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MIMO Channel Model with Variable Spatial Correlation
1. Introduction

At GERAN#57, a new study item on Downlink MIMO [1] was agreed due to the potential of achieving significantly higher throughput compared with current EGPRS and EGPRS2-A, which was demonstrated by several papers in earlier meetings. In earlier papers, e.g.  [2], simulation results for spatial multiplexing mode are given using a modified version of channel models, known as SCM-A, SCM-B, SCM-C and SCM-D. The SCM profiles are defined for the four scenarios in [3] for performing link simulations, taking into consideration specific antenna configurations for the Node-B and UE as well as relevant aspects of the channel properties. 
The above mentioned SCM profiles are modified for the narrow band GSM system in [2] and used in the GSM DL MIMO study for analysing the impact of mixed modulation, blind modulation detection and for comparing the performance at a fixed channel correlation. In order to model the 2x2 MIMO transmission system, the modified SCM profiles depicted in [2] assume a pair of cross-polarised (+45/-45 degrees) antennas at the BTS transmitter and a pair of double-polarised (V and H polarised) antennas at the MS receiver. Therefore, in the final spatial co-variance matrix computation, spatial correlation matrices are ignored and only polarisation covariance matrix is used. 
Although the modified SCM models are sufficient in most scenarios, there is no flexibility to change the amount of correlation between the propagation paths. The performance of a MIMO receiver largely depends on the correlation between the multiple propagation paths between the transmitter and the receiver. Moreover, MS possibly needs to first detect the channel rank and then indicate to the network if MIMO with spatial multiplexing is the better mode of transmission. Therefore, to evaluate such detection performance, it is essential to use a channel model with variable correlation.

This paper takes a correlation model from [4] and evaluates its suitability related to usage as channel model with variable correlation for the DL MIMO study.
2. VARIABLE CORRELATION SPATIAL CHANNEL MODEL

MIMO channel correlation matrices for 3G and LTE systems are defined in annex B.2.3.1 of [4] for 1x2, 2x2, 4x2 and 4x4 antenna configurations. The overall spatial correlation matrix, Rspat is expressed as the Kronecker product of the correlation matrices for the eNodeB (ReNB) and the UE (RUE), i.e.
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For the 2x2 MIMO system in this study we assume 2 spatially separated antennas at the transmitter and 2 spatially separated antennas at the receiver. For this configuration, ReNB and RUE are defined using correlation parameters α and β as:
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Using equation (1) and (2), it is possible to compute the overall spatial correlation matrix for the 2x2 MIMO system for any value of α and β between 0 and 1. In section B.2.3.2 of [4], three sets of α and β are specified for low, medium and high correlation.

Table 1

 REF  Table \f  \* MERGEFORMAT  Channel Correlation Parameters.
	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
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	0
	0
	0.3 
	0.9 
	0.9 
	0.9 


Annex B.2.3A of [4] also defines a spatial correlation matrix for cross polarised antennas according to 
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where Г is the polarization correlation matrix and P is the permutation matrix whose elements depend on antenna element labelling system. However, Г is defined for at least one pair of cross polarised antennas at eNodeB and one pair of cross polarised antennas at the UE. So, for a 2x2 MIMO system, the spatial correlation matrices ReNB and RUE become redundant in equation (3) and the Rspat matrix turns into the polarisation covariance matrix of the SCM profiles used in earlier simulations in [2].
Therefore, in this paper, simulation results for the 2x2 MIMO system are shown only for two spatially separated antennas at the transmitter and two spatially separated antennas at the receiver with three sets of α and β as shown in Table 1.

The correlation in the simulation is realised in the same way as it is described in the annex of [2]. Instead of the principle square root of polarisation covariance matrix, the principle square root of Rspat is applied to the independent Rayleigh faded waveforms to achieve the desired correlation between the paths. The Matlab function sqrtm() is used for the principle square root operation.
In the single stream diversity mode, instead of using the Kronecker product of the spatial correlation matrices ReNB and RUE, we have used only RUE as the spatial correlation matrix with the value of β taken from Table 1 in low and high correlation settings.

