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pCR 45.871 Downlink MIMO – Performance Evaluation
INTRODUCTION

As part of the study item on downlink MIMO, opened in GERAN#57 [1], this paper presents the performance evaluation of DL MIMO in different scenarios agreed in [2]. The paper is written as a direct input to section 8 of the Draft TR on MIMO for Downlink [3] using the present section numbering.
CONCLUSION

This document provides the DL MIMO performance evaluation summary. We propose to include these items into the Draft TR on MIMO for Downlink [3].
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Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].)

BMD
Blind Modulation Detection

DAS
Downlink level A modulation and coding scheme

MCS
Modulation and coding scheme

MSRD
Mobile Station Receive Diversity

NSR
Normal Symbol Rate
SCPIR
Sub Channel Power Imbalance Ratio
SINR
Signal to Interference and Noise Ratio

TSC
Training Sequence Code

USF
Uplink State Flag
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Performance Evaluation

[Editor’s note: This section will provide evaluation results by means of link level simulations using the various channel models, transmission modes, training sequences, modulations as discussed in previous sections. Format of performance figures is FFS]

8.1
Transmitter assumption

Transmitter impairment values for a typical BTS as given in Table 8.1.1 are used for performance evaluations [8-1].

Table 8.1.1: Transmitter Impairments

	Impairment
	Legacy single carrier BTS (per TRX)

	Phase noise [degrees (RMS)]
	1.2

	I/Q gain imbalance [dB]
	0.1

	I/Q phase imbalance [degrees]
	0.1

	DC offset [dBc]
	-45

	Frequency error [Hz]
	15 (900 MHz) 
30 (1800 MHz)

	Tx path time misalignment [normal symbol periods]
	0.25


8.2
Receiver assumptions

The MIMO receiver being used in the analysis in section 7.2 is also used for the performance evaluation. The block diagram of the receiver is shown in Figure 8.2.1. This receiver employs channel estimation, followed by separate interference cancellation (IRC) and bit-detection for each stream. Before bit detection, a frequency domain prefiltering is used to convert the system to minimum phase. The frequency domain prefilter (SC-FDE), shown in Figure 8.2.2, multiplies FFT output of signal, {Rn}, by the complex-valued forward equalizer coefficients {Wn} (which compensate for the frequencyselective channel’s variations of amplitude and phase with frequency). An IFFT operation brings the weight-equalized complex-valued samples in time-domain sequences. Finally the time domain sequence goes through the reduced state bit-detection process for soft bit detection in each stream. 

This is neither a successive interference cancellation (SIC) type of receiver, nor a joint detection (JD) receiver and it is seen in a number of simulations that the performance is similar to SIC or JD receivers but with much less complexity. 
Blind modulation detection (BMD) is enabled in the receiver. BMD is performed after the channel estimation assuming all possible modulations schemes including GMSK. In addition, blind mode detection is enabled. The mode detection in the receiver is based on SNR estimation after the interference cancellation. If SNR of the second stream is found to be below the chosen threshold of 2 dB, the receiver assumes that single stream is transmitted [8-2]. The blocks with hatched lines in Figure 8.2.1 are used if the mode detection process detects the presence of second stream. 

The blocks with solid white filling constitute the reference MSRD receiver for legacy non-MIMO operation. Therefore, the complexity of the MIMO receiver is approximately twice the complexity of the reference non-MIMO receiver.

Receiver impairment values are given in Table 8.2.1.
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Figure 8.2.1: MIMO receiver structure used for performance evaluation 
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Figure 8.2.2: Single Carrier Frequency Domain Equaliser (SC-FDE) 
Table 8.2.1: Receiver Impairments

	Impairment
	Rx diversity capable device (per Rx path) (Taken from 3GPP TR 45.860 [4])

	Phase noise [degrees (RMS)]
	1.2

	I/Q gain imbalance [dB]
	0.2

	I/Q phase imbalance [degrees]
	2.0

	DC offset [dBc]
	-40

	Frequency error [Hz]
	25 (900 MHz) 
50 (1800 MHz)

	Rx path time misalignment [symbols]
	negligible


8.3
Simulation scenario

The link level performance evaluation is first grouped according to the correlation models used, i.e. SCM and variable correlation channel model. In each group the results are divided into sensitivity and interference scenarios. In each scenario, the results are further grouped according to propagation conditions. The simulation parameters relevant to simulation scenarios are listed in Table 8.3.1 [8-1].

