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1. Introduction

In this contribution we present dynamic system level simulation results of some MIMO transmission schemes, including PARC, S-PARC [1]. The system throughput for MIMO transmission is compared to that of Rx-diversity using the same number of Rx antennas as the MIMO mode. The simulation assumptions are based on those agreed in [2] with some small exceptions. 

2. System simulation assumptions

The results presented here are based on dynamic system simulations similar to those presented in [3,4]. The user throughput is compared for different loads in the system. The 10th, 50th and 90th percentile of the user throughput is shown as a function of the total system throughput (per cell). Here the 90th percentile captures the performance of the 10% best users in the system while the 10th percentile is the results for the 10% worse users. We present system throughput results for a macro cellular and a micro cellular deployment, and several antenna configurations, e.g., 4x4, and 2x2. In this study a SIC-GRAKE [5] receiver was used for both PARC and S-PARC while the Rx-diversity mode used a GRAKE receiver. The performance of the GRAKE receiver is expected to be similar to that of a LMMSE receiver. This was also indicated by the results presented in [6], see also [7] for a comparison to LMMSE link level results.

2.1. System simulation setup

The system simulated consists of 21 cells (7 sites) in a hexagonal deployment with wrap around to diminish border effects. The system parameter details are listed in Table 1, in Appendix A. Next, the differences compared to [2] will be discussed.

2.2. Channel modeling

The channel models used in this evaluation are based on the SCM [8], but certain simplifications have been used in order to make the simulation efforts manageable. The details of the simplifications made are given in [3], see also [9]. 

2.3. Spatial interference modeling

As stated in [2] the spatial interference should be taken into account for when simulating a MIMO proposal resulting in a non-uniform radiation in the spatial domain. S-PARC is indeed such a scheme. It can be expected that the antenna selection/switching lead to unpredictable time-varying interference, sometimes referred to as the “flashlight effect”. True modeling of the interference from other cells leads to a drastic increase of simulation complexity compared to the case when the interference is modeled as spatially and temporally white. It is therefore interesting to investigate the effect of this modeling on the throughput results, and if the effect is negligible, only use white noise as an interference model.

2.3.1  Effects of spatial interference

The effect of the time-varying interference has been investigated for different channels and antenna configurations. Here we just present results from some typical cases, but the investigation has been made over a number of channels and scenarios. The comparison is made for the actual vs. the reported SINR as well as for the user throughput with and without the explicit interference model.

We have used the Pedestrian A (lightly dispersive) and 3GPP Typical Urban (heavily dispersive) and assumed uncorrelated fading between transmit antennas. The cell radius has been 500m and 12 channelization codes are allocated to the HS-DSCH. Data traffic and ADCH are modeled explicitly in the simulator. Otherwise the parameter setting in these simulations has been the same as in the main simulations presented in this contribution.

The influence of this, so called, “flashlight” effect, has been investigated for different channels and antenna configurations. The effect is largest for channels with low dispersion, i.e. Pedestrian A. This because the power fluctuation of the power between the antennas is much larger than for more dispersive channels like the Typical Urban. We will therefore show results only for this case here. Also, the “flashlight” effect is more severe for configurations containing only a few antennas, like 2x2 scenarios. The reason for this is that using many antennas gives an averaging effect since all base stations are transmitting from many antennas thus the other-cell interference tends to look white.

Figure 1 shows the CDF of the difference between actual and reported SINRs for a 2x2 scenario using a Pedestrian A channel (worst case). The case when the interference is explicitly modeled is and the “flashlight” effect occur is denoted (FL) while the case when the interference is modeled as white is denoted (nonFL). Negative dB ratios correspond to overestimation, and positive dB ratios to underestimation of the SINR. The consequence of the overestimation is that the base station may select MCS rates larger than the channel can support, which may results in frequent retransmissions. On the other hand, underestimation will result in error free transmission but with reduced throughput.
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Figure 1: Distribution of the difference between actual and reported HS-DSCH SINR.
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Figure 2: Distribution of the scheduled MCS rates.

As can be seen in Figure 1 the difference in SINR do not exhibit any bias. Of course, due to the antenna selection, the variance of the difference is higher than in the scenario when the inter-cell interference is modeled as white.

