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First modified subclause
8.1.6 
SAM - Single Antenna MIMO - for VAMOS

8.1.6.1
Concept description

The 
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-QPSK modulated, baseband, received signal 
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 sampled at the symbol rate can be written in terms of an L-tap complex-valued channel 
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 for backward compatibility with legacy GMSK mobiles) and complex-valued noise plus interference 
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Equivalently, after de-rotation by 
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where the prime indicates that the signal and the channel taps have been de-rotated. 

Taking real and imaginary parts in Equation (2), and using the fact that the symbols 
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 are real-valued, we obtain the following pair of equations


[image: image14.wmf].

)

(

)

(

2

2

)

(

2

)

(

),

(

)

(

2

2

)

(

2

)

(

1

0

2

1

0

1

0

2

1

0

å

å

å

å

-

=

-

-

=

-

-

=

-

-

=

-

¢

Á

+

¢

Â

-

+

¢

Á

=

¢

Á

¢

Â

+

¢

Á

-

-

¢

Â

=

¢

Â

L

k

n

k

n

k

L

k

k

n

k

n

L

k

n

k

n

k

L

k

k

n

k

n

w

m

b

h

e

a

h

m

r

m

w

e

b

h

m

a

h

e

r

e

a

a

a

a

 
(3)

Defining


[image: image15.wmf]ú

û

ù

ê

ë

é

¢

Á

¢

Â

=

)

(

)

(

n

n

n

r

m

r

e

r

r

, 
[image: image16.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

¢

Â

-

¢

Á

¢

Á

-

-

¢

Â

=

)

(

2

2

)

(

2

)

(

2

2

)

(

2

2

2

k

k

k

k

k

h

e

h

m

h

m

h

e

H

a

a

a

a

, 
[image: image17.wmf]ú

û

ù

ê

ë

é

¢

Á

¢

Â

=

)

(

)

(

n

n

n

w

m

w

e

w

v

,

we can re-write (3) in matrix form
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(4)

For the sake of concreteness, let us describe a simple example of interference cancellation based on the model (4). It employs Interference Rejection Combining (IRC). Let 
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 be the 2x2 spatial covariance matrix of the noise. First, a Cholesky factorization 
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 is performed. Decorrelation of the 2 branches in (4) is achieved by multiplying both sides of (4) by 
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This simple linear transformation performs interference suppression. Writing 
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where (
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) is a two dimensional white noise and


[image: image28.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

¢

Â

-

¢

Á

¢

Á

-

-

¢

Â

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

=

)

(

2

2

)

(

2

)

(

2

2

)

(

2

0

2

2

22

12

11

22

21

12

11

k

k

k

k

k

k

k

k

def

k

h

e

h

m

h

m

h

e

d

d

d

g

g

g

g

G

a

a

a

a



[image: image29.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

¢

Â

-

¢

Á

¢

Â

-

+

¢

Á

-

-

¢

Á

+

¢

Â

=

)

(

2

2

)

(

2

)

(

2

2

)

(

2

2

)

(

2

)

(

2

2

22

22

2

12

2

11

12

11

k

k

k

k

k

k

h

e

d

h

m

d

h

e

d

h

m

d

h

m

d

h

e

d

a

a

a

a

a

a

.

Note that the matrix taps 
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 of the whitened channel do not exhibit the symmetries of the original channel taps 
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The signal model 
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(7)

is a time dispersive 2x2 MIMO system with additive Gaussian white noise. Optimum detectors are known for these signals. Hence, this type of receiver is appropriately named Single Antenna MIMO (SAM) receiver.

Please note that we do not advocate the simple IRC technique of (5). It is included just to illustrate the main idea. Better performance is obtained if more sophisticated whitening techniques are used. For example, the SAM receiver used for the simulations in Section ‎4 models the noise plus interference 
[image: image33.wmf])
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in (4) as a Vector Auto-Regressive (VAR) process ‎[5].

Note that if there is no interference present then (4) reduces to a model for joint detection, which yields the optimum receiver in sensitivity scenarios. Thus, the signal model (4) provides an accurate representation of 
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-QPSK modulated signals in both interference and sensitivity scenarios. 

8.1.6.1.1 Computational Complexity

The computational complexity of a SAM receiver depends upon subtle implementation details. However, it is possible to make several general observations.