Table 8.3.1: Simulation scenarios and parameters
	Parameter
	Value

	Transmission Mode
	Single stream MSRD (reference)

Single stream (in MIMO mode, blind mode detection enabled)

· with MSRD

· with Tx diversity and MSRD

Dual stream (2x2 MIMO)

	Training Sequence
	Single stream mode: TSC 5 from TSC Set 1 

Dual stream mode: TSC 5 from TSC Set 1 and TSC Set 2. 

In case of mixed modulation other combinations can be used if benefit is seen.

	Channel model
	A modified SCM as described in section 6.2 for dual stream mode

Variable correlation model as described in section 6.3 for both dual stream mode and single stream mode

	Modulations
	Single stream mode: all supported modulations in EGPRS and EGPRS2-A

Dual stream mode: all supported modulations in EGPRS and EGPRS2-A except GMSK. Both streams can have the same or different modulations.

	Frequency bands
	- 900 MHz (antenna correlation model)

-1800 MHz (SCM)

	Propagation conditions
	900 MHz

· Sensitivity

· SCM-A3iFH

· TU3iFH

· Interference

· SCM-A3iFH

· TU3iFH

1800 MHz

· Sensitivity

· SCM-A3iFH

· TU3iFH

· RA130nFH

· Interference

· SCM-A3iFH

· TU3iFH

· RA130nFH

	Interference
	Multiple interference sources as defined for DTS-2 interference profile with 8PSK modulation.

	Channel Correlation
	Wanted signal: 

For SCM model it is SCM specific.
For variable correlation model: α, β = {0.0, 0.0}, {0.0, 0.7} and {0.3, 0.7}  

Interference: 

0.7 (if SCM model is used for wanted signal)

β (if variable correlation model is used for wanted signal)

	SCPIR [dB]
	0 dB and 10 dB [SCPIR = 10log10(Power of stream 1/power of stream 2)]

	Back-off [dB]

	Sensitivity: Theoretical PAR taken from TR 45.860, section 8: 3.2 dB for 8PSK, 4.7 dB for 16-QAM and  5.1 dB for 32-QAM

DTS-2: 0 dB for all modulations

Additional back-off based on SCPIR (as given in Table 7.2.1.1.2) in the transmit power in dual stream mode and single stream Tx diversity mode, for both sensitivity and DTS-2, to compare with single antenna transmission power.

	MCSs
	EGPRS2-A


	GMSK (MCS-1…MCS-4)

8-PSK (DAS-5…DAS-7)

16-QAM (DAS-8…DAS-9)

32-QAM (DAS-10…DAS-12)

	
	EGPRS
	GMSK (MCS-1…MCS-4)

8-PSK (MCS-5…MCS-9)

	Blind modulation detection
	Enabled

	Blind MIMO mode detection
	Enabled

	MCS link adaptation
	Ideal


8.4
Simulation results using SCM profiles

In these simulations the channel correlation values are taken from the SCM-A profile as described in section 6.2 and in [8]. The tap-delay settings are taken from the following three propagation conditions:

1. SCM-A 3 km/hr with ideal frequency hopping ([8]),

2. TU 3 km/hr with ideal frequency hopping ([3]) and

3. RA 130 km/hr with no frequency hopping ([3]).

As mentioned in Table 8.3.1, only the 1800 MHz frequency band is used. In case of dual stream transmission, modulations in both streams are the same if SCPIR is 0 dB and mixed otherwise.

The plots below show the envelope throughput with ideal link adaptation in different scenarios mentioned above (i.e. sensitivity and DTS-2 interference profile).

[image: image5.emf]0

20

40

60

80

100

120

140

160

180

200

-4 0 4 8 12 16 20 24 28 32 36 40 44 48

Throughput (kbps)

Es/No (dB)

1Tx2Rx EGPRS

2x2 MIMO EGPRS

1Tx2Rx EGPRS2-A

2x2 MIMO EGPRS2-A

[image: image6.emf]0

20

40

60

80

100

120

140

160

180

200

-4 0 4 8 12 16 20 24 28 32 36 40 44 48

Throughput (kbps)

Es/No (dB)

