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1. Introduction

In this document we present some results from dynamic system level simulations of selective per antenna rate control (S-PARC) [1] . As a comparison, we also present the results of PARC and Rx-diversity all with the same number of receive (Rx) antennas.. We present system throughput results for a number of different scenarios and several antenna configurations, e.g., 4x4, 4x2, and 2x2. In this study a SIC-GRAKE [2] receiver was used for both PARC and S-PARC while the Rx-diversity mode used a GRAKE receiver. The basic simulation parameters are listed below.

We present results for macro- and micro-cell environments as defined by the 3GPP SCM [3]. The channel models used in this evaluation are based on the SCM [3], but certain simplifications have been used in order to make the simulation efforts manageable. Some details of the channel model implementation are given next.

2. SCM Implementation

It has been found that using the original SCM would lead to an overwhelming simulation effort. Therefore we sought a simplified version, still providing the same results. The stochastic nature of the SCM makes it impossible to do time saving pre-computation of the receiver characteristics. To compute receiver performance “on-the-fly” is very computationally expensive, and hence to overcome this problem a quantized version of the SCM was implemented and used in this simulation study. It was found (through extensive simulations) that only a few parameters would affect the system performance to some degree. The values of the parameters in different environments are given in Table 1. Using this quantized model leads to different correlations in different parts of the cell. Hence, SINR tables for the receiver can be pre-computed for the different values and stored thus reducing the complexity of the simulations considerably.

	Suburban Macrocell:
	

	Delay spread
	Pedestrian A, Vehicular A

	Mean angle spread
	2, 5, 8 degrees

	AoD
	12, 48 degrees

	Mean AS at UE
	35 degree

	Cell radius
	1500m

	Urban Microcell:
	

	Delay spread
	Pedestrian A

	Mean angle spread
	19 degrees

	AoD
	0 degree

	Mean AS at UE
	35 degrees

	K-factor
	-15, -10, -5, 0, 5, 10 dB

	Cell radius
	500m


Table 1: Summary of channel model parameters used in the simulations.

2.1. Simulation Parameters

· 7 site layout with wrap around to diminish border effects.

· 3 sectors/site (in total 21 cells)

· Uniform user distribution

· Output power 20W/cell

· Pilot power allocation

· 10% for 1 Tx antenna

· 5% each on antenna 1 & 2,

· Additional 2.5% each on antenna 3 & 4

· Data users only (no voice)

· Offered load 1, 2, 5, 10 users/cell
· Continuous traffic model 

· Proportional fair scheduling

· Mobility 3km/h

· 12 channelization codes (reused over antennas)

· MCS Rates: 160 kbs – 10.88 Mbs (per stream)

· QPSK, 16QAM modulation

· Per-TTI HARQ


· Error in one stream ( retransmit all streams

· TTI error rate target 10%
· SNR switch points based on 10/N% BLER (N = MIMO mode)
· Non-ideal link-adaptation modeled through 2 TTI delay

· Tx antenna separation 4(, Rx antenna separation 0.5(
· Ideal channel estimation and perfect SIC

· Spatially white interference

3. System level performance

We will present results comparing the user throughput for different loads in the system. The 90th percentile of the user throughput is shown as a function of the total system throughput (per cell). The 90th percentile captures the performance of the 10% best users in the system. The results shown here are for a transmit antenna separation of 4(. Although we have results for 10( separation, the results are not shown here since they are similar to those obtained with 4(. We have also done a study with a narrow transmit antenna separation, 0.5(, and as expected, the throughput is much lower for this narrow separation. Even though the throughput numbers were much lower than those obtained with 4( (or 10() separation, it should be emphasized that S-PARC indeed works even in this case. This in contrast to PARC that suffers badly in a situation with this high correlation and provides throughput no better than that obtained with pure Rx-diversity.

3.1. Results for 2x2

In Figure 1 and Figure 2 the throughput for urban micro and suburban macro is shown, respectively. It can be noted that the absolute throughput is higher in the micro cell case than the macro cell case. This is mainly due to the lower time dispersion present in this model. We also note that the difference between S-PARC and PARC is minor, and that both schemes provide a gain of approximately 30% in system throughput (at 5Mbs user throughput) compared to Rx-diversity in the micro cell case. For the suburban macro case the gain is slightly larger, i.e. around 35% at a user throughput of 3 Mbs.
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Figure 1:Throughput for 2x2 in urban micro cell.
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Figure 2: Throughput for 2x2 in suburban macro cell.