3. Simulation settings
Table 2

 REF  Table \f  \* MERGEFORMAT  Simulation Parameters.
	Parameter
	Value

	Frequency bands
	1800 MHz

	Propagation conditions
	SCM-A

	Mobile speed
	3 km/hr

	Frequency hopping
	Ideal

	RF impairments
	Typical Tx/Rx, same as [2] and [5]

	Interference
	None (sensitivity simulation only)

	Channel Correlation
	2x2 Polarised antenna: SCM-A specific.
2x2 Spatially separated antenna: α and β as from Table 1 but tap-delay profile is taken from SCM-A model.



	SCPIR [dB]
	0


	Back-off [dB]

	Theoretical PAR based. Taken from           TR 45.860 (see [8.10]): 3.2dB for 8PSK, 4.7dB for 16-QAM and 5.1dB for 32-QAM
Additional 3dB reduction was made in the transmit power, to compare with single antenna transmission power.

	Modulation
	Same modulation used in both streams

	MCSs
	8-PSK (DAS-5…DAS-7)

16-QAM (DAS-8…DAS-9)

32-QAM (DAS-10…DAS-12)

	Receiver
	Same as the one used in [5]

	Blind modulation detection
	Enabled

	Blind MIMO mode detection
	Ideal

	MCS link adaptation
	Ideal

	Rank adaptation
	Ideal

	Training sequence codes
	1st Stream: 5 from TSC Set 1 for VAMOS 

2nd Stream: 5 from TSC Set 2 for VAMOS


4. simulation results

Figure 1 shows the impact of low, medium and high channel correlation on EGPRS2-A MIMO envelope throughput in dual stream spatial multiplexing mode as well as in single stream diversity mode. Over a wide Es/No range, the performance at low correlation is about 5 to 6 dB better than at high correlation. Thus it is evident that the impact of channel correlation on the envelope throughput of MIMO spatial multiplexing mode is significant. Moreover, the Es/No at which the envelope throughput of dual stream spatial multiplexing mode exceeds the envelope throughput of single stream diversity mode varies from 13dB at low correlation to 27dB at medium correlation and to 33dB at high correlation. 
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Figure 1: Impact of different channel correlations on the MIMO throughput (2x2 MIMO with spatial multiplexing and 1x2 MSRD).
Figure 2 shows the EGPRS2-A MIMO envelope throughput in dual stream spatial multiplexing mode in the three levels of correlations, as well as in case of SCM-A correlations described in [2]. The figure shows that the impact of SCM-A correlation on a 2x2 MIMO system with cross-polarised antennas at the BTS and MS is almost the same as that of medium level of spatial correlation on a 2x2 MIMO system assuming spatially separated antennas.
[image: image6.png]Throughput (kbps)

180

160

140

120

100

80

60

40

20

———EGPRS2-A MIMO Low Corr
——EGPRS2-A MIMO Medium Corr
—— EGPRS2-A MIMO High Corr
——EGPRS2-A MIMO SCMA Corr

A\

/

=

4 8 12

16

20

24 28
Es/No (dB)

32

36

40

44

48




Figure 2: MIMO throughput at different correlations compared to SCM-A correlation.
5. conclusion

Performance of the MIMO envelope throughput using a MIMO channel model with variable spatial correlation is shown in this paper. This model is found to be suitable for analysing the performance of channel rank estimation techniques or any other aspects that require variable channel correlation settings.
REFERENCEs

[1] GP-130288, “New Study Item on Downlink MIMO”, source Nokia Siemens Networks, NOKIA Corporation, Com-Research GmbH, TELECOM ITALIA S.p.A., GERAN#57.
[2] GP-121248, “MIMO concept for EGPRS (Revision of GP-121019)”, source Nokia Siemens Networks, GERAN#56.

[3] 3GPP TR 25.814 V7.1.0 Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA) (Release 7).

[4] 3GPP TS 36.101 V11.0.0 Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception (Release 11).
[5] GP-130454, “Impact of Mixed Modulation on Downlink MIMO”, source Nokia Siemens Networks, GERAN#58.




























































































































	GP-130686
	
	1 / 5


3GPP TSG GERAN#59
GP-130686
2 / 5

_1249392621.unknown

_1366731031.unknown

_1249392605.unknown

