRQ�RI�$,�� WKH�$,� VRIWZDUH�DQG�
KDUGZDUH�FDSDELOLWLHV�RI�JHQHUDO�$,�FKLSVHW�RQ�8(�VLGH�ZLOO�EH�JUHDWO\�LPSURYHG��DQG�PD\�EH�PXFK�KLJKHU�WKDQ�WKH�$,�VRIWZDUH�
DQG�KDUGZDUH� FDSDELOLWLHV�RI�PRGHPV�� 7KXV��$,� UHVRXUFHV� WR�HQDEOH��*�XVH� FDVHV� VKRXOG� FRQVLGHU�ERWK�ZLWKLQ�DQG�RXWVLGH�
PRGHP�SRVVLELOLWLHV��DV�VKRZQ�LQ�)LJ�������7KH�VKDULQJ�RI�WKHVH�WZR�NLQGV�RI�UHVRXUFHV�PD\�OHDG�WR�GLłHUHQW�ODWHQF\�IRU�PRGHO�
LQIHUHQFH�DQG�WKH�DSSOLFDELOLW\�WR�GLłHUHQW�XVH�FDVHV�QHHG�WR�EH�IXUWKHU�FRQVLGHUHG�

)LJ�������5HVRXUFH�UHODWLRQVKLSV�EHWZHHQ�PRGHPV�DQG�JHQHUDO�$,�FKLSVHW

Modem

  

Modem
General

AI 
chipset

General
AI 

chipset

ҡDҢ%DUULHUV�H[LVW�EHWZHHQ�PRGHP�DQG�JHQHUDO�
AI chipset

ҡEҢ$,�UHVRXUFH�VKDULQJ�EHWZHHQ�PRGHP�DQG�
general AI chipset
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,Q�&KDSWHU����ZH�GHSLFW�WKH�EOXHSULQW�RI�$,�LQ�PRELOH�FRPPXQLFDWLRQV�WKURXJK�D�ULFK�VHW�RI�XVH�FDVHV��,W�LV�SRVVLEOH�WR�FKDUDF�
WHUL]H�DOO�$,�XVH�FDVHV�LQ�WHUPV�RI�WKHLU�DSSOLFDWLRQ�HQYLURQPHQWV�DQG�H[WUDFW�WKH�FRPPRQDOLWLHV�RI�WKH�XVH�FDVHV��ZKLFK�LQ�WXUQ�
FDQ�DVVLVW�WKH�GHVLJQ�RI�$,�QDWLYH�V\VWHP��5HIHUULQJ�WR�WKH�GLYLVLRQ�LGHD�LQ�>�@��ZH�GLYLGH�WKH�$,�XVH�FDVHV�LQ�PRELOH�FRPPXQLFD�
WLRQV�LQWR�IRXU�TXDGUDQWV�DFFRUGLQJ�WR�WKH�VWDWLF�G\QDPLF�DQG�FORVHG�RSHQ�FKDUDFWHU�RI�WKH�HQYLURQPHQW��DV�VKRZQ�LQ�)LJ������
ұ6WDWLFҲ�PHDQV�WKDW�WKH�FKDUDFWHULVWLFV�RI�WKH�HQYLURQPHQW�DUH�OLPLWHG�DQG�VWDEOH��ZKLOH�ұG\QDPLFҲ�PHDQV�WKDW�WKH�FKDUDF�
WHULVWLFV�RI�WKH�HQYLURQPHQW�DUH�QRW�ŀ[HG�DQG�ZLWK�XQFHUWDLQW\��ұ&ORVHGҲ�PHDQV�WKDW�WKH�RXWSXW�DQG�VXEVHTXHQW�DFWLRQV�RI�WKH�
$,�ZLOO�QRW�DłHFW�WKH�HQYLURQPHQW��ZKLOH�ұRSHQҲ�PHDQV�WKDW�WKH�RXWSXW�DQG�VXEVHTXHQW�DFWLRQV�RI�WKH�$,�ZLOO�DłHFW�WKH�HQYLURQ�
PHQW��)RU�HDVH�RI�XQGHUVWDQGLQJ��ZH�KDYH�JLYHQ�RQH�XVH�FDVH�LQ�HDFK�TXDGUDQW�RI�)LJ������DV�DQ�H[DPSOH�

,Q�VXPPDU\���*�$,�QHHGV�WR�VXSSRUW�PXOWLSOH�OHDUQLQJ�PHWKRGV�WR�PHHW�D�GLYHUVH�UDQJH�RI�$,�XVH�FDVHV���$PRQJ�WKH�YDULRXV�
OHDUQLQJ�IUDPHZRUNV�PHQWLRQHG�DERYH��D�NH\�IXQFWLRQ�WKDW�LV�UHTXLUHG�LV�FURVV�GRPDLQ�PRGHO�WUDQVIHU��6SHFLŀFDOO\��WKH�UHTXLUH�
PHQWV�IRU�PRGHO�WUDQVIHU�LQ�GLłHUHQW�OHDUQLQJ�IUDPHZRUNV�DUH�DV�IROORZV�

$V�VKRZQ�LQ�)LJ�������GLłHUHQW�W\SHV�RI�XVH�FDVHV�JHQHUDOO\�UHTXLUH�GLłHUHQW�WUDLQLQJ�OHDUQLQJ�DSSURDFKHV��8VH�FDVHV�LQ�D�
FORVHG�VWDWLF�HQYLURQPHQW�DUH�WKH�VLPSOHVW�W\SH�RI�XVH�FDVH��ZKHUH�D�PRGHO�ZLWK�JRRG�JHQHUDOL]DWLRQ�FDQ�EH�REWDLQHG�WKURXJK�
VXSHUYLVHG� OHDUQLQJ� DQG� FDQ� EH� GLUHFWO\� GHSOR\HG� IRU� LQIHUHQFH�� ,Q� D� FORVHG�G\QDPLF� HQYLURQPHQW�� LW� LV� GLŃFXOW� WR� REWDLQ� D�
ZHOO�JHQHUDOL]HG�PRGHO� WKURXJK�RńLQH� WUDLQLQJ��VR� LW� LV�QHFHVVDU\� WR�XVH� WHFKQLTXHV�VXFK�DV� WUDQVIHU� OHDUQLQJ�DQG� IHZ�VKRW�
OHDUQLQJ�WR�DGDSW�WKH�PRGHO�WR�WKH�HQYLURQPHQW��7KH�NH\�LQ�DQ�RSHQ�VWDWLF�HQYLURQPHQW�LV�WKDW�WKHUH�LV�VWURQJ�LQWHUDFWLRQ�EHWZHHQ�
WKH�XVH�FDVH�DQG� WKH�HQYLURQPHQW�RU�V\VWHP��DQG� WKH�HQYLURQPHQW�RU�V\VWHP�ZLOO�FKDQJH�EDVHG�RQ� WKH� UHVXOWV�JLYHQ�E\� WKH�
PRGHO��5HLQIRUFHPHQW� OHDUQLQJ� LV�DQ� LPSRUWDQW�PHDQV� WR� VROYH� VXFK�SUREOHPV�� 7KH�RSHQ�G\QDPLF�HQYLURQPHQW� LV� WKH�PRVW�
FRPSOH[� HQYLURQPHQW�� DQG� UHTXLUHV� D� FRPELQDWLRQ� RI� WHFKQLTXHV� VXFK� DV� WUDQVIHU� OHDUQLQJ� DQG� UHLQIRUFHPHQW� OHDUQLQJ� WR�
DFKLHYH� H[FHOOHQW� LQIHUHQFH�SHUIRUPDQFH�� ,Q� DGGLWLRQ�� GDWD� LQ� WKH� QHWZRUN� DUH� RIWHQ�GLVWULEXWHG�DFURVV� GLłHUHQW� QRGHV�� DQG�
FRQVLGHULQJ�WKH�QHHG�IRU�GDWD�SULYDF\��GLVWULEXWHG�OHDUQLQJ�LV�DOVR�D�YHU\�YDOXDEOH�OHDUQLQJ�DUFKLWHFWXUH�

����'LYHUVH�/HDUQLQJ�)UDPHZRUNV�6XSSRUWHG�E\�0RGHO�7UDQVIHU

)LJ�������(QYLURQPHQW�EDVHG�XVH�FDVH�VHJPHQWDWLRQ

濖losed 
environment

濢pen 
environment

Dynamic environment

濦tatic environment

Zone/site specific 
beam prediction

Wireless resource 
allocation with stable 
statistical distribution

Positioning 
enhancement

濦upervised 
learning

Reinforcement 
learning

Transfer learning漓 
few激shot learning

Reinforcement 
learning漓 

transfer learning

User scheduling
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0RGHO�LV�D�QHZ�W\SH�RI�LQIRUPDWLRQ�WKDW�HPHUJHG�DIWHU�$,�ZDV�LQWURGXFHG�LQWR�PRELOH�FRPPXQLFDWLRQ��,W�GRHV�QRW�EHORQJ�
WR�WKH�WUDGLWLRQDO�VHUYLFH�LQIRUPDWLRQ�RU�FRQWURO�LQIRUPDWLRQ�LQ�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��7KHUHIRUH��WR�VXSSRUW�WKH�YDULRXV�
$,�OHDUQLQJ�IUDPHZRUNV�IRU��*��LW�LV�QHFHVVDU\�WR�GHŀQH�FRUUHVSRQGLQJ�VLJQDOLQJ�DQG�SURFHGXUHV�FOHDUO\�IURP�WKH�VWDUW�RI��*�

2QH�RI�WKH�NH\�LVVXHV�IRU�PRGHO�WUDQVIHU�DFURVV�GRPDLQV�LV�ZKDW�IRUPDW�WR�XVH�IRU�WKH�WUDQVIHUUHG�PRGHO��SXEOLF�IRUPDW�RU�
SURSULHWDU\�IRUPDW"�$�SXEOLF�IRUPDW�LV�D�PRGHO�GHVFULSWLRQ�IRUPDW�WKDW�FDQ�EH�UHFRJQL]HG�E\�ERWK�HQGV��DQG�D�SURSULHWDU\�IRUPDW�
LV�D�SULYDWH�PRGHO�GHVFULSWLRQ�IRUPDW�WKDW� LV�VSHFLŀF�WR�D�YHQGRU��7DEOH�����FRPSDUHV�WKH�GHWDLOHG�FKDUDFWHULVWLFV�RI� WKH�WZR�
IRUPDWV�� ,W� FDQ�EH�VHHQ� WKDW� WKH�PDLQ�DGYDQWDJH�RI�SXEOLF� IRUPDWV� LV� WKH�KLJK�ŁH[LELOLW\�RI�PRGHO�XSGDWLQJ�DQG�VXSSRUW� IRU�
]RQH�VLWH�VSHFLŀF�PRGHOV�VLQFH�FURVV�GRPDLQ�DOORZV�ŁH[LEOH�PRGHO�WUDLQLQJ�HQWLWLHV�WKDW�LV�PRVW�DFFHVVLEOH�WR�]RQH�VLWH�VSHFLŀF�
GDWD�VRXUFHV��7R�VXSSRUW�FURVV�GRPDLQ�PRGHO�WUDQVIHU��WKH�LQGXVWU\�QHHGV�WR�GHŀQH�VXFK�D�FRPPRQO\�UHFRJQL]DEOH�IRUPDW�

%DVHG�RQ�RSHQ� IRUPDW�PRGHO� WUDQVIHU��PXOWLSOH� OHDUQLQJ� IUDPHZRUNV� LQ� �*�ZLOO� SURYLGH� VXSSRUW� IRU�GLYHUVH�XVH� FDVHV��
JXDUDQWHHLQJ�WKDW�PRGHOV�DUH�EHWWHU�PDWFKHG�WR�WKH�FRPSOH[�DQG�FKDQJLQJ�HQYLURQPHQW�RI�PRELOH�FRPPXQLFDWLRQ��DQG�DFKLHY�
LQJ�EHWWHU�LQIHUHQFH�SHUIRUPDQFH�

LI�WKH�PRGHO�XSGDWH�QRGH�DQG�
LQIHUHQFH�QRGH�DUH�VHSDUDWH��WKH�
XSGDWHG�PRGHO�DIWHU�HDFK�OHDUQ�
LQJ�ORRS�DOVR�QHHGV�WR�EH�WUDQV�
IHUUHG�WR�WKH�LQIHUHQFH�QRGH�

7DEOH�����6XPPDU\�RI�SXEOLF�DQG�SURSULHWDU\�IRUPDW�FKDUDFWHULVWLFV�RI�$,�PRGHOV�

WUDQVIHU�RI�FRPSOHWH�RU�SDUWLDO�PRGHOV��RU�PRG�
HO�UHODWHG�LQIRUPDWLRQ��VXFK�DV�JUDGLHQWV��
EHWZHHQ�GLłHUHQW�QRGHV�SDUWLFLSDWLQJ�LQ�WKH�
IHGHUDWLRQ�LV�UHTXLUHG�WR�JDLQ�D�PRGHO�ZLWK�JRRG�
SHUIRUPDQFH�

WKH�EDVH�PRGHO �QHHGV� WR �EH�
WUDQVPLWWHG�IURP�RQH�QRGH�WR�
DQRWKHU�

LI�WKH�PRGHO�WUDLQLQJ�QRGH�DQG�
LQIHUHQFH�QRGH�DUH�LQ�GLłHUHQW�
GRPDLQV��PRGHO�WUDQVIHU�LV�DOVR�
QHHGHG�

PRGHO�RU�JUDGLHQW�WUDQVPLVVLRQ�LV�
DOVR�UHTXLUHG�WR�VXSSRUW�ŁH[LEOH�
PRGHO�VSOLW�WUDLQLQJ�DFURVV�GLłHU�
HQW�QRGHV�

=NKZNKX�SUJKR�OTLUXSGZOUT�IGT�HK�YNGXKJ�GIXUYY�\KTJUXY�

*KVKTJKTI_�UT�\KTJUXY

,RK^OHOROZ_�OT�SUJKR�[VJGZK�KTZOZOKY

9[VVUXZ�LUX�`UTK�YOZK�YVKIO灣I�SUJKRY

5灦OTK�5VZOSO`GZOUT�8KW[OXKSKTZY

3[RZO�\KTJUX�JKVRU_SKTZ�灤K^OHOROZ_

3UJKR�YZUXGMK�U\KXNKGJ

<HV

/RZ

*RRG

(łHFWLYH

6PDOO

*RRG

/RZ

1R

+LJK

%DG

/LPLWHG

/DUJH

%DG

+LJK

$IBSBDUFSJTUJDT 1VCMJD�GPSNBU 1SPQSJFUBSZ�GPSNBU'PSNBU

3XEOLF�IRUPDW�DOORZV�DQ\�HQWLW\�ZLWK�GDWD�WR�XSGDWH�WKH�PRGHO�ZKLOH�SURSULHWDU\�IRUPDW�RQO\�DOORZV�WKH�HQWLW\�WR�FRPSLOH�WKH�PRGHO�WR�
XSGDWH

,Q�SXEOLF�IRUPDW��HQWLW\�PRVW�DFFHVVLEOH�WR�]RQH�VLWH�VSHFLŀF�GDWD�LV�HDVLO\�LQYROYHG��LQ�SURSULHWDU\�IRUPDW��WKH�PRGHO�FRPSLODWLRQ�HQWLW\�
PD\�QRW�EH�DFFHVVLEOH�WR�]RQH�VLWH�VSHFLŀF�GDWD

8KOTLUXIKSKTZ�RKGXTOTM 9[VKX\OYKJ�RKGXTOTM

,KJKXGZKJ�RKGXTOTM 9VROZ�RKGXTOTM
:XGTYLKX�RKGXTOTM�LK]�YNUZ

RKGXTOTM
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:LUHOHVV�HQYLURQPHQW�DQG�V\VWHP�UHTXLUHPHQWV�ZLOO�FRQWLQXH�WR�FKDQJH�RYHU�WLPH��VR�XVH�FDVHV�DQG�PRGHOV�QHHG�WR�HYROYH�
FRQWLQXRXVO\�WR�DGDSW�WR�WKH�V\VWHP��,I�WKLV�HYROXWLRQ�VWLOO�UHOLHV�RQ�PDQXDO�SDUDPHWHU�WXQLQJ�DQG�XVH�FDVH�VHOHFWLRQ��WKH�HŃFLHQF\�
RI�WKH�HYROXWLRQ�ZLOO�EH�JUHDWO\�UHGXFHG��7KHUHIRUH��KRZ�WR�DXWRPDWH�WKH�HYROXWLRQ�SURFHVV�RI�PRGHOV�DQG�XVH�FDVHV�LV�D�SUREOHP�
ZRUWK�IXUWKHU�UHVHDUFK��,Q�WKH�IXWXUH��PRELOH�FRPPXQLFDWLRQ�V\VWHPV�WKDW�LQWHJUDWH�$,�ZLOO�FRQWLQXRXVO\�DQG�DXWRPDWLFDOO\�FROOHFW�
GDWD��H[WUDFW�NQRZOHGJH��DQG�LWHUDWLYHO\�LQWHUDFW�ZLWK�WKH�HQYLURQPHQW�DQG�XVHUV�GXULQJ�RSHUDWLRQ��7KH�V\VWHP�ZLOO�DOVR�DXWRPDWL�
FDOO\� XSGDWH� DQG� UHWLUH� ROG�PRGXOHV�� GHULYH� QHZ�PRGXOHV�� DQG�JUDGXDOO\� EXLOG�PRUH� HŃFLHQW� FRPPXQLFDWLRQ� V\VWHPV�� 7KLV�
SURFHVV�LV�FDOOHG�VHOI�HYROXWLRQ��7KH�IRXQGDWLRQ�IRU�$,�VHOI�HYROXWLRQ�LV�EXLOW�RQ�QDWLYH�XQLŀHG�OLIHF\FOH�PDQDJHPHQW�DQG�XQLŀHG�
GDWD�FROOHFWLRQ�EDVHG�RQ�WKH�GDWD�SODQH��$,�VHOI�HYROXWLRQ�FDQ�EH�FDWHJRUL]HG�LQWR�WKUHH�OHYHOV�IURP�OHYHO����/���WR�OHYHO����/����ZLWK�
WKH�VHOI�HYROXWLRQ�FDSDELOLW\�LQFUHDVLQJ�VWHS�E\�VWHS�

�$,�PRGHO�SDUDPHWHU�VHOI�HYROXWLRQ� LV�VKRZQ�LQ�)LJ�������$W�/���VHOI�HYROXWLRQ� LV�DFKLHYHG�E\�DXWRPDWLFDOO\�XSGDWLQJ�WKH�
PRGHO�SDUDPHWHUV�ZLWKLQ�D�VKRUW�SHULRG�RI�WLPH�WR�DGDSW�WR�FKDQJHV�LQ�VHUYLFH�UHTXLUHPHQWV�DQG�GHSOR\PHQW�HQYLURQPHQWV��,Q�
WKLV�VWDJH��VHOI�HYROXWLRQ�PDLQO\�UHOLHV�RQ�RQOLQH�OHDUQLQJ�PHWKRGV��VXFK�DV�WUDQVIHU�OHDUQLQJ��PHWD�OHDUQLQJ��DQG�UHLQIRUFHPHQW�
OHDUQLQJ��%\�SUHGHŀQLQJ�DQ�RQOLQH�IUDPHZRUN�IRU�PRGHO�SDUDPHWHU�DGMXVWPHQW��VSHFLŀF�PRGHOV�FDQ�EH�DXWRPDWLFDOO\�WUDLQHG��
YDOLGDWHG��DQG�WKHLU�SDUDPHWHUV�FDQ�EH�UHSODFHG�WKURXJK�GDWD�FROOHFWLRQ��RQOLQH�WUDLQLQJ��PRGHO�YDOLGDWLRQ��DQG�SDUDPHWHU�YDOXH�
DGMXVWPHQWV�

3.6 Continuous Self-Evolution 

2��YKRL�K\UR[ZOUT

)LJ�������6FKHPDWLF�GLDJUDP�RI�/��VHOI�HYROXWLRQ�
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7KH�VHOI�HYROXWLRQ�RI�$,�PRGHO�K\SHUSDUDPHWHUV��H�J���LQSXWV��RXWSXWV��VWUXFWXUHV���DV�VKRZQ�LQ�)LJ�������/��VHOI�HYROXWLRQ�LV�
DQ�DGYDQFHG�YHUVLRQ�RI�/��VHOI�HYROXWLRQ��ZKLFK�QRW�RQO\�VROYHV�WKH�SUREOHP�RI�SDUDPHWHU�DGDSWDWLRQ��EXW�DOVR�DXWRPDWLFDOO\�
ŀQGV�RXW�WKH�PRVW�VXLWDEOH�PRGHO�K\SHUSDUDPHWHUV�IRU�WKH�VSHFLŀF�XVH�FDVH�EDVHG�RQ�GDWD�LQ�WKH�DFWXDO�HQYLURQPHQW��,Q�WKLV�
VWDJH��VHOI�HYROXWLRQ�PDLQO\�UHOLHV�RQ�WHFKQRORJLHV�VXFK�DV�DXWRPDWLF�PDFKLQH�OHDUQLQJ��$XWR0/��DQG�QHXUDO�DUFKLWHFWXUH�VHDUFK�
�1$6��WR�DFKLHYH�DXWRPDWLF�VHOHFWLRQ�RI�WKH�PRVW�VXLWDEOH�PRGHO�K\SHUSDUDPHWHUV�IRU�WKH�VSHFLŀF�XVH�FDVH��%\�SUHGHŀQLQJ�DQ�
RQOLQH� IUDPHZRUN� IRU�PRGHO� DUFKLWHFWXUH� DGMXVWPHQWV�� VSHFLŀF� XVH� FDVHV� FDQ�EH� DXWRPDWLFDOO\� WUDLQHG�� YDOLGDWHG�� DQG� WKHLU�
PRGHOV�FDQ�EH�UHSODFHG�WKURXJK�GDWD�FROOHFWLRQ��RQOLQH�PRGHO�VHDUFK�DQG�WUDLQLQJ��DQG�PRGHO�YDOLGDWLRQ�

6HOI�HYROXWLRQ�RI�$,�XVH�FDVHV��DV�VKRZQ�LQ�)LJ��������7KLV�OHYHO�RI�VHOI�HYROXWLRQ�JRHV�EH\RQG�WKH�ERXQGDULHV�RI�VSHFLŀF�XVH�
FDVHV�DQG�DOORZV�IRU�WKH�H[SORUDWLRQ�RI�QHZ�XVH�FDVHV�DQG�WKH�HOLPLQDWLRQ�RI�ROG�RQHV��7KH�SURFHVV�RI�XVH�FDVH�FKDQJH�LV�QDWXUDO�
O\� DFFRPSDQLHG� E\� /�� DQG� /�� VHOI�HYROXWLRQ�� /�� VHOI�HYROXWLRQ� DFKLHYHV� XVH� FDVH� VHOI�JHQHUDWLRQ� DQG� UHTXLUHV� DGYDQFHG�
IXQFWLRQV�VXFK�DV�ŁH[LEOH�GDWD�FROOHFWLRQ�DQG�XVH�FDVH�VHOI�H[SORUDWLRQ�WR�SURPRWH�WKH�XSGDWLQJ��UHVWUXFWXULQJ��DQG�UHWLUHPHQW�RI�
ROG�XVH�FDVHV�DQG�WKH�ELUWK�RI�QHZ�RQHV�

)LJ�������6FKHPDWLF�GLDJUDP�RI�/��VHOI�HYROXWLRQ

)LJ��������6FKHPDWLF�GLDJUDP�RI�/��VHOI�HYROXWLRQ

2��YKRL�K\UR[ZOUT

2��YKRL�K\UR[ZOUT

Module1 Module2 Module3 Module1 Module2 Module3 Module1 Module2 Module3

non-AI
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)URP�WKH�GHVFULSWLRQ�RI�WKH�WKUHH�VHOI�HYROXWLRQ�VWDJHV��LW�FDQ�EH�VHHQ�WKDW�WKH�/��VHOI�HYROXWLRQ�LV�WKH�IRXQGDWLRQ�RI�WKH�
ZKROH�VHOI�HYROXWLRQ�V\VWHP��,Q�RUGHU�WR�DFKLHYH�WKH�/��VHOI�HYROXWLRQ��QHZ�RSHUDWLRQV�VXFK�DV�DXWRPDWLF�HYROXWLRQ�WULJJHULQJ��
DXWRPDWLF�GDWD�FROOHFWLRQ�IRU�WUDLQLQJ��DXWRPDWLF�PRGHO�WUDLQLQJ��DXWRPDWLF�PRGHO�YDOLGDWLRQ��DQG�DXWRPDWLF�UHSODFHPHQW�RI�
PRGHO� SDUDPHWHU� YDOXHV� QHHG� WR� EH� LQWURGXFHG�� $PRQJ� WKHP�� DXWRPDWLF� HYROXWLRQ� WULJJHULQJ� LQFOXGHV� FROOHFWLQJ� H[HFXWLRQ�
UHVXOWV�RU�PRQLWRULQJ�UHVXOWV�WR�GHWHUPLQH�ZKHWKHU�WR�LQLWLDWH�VHOI�HYROXWLRQ��$IWHU�WKH�VHOI�HYROXWLRQ�LV�WULJJHUHG��WKH�PDQDJHPHQW�
IXQFWLRQ� VHQGV� GDWD� FROOHFWLRQ�� WUDLQLQJ� VWUDWHJ\� DQG� YDOLGDWLRQ�UHODWHG� SDUDPHWHU� FRQŀJXUDWLRQV� WR� WKH� WUDLQLQJ� IXQFWLRQ��
$XWRPDWLF�GDWD�FROOHFWLRQ� IRU� WUDLQLQJ� UHIHUV� WR� WKH�GDWD�VRXUFH�FROOHFWLQJ�GDWD�DFFRUGLQJ� WR� WKH�GDWD�FROOHFWLRQ� UHTXHVW�DQG�
SURYLGLQJ�WKH�GDWD�WR�WKH�WUDLQLQJ�IXQFWLRQ��$XWRPDWLF�PRGHO�WUDLQLQJ�UHIHUV�WR�WKH�WUDLQLQJ�IXQFWLRQ�FRQGXFWLQJ�PRGHO�WUDLQLQJ�
DFFRUGLQJ�WR�WKH�WUDLQLQJ�VWUDWHJ\�FRQŀJXUHG�E\�WKH�PDQDJHPHQW�IXQFWLRQ��LQFOXGLQJ�OHDUQLQJ�PHWKRGV��WUDLQLQJ�K\SHUSDUDPH�
WHUV��RSWLPL]DWLRQ�IXQFWLRQ�LQGLFDWLRQV��DQG�WUDLQLQJ�YDOLGDWLRQ�GDWDVHW�SDUWLWLRQLQJ�PHWKRGV��$XWRPDWLF�PRGHO�YDOLGDWLRQ�UHIHUV�
WR�WKH�WUDLQLQJ�IXQFWLRQ�GHWHUPLQLQJ�WKH�PRGHO�SHUIRUPDQFH�EDVHG�RQ�WKH�YDOLGDWLRQ�GDWDVHW�SDUWLWLRQLQJ�PHWKRG�DQG�YDOLGDWLRQ�
.3,�FRQŀJXUHG�E\�WKH�PDQDJHPHQW�IXQFWLRQ��,I�WKH�YDOLGDWLRQ�UHVXOW�PHHWV�WKH�SUH�VHW�WKUHVKROG��WKH�WUDLQLQJ�IXQFWLRQ�ZLOO�VHQG�
WKH�PRGHO�SDUDPHWHUV�DQG�YHUVLRQ� WR� WKH� LQIHUHQFH� IXQFWLRQ�� 7KH� LQIHUHQFH� IXQFWLRQ�ZLOO�XVH� WKH�QHZ�PRGHO�SDUDPHWHUV� IRU�
SDUDPHWHU�YDOXH�UHSODFHPHQW�DQG�QRWLI\�WKH�WUDLQLQJ�IXQFWLRQ�RI�WKH�VXFFHVVIXO�SDUDPHWHU�XSGDWH��7KH�WUDLQLQJ�IXQFWLRQ�ZLOO�WKHQ�
SURYLGH�WKH�PDQDJHPHQW�IXQFWLRQ�ZLWK�WKH�PRGHO�YHUVLRQ�DQG�YDOLGDWLRQ�SHUIRUPDQFH�IHHGEDFN�

&RPSDUHG�WR�/��VHOI�HYROXWLRQ��/��VHOI�HYROXWLRQ�KDV�VRPH�QHZ�UHTXLUHPHQWV��WKH�LQSXWV�DQG�RXWSXWV�RI�WKH�PRGHO�DUH�
DGMXVWDEOH� LQ�/��VHOI�HYROXWLRQ��DQG� WKH�GDWD�FROOHFWLRQ�FRQŀJXUDWLRQ�QHHGV� WR�EH�DGMXVWDEOH�DV�ZHOO�� ,Q�/��RQOLQH�DXWRPDWLF�
WUDLQLQJ��K\SHUSDUDPHWHUV�DQG�RSWLPL]DWLRQ�IXQFWLRQV�DUH�ŀ[HG��EXW�LQ�/��VHOI�HYROXWLRQ��WKH�PRGHO�VWUXFWXUH��WUDLQLQJ�K\SHUSD�
UDPHWHUV��WUDLQLQJ�DOJRULWKPV��RSWLPL]DWLRQ�IXQFWLRQV��HWF��DUH�DGMXVWDEOH��7KHUHIRUH��LQ�RUGHU�WR�DFKLHYH�/��VHOI�HYROXWLRQ��LW� LV�
QHFHVVDU\�WR�PDNH�WKH�DXWRPDWLF�GDWD�FROOHFWLRQ�IRU�WUDLQLQJ�DQG�DXWRPDWLF�PRGHO�WUDLQLQJ�RI�/��VHOI�HYROXWLRQ�PRUH�ŁH[LEOH��DQG�
DOVR�QHHG�WR�DGG�QHZ�RSHUDWLRQV�VXFK�DV�DXWRPDWLF�XSGDWHV�RI�PRGHO�VWUXFWXUH�DQG�SDUDPHWHUV��7KH�ŁH[LELOLW\�RI�WKH�PRGHO�
WUDLQLQJ�VWUDWHJ\�FDQ�EH�DFKLHYHG�WKURXJK�YDULRXV�PRGHO�DWWHPSWV�RU�WHFKQRORJLHV�VXFK�DV�$XWR0/�DQG�1$6��$XWRPDWLF�PRGHO�
VWUXFWXUH�DQG�SDUDPHWHU�XSGDWHV�UHIHU�WR�WKH�WUDLQLQJ�IXQFWLRQ�VHQGLQJ�XSGDWHG�PRGHO�VWUXFWXUH��SDUDPHWHUV��DQG�YHUVLRQ�WR�WKH�
LQIHUHQFH�IXQFWLRQ��$IWHU� WKH� LQIHUHQFH�IXQFWLRQ�FRPSOHWHV�WKH�PRGHO�XSGDWH�� LW�ZLOO�SURYLGH�IHHGEDFN�WR�WKH�WUDLQLQJ�IXQFWLRQ�
LQGLFDWLQJ�WKH�VXFFHVV�RI�WKH�PRGHO�XSGDWH�

7R�DFKLHYH�/��VHOI�HYROXWLRQ��PRUH�ŁH[LEOH�GDWD�FROOHFWLRQ�DQG�PRGHO�GHSOR\PHQW�IXQFWLRQDOLWLHV�QHHG�WR�EH�LQWURGXFHG�
FRPSDUHG�WR�/��VHOI�HYROXWLRQ��,Q�/��VHOI�HYROXWLRQ��GDWD�FROOHFWLRQ�FRQŀJXUDWLRQ�FRUUHVSRQGV�WR�D�VSHFLŀF�XVH�FDVH��+RZHYHU��LQ�
/��VHOI�HYROXWLRQ��GDWD�FROOHFWLRQ�FRQŀJXUDWLRQ�FDQ�EH�XVHG�WR�FROOHFW�GDWD�IRU�WUDLQLQJ�$,�PRGHOV�IRU�FXUUHQW�QRQ�$,�IXQFWLRQV�RU�
WR�FROOHFW�GDWD�IRU�WUDLQLQJ�$,�PRGHOV�IRU�WKH�IXQFWLRQDOLW\�RI�WKH�WZR�IXVHG�$,�XVH�FDVHV��7KHUHIRUH��PRUH�ŁH[LEOH�GDWD�FROOHFWLRQ�
FRQŀJXUDWLRQ�LV�QHHGHG��)OH[LEOH�PRGHO�GHSOR\PHQW�PHDQV�VXSSRUWLQJ�WKH�UHSODFHPHQW�RI�D�IXQFWLRQ�IURP�QRQ�$,�WR�$,��RU�$,�WR�
QRQ�$,��RU�PXOWLSOH�LQGHSHQGHQW�IXQFWLRQV�WR�IXVHG�$,�IXQFWLRQV�

,Q�VXPPDU\��WKH�UHDOL]DWLRQ�FRPSOH[LW\�RI�VHOI�HYROXWLRQ�LQFUHDVHV�VWHS�E\�VWHS�IURP�/��WR�/���:H�EHOLHYH�WKDW�/��VHOI�HYROX�
WLRQ�LV�PRVW�OLNHO\�WR�EH�UHDOL]HG�DW��*��7KH�LPSOHPHQWDWLRQ�RI�/��VHOI�HYROXWLRQ�GHSHQGV�RQ�WKH�PDWXULW\�RI�$XWR0/�WHFKQRORJ\�
DQG�WKH�JURZWK�UDWH�RI�FRPSXWLQJ�SRZHU��VR�LW�LV�DOVR�SRVVLEOH�WR�DFKLHYH�LQ��*��7KH�/��VHOI�HYROXWLRQ�UHTXLUHV�ŁH[LEOH�GDWD�FROOHF�
WLRQ�DQG�LQWHUDFWLRQ�LQWHUIDFH�FRQŀJXUDWLRQ��DQG�EHORQJV�WR�D�ORQJHU�WHUP�YLVLRQ�
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&KDSWHU��
)UTIR[YOUTY

7KH�FRQYHUJHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�LQYROYHV�PXOWLSOH�GLPHQVLRQV�VXFK�DV�
DLU�LQWHUIDFH��QHWZRUN�DUFKLWHFWXUH��SURWRFROV��DOJRULWKPV��HWF���DQG�ZLOO�GHHSO\�DłHFW�WKH�
VFHQDULRV�RU�IXQFWLRQV�VXFK�DV�VHQVLQJ��FRPSXWLQJ�DQG�FRQWURO��7KHUHIRUH��WKH�FRQYHU�
JHQFH�RI�$,�DQG�FRPPXQLFDWLRQ�LV�H[SHFWHG�WR�GULYH�WKH�HYROXWLRQ�RI�IXWXUH�FRPPXQLFD�
WLRQ�SDUDGLJP�DQG�WKH�FKDQJH�RI�QHWZRUN�DUFKLWHFWXUH��ZKLFK�LV�RI�JUHDW�VLJQLŀFDQFH�IRU�
WKH�UHVHDUFK�RI�IXWXUH�PRELOH�FRPPXQLFDWLRQ�WHFKQRORJ\�

7KH� XVH� FDVHV� IRU� WKH� FRQYHUJHQFH� RI� $,� DQG� FRPPXQLFDWLRQ� DUH� YHU\� EURDG��
LQYROYLQJ� QRW� RQO\� PXOWLSOH� OD\HUV� RI� WKH� PRELOH� FRPPXQLFDWLRQ� QHWZRUN�� EXW� DOVR�
PXOWLSOH�FROODERUDWLRQ�PRGHV�� ,WV�YDOXHV�FDQ�EH�GHPRQVWUDWHG� LQ�ERWK� LPSURYLQJ� WKH�
SHUIRUPDQFH�DQG�UHGXFLQJ�WKH�FRPSOH[LW\�RI�PRELOH�FRPPXQLFDWLRQ�V\VWHPV��:LWK�WKH�
IXUWKHU�UHVHDUFK�LQ�DFDGHPLD�DQG�LQGXVWU\�DV�ZHOO�DV�WKH�SRSXODULW\�RI�$,�WHFKQRORJLHV��
WKHUH�ZLOO�HPHUJH�PRUH�DQG�PRUH�KLJK�YDOXH�XVH�FDVHV�

7R�VXSSRUW�VXFK�D�ZLGH�UDQJH�RI�XVH�FDVHV��LW�LV�QHFHVVDU\�WR�VHW�UHDVRQDEOH�GHVLJQ�
SULQFLSOHV�EDVHG�RQ�WKH�FRPPRQ�FKDUDFWHULVWLFV�DQG�UHTXLUHPHQWV�RI�YDULRXV�XVH�FDVHV�
DW� WKH�EHJLQQLQJ�RI��*�GHVLJQ��2XU�JRDO� LV� WR�FUHDWH�D�JHQHULF��ŁH[LEOH�DQG� UHVRXUFH�
HŃFLHQW� �*� $,� DUFKLWHFWXUH� WKDW� VXSSRUWV� YDULRXV� QHZ� OHDUQLQJ� DUFKLWHFWXUHV� DQG�
VHOI�HYROYLQJ��:H�EHOLHYH�WKDW��*�ZLOO�EH�DQ�LQWHOOLJHQW�V\VWHP�HQDEOHG�E\�QXPHURXV�$,�
XVH�FDVHV�DQG�ŁH[LEOH�$,�FDSDELOLWLHV�
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>�@�YLYR��ұ�*�6HUYLFHV��&DSDELOLWLHV�DQG�(QDEOLQJ�7HFKQRORJLHV�Ҳ�������

>�@��*33��5�����������ұ(YDOXDWLRQ�RQ�$,�0/�IRU�&6,�IHHGEDFN�HQKDQFHPHQWҲ��YLYR��5$1������H��������

>�@��*33��5�����������ұ(YDOXDWLRQ�RQ�$,�0/�IRU�&6,�IHHGEDFN�HQKDQFHPHQWҲ��YLYR��5$1��������������

>�@�YLYR��ұ3HUIRUPDQFH�HYDOXDWLRQ�RI�$,�EDVHG�'056�FKDQQHO�HVWLPDWLRQ�LQ�PXOWLSOH�FKDQQHOVҲ��,07�����B:;B$,��������

>�@��*33��5�����������ұ(YDOXDWLRQ�RQ�$,0/�IRU�EHDP�PDQDJHPHQWҲ��YLYR��5$1��������������

>�@��*33��5�����������ұ(YDOXDWLRQ�RQ�$,�0/�IRU�SRVLWLRQLQJ�DFFXUDF\�HQKDQFHPHQWҲ��YLYR��5$1��������������

>�@�YLYR��ұ$,�EDVHG�VXSSUHVVLRQ�IRU�QRQOLQHDULW\�RI�SRZHU�DPSOLŀHUҲ��,07�����B:;B$,��������

>�@��*33��ұ76��������15��3DFNHW�'DWD�&RQYHUJHQFH�3URWRFRO��3'&3��VSHFLŀFDWLRQ��Y�������Ҳ��������

>�@�-LD�/LX��)RUXP�RQ�&RJQLWLYH�1HXUDO�)RXQGDWLRQV�RI�$UWLŀFLDO�,QWHOOLJHQFH�������%HLMLQJ�=KL\XDQ�&RQIHUHQFH��������

5HIHUHQFHV
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7KH�ŀIWK�JHQHUDWLRQ�PRELOH�FRPPXQLFDWLRQ�V\VWHPV

7KH�VL[WK�JHQHUDWLRQ�PRELOH�FRPPXQLFDWLRQ�V\VWHPV

$,�IRU�1HWZRUN
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$SSUR[LPDWH�0HVVDJH�3DVVLQJ
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%ORFN�(UURU�5DWH

&RUH�1HWZRUN

&KDQQHO�6WDWH�,QIRUPDWLRQ

&KDQQHO�6WDWH�,QIRUPDWLRQ�5HIHUHQFH�6LJQDO
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/RQJ�7HUP�(YROXWLRQ

0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW
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PD\�TXRWH��UHSURGXFH��RU�GLVWULEXWH�SDUW�RU�DOO�RI�WKH�FRQWHQWV�IRU�QRQ�FRPPHUFLDO�SXUSRVHV��EXW�RQO\�LI�
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