3GPP TSG GERAN#59                                                                                       GP-130685
Sofia, Bulgaria
       Agenda Items 7.1.5.3.4
26th – 30th August 2013
Source: Nokia Siemens Networks

Impact of Mixed Modulation on Downlink MIMO
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. However, in earlier papers, the same modulations were assumed in both streams of 2x2 MIMO transmission in spatial multiplexing mode. In this paper, we investigate the impact of using different modulations on both streams in a number of scenarios. This is an updated version of the paper presented at GERAN#58 [4]. Blue fonts are used in the updated texts.
2. Simulation settings
2.1 Training sequence usage

MIMO SID [1] states that the study shall take training sequences introduced for VAMOS as working assumption. While both TSC Set 1 and TSC Set 2, specified for VAMOS, are binary, TSC Set 1 has been modified for use with 8-PSK and higher order modulations by mapping the binary values of GMSK bit-mapping to two antipodal constellation points of the respective modulation scheme. Hence, same straight-forward antipodal mapping is applied for TSC Set 2 for higher order modulations.

In this paper TSC 5 is used from both TSC Set 1 and TSC Set 2 in order to analyse the impact of mixed modulation using a fixed TSC pair. 
2.2 Modulations

Impact is analysed using 8-PSK, 16-QAM and 32-QAM modulations and associated EGPRS2-A coding schemes. When different modulations are used in two MIMO streams, using all possible MCSs in each modulation is simulated. GMSK modulation is not used in this investigation because GMSK modulation is attractive only at low SINR region and in that region dual stream MIMO throughput with GMSK modulation will likely be outperformed by transmission in diversity mode.
In the dual stream MIMO transmission mode, however, GMSK is considered to be a candidate modulation for one stream or two streams if mixed modulation is used. For instance, the control channel messages on PACCH are sent with GMSK modulation in one stream, while the traffic channel messages on the other stream are sent using either 8-PSK, QAM or GMSK modulation depending on radio channel quality.

2.3 Receiver

A simplified receiver is used compared with the one with joint detection used in the earlier simulations. This receiver employs channel estimation, followed by separate interference cancellation and bit-detection for each stream. This is neither a SIC type of receiver, nor a joint detection receiver, however, its performance is similar to the performance of receiver used in earlier simulations. Blind modulation detection (BMD) is enabled in the receiver. BMD is performed after the channel estimation assuming all possible modulations schemes including GMSK. The BMD mechanism is similar to what is used in [2].
2.4 Simulation Parameters

	Parameter
	Value

	Frequency bands
	1800 MHz

	Propagation conditions
	SCM-A

	Mobile speed
	3 km/hr

	Frequency hopping
	Ideal

	BTS/MS RF impairments
	Typical Tx/Rx (See [5],[6])

	Interference
	Single co-channel interference, with 8PSK modulation.

	Channel Correlation
	SCM-A specific for wanted signal, 0.7 for interference

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


	CCI: 0dB and 6dB Sensitivity: 0, 2, 4, 6, 8 and 10dB

	Back-off [dB]

	Sensitivity: Theoretical PAR taken from TR45.860, section 8: 3.2dB for 8PSK, 4.7dB for 16-QAM and 5.1dB for 32-QAM
CCI: 0dB for all modulations

Additional 3dB reduction is made in the transmit power, for both sensitivity and CCI, to compare with single antenna transmission power.

	MIMO receiver 
(spatial multiplexing mode)
	See Section 2.3

	MCSs
	EGPRS2-A


	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
	Ideal

	MCS link adaptation
	Ideal

	Rank adaptation
	Ideal

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

2nd Stream: 5 from VAMOS Set 2


3. simulation results

Before we present the impact of mixed modulation on combined MIMO throughput, we show in Figure 1 the impact of mixed modulation on throughput of the first stream when different modulations are used in the second stream. Legends in the plots show modulation type of first stream on the left hand side of “+” sign and that of the second stream on the right hand side. Ideal modulation detection is assumed.
From these figures it is quite evident, that the throughput of 8-PSK modulated channels is reduced by about 2 kbps when other than 8-PSK modulation is used in the second stream. However, there is no impact on the throughput of the 16-QAM or 32-QAM modulated channel regardless of whatever modulation is used in the second stream.

There are 12 plots in this figure – the first 6 are for co-channel interference scenarios and the last 6 are for sensitivity scenarios. Each row has 2 plots – one with SCPIR=0dB and the other one with SCPIR=6dB.

From these figures, it is quite evident that the impact on the first stream's throughput is minor regardless of the modulation scheme used in the second stream.
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Figure 1: Throughput of Stream 1 with same or different modulation in stream 2 in 2x2 MIMO.
It should be noted that acceptable throughput is achieved from different modulations at different Es/No or C/I ranges. Therefore, it is worthwhile to look at combined MIMO throughput for different modulation mixes over a wider range of Es/No or C/I.

In order to analyse the impact of mixed modulation on the combined throughput of both streams, following two scenarios are considered.

a. Same modulation is used on both streams but coding schemes within the modulation are flexible. Simulation is run over all possible pairs of EGPRS2-A coding schemes in a particular modulation over a range of Es/No or C/I. At each Es/No or C/I point, maximum throughput among all possible pairs of coding schemes (within the same modulation) is taken to compute MIMO throughput at that Es/No or C/I point. 
b. Different modulations and coding schemes are used in both streams. In this case, simulation is run over all possible EGPRS2-A MCS combinations (with the restriction that both streams do not have same modulation) and at each Es/No or C/I point, throughput of the MCS pair providing maximum combined throughput is chosen in computing the combined MIMO throughput at that Es/No or C/I point.

