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MIMO Channel Modeling
1 Introduction

This paper discusses TX and RX correlation values to be used in variable correlation MIMO channel model as proposed in [1]. 
2 Background on MIMO channel model
In [1], a variable correlation channel model, adopted from annex B.2.3.1 of [2]  is proposed for the link level evaluation in MIMO study. The model assumes two linearly polarized, spatially separated antennas at both the transmitter and the receiver. Further, the polarization of the TX and RX antennas is perfectly matched. By defining the transmitter correlation α and receiver correlation β, the overall spatial channel covariance matrix R for a 2x2 MIMO system can be calculated as: 
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In Table 1 the used correlation sets in [2] for modeling different channel correlation scenarios are listed. 

Table 1 Channel correlation values from [2].
	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	0
	0
	0.3 
	0.9 
	0.9 
	0.9 


It is the view of the sourcing company that this model was originally introduced in 3GPP RAN WG4 stressing the receiver implementation rather than reflecting realistic correlation values.. E.g. in the case where beam-forming is used, the receiver should still be able to recommend a suitable precoder in the CSI feedback to the base station. 
For the DL MIMO study for EGPRS/EGPRS2A, this is however not the case. One main intention of adopting the variable correlation channel model is to provide a way for better understanding the impact of correlation on MIMO performance and what could be expected from MIMO given realistic correlation scenarios (when linearly polarized antennas are used). Hence, the correlation values shall be representative and provide a better picture of realistic scenarios. 
In this paper, simulations are performed to understand how MIMO performs given different TX/RX correlation conditions. Based on the results, range of correlation values are proposed to be used in the MIMO study. 
3  Evaluations and discussions
3.1 Simulation assumptions
The simulation settings used in the discussion paper are listed in Table 2. 

Table 2: simulation settings
	 Parameter
	Value

	MCSs
	DAS-5-12

	TX/RX Impairments
	As specified in [3].

	Channel correlations
	α: 0, 0.3, 0.9

β: [0.0, 0.9], with a step of 0.1

	Channel correlation model
	Variable correlation model as proposed in [3]

	Channel propagation
	SCM-A, TU, 
3km/h, ideal frequency hopping

	Interference/noise
	Sensitivity

	Frequency band
	900MHz, 1800 MHz

	#frames
	5000

	Backoff
	As specified in [3]

	SCPIR
	0 dB


3.2 Simulation results and discussions
3.2.1 MIMO and MSRD performance with different correlations
One principle for choosing the correlation values for MIMO evaluation is to select the correlation values that are sufficient to cover the MIMO performance under various channel correlation conditions. As a starting point, the impact of RX correlation on MIMO performance is evaluated, given a fixed TX correlation. The throughput of MIMO and MSRD is shown in Figure 1 and Figure 2.
It can be seen that, given a fixed TX correlation (in this case, 0.0 / 0.3 / 0.9 have been used):

i. The RX correlations can be grouped into five groups, depending on how large they differ in the resulting MIMO performance:

· [0, 0.4] (performance differs within 1dB in general)
· [0.5, 0.6] (performance differs within 1dB in general)

· 0.7
· 0.8
· 0.9

ii. The MIMO performance is very dependent on the correlation, while MSRD performance is more robust towards correlation. More specifically,
· An increase in either the TX or RX correlation results in MIMO throughput degradation. The additional degradation is larger at higher correlations. 
· The MIMO performance is much degraded if the correlation is high at either the transmitter or receiver. With a RX correlation of 0.9, MIMO almost never outperforms MSRD (except at very high SNR). Similar observation holds with a TX correlation of 0.9.
iii. TX and RX correlation has similar impact on the performance (as shown in Figure 2). It is therefore expected that by fixing RX correlation and varying TX correlation, similar performance and behavior (as summarized in bullet i) and ii) will be observed. 
The results from Figure 1 also indicate that medium and high correlation cases given in Table 1 are not suitable for MIMO evaluation, due to that:

1)     The RX correlation 0.9 suggested for the medium correlation case (with the original intention to provoke receiver implementation) is too high to be considered as a medium case. Further, this will result in that MIMO will not be used (unless at very high SNR) if the mode adaptation can be done properly in which case single stream transmission will be used and the MSRD performance is more suitable to be considered.

2)     The TX correlation 0.9 suggested for the high correlation case will result in that MIMO will never be used, given that the mode adaptation can be done properly in which case single stream transmission will be used and the MSRD performance is more suitable to be considered.  
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(a). Fixed TX correlation (at 0.0), varying RX correlation.
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(b). Fixed TX correlation (at 0.3), varying RX correlation.
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(c). Fixed TX correlation (at 0.9), varying RX correlation.
Figure 1: MIMO and MSRD performance, with different TX and RX correlations, TU3iFH, 900MHz.
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Figure 2: Impact of RX and TX correlation on MIMO performance.

3.2.2 MIMO performance using different channel models

In Figure 3, MIMO performance using different channel models are shown. The SCM-A power delay profile is used in all the simulated cases. The only difference between the cases is the channel covariance matrices applied to the taps, which are taken from the SCM-A definition in [4] and the low/medium/high correlation sets in Table 1 respectively. It can be seen that SCM-A (which corresponds to use cross-polarized antennas at both the base station and the MS) results in similar performance as the low correlation case (which corresponds to use uncorrelated, linearly polarized and spatially separated TX and RX antennas). Further it can be noticed that using medium correlation set as proposed in Table 1 already results in large performance degradation comparing with the low correlation case. 
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Figure 3: MIMO throughput with different correlations compared to SCM-A correlations.
3.3 Proposed correlations
Based on the observations from 3.2.1 and 3.2.2, it is suggest to limit the TX and RX correlations to at most 0.7 to cover MIMO performance that would be experienced in relevant SNR regions given that a proper mode adaptation mechanism is in place.
3.4 Further discussions
One important aspect that is not covered by this discussion paper is how to model the channel when evaluating the mode adaptation mechanism. As shown in Figure 1, TX and RX correlation has large impact on the MIMO performance, as well as the best transmission scheme to use under a certain SINR. To evaluate how mode adaptation should be done and how well it performs, a wider range of TX and RX correlations should be used (e.g. both TX and RX correlation covers a range of [0, 1.0)). Further, some ways of varying the TX and RX correlation in time is needed. This aspect is left FFS. 
4 Conclusions

In this paper, MIMO channel modeling, especially the range of TX and RX correlations to be used in the variable correlation channel model for MIMO evaluation are evaluated and discussed. A range of TX and RX correlations for modeling the MIMO channel given linearly polarized spatially separated TX and RX antennas is proposed for obtaining relevant MIMO performance in various correlation conditions. 
Further, it is proposed to expand the channel modeling to capture wider range of TX/RX correlations. The time-varying aspect of the correlation should also be included in the mode adaptation evaluation.
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