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On SCPIR for MIMO

1 Introduction

At GERAN#57, a new study item on Downlink MIMO [1] was agreed. In this paper, the necessity of evaluating MIMO with power imbalance between the layers (SCPIR) is discussed and corresponding MIMO performance is evaluated. Related aspects to be considered in the SI are proposed and discussed.

2 Background
In MIMO SI, it is stated that:

“The performance of MIMO shall be evaluated over the SINR range relevant in GERAN networks.” 

There have been however no explicit assumptions made regarding the relative strength between the MIMO layers, which is, in the sourcing companies’ view an important factor to consider for the following reasons:

1) To keep the option of transmitting with dual stream when multiplexing a MIMO capable MS with legacy MS, a power imbalance between the two layers may be needed [2].

2) Assuming a multi-carrier power amplifier type of implementation at the base station, different power levels in the two layers might have to be used due to the power budget.

3) Depending on the antenna configurations, the power of the MIMO layers at the receiver could be imbalanced, even with equal transmission power. 

3 Evaluations and results

Simulation settings

The simulation settings are listed in Table 1.

Table 1: Simulation settings.
	Parameter
	Value

	MCSs
	DAS-5-12

	Impairments
	Typical Tx/Rx

	Channel correlations
	None

	Channel propagation
	SCM-A

	Interference/noise
	Sensitivity

	Frequency band
	1800 MHz

	#frames
	5000

	SCPIR [dB]: 
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	0, 2, 4, 6, 8, 10

	Backoff
	No


At certain SCPIR it will be beneficial to mix modulations in the layers, as will be shown in later sections. When modulations are mixed, one important aspect to consider is the cross-correlation property of the training sequences. In the SI, it is proposed to use training sequences introduced for VAMOS as working assumption. The VAMOS training sequence pairs are however not designed for good cross-modulation-correlation. 

In order to have a good understanding of the potential of MIMO with different SCPIR, the training sequence pairs used in the simulation are chosen separately for each modulation mix to be the one that has the lowest cross-correlation among 8 VAMOS TSC pairs for that specific modulation mix. Better performance might be achieved with TSC pairs optimized for cross-modulation-correlation or choosing from the full set of already defined TSC (not limited to paired TSCs). The cross-correlation is measured as the maximum channel estimation error caused by the interfering training sequence when employing a least squares estimator, and is calculated in a similar way as described in [3]. For MIMO, this is the averaged maximum channel estimation error over two layers. 

The VAMOS training sequence pair used for each modulation mix is listed in Table 2. 

Table 2: TSC pairs.

	        L2

L1    
	GMSK
	8PSK
	16QAM
	32QAM

	GMSK
	0
	0
	6
	5

	8PSK
	0
	0
	0
	0

	16QAM
	6
	0
	0
	6

	32QAM
	5
	0
	6
	0


MIMO vs. MSRD with different SCPIR

In this section, the potential gain of MIMO with different SCPIR over MSRD is evaluated. 

Evaluation method

In Figure 1, the performance of MIMO with different SCPIR is shown and compared with MSRD performance. The ideal link throughput curve for MIMO is obtained by using the best MCS mix for each evaluated SNR region. 

It can be seen that with SCPIR 10dB MIMO still outperforms MSRD at SNR > 25dB. As shown in [2], with this SCPIR the USF performance of legacy MS could be guaranteed. It can also be noticed that MIMO performance in general degrades with increased |SCPIR|, the difference however is within 3dB in most SNR regions. 
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Figure 1: MIMO vs. MSRD.

Separate LQC

In Figure 2, the benefit of allowing modulation mix in MIMO is illustrated. Three flexibility levels in link quality control (LQC) are evaluated:

Level 1: No MCS mix. Only the same MCS is allowed in the two streams, e.g. DAS-10 + DAS-10

Level 2: Allow mixing of MCSs with same modulation, e.g. DAS-11 + DAS-10.

Level 3: Allow mixing of modulations, e.g. DAS-10 + DAS-8.

It can be seen that the throughput increases as LQC for MIMO layers become less coupled, especially at high |SCPIR|. 
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Figure 2: Impact of link adaptation on MIMO performance.

Mixing modulations

In this section, the benefit of allowing modulation mix is evaluated.
Evaluation method and results
For a MIMO capable MS, the transmission scheme could be:

A) MIMO, layer 1 uses 
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B) MSRD, uses 
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In principle, for scheme A, (
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) can be any of the 16 combinations based on set{GMSK, 8PSK, 16QAM, 32QAM}. However, from throughput maximization point of view, a modulation mix (
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) is beneficial only if it satisfies the following two criteria for a certain SINR and SCPIR:

Criterion 1:  
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Criterion 2:
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Figure 3 shows examples of achieved MIMO throughput with several possible modulation mixes and compares with MSRD performance. In a), it can be seen that 32QAM+GMSK (green) and 32QAM+8PSK (magenta) always fail criterion 2, and in b), 16QAM+GMSK (green) fails either criterion 1 or criterion 2, therefore are of no benefit to use. 
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a) DAS-11 mixes with other MCSs, with SCPIR 2dB.
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b) DAS-9 mixes with other MCSs, with SCPIR 8dB.
Figure 3: MIMO Throughput with various modulation mixes. 

Based on aforementioned criteria, the performance benefit of different modulation mixes is evaluated over a SCPIR [0, 10] dB, in a noise limited scenario. 

Summary
From a maximization of throughput point of view, the following modulation mixes for MIMO offers no benefit, if data is sent on both layers, as they fail to meet either criterion 1 or criterion 2: 

GMSK+GMSK: 


Always fail criterion 1

GMSK+8PSK: 


Always fail criterion 1

GMSK+16QAM: 

Fail either criterion 1 or 2

GMSK+32QAM: 

Fail either criterion 1 or 2

4 Conclusions

In this paper, the necessity of evaluating MIMO performance with SCPIR ≠ 0 is discussed, and potential MIMO performance given a SCPIR in the range [0, 10] dB is evaluated in a noise limited scenario. It has been shown that MIMO performance is impacted by SCPIR, the difference is in general within 3dB for the evaluated settings; besides, given a large power imbalance ratio, MIMO still outperforms MSRD at high SNR region. A potential benefit of using separate LQC for MIMO layers enabling modulation mix is thus shown. 
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