3.2. Results for 4x2

Next we provide throughput results for the asymmetric case with 4 Tx antennas and 2 Rx antennas. As expected S-PARC show much higher throughput than PARC. This is due to the mode adaptation that is done in S-PARC. Hence, the optimal number of streams is transmitted in each TTI. This is in contrast to PARC that transmits 4 streams in every TTI, and hence suffers from the large self interference (from 4 Tx antennas) that cannot be resolved with only 2 Rx antennas. From Figure 3, the gain for S-PARC compared to Rx-diversity in the micro cell environment is approximately 35% at 5Mbs user throughput. For the suburban macro case the gain is much larger, i.e., around 60% at 3 Mbs. Note, though, that the absolute throughput is lower for the macro cell case. This is mostly due to the larger time dispersion present in this channel. 

Comparing the results from the 2x2 case with those from the 4x2 case we find a small gain by using 4 Tx antennas. The gain is slightly larger in the micro cell case than the macro cell case since the channel is less dispersive in the former, making the SINRs due to the different antennas “more different” thus resulting in a larger selection gain.
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Figure 3: Throughput for 4x2 in urban micro.
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Figure 4: Throughput for 4x2 in suburban macro.

3.3. Results for 4x4

The last throughput results shown are the ones for the 4x4 case. In the micro cell case the difference between S-PARC and PARC is minor (see Figure 5). This is expected since a symmetric antenna arrangement is used. Note that for S-PARC, the number of streams transmitted in each TTI might be lower. This will be investigated further in the next section. The results for the macro cell case (see Figure 6) show that in this case there exists a gain with S-PARC compared to PARC, due to the mode selection. The throughput gain for the urban micro cell is around 80% at 6Mbs, and for the suburban macro case more than 100% at the same user throughput. Again note that the absolute throughput is higher in the urban micro environment.
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Figure 5: Throughput for 4x4 in urban micro.

[image: image6.emf]2 3 4 5 6 7 8 9 10 11 12

0

2

4

6

8

10

12

14

16

18

20

System Throughput [Mbps/cell]

User Throughput [Mbps]

90th Percentile of User Throughput

S-PARC

PARC

4-RxDiv

SISO


Figure 6: Throughput for 4x4 in suburban macro.

4. Discussion

It is evident from the results presented above that introducing S-PARC would provide a large increase in system throughput. The absolute throughput is larger in urban micro cells than for suburban macro cells. However the gain, relative Rx-diversity, might be larger in the macro cell case.

The large difference between PARC and S-PARC in asymmetrical antenna configurations, e.g. the 4x2 case (see Figure 3 and Figure 4), can be explained from the fact that PARC always transmit 4 data streams, and in order to demodulate those the rate on each stream needs to be very low. This can also be seen if we study the mode selection of S-PARC. By mode we mean the number of transmitted streams. In Figure 8 the relative frequency of each mode is shown for the 4x2 case, while the same for the 2x2 and 4x4 cases are shown in Figure 7 and Figure 9, respectively. From Figure 8 it is evident that seldom more than 2 streams are transmitted in this asymmetric case. For the symmetric cases, 2x2 and 4x4, we can see that a low number of streams (compared to # of Tx antennas) is chosen rather frequently. We can also see that a higher number of streams are transmitted more frequently in the urban micro case compared to suburban macro environment. This is due to the lower dispersion present in this channel model. The heavy dispersion present in the suburban macro channel causes a lot of self-interference, hence lowering the effective SINR in the receiver.
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Figure 7: Relative frequency of transmission mode for the 2x2 case.
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Figure 8: Relative frequency of transmission mode for the 4x2 case.
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Figure 9: Relative frequency of transmission mode for the 4x4 case.

5. Conclusions

In this contribution, some results from MIMO system level simulations are presented. We show that there can be a substantial gain by introducing S-PARC for HSDPA. It is also shown that the mode section in S-PARC is a very important feature in that it not only adapts the rate of each stream, but also the number of streams to be transmitted in each TTI. Since the number of Tx antennas is fixed, there is also a selection diversity gain introduced if fewer than Ntx is selected.

In our results the gains of S-PARC relative Rx-diversity range from 30% in the case of 2 transmit and 2 receive antennas to up to more than 100% for the 4x4 case. The relative gain seems to be higher in suburban macro cells, while the absolute throughput is higher in the micro cell environment.
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