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Blind detection for MIMO

1 Introduction

At GERAN#57, a new study item on Downlink MIMO [1] was agreed. In this paper, blind detection related aspects for MIMO are discussed, including the detection of transmission scheme and detection of modulations. 
2 Methods

For modulation detection

In MIMO, due to possible power imbalance between the layers, sometimes it is beneficial to use different modulations for the layers as shown in [2]. 
One method for modulation detection in MIMO is separate detection, which detects the modulation separately for each layer. E.g. when detecting modulation for the first layer, the received signal is modeled as: 
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are the transmitted symbols in first layer and
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 the corresponding channel. The residuals, 
[image: image4.wmf])

(

~

n

e

, are composed of the received signal corresponding to the second layer, which is not explicitly modeled, and other interference and noise. The signal is modeled in the same way in a MSRD receiver.

With separate detection per layer, the total number of hypothesis to verify for each layer is 4, in total 8 for MS supporting EGPRS2-A MIMO. The computational complexity involved in blind modulation detection in MIMO is therefore similar as that for EGPRS2-B, which involves a total of 7 hypotheses.
For transmission detection

One aspect that is specified in the SI is link and mode adaptation, in which the transmitter can switch between single stream mode and dual stream mode, based on e.g. channel rank estimation by MS. This implies that, for a MS using dual receive antenna, a detection of transmission scheme between single stream transmission and MIMO transmission will be needed.

Given certain evaluation metric, e.g. estimated power imbalance between two layers, the detection problem can be formulated as comparing the metric given  single stream transmission hypothesis with the metric given MIMO hypothesis. It is possible to adjust the threshold to favor one hypothesis at the expense of the other. 
3 Discussions and evaluations

Simulation settings

The simulation settings used in this discussion paper are listed in Table 1. 

Table 1: simulation settings
	 Parameter
	Value

	MCSs
	MCS1-4, DAS-5-12

	Impairments
	Typical Tx/Rx

	Channel correlations
	None

	Channel propagation
	TU3iFH, SCM-A

	Interference/noise
	Sensitivity, ADJ-intf.

	Frequency band
	1800 MHz

	#frames
	5000


False detection of transmission scheme

In this section, the consequence of false detection of transmission scheme is discussed.

Definitions

A false detection of single stream transmission is defined as detecting single stream transmission when MIMO transmission is used.

A false detection of MIMO transmission is defined as detecting MIMO transmission when single stream transmission is used. 

Consequences of false detection
With false detection of single stream transmission, information sent on one of the MIMO layers will not be demodulated and consequently lost.

With false detection of MIMO transmission, the MS will try to demodulate two layers, but one of them actually does not exist. This causes unnecessary computations, and the demodulation of the existing layer might be negatively impacted.

Study of an extreme case 

From a throughput perspective, it is clear that a false detection of single stream transmission has a more severe impact. Therefore, the avoidance of false single stream detection shall be prioritized. 

In an extreme case, a MIMO capable MS can always assume that MIMO transmission is used to completely avoid false detection of single stream transmission. 

This has no negative impact if MIMO transmission is indeed used. The remaining question will be, whether false detection of MIMO transmission has negative impact on single stream performance. This aspect is discussed and evaluated in the following sections.

Impact on modulation detection for single stream transmission

With separate modulation detection, the modulation for the existing layer in a single layer signal will be detected in the same way as if knowing a single layer is transmitted, since the same single layer model is used. Therefore, false detection of MIMO transmission has no impact on modulation detection accuracy for the existing layer, with separate modulation detection. 
Impact on demodulation performance for single stream transmission

In this section, the impact of using a MIMO SIC receiver for demodulating single stream transmission is discussed. 

Figure 1 shows the block diagram of a MIMO SIC receiver, where the demodulation of strong layer can be performed in the same way as in a receiver used for single stream demodulation. It follows that if the existing layer in a single layer signal can be estimated as the strong layer, then the same performance will be achieved with a MIMO SIC receiver comparing with a receiver for single stream demodulation. Thus it is only when the existing layer is not estimated as the strong layer that the demodulation performance might deteriorate. 
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Figure 1: block diagram of MIMO SIC receiver.  

Performance impact summary 

In Table 2 the degradation in DataBLER due to false detection of MIMO transmission is summarized for GMSK and 8PSK modulated MCSs. No degradation in DataBLER has been observed for MCSs with higher order modulations since they operate at higher SINR region. A MIMO SIC receiver is used. 

It can be seen that for most MCSs the degradation due to false detection of MIMO transmission is negligible (within 0.1dB) for all evaluated scenarios. In the toughest scenario, in this case with adjacent interference, the degradation due to false detection of MIMO transmission is within 0.4 dB, and it is mainly for GMSK modulated MCSs.

Table 2: Degradation, due to false detection of MIMO. 
	Codecs
	          Degradation [dB]@ 10% DataBLER 

	
	TU3iFH, Sensitivity
	HT100nFH,

Sensitivity
	TU3iFH,

ADJ Intf.

	MCS-1
	0.3
	0.3
	0.4

	MCS-2
	0.2
	0.3
	0.4

	MCS-3
	0.1
	0.2
	0.2

	MCS-4
	0.0
	0.0
	0.0

	DAS-5
	0.0
	0.1
	0.1

	DAS-6
	0.0
	0.0
	0.0

	DAS-7
	0.0
	0.0
	0.0


Therefore it can be concluded that the single stream throughput will not degrade due to false detection of MIMO transmission. This also implies that a MIMO capable MS can always assume MIMO transmission is used, without experiencing degraded throughput. 

Detection of modulations in MIMO

Based on evaluations in 3.2.3, a MIMO capable MS should either always assume MIMO transmission is used, or should always prioritize to minimize the false detection of single stream transmission. This indicates that if MIMO transmission is used, it will most probably be correctly detected. Therefore, the impact of blind detection on MIMO performance is solely determined by blind modulation detection.  

In this section, separate modulation detection for MIMO is evaluated. 

Simulation results

In Figure 2, the throughput w/wo blind modulation detection is compared, with SCPIR 6dB. The ideal throughput curve is obtained using same method as in [2]. With a power imbalance of 6dB between the layers, the modulation mixes that are used in different SNR regions covers both same modulations and different modulation mixes. It can be seen that separate blind detection performs as well as ideal detection. 

[image: image6.png]Throughput [kbps]

140

120

100

80

60

40

20

SCM-A, MIMO, SCPIR 6dB

Ideal BMD

separate BMD

10 15 20 25 30 35
SNR [dB]

40




Figure 2: Blind modulation detection for MIMO.
4 Conclusions

This paper discusses blind detection related issues in MIMO, including the detection between single stream transmission and MIMO transmission, and detection of modulations in MIMO transmission. Detection methods and the consequence of false detection of transmission scheme are discussed and evaluated. 

It has been shown that a false detection of MIMO has only small impact on single stream transmission performance. The largest degradation observed is within 0.4dB and is only observed at low SINR region where lower order modulated MCSs are used. Further, it is shown that separate modulation detection for MIMO is computationally simple and with accuracy as good as ideal modulation detection.

The evaluation has assumed that MIMO transmission is always assumed by the receiving MS. This simplification will give rise to unnecessary processing requirements at the terminal side. A more optimized detection method that minimizes impact on performance meanwhile minimizes the required processing power at the terminal is left FFS.
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