Results of both scenarios a) and b) are plotted in Figure 2 using solid and dashed lines respectively. Since, in case of non-zero SCPIR, second stream is weaker than first stream, plots for mixed modulation schemes are presented twice for each modulation combination i.e. one plot is shown, for example, for 8PSK+16QAM and another for 16QAM+8PSK. 
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Figure 2: Combined MIMO throughput with the same or different modulations in the two streams.
From Figure 2 it is obvious that overall maximum throughput is achieved over the entire range of simulated Es/No or C/I if the same modulation is used in both MIMO streams provided that there is no imbalance between the power of the two MIMO streams. The situation changes, however, at higher power imbalance. As the SCPIR increases, the throughput from a mixed modulation pair gets higher than that from a same modulation pair in the mid range of C/I or Es/No. The observation is in line with what is shown in [2] and [3].
There might be a situation, however, when mixed modulation will benefit us. For example, in the same figure at C/I > 24 dB, if link adaptation lowers the modulation of one stream from 32-QAM to 16-QAM and at the same time forces the same modulation on the second stream, then overall throughput will be lower than that with modulation combination of 16-QAM and 32-QAM. At C/I > 32 dB it will be even lower than that with combination of 8-PSK and 32-QAM. On the other side the scenario when link adaptation would lower the modulation of only one stream due to its bad quality is likely only when there is substantial power imbalance between the MIMO streams.

4. Blind modulation detection

Following figures show the impact of blind modulation detection in overall MIMO throughput when ideal link and mode adaptation is assumed. The plots are in fact the envelope of the mixed modulation throughputs shown above. It is clear that the BMD error in the modelled MIMO receiver has almost no impact on the performance. The observation is in line with what is shown in [2].
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Figure 3: Impact of blind modulation detection on combined MIMO throughput.

5. IMPACT OF SCPIR

Overall throughput with mixed modulation pairs and at different SCPIR values are shown in Figure 4. The figure shows the overall throughput decreasing with the increase in SCPIR. For comparison, EGPRS2-A MSRD performance in the same condition is shown in the same figure. The Es/No at which spatial multiplexing mode outperforms diversity mode varies between 16dB (SCPIR=0dB) and 33dB (SCPIR=10dB).
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Figure 4: Impact of SCPIR on MIMO throughput.
6. comparison between egprs and egprs2-A

A sensitivity performance comparison between EGPRS and EGPRS2-A MIMO in both spatial multiplexing mode and diversity mode is shown in Figure 5. For EGPRS and EGPRS2-A, spatial multiplexing mode with SCPIR=0dB is assumed and the same receiver is used for both. It should be noted here that the EGPRS simulation includes GMSK modulated channels. 
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Figure 5: Comparison between EGPRS and EGPRS2-A MIMO in SCM-A, 3km/hr profile with SCPIR=0dB.
7. further study

Blind modulation detection and blind transmission mode detection are considered ideal in this investigation. Further analysis will be done using realistic blind detection models.

Further analysis will be presented with various power imbalance ratios between MIMO streams and also with different channel models.

It is our view that the analysis made in [2] and [3] can also be extended further by 

· using same TSC in all modulations in the same plot (more TSC pairs could be evaluated), 
· showing the comparison between mixed modulation throughput and same modulation throughput and the share of each in the combined throughput envelope.

8. conclusion

The performance of 2x2 MIMO in spatial multiplexing mode when the MIMO streams use either different modulations or the same modulation is presented in this paper. The following conclusions can be drawn from this study:

The impact of mixed modulation on the MIMO overall throughput depends on the power imbalance between the streams. In case of SCPIR=0dB (i.e. equal power in both streams), the overall maximum throughput is achieved if both streams have the same modulation. As the SCPIR increases, the throughput with a mixed modulation pair gets higher than that with a same modulation pair in the mid range of C/I or Es/No. 
The BMD error has almost no impact on the MIMO overall throughput in spatial multiplexing mode. 
The overall throughput decreases with the increase of the absolute value of the SCPIR (in dB) if the stronger of both streams cannot get more power than at SCPIR of 0 dB. The Es/No or C/I at which the spatial multiplexing mode outperforms the diversity mode depends on the SCPIR – a change of 10dB in SCPIR changes the cross-over point by 17dB, though not linearly.

The advantage of mixed modulation is that the link adaptation can be applied independently on both streams in the same way as it is done in downlink dual carrier operation. On the other hand, the receiver is likely to make more modulation detection errors if mixed modulation is used in the MIMO streams. However, it has been shown in Figure 3 that the impact of the BMD error is negligible.
Comparing these results against the results shown in [2] and [3], it is our view that the usage of mixed modulation for Downlink MIMO is beneficial in case of non-zero SCPIR. However, the range of SCPIR that can naturally occur in the MIMO transmission system is not clear. It may also be beneficial for retransmissions in EGPRS2-A where otherwise the modulation scheme would have to be aligned between the streams because not all modulations support all MCS families.
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