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SAM - Single Antenna MIMO - for VAMOS
1 Introduction
The Work Item Description ‎[1] envisages two different support levels for VAMOS aware mobiles. The first level refers to mobile architectures based upon existing DARP Phase I platforms and algorithms, while the second level envisions more advanced receiver architectures. 

In this contribution a new technique for advanced VAMOS MS receivers is presented. It is dubbed SAM (Single Antenna MIMO) receiver. Simulations show that SAM yields significant performance gains when compared to a commercially available DARP Phase I MS receiver. The largest gains are obtained for the weaker user when having large Sub-Channel Power Imbalance Ratios (SCPIR). Thus, advanced receiver architectures, and in particular SAM, may prove essential in order to obtain substantial capacity gains if legacy GMSK terminals not supporting DARP phase I are allowed in one of the VAMOS sub-channels. However, system simulations with SAM and legacy non-DARP GMSK MS’s are left for further study.
2 Concept Description

The use of the Adaptive Symbol Constellation is foreseen for VAMOS ‎[1]. The type of modulation used is 
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-QPSK ‎[2]. 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
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Defining
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we can re-write (3) in matrix form
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This is a 2x2 MIMO real-valued system, with spatially and temporally correlated noise 
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. In order to obtain optimum performance both sequences of symbols 
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 must be simultaneously demodulated. Known interference suppression and demodulation algorithms can now be applied to (4). For example, it is straightforward to extend the spatio-temporal interference rejection algorithms in ‎[3] to the MIMO model (4). 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. 
Observe that (4) represents a single antenna MIMO system. Hence, a receiver whose demodulator is based on the model (4) is appropriately named Single Antenna MIMO (SAM) receiver.
3 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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4

.  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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4 Simulation Results
A SAM receiver prototype based upon the signal model (4) 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.
4.1 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 1 below.
Table 1 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 assumed to be known.

	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/   -


4.2 Performance plots
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Figure 1 MTS-1, AFS5.90
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Figure 2 MTS-2, AFS 5.90
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Figure 3 MTS-1, AHS5.90
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Figure 4 MTS-2, AHS5.90
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Figure 5 Performance of SAM in MTS-1, AHS5.90 for varying SCPIR
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Figure 6 Performance of SAM in MTS-2, AHS5.90 for varying SCPIR
5 Conclusions
A new signal model that takes advantage of the particular structure of 
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-QPSK modulated signals has been introduced. It allows the development of SAM (Single Antenna MIMO) receiver algorithms that effectively suppress both external interference and the paired sub-channel. A coarse estimate of the computational complexity of SAM (with 3 MLSE taps) shows that it is about 2.5 times larger than the complexity of legacy GMSK SAIC.
It has been shown 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, specially if legacy non-SAIC mobiles are assigned to the paired sub-channel.
In ‎[4] another advanced VAMOS MS receiver based upon successive interference cancellation is described. The simulation results presented in Section ‎4, together with the link performance results shown in ‎[4] highlight the potential of advanced VAMOS receiver architectures. 
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.
Finally, it is proposed to include the content of Section ‎2 (resp. Section ‎4) into Section 8.1 (resp. Section 8.2.1.3) of the TR ‎[5] 
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