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Motivation

@

Fading is fast in comparison with block duration

@

&

Time diversity exists
¢ Channel varies continuously

© Channel estimation is difficult
© Present estimation is not good for the future symbols

® Differential techniques should be appreciated




Conventional Techniques

Using differential modulation in transmitter
Xk = Sik) Xk-1

where S; € generation constellation and X; € transmission
constellation

re—1 =V Es X 1hp 1 +viy
rr, =/ Es Xphy 4+ vy

ry = v/ EsSy)Xg—1hg + vi

Channel is modeled by first order autoregressive process (it is
assumed constant for an entire transmission matrix) :

hy =ahg 1 +v1—o?ng and a = E{hphy 1} = Jo@2nfpTB)




Analytical PEP

r, = Ozrkwlsg(k) -+ {V;L — (XS;(;C)V;{;W; + Es(l — QQ)SZ(k)kaink}

- If SNR — o0, v, — 0 and vi_1 — 0 but VE,(1 — o*)S; () X 1np
does not vanish =- error floor

- There is analytical calculation for PEP (S; unitary i.e. S?-,Sf = Iy) [1]-
The following limiting cases can result:

@ Case 1: Quasi static channel o = 1 (same as Chernoff bound)

® Case 2: High SNR Z; — oo (error floor)

o ko

e Case 3: Where Eff,}E” = (3, ;1 (like orthogonal designs)




Quasi static fading channel [1]

Here o = 1, il means that fpTz =0

1
1
E?
=1 1 + 402(2E 4o 2))\

l\)li—*
=

P(S;, —S,)

where L is the number of distinct nonzero eigenvalues \; of Ef{,E
with multiplicity 1y and E; ; = S; — S;
In the paper it is generalized to N receive Antennas.




Design Criterion [2]

® The performance depends on the properties of generator
constellation. It is measured by "diversity product":

(= min |det(S; — Sg/)il/M

1
2 0<L,I/<L

® 0 < (¢ < 1andthe closerto 1, the better the error performance
® Diagonal design is proposed

© Simple coding, simple decoding
© Gives full diverse code
© No multiplexing gain




PEP for high SNR (floor effect) [1]

P(S; — 8§;) =

04 )\l - 26] 1WO¢'2 !
~ {1 - : ( (
Z 4(1 — a2) _}_&2)\126}72 4(1 — a2?) 4+ a2\

q=0 q

where L is the number of distinct nonzero eigenvalues \; of E/*.E, ;
with multiplicity i; and E; ; = S; — S;

Note: The code is unitary S/S; = I and the question is how to design
the code to minimize the PEP.




Special case E'E; ; = 3, ;1 (including orthogo-

nal designs) [1]

P(S; — §;) =

\2+6i; <= l 44270,

- GK2E§
' = (B, +02)[E.(1 - a?) + 02] + 202E, 02

DO |

ks ared Oifforeriisl deteciion - o, BiYT7




Quasi static fading channel [1]
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Time varying fading channel with N=2 [1]
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Error floor in time varying fading channel [1]
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Conclusion

® The scheme is Differential STM, Code matrices are unitary,
h; ~ h;_, detection ML

® Exact PEP is analytically given

® To reduce PEP

© Work on the code and generator constellation including non
orthogonal design

Find another method to generate the transmission
constellation
© Work on the receiver side
® Linear Prediction to estimate h; from several previous h;
foril=k—1,k—2,....k—0p
¢ Multiple symbol detection

|




Linear Prediction: Motivation

If the channel varies, there is an error floor for standard differential

detection.
The Channel can be better estimated using more than one previous

samples:
h;, = athp_1 + aghp_o +ny

Where the variance of the noise is less than before and:
I, = 0 re—19% + aorp_oSLSi_1 + notse

In this equation, S;_; can be replaced by our estimation in the last

period: Si_1
=- Error propagation effect




Linear Prediction of order |/ (1)

If we consider an estimator of order V we have:

14
h, = Z o h._, + noise
v=1
Vv v—1
r, = Sy Z 167795 o Y H Si—, | +noise
S =1

ML detection gives:

CD>

rg min ||rp — Si 2 o r. H 5
SkEV — L - -

=1 ;JJW




Linear Prediction of order |/ (2)