1Tx2Rx EGPRS

2x2 MIMO EGPRS

1Tx2Rx EGPRS2-A

2x2 MIMO EGPRS2-A


a) SCM-A 3 km/hr ideal FH 

b) TU3 km/hr ideal FH
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c) RA 130 km/hr no FH
Figure 8.4.1: Sensitivity performance with SCM-A correlation, 1800 MHz, SCPIR=0 dB
From Figures 8.4.1 (a) and (b), it can be seen that the dual stream MIMO mode offers significant increase in throughput compared with single stream mode at moderate and high Es/No. While this is true for the low speed scenario, at high speed (RA 130 km/hr) (see Figure 8.4.1c), we do not see benefit of the dual stream MIMO mode.
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a) SCM-A 3 km/hr ideal FH 

b) TU3 km/hr ideal FH
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c) RA 130 km/hr no FH
Figure 8.4.2: Sensitivity performance with SCM-A correlation, 1800 MHz, SCPIR=10 dB 
From Figures 8.4.2 (a) and (b), it can be seen that, if the SCPIR is high, the dual stream MIMO mode offers increased throughput compared with the single stream mode only at high Es/No. If high SCPIR is combined with high speed (e.g. RA 130 km/hr in Figure 8.4.2c), single stream MSRD mode actually outperforms dual stream mode.
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a) SCM-A 3 km/hr ideal FH 

b) TU3 km/hr ideal FH
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c) RA 130 km/hr no FH
Figure 8.4.3: DTS-2 interference performance SCM-A correlation, 1800 MHz, SCPIR=0 dB 
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a) SCM-A 3 km/hr ideal FH 

b) TU3 km/hr ideal FH
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c) RA 130 km/hr no FH
Figure 8.4.4: DTS-2 interference performance in RA 130 km/hr no FH with SCM-A correlation, 1800 MHz, SCPIR=10 dB 
MIMO performance in case of DTS-2 interference scenario is similar to the performance in sensitivity scenario as can be seen in Figures 8.4.3 and 8.4.4. Dual stream MIMO mode offers significant increase in throughput compared with the single stream mode at moderate and high C/I if SCPIR is low and only at high C/I if SCPIR is high. If high SCPIR is combined with high speed (e.g. RA 130 km/hr), single stream MSRD mode actually outperforms dual stream mode.

8.5
Simulation results with variable channel/antenna correlation

In these simulations, the variable correlation channel model as described in section 6.3 and in [7] is used. The tap-delaysettings are taken from the following two propagation conditions:

1. SCM-A 3 km/hr with ideal frequency hopping ([8]) and

2. TU 3 km/hr with ideal frequency hopping ([3])

As mentioned in Table 8.3.1, only the 900 MHz frequency band is used. Three different correlation settings as mentioned in Table 8.3.1 are simulated. In order to limit the simulation effort only SCPIR of 0 dB is considered. In case of dual stream transmission, modulations in both streams are considered to be the same.

The plots below show the envelope throughput with ideal link adaptation in different scenarios mentioned above (i.e. sensitivity and DTS-2 interference profile).
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a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.1: Sensitivity performance in 900 MHz, SCPIR=0 dB, correlation α=0, β=0 
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a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.2: Sensitivity performance in 900 MHz, SCPIR=0 dB, correlation α=0, β=0.7 
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a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.3: Sensitivity performance 900 MHz, SCPIR=0 dB, correlation α=0.3, β=0.7 
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a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.4: DTS-2 interference performance 900 MHz, SCPIR=0 dB, correlation α=0, β=0 
[image: image25.emf]0

20

40

60

80

100

120

140

160

180

200

-4 0 4 8 12 16 20 24 28 32 36 40 44 48

Throughput (kbps)

C/I1 (dB)

1Tx2Rx EGPRS

2x2 MIMO EGPRS

1Tx2Rx EGPRS2-A

2x2 MIMO EGPRS2-A

[image: image26.emf]0

20

40

60

80

100

120

140

160

180

200

-4 0 4 8 12 16 20 24 28 32 36 40 44 48

Throughput (kbps)

C/I1 (dB)

1Tx2Rx EGPRS

2x2 MIMO EGPRS

1Tx2Rx EGPRS2-A

2x2 MIMO EGPRS2-A


a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.5: DTS-2 interference performance in 900 MHz, SCPIR=0 dB, correlation α=0, β=0.7 
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a) SCM-A 3 km/hr ideal FH 


b) TU3 km/hr ideal FH
Figure 8.5.6: DTS-2 interference performance in 900 MHz, SCPIR=0 dB, correlation α=0.3, β=0.7 
From the figures in this section we can see that the MIMO performance in case of variable correlation channel model is similar to the performance in SCM-A model. Dual stream MIMO mode offers significant increase in throughput compared with the single stream mode at moderate and high Es/No and C/I. In case of higher correlation settings i.e. α=0.3, β=0.7, there is a slight degradation in performance.
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