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Initial MIMO simulations for EGPRS and EGPRS2-A
1 Introduction

In [1] a concept for Multiple Input Multiple Output (MIMO) applicable to GSM packet switched (PS) services is proposed, and a potential work item is asked to be taken in consideration. 

In [2] some topics are listed that need further study according to the sourcing companies, and this paper shows simulation results on a few of the topics.
2 Simulation assumptions
The simulation assumptions are shown in Table 1.
	Parameter
	Value

	MCS set
	EGPRS (MCS-5-9)

EGPRS2-A (DAS-5-12)
Note that MCS-1-4 is excluded from simulations of both EGPRS and EGPRS2

	Blind Detection
	Off

	Channel propagation
	TU50nFH

	Interference/Noise
	AWGN

	Frequency band
	900 MHz

	Transmission modes ((#tx x #rx)
	1x1 (SISO)

1x2 (SIMO), denoted MSRD
2x2 (MIMO)

	Link/Transmission mode Adaptation
	Ideal

	Tx antenna correlation
	0.0

	Rx antenna correlation
	0.0

0.7

	Rx antenna gain imbalance
	0 dB

	Rx antenna correlation model
	See Annex N.2. in [4], and figure 1

	Modulation backoff
	Off

	Frames
	10000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [degrees]

  - DC offset [dB]

  - PA

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

Yes/ -

-/25           


Table 1: Simulation settings
2.1 Rx antenna correlation model
To model the spatial correlation in both MSRD and MIMO transmissions, the model as described in Annex  N.2. of [4] has been used, also depicted in Figure 1. 


[image: image1]
Figure 1. Rx antenna correlation model from N.2. in [4].

For the 2x2 MIMO system simulated, the signals X1 and X2 in the model are defined as,
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where all multipath fading channels (
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 represent the two transmitted data layers.
It can be noted that more sophisticated channel models for MIMO are available, as also mentioned in [1] and [2], where for example correlation between the transmitter branches can also be simulated.
3 Simulation Results

The sub-sections below contain simulation results related to topics addressed in [2]. 
3.1 Extending MIMO to EGPRS2 (Section 2.1.1 and 2.3.1 in [2])
Figure 2 shows a comparison between EGPRS MIMO as suggested in [2] compared with EGPRS2-A using mobile station receive diversity, MSRD, which is already supported by the GERAN specifications. 
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Figure 2. MIMO EGPRS2-A vs MSRD EGPRS.
It can be seen that EGPRS2-A reaches around 100 kbps while EGPRS MIMO reaches around 110 kbps. The gains with MIMO start from 21 dB, for correlation 0.0, while for correlation 0.7 this occurs around 30 dB.
Figure 3 shows the performance when applying MIMO also for EGPRS2-A. As noted in [2], it can be seen that the MS antenna correlation is an important parameter to consider. A link degradation of the throughput envelope of about 3 dB can be seen with antenna correlation 0.7, compared to no correlation. It can be further noted that EGPRS2-A MIMO outperforms EGPRS MIMO, or achieves same performance, in all the simulated regions, given the same MS antenna correlation.
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Figure 3. MIMO EGPRS and EGPRS2-A. Different Rx antenna correlation.
3.2 Adaptive transmission (Section 2.2.1 in [2])
As mentioned in [2], the flexibility to adapt between transmission modes is important to exploit the full potential of MIMO. Figure 4 shows a performance comparison between MSRD and MIMO for EGPRS with antenna correlation as an added dimension. The same comparison for EGPRS2-A is done in Figure 5.
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Figure 4. EGPRS, MSRD + MIMO. Different Rx antenna correlation.
In figure 4 we can see that for antenna correlation 0.7, EGPRS MIMO has better performance than MSRD for the SNR-region above 23 dB and for antenna correlation 0, this region starts at 20 dB.
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Figure 5. EGPRS2-A, MSRD + MIMO. Different Rx antenna correlation.
In figure 5 we can see that for antenna correlation 0.7, EGPRS2-A MIMO has better performance than MSRD for the SNR-region above 25 dB and for antenna correlation 0, this region starts at 22 dB.

3.3 Impact of TSC cross-correlation (Section 2.4.1 in [2])
Figure 6 shows EGPRS MIMO performance for different TSC pairs. 
Only (8PSK, 8PSK) TSC combinations are simulated (i.e. the same modulation in two layers). Three TSC combinations are investigated. One TSC combination corresponds to a VAMOS pair. The two other, non-VAMOS, TSC pairs are selected to model the effect of mixing modulations on different layers assuming VAMOS TSC pairing. TSC-x-corr worst pair has been chosen to have similar cross-correlation as the worst of the eight (GMSKset 1,X , 8PSKSet 2,X) TSC combinations, and TSC-x-corr average pair reflecting an average cross correlation out of the eight pairs.
It can be seen that the cross-correlation property of training sequences can influence the results quite significantly, so care needs to be taken to make sure that the TSCs used for mixing modulation maintain good cross-correlation properties.
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Figure 6. EGPRS, MIMO, no Rx antenna correlation. Different TSC cross corelation.
4 Conclusion

This paper shows initial simulation results that support part of the topics addressed in [2]:

· EGPRS2-A MIMO should be studied further and not be excluded from a MIMO study.

· Antenna correlation is an important parameter for MIMO evaluation.
· Adaptation between transmission modes gives performance gains, but the adaptation threshold will vary depending on factors, such as correlation between the MIMO paths.
· Care need to be taken for training sequence pairing and/or design.
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