A MIMO Model for Copper
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Multiple Input Multiple Output
(MIMO) Channel
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MIMO Channel

EFM
Transmitters

Use vector netation torrepresent EEXIE
Y =H[X

Channel matrix depends oni frequency:




Motivation for MIMO model

EFEXT In EEMIS a dominant neIse SeUCe:

EEXT mitigation schemes willfgain
Importance.

Appropriate MIMO model'Is needed 1o
evaluate the performance and cemplexity
of the various schemes.
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Defining the Channel Matrix

Assume all'leeps haveequal lengn:

Compute H_ (f)=H(f)from loje)o) [lglefif
and RLCG parameters.

Start withh EEXT pewer-sum moadel:

G(f) =kege 2 [AIH(F)
Take sguare root to obtain off-diagenal
transfer functions:

H o (f)=+/G(f)
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“Improving” the Off-diagonals

Addi phase ternm exp(j2nfT + jqomn).
Delay [ makes response causall

Phase @, IS picked randemly ketweent O
and 2.

Account for multiple lines: by multiplying
With: N, = (K -D°*/(K=1) =(K =)
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Real FEXT Measurements

FEXT Plots

¢ 500 meter FEXT
(courtesy of John
Cook, BT)
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Proposed Model

H(f)

H.(f)=1 o
. %%Sf\H (f )e!® ™) i +0.3cos
|:| ~ .

kcross S \/kFEXT m D\Ilines IS a ConStant.

Cosine terms provide a close approximation e
the location of the dips and peaksiin

frequency seen on the previous slide.
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Model Parameters

Cine IS Speedi of light onrmeditm:
CAT-5 cresstalk s 10dB weaker:
Telco-quad! cresstalk s 10adBE StreRger:

Category 5 Quad Category 3 Telco Quads
e 4.8%x107* 4.8x10™ 48%x107"

|\llines 1 49_0'2 =0.459 1
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Conclusion

Need MIVIO moedelior Coppelrcalie:

Propesed channel mathix medelfiakinagHnie
account:

FEXT power-sum model.

Random phase for crosstalk:
Effect of multiple lines.

Additional frequency variation.
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