· The number of state transitions required in the trellis in a SAM demodulator with 
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 MLSE taps is 
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.  Thus, if 3 MLSE taps are used, the number of state transitions will be 
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. As a comparison, a typical legacy GMSK demodulator uses 5 MLSE taps and there are 
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transitions in the trellis, and in an 8PSK demodulator with 2 MLSE taps there are 
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transitions in the trellis. 

· Synchronization and estimation (e.g. channel estimation) for SAM are  slightly more complex than in legacy SAIC receivers. 

· Several well known interference suppression algorithms used in legacy DARP Phase I receivers may be re-used in SAM receivers.  

Taking into account the previous observations, a rough estimate of the complexity of SAM can be made:

Complexity SAM with 3 MLSE taps 
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Next modified subclause
8.2.1.3.5 
SAM Receiver for VAMOS

A SAM receiver prototype based upon the signal model (4) described in section 8.1.6 has been developed.  The intention of the present contribution is to provide a proof of concept for SAM. The receiver has not been optimized or tuned. It is only a preliminary version. On the other hand, the reference is an optimized, commercially available, DARP Phase I receiver.
8.2.1.3.5.1 
Simulation assumptions

The wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. The carrier to interference ratio C/I, where C=C1+C2, is used in the plots. In multiple interference scenarios the dominant interferer is denoted I1 and the carrier to dominant interferer C/I1 is plotted. 10000 frames are used for each point in the graphs. 
The simulation assumptions are shown in Table 8-11d below.

Table 8-11d Simulation assumptions
	Parameter
	Value

	Speech codec
	TCH/AFS5.90, 

TCH/AHS5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, No

	Interference
	MTS-1,

MTS-2

	Antenna diversity
	No

	Frequency offset external interferers
	Normal distribution [Hz]

N(50,17)

	Receiver type
	Legacy SAIC (Reference)
The SAIC algorithm used for the receiver utilizes a spatial-temporal Vector Autoregressive (VAR) Model.

	
	SAM

3 MLSE taps,

VAR model,

α is etimated in the receiver.

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -


8.2.1.3.5.2 
Performance plots
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Figure 8-60a - MTS-1, AFS5.90
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Figure 8-60b - MTS-2, AFS 5.90

[image: image66.png]FER

TCHIAHSS.90, MTS-1, TugiFH

—+— Legacy SAIC, SCPIR0dB
—¢ —SAM, SCPIR DdB
—+— Legacy SAIC, SCPIR -4d8
—¢ —SAM, SCPIR -4d8
—+— Legacy SAIC, SCPIR 88
—¢ —5AM, SCPIR -8d8

E3 0
il dB




Figure 8-60c - MTS-1, AHS5.90
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Figure 8-60d - MTS-2, AHS5.90
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Figure 8-60e - Performance of SAM in MTS-1, AHS5.90 for varying SCPIR
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Figure 8-60f - Performance of SAM in MTS-2, AHS5.90 for varying SCPIR
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Figure 8-60g - Performance of SAM in MTS-1, AFS5.90 with QPSK modulated interference
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 Figure 8-60h - Performance of SAM in MTS-2, AFS5.90 with QPSK modulated interference
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 Figure 8-60i - Performance of SAM and SAIC in MTS-1, AHS5.90 with QPSK modulated interference
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 Figure 8-60j - Performance of SAM and SAIC in MTS-2, AHS5.90 with QPSK modulated interference
It can be seen that SAM yields substantial performance gains against a DARP Phase I receiver, in both MTS-1 and MTS-2 interference scenarios, and for SCPIR in the range from 0 down to -20 dB. For example, the performance of SAM with SCPIR = -16 dB is comparable to the performance of legacy SAIC with SCPIR = -8 dB. Thus SAM can cope with much larger power imbalance ratios than legacy SAIC receivers. This is an advantage, especially if legacy non-SAIC mobiles are assigned to the paired sub-channel. It has also been shown that SAM is robust and offers protection against QPSK interference. The degradation compared to GMSK interference has been shown to be less than 0.5 dB for multi-interferer scenarios (MTS-2) while larger degradations are seen when experiencing a single interferer (MTS-1).
The large gains for the weakest subchannel obtained for SCPIR of the order of -8 dB or lower are noteworthy. Advanced VAMOS receivers, and in particular SAM, may be the key to obtain significant capacity increases when non-SAIC legacy mobiles are allowed in one of the VAMOS sub-channels. System simulations with SAM mobiles are for further study.
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