
$�1HZ�0HWKRGRORJ\�IRU�WKH$�1HZ�0HWKRGRORJ\�IRU�WKH
'HVLJQ�RI�+LJK�6SHHG�:LUHOHVV'HVLJQ�RI�+LJK�6SHHG�:LUHOHVV
&RPPXQLFDWLRQ�6\VWHPV�%DVHG&RPPXQLFDWLRQ�6\VWHPV�%DVHG
RQ�([SHULPHQWDO�5HVXOWVRQ�([SHULPHQWDO�5HVXOWV

7LP�*DOODJKHU7LP�*DOODJKHU
8QLYHUVLW\�RI�.DQVDV8QLYHUVLW\�RI�.DQVDV
-XO\���������-XO\���������
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3UHVHQWDWLRQ�2XWOLQH3UHVHQWDWLRQ�2XWOLQH

❂❂ ,QWURGXFWLRQ,QWURGXFWLRQ
❂❂ %DFNJURXQG%DFNJURXQG
❂❂ 'HVFULSWLRQ�RI�0HDVXUHPHQW�6\VWHP�DQG'HVFULSWLRQ�RI�0HDVXUHPHQW�6\VWHP�DQG
([SHULPHQWDO�3URFHGXUH([SHULPHQWDO�3URFHGXUH

❂❂ 5HVXOWV5HVXOWV
❂❂ &RQFOXVLRQV&RQFOXVLRQV
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,QWURGXFWLRQ,QWURGXFWLRQ

❂❂ %URDGEDQG�ZLUHOHVV��://�	�:/$1%URDGEDQG�ZLUHOHVV��://�	�:/$1
❂❂ %LW�(UURU�5DWH�YV��3DFNHW�(UURU�5DWH��:$70%LW�(UURU�5DWH�YV��3DFNHW�(UURU�5DWH��:$70
❂❂ /LQH�RI�VLJKW��2EVWUXFWHG�DQG�$OO�ORFDWLRQ/LQH�RI�VLJKW��2EVWUXFWHG�DQG�$OO�ORFDWLRQ
FDVHVFDVHV

❂❂ &DUULHU�IUHTXHQF\��8�1,,�EDQG&DUULHU�IUHTXHQF\��8�1,,�EDQG
❂❂ &KDUDFWHUL]LQJ�WKH�FKDQQHO&KDUDFWHUL]LQJ�WKH�FKDQQHO
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,QWURGXFWLRQ��&KDUDFWHUL]LQJ�WKH,QWURGXFWLRQ��&KDUDFWHUL]LQJ�WKH
&KDQQHO&KDQQHO

❂❂ :LUHOHVV�V\VWHP�SURSDJDWLRQ�DQRPDOLHV:LUHOHVV�V\VWHP�SURSDJDWLRQ�DQRPDOLHV
�� 0XOWLSDWK�GLVSHUVLRQ0XOWLSDWK�GLVSHUVLRQ

²² 0XOWLSOH�YHUVLRQV�RI�WKH�WUDQVPLWWHG�VLJQDO�ZLWK0XOWLSOH�YHUVLRQV�RI�WKH�WUDQVPLWWHG�VLJQDO�ZLWK
YDULRXV�SKDVHV�DQG�DPSOLWXGHV�DGG�DW�WKH�UHFHLYHUYDULRXV�SKDVHV�DQG�DPSOLWXGHV�DGG�DW�WKH�UHFHLYHU

²² 0RWLRQ�LPSOLHV�VKRUW�WHUP�IDGLQJ0RWLRQ�LPSOLHV�VKRUW�WHUP�IDGLQJ

�� 6KDGRZLQJ6KDGRZLQJ
²² &KDQQHO�LV�QRW�XQLIRUP�LQ�DOO�GLUHFWLRQV&KDQQHO�LV�QRW�XQLIRUP�LQ�DOO�GLUHFWLRQV
²² 9DULDWLRQ�LQ�ORQJ�WHUP�DYHUDJH�SRZHU9DULDWLRQ�LQ�ORQJ�WHUP�DYHUDJH�SRZHU
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%DFNJURXQG%DFNJURXQG