Linear Prediction Decision Feedback Detection (LP-DFD) law:

|4 v—1
Sk == arg max %e t?ﬁ Skrf EI @fvrk_v H Skj_'u,
SpeV ,
v=1 p=1

Why does it work? Because we could write

e = a9 X 1he 1 FaodSe X 1he o+ -+ a5 X _1hi_, + noise

1 s L 5

+05’USI<:SZC—1 - Slc—v%—ikavhk—@ + noise

i, L, N B s | B L




Linear Prediction of order |/ (3)

So the key relation that makes LP DFD work is that we can write:
Xp—1hp_, = Sk——1Sk:-'iZ~~~Skz—v+1Xk:—vhk:—'U

® The generator constellation is not necessarily diagonal.

® Generalization to fast fading channel where fading coefficients
change for each channel use.

Hi= | bolkl mifk] - hyafd] |

X, =diag | Xolk] Xifk -~ Xar_alMl |

where X [k] is the i*" column of X




Generalization to fast fading

We can write now:
INxM = HnsamzXaexy + VNxM

Note that X = S;(;) X1 does not necessarily guarantee
X, = Sy Xr—1 Where channel is varying continuously

So the previous recursive key equation cannot be used.
Proposition: The above equation is valid if and only if the generator
constellation is diagonal [3].

= diagonal constellation can be used also for continuously varying
channel.




LP performance for non diagonal constellation [3]
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Conclusion

¢ LP-DFD does not work for non diagonal generator constellation.

® Note that we can use a unitary initial matrix to distribute power
evenly to Tx antennas and still use diagonal constellation.

® Another solution is to use Multiple Symbol Differential Detector
based on Decision Feed-back Detector MS-DFD




Multiple Symbol Differential Detection - Motivation

® Each sent (received) symbol depends also on previous symbols.

® |n order to take into account this correlation, sequence estimation
can be justified.

® We look at V + 1 DSTM symbols in the receiver and we try to find
with ML algorithm the most likely sequence of V' matrices from the
generator constellation.




Multiple Symbol Differential Detection - Basis [4]

Channel is varying continuously.

With proper definition of matrices, we can write the following equation
for a block of V' + 1 DST symbols:

Y [k] = H[K]S[k] + NK]

where

H[k] contains V + 1 times M x NM MIMO channel taps,
S[k] contains V + 1 transmission matrices each of size M x M,
Y [k] contains the received signals by N receive antennas during V + 1

DST duration.




Decision rule

ML decoding maximizes the following probability function by testing the
different matrices belonging to the transmit constellation.
~ 1

IVRISID = o (VRS Y )

where R is the autocorrelation matrix for Y[k].

® Papers are published to simplify this decision rule

® |n the case of diagonal generator constellation, significant
simplifications are possible [4]




Further simplifications

® One way to simplify is to consider a sliding window. Each time just
the last symbol is to be detected, the previous ones are the
previous decision.

® For diagonal generator constellations, this is equal to LP-DFD [3]




Conclusion

@

@

@

Conventional differential detector has 3 dB of degradation with
respect to coherent detection

Much more degradation is expected in continuous (fast) fading
including error floor

All presented methods try to approach the coherent receiver in a
quasi static environment

At the best, coherent detection performance in quasi static
channel is hoped to be obtained.

Time diversity is not exploited.

The question is: how can we exploit the time diversity in fast
fading.




How the generator constellation is constructed (1)

y

¢

r

L

L

Generator constellation is VV where S, € V
There are L = 27 matrices in this set where R denotes the rate.

These possibilities permit us to relate N R bits of information to
each matrix. So the rate is R bpcu.

In diagonal constellation case all these matrices are diagonal and
easily constructed:

v {SQ,, Sl,, SLwl}

%% %%
7

SZ _ diag{e,}Q'ﬁ"zL()l/L? 6;}27?@&11/[,7 egQWfLI,J\VrT_lz/_[J}

The values of u; (integers between 0 and L) should be optimized
(see [5] for a table of optimized values)

Note that the transmission constellation is not necessarily
diagonal.




Mapping: relating information bits to matrix con-

stellation

The goal is to reduce BER, so for each matrix we should look for the
“nearest” matrices and then using gray like mapping.
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