Next we study the influence of this higher variance on the MCS selection. Figure 2 show the distribution of the scheduled MCS rates when the “flashlight” effect is modeled (FL) and similarly when the interference is modeled as white (nonFL). From this we can deduce that, as expected, the MCS rates are slightly higher when the “flashlight” effect is modeled. Finally we study the influence of the interference modeling on the user throughput. Figure 3 depicts the CDF of the user throughput for the 2x2 configuration in a Pedestrian A channel. It is noted that the user throughput is barely affected both for the offered load of 5 and 10 users/cell. 
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Figure 3: CDF of user throughput for 2x2 in Pedestrian A channel.

Thus it can be concluded that the “flashlight effect “ resulting from the unpredictable time-varying interference that originates from other cells has a minor impact to the system performance and thus can be ignored.

2.4. Link to system interface

The link to system interface consists of mappings from received SINR to BLEP (block error probability) mappings. Note that these mapping take place per stage in the SIC receiver.

3. System simulation results

Nest we present throughput curves for the urban macro and urban micro cell case. We show results for S-PARC and Rx diversity, the results for SISO is included as a reference. For the urban micro case we also include results when no line-of-sight (LOS) component is present. The LOS component exists out to 300 m, thus almost half way into adjacent cells. Note that the cell radius in the micro cell environment is just 183 m.

3.1. Scenario I: Macro cell deployment

In Figure 4 and Figure 5 the user throughput for a 2x2 and a 4x4 configuration is shown. The different curves represent the 10th, 50th and 90th percentile, respectively. By comparing the different percentiles, the fairness in the system can be investigated. It is noted that the MIMO gain relative Rx diversity is fairly consistent over the presented CDF.

From Figure 4 we find that the MIMO gain for the 2x2 case is around 20% at the 90th percentile user throughput. But the gain seems fairly consistent for other percentiles presented as well. The 4x4 case (Figure 5) shows some more gain. For example, at 3Mbs user throughput there is a 50% or more gain in system throughput. Also in this case the gain is fairly consistent for the different user throughput percentile presented here.
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Figure 4: User throughput for 2x2 configuration in urban macro cell deployment.
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Figure 5: User throughput for 4x4 configuration in urban macro cell deployment.

3.2. Scenario II: Micro cellular deployment

Next we present the throughput results in the urban micro cell deployment. In Figure 6 and Figure 7 different percentiles of the user throughput is depicted against the system throughput.
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Figure 6: User throughput for 2x2 in urban micro cell deployment.
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Figure 7: User throughput for 4x4 configuration in an urban micro cell deployment.

It is noted that the MIMO gain is in the same order here as in the corresponding macro cellular deployment, i.e. 10-20% for the 2x2 configuration and slightly less, around 35% for the 4x4 case. But still one can argue that the MIMO gains are moderate compare to those presented in e.g. [3]. The main reason for this is the LOS component that is present in the micro cellular model. Since the cell radius in this case is 183 m, and that the LOS component reaches out to 300 m, the interference from adjacent cells might be considerable in many cases. To investigate this we also present results for the micro cellular case without any LOS component. This can also be interpreted as investigating a scenario with higher cell isolation similar to that discussed in [2], see also [7].

Figure 8 and Figure 9 depicts the user throughput for a micro cellular deployment with out any LOS component. It is evident when this is compared to the throughput results in Figure 6 and Figure 7 that the user throughput is considerably higher. For example, in a 2x2 configuration the gain at 3 Mbps increases from about 10-15% to more than 30% compared to Rx diversity. Also, the absolute throughput is higher. This is even more evident in the 4x4 configuration where the system throughput is around 9.8Mbs/cell when no LOS component is present, while it is 8.2Mbs/cell at a load of 5 users/cell when LOS is present.

[image: image8.emf]1 2 3 4 5 6

0

1

2

3

4

5

6

7

System Throughput [Mbps/cell]

User Throughput [Mbps]

User Throughput Percentiles

S-PARC 10th

S-PARC 50th

S-PARC 90th

2-RxDiv 10th

2-RxDiv 50th

2-RxDiv 90th

SISO 10th

SISO 50th

SISO 90th


Figure 8: User throughput for a 2x2 configuration in a micro cellular deployment without LOS.
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Figure 9: User throughput for a 4x4 configuration in a micro cellular deployment without LOS.

Finally we present the “mode” distribution. By mode we mean how many streams that are selected in each transmission. Note that S-PARC will maximize the sum-rate in each TTI by selecting the number of streams, their rate, and which antennas to transmit from. Hence, if the current channel conditions are bad, e.g. low SINR and/or large time dispersion, only one stream may be transmitted.

As noted from Figure 10 and Figure 11, it is evident that the LOS component present in the micro cellular deployment will make S-PARC select much fewer active streams. It is also seen (Figure 11) that 4 streams are used less than 10% in both the micro and macro cell environment, while in the micro cell with no LOS component 4 streams are used in 15-20% of the time.
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Figure 10: S-PARC mode distribution for urban macro and micro cell deployments, 2x2 antenna configuration.
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Figure 11: S-PARC mode distribution for urban macro and micro cell deployments, 4x4 antenna configuration.

3.3. SINR distributions

In [2] it is stated that the C/I at the UE receiver shall not exceed 17 dB per Rx antenna. Optionally, a value of 20 dB can be assumed. No restriction of the received C/I have been imposed in these simulations, hence it is interesting to investigate what values are present in the scenarios simulated here. 
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Figure 12: C/I distribution for different scenarios.

Figure 12 show C/I distributions for the 3 cases simulated here. It is noted that the C/I at the Rx antenna is not exceeding 20 dB, in fact it is hardly exceeding 17 dB except in the micro cellular case where a few percent of the outcomes are above 17dB. 

4. Conclusions

We have presented system level simulations in urban macro and micro cell environments. In the micro cellular deployment two cases are evaluated. One case corresponding to [2] with a LOS component, and one additional case where this LOS component is not present, this case can be interpreted as an approximation to the case in [2] where an additional cell isolation is present. Note that the LOS component in the micro cell model can appear up to 300m, and since the cell radius in this case is only 183m this means that the LOS component can reach halfway into adjacent cells.

The gain with S-PARC (MIMO) compared to Rx diversity is around 20% in the macro cellular case for the 2x2 configuration, while it exceed 50% for a 4x4 case. Note though that this is a quite unfavorable case for MIMO since the channel is very dispersive and the angle spread is low (high correlation). One can also expect that the MIMO gain will be slightly less if the output power is reduced to e.g. 50% of the total power. The gains in the micro cellular case are in the order of 10-20% if LOS is present and 30% without the LOS component in a 2x2 configuration. For the 4x4 configuration we see gains in order of 35-40% with LOS and over 100% when no LOS is present.  Note also that the absolute throughput is higher in the micro cell environment than in the macro cell case, this is especially noted in the case where no LOS component is present.
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A. Appendix


	Parameter
	Explanation/Assumption

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB FBR (3-cell sites)

	Site to site distance
	2800 m (scenario I) or 500 m (scenario II)

	Propagation model
	Scenario I: L = 34.5 + 35log10(d),
according SCM Urban Macro in [8]

Scenario II: L = 34.5 + 38log10(d),

according SCM Urban Micro in [8]

	Power allocated to HS-PDSCH transmission, excluding associated HS-SCCH signalling
	75% of total cell power

	CPICH power
	Pilot power:

· SISO: 10% of total power

· Antenna 1 & 2: 5% each

· Antenna 3 & 4: 2.5% each

	Slow fading
	Log normal distribution (as defined in SCM [8])

	Standard deviation of slow fading
	8 dB (scenario I), 10 dB (scenario II)

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	1900 MHz

	BS antenna gain
	as defined in SCM [8]

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Fast HARQ scheme
	Chase Combining, 6 HARQ processes

	Number of retransmissions
	20 (This is to model RLC retransmissions that tales place after 3 HARQ retransmissions.

	BS total Tx power
	43 dBm

	HSDPA slot length
	2 msec

	HS-SCCH Decoding
	Ideal

	CQI feedback delay
	2 TTIs

	MCS selection
	Default criterion: 10% initial transmission BLER, 


	Antenna correlation
	Implicitly covered by Urban Macro or Micro models as given in Table 5.1 in [8]

	Intercell interference modelling
	Spatially white, see also Section 2.3.

	Speed
	Average 3 km/h

	Channel delay profile
	As given in [8]


Table 1: System Level Simulation Assumptions.
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