❂❂ %HWWHU�ZD\�WR�GHWHUPLQH�SHUFHQW�FRYHUDJH%HWWHU�ZD\�WR�GHWHUPLQH�SHUFHQW�FRYHUDJH
DUHD�WKDQ�E\�DVVXPLQJ�D�5D\OHLJK�FKDQQHODUHD�WKDQ�E\�DVVXPLQJ�D�5D\OHLJK�FKDQQHO
�� %(5�YV��3(5%(5�YV��3(5
�� 5HFHLYHG�SRZHU���ORJ�QRUPDO5HFHLYHG�SRZHU���ORJ�QRUPDO
�� 7KHRUHWLFDO�IDGLQJ�PRGHO���5LFLDQ�GLVWULEXWLRQ7KHRUHWLFDO�IDGLQJ�PRGHO���5LFLDQ�GLVWULEXWLRQ
�� .�GLVWULEXWLRQ���ORJ�QRUPDO.�GLVWULEXWLRQ���ORJ�QRUPDO
�� 8VLQJ�WKLV�LQIRUPDWLRQ�DERXW�WKH�FKDQQHO��FDQ8VLQJ�WKLV�LQIRUPDWLRQ�DERXW�WKH�FKDQQHO��FDQ
GHWHUPLQH�WKH�SHUFHQW�FRYHUDJH�DUHDGHWHUPLQH�WKH�SHUFHQW�FRYHUDJH�DUHD
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%DFNJURXQG��%LW�(UURU�5DWH��%(5�%DFNJURXQG��%LW�(UURU�5DWH��%(5�
YV��3DFNHW�(UURU�5DWH��3(5�YV��3DFNHW�(UURU�5DWH��3(5�

❂❂ 1RQ�IDGLQJ�FKDQQHO�HTXLYDOHQW�3(51RQ�IDGLQJ�FKDQQHO�HTXLYDOHQW�3(5

❂❂ )DGLQJ�FKDQQHO���(UURUV�DUH�EXUVW\)DGLQJ�FKDQQHO���(UURUV�DUH�EXUVW\
�� &DQ�KDYH�PRUH�ELW�HUURUV�ZLWKRXW�LQFUHDVLQJ&DQ�KDYH�PRUH�ELW�HUURUV�ZLWKRXW�LQFUHDVLQJ
WKH�3(5��VR�ZH�QHHG�OHVVWKH�3(5��VR�ZH�QHHG�OHVV
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Independent bit decisions in slow flat Rayleigh fadingIndependent bit decisions in slow flat Rayleigh fading
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%DFNJURXQG��5HFHLYHG�3RZHU%DFNJURXQG��5HFHLYHG�3RZHU
'LVWULEXWLRQ'LVWULEXWLRQ

❂❂ /RJ�QRUPDO�VKDGRZLQJ/RJ�QRUPDO�VKDGRZLQJ
�� 5HFHLYHG�VLJQDO�LV�WKH�SURGXFW�RI�PDQ\5HFHLYHG�VLJQDO�LV�WKH�SURGXFW�RI�PDQ\
WUDQVPLVVLRQ�IDFWRUV����,Q�G%��LW�LV�WKH�VXPWUDQVPLVVLRQ�IDFWRUV����,Q�G%��LW�LV�WKH�VXP

�� &HQWUDO�/LPLW�7KHRUHP�LPSOLHV�*DXVVLDQ&HQWUDO�/LPLW�7KHRUHP�LPSOLHV�*DXVVLDQ
�� &UDPHU�YRQ�0LVHV�JRRGQHVV�RI�ILW�WHVW&UDPHU�YRQ�0LVHV�JRRGQHVV�RI�ILW�WHVW

❂❂ 5HFHLYHG�VLJQDO�RYHU�GLVWDQFH5HFHLYHG�VLJQDO�RYHU�GLVWDQFH
�� 3RZHU�/DZ3RZHU�/DZ
�� 7ZR�UD\�PRGHO7ZR�UD\�PRGHO
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%DFNJURXQG��5HFHLYH�3RZHU%DFNJURXQG��5HFHLYH�3RZHU
'LVWULEXWLRQ��FRQW��'LVWULEXWLRQ��FRQW��

❂❂ 3RZHU�ODZ3RZHU�ODZ

❂❂ 7ZR�UD\�PRGHO7ZR�UD\�PRGHO
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%DFNJURXQG��)DGLQJ�0RGHO%DFNJURXQG��)DGLQJ�0RGHO

❂❂ &RQVWUXFW�&')�IURP�FROOHFWHG�GDWD&RQVWUXFW�&')�IURP�FROOHFWHG�GDWD
❂❂ &RPSDUH�WR�D�WKHRUHWLFDO�PRGHO&RPSDUH�WR�D�WKHRUHWLFDO�PRGHO
❂❂ .ROPRJRURY�6PLUQRII�JRRGQHVV�RI�ILW�WHVW.ROPRJRURY�6PLUQRII�JRRGQHVV�RI�ILW�WHVW
❂❂ )DGLQJ�PRGHO����5LFLDQ�GLVWULEXWLRQ)DGLQJ�PRGHO����5LFLDQ�GLVWULEXWLRQ
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%DFNJURXQG��)DGLQJ�0RGHO%DFNJURXQG��)DGLQJ�0RGHO
�FRQW���FRQW��

❂❂ 5D\OHLJK�'LVWULEXWLRQ5D\OHLJK�'LVWULEXWLRQ

❂❂ 5LFLDQ�'LVWULEXWLRQ�5LFLDQ�'LVWULEXWLRQ�
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%DFNJURXQG��'LVWULEXWLRQ�RI�.%DFNJURXQG��'LVWULEXWLRQ�RI�.

❂❂ .�LV�VSHFXODU�WR�UDQGRP�UDWLR.�LV�VSHFXODU�WR�UDQGRP�UDWLR

❂❂ $$���DQG���������VKRXOG�EH�ORJ�QRUPDOO\�DQG���������VKRXOG�EH�ORJ�QRUPDOO\
GLVWULEXWHGGLVWULEXWHG

❂❂ .�G%��VKRXOG�EH�QRUPDOO\�GLVWULEXWHG.�G%��VKRXOG�EH�QRUPDOO\�GLVWULEXWHG
�� &UDPHU�YRQ�0LVHV�JRRGQHVV�RI�ILW�WHVW&UDPHU�YRQ�0LVHV�JRRGQHVV�RI�ILW�WHVW
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD$UHD

❂❂ 'HWHUPLQH�UHTXLUHG�UHFHLYHG�VLJQDO�OHYHO'HWHUPLQH�UHTXLUHG�UHFHLYHG�VLJQDO�OHYHO
�� OLQN�HTXDWLRQ��IXQFWLRQ�RI�.�OLQN�HTXDWLRQ��IXQFWLRQ�RI�.�

❂❂ 'HWHUPLQH�.�DQG�UHFHLYHG�SRZHU'HWHUPLQH�.�DQG�UHFHLYHG�SRZHU
FRUUHODWLRQFRUUHODWLRQ

❂❂ 'HYHORS�IRUPXOD�IRU�SHUFHQW�FRYHUDJH�DUHD'HYHORS�IRUPXOD�IRU�SHUFHQW�FRYHUDJH�DUHD
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��

❂❂ /LQN�HTXDWLRQ/LQN�HTXDWLRQ
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��

❂❂ .�DQG�3U�&RUUHODWLRQ.�DQG�3U�&RUUHODWLRQ
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��

❂❂ 'HYHORSPHQW�RI�3HUFHQW�&RYHUDJH�$UHD'HYHORSPHQW�RI�3HUFHQW�&RYHUDJH�$UHD
)RUPXOD)RUPXOD
�� %LYDULDWH�*DXVVLDQ�SGI%LYDULDWH�*DXVVLDQ�SGI
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��

❂❂ 'HYHORSPHQW�RI�3HUFHQW�&RYHUDJH�$UHD'HYHORSPHQW�RI�3HUFHQW�&RYHUDJH�$UHD
)RUPXOD)RUPXOD
�� :DQW�SUREDELOLW\�WKDW�3U�!�:DQW�SUREDELOLW\�WKDW�3U�!�3U3UUHTUHT�.��IRU�D�VSHFLILF�.��IRU�D�VSHFLILF
GLVWDQFHGLVWDQFH

�� ,QWHJUDWH�MRLQW�SGI�RYHU�DOO�.�DQG�IURP�,QWHJUDWH�MRLQW�SGI�RYHU�DOO�.�DQG�IURP�3U3UUHTUHT�.��.�
WR�LQILQLW\WR�LQILQLW\
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Bivariate Gaussian pdf with received signal power thresholdBivariate Gaussian pdf with received signal power threshold
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%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��
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( )

( )

( ) ( )

[ ] ( )
( )

[ ] ( )
( )

PrPr,

PrPr,lim

lim

PrPr,][

1

3

Pr

1

3

Pr
0

1
0

3

3

3

Pr

Pr,

PrPr

PrPr

PrPr

dKKfKlinkcloseP

KdKKflinkcloseP

xcfdxxf

dKdKflinkcloseP

n

i K

ir

n

i K

i
Kr

n

i
i

x

b

a

K

Kr

ireq

j

ireq

j

KK

KK req

j

∑ ∫

∑ ∫

∑∫

∫ ∫

=

+

=

+

→∆

=→∆

+

−

+

=∆≅

∆=≅

∆=

≅

σµ

σµ

σµ

σµ

σµ



��

%DFNJURXQG��3HUFHQW�&RYHUDJH%DFNJURXQG��3HUFHQW�&RYHUDJH
$UHD��FRQW��$UHD��FRQW��
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0HDVXUHPHQW�6\VWHP�DQG0HDVXUHPHQW�6\VWHP�DQG
([SHULPHQWDO�3URFHGXUH��FRQW��([SHULPHQWDO�3URFHGXUH��FRQW��

❂❂ 3URFHGXUH3URFHGXUH
�� 'HWHUPLQH�IDGLQJ�IRU�HDFK�ORFDWLRQ��.�'HWHUPLQH�IDGLQJ�IRU�HDFK�ORFDWLRQ��.�
�� 'HWHUPLQH�DYHUDJH�.�RYHU�GLVWDQFH'HWHUPLQH�DYHUDJH�.�RYHU�GLVWDQFH

²² WHVW�IRU�QRUPDOLW\WHVW�IRU�QRUPDOLW\

�� 'HWHUPLQH�SDWK�ORVV�H[SRQHQW'HWHUPLQH�SDWK�ORVV�H[SRQHQW
²² WHVW�IRU�QRUPDOLW\WHVW�IRU�QRUPDOLW\

�� &ORVH�OLQN�IRU�DYHUDJH�.�DQG�SDWK�ORVV&ORVH�OLQN�IRU�DYHUDJH�.�DQG�SDWK�ORVV
�� 'HWHUPLQH�FRUUHODWLRQ�FRHIILFLHQW��.�	�3U'HWHUPLQH�FRUUHODWLRQ�FRHIILFLHQW��.�	�3U
�� 'HWHUPLQH�SHUFHQW�FRYHUDJH�DUHD'HWHUPLQH�SHUFHQW�FRYHUDJH�DUHD
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5HVXOWV��)DGLQJ5HVXOWV��)DGLQJ
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5HVXOWV��'LVWULEXWLRQ�RI�.5HVXOWV��'LVWULEXWLRQ�RI�.

Distribution of K: LOS locationsDistribution of K: LOS locations



��Distribution of K: OBS locationsDistribution of K: OBS locations



��Distribution of K: All locationsDistribution of K: All locations



��Log-normal KLog-normal K
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5HVXOWV��$YHUDJH�5HFHLYH�3RZHU5HVXOWV��$YHUDJH�5HFHLYH�3RZHU

❂❂ /RJ�QRUPDO�VKDGRZLQJ/RJ�QRUPDO�VKDGRZLQJ
�� &�&�Y0�Y0�VWDWLVWLF� ������VWDWLVWLF� ������

Location Path loss exponent Sigma (dB)

LOS           2.232    9.0272

OBS          3.8108    8.1661

ALL           3.422  12.4788
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5HVXOWV��$YHUDJH�5HFHLYH�3RZHU5HVXOWV��$YHUDJH�5HFHLYH�3RZHU

❂❂ 7ZR�UD\�PRGHO7ZR�UD\�PRGHO
Location Power Law

Sigma (dB)
Two-Ray
Sigma (dB)

LOS – 2m    9.0272   8.205

LOS – 1m    9.0272 10.9284

OBS    8.1661   9.6151

ALL   12.4788 12.7121
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5HVXOWV��&ORVLQJ�WKH�/LQN5HVXOWV��&ORVLQJ�WKH�/LQN
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5HVXOWV��&RUUHODWLRQ�%HWZHHQ�.5HVXOWV��&RUUHODWLRQ�%HWZHHQ�.
DQG�6KDGRZLQJDQG�6KDGRZLQJ

Location Correlation
Coefficient

LOS -0.88327

OBS -0.6622

ALL -0.84247
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5HVXOWV��3HUFHQW�&RYHUDJH�$UHD5HVXOWV��3HUFHQW�&RYHUDJH�$UHD

❂❂ %(5%(5�YV�YV��3(5��3(5
❂❂ /26��2%6��$//�FRPSDULVRQ/26��2%6��$//�FRPSDULVRQ
❂❂ .�DQG�UHFHLYH�SRZHU�MRLQW�GLVWULEXWLRQ.�DQG�UHFHLYH�SRZHU�MRLQW�GLVWULEXWLRQ

�� 'LVWDQFH�WUDGH�RII'LVWDQFH�WUDGH�RII
�� 3RZHU�WUDGH�RII3RZHU�WUDGH�RII

❂❂ (53�IDPLO\�RI�FXUYHV(53�IDPLO\�RI�FXUYHV



��BER vs PER: Packet size = 424 bitsBER vs PER: Packet size = 424 bits



��LOS, OBS and ALL comparison: BER = 10-5, ERP = 20 dBWLOS, OBS and ALL comparison: BER = 10-5, ERP = 20 dBW



��Distance Trade-off: LOS locations, BER = 10-5, ERP = 20 dBWDistance Trade-off: LOS locations, BER = 10-5, ERP = 20 dBW



��
Power trade-off: LOS locations, BER = 10-5, Cell radius = 500 mPower trade-off: LOS locations, BER = 10-5, Cell radius = 500 m



��ERP family of curves: All Locations, BER = 10-5ERP family of curves: All Locations, BER = 10-5
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&RQFOXVLRQV&RQFOXVLRQV

❂❂ .�LV�ORJ�QRUPDO���DV�SUHGLFWHG.�LV�ORJ�QRUPDO���DV�SUHGLFWHG
❂❂ 3U�LV�ORJ�QRUPDO���DV�H[SHFWHG3U�LV�ORJ�QRUPDO���DV�H[SHFWHG
❂❂ 7ZR�UD\�PRGHO�LV�EHWWHU�IRU�/26��EXW7ZR�UD\�PRGHO�LV�EHWWHU�IRU�/26��EXW
VHQVLWLYHVHQVLWLYH

❂❂ 3(5�EHWWHU�WKDQ�%(5����DV�H[SHFWHG3(5�EHWWHU�WKDQ�%(5����DV�H[SHFWHG
❂❂ .�DQG�3U�FRUUHODWHG���DV�H[SHFWHG.�DQG�3U�FRUUHODWHG���DV�H[SHFWHG
❂❂ 8VH�RI�UHDO�GDWD�EHWWHU�WKDQ�5D\OHLJK8VH�RI�UHDO�GDWD�EHWWHU�WKDQ�5D\OHLJK
DVVXPSWLRQDVVXPSWLRQ


