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1. Summary

Most MIMO results presented to date use full buffer traffic.  It is therefore of interest to study MIMO performance in more realistic traffic models.  In this contribution, we use some simple simulations to gain some intuition into the performance of MIMO and narrow antenna patterns (in this case, 6 sectors) in bursty traffic by using an FTP traffic model [
]. 

We find that MIMO brings peak throughput gains only under light load for this model.  MIMO user data rates decrease faster than sectorization with increasing load because as load increases, MIMO users must share one sector’s throughput.  In the sectorized case, there are twice as many servers available at the site, and so it is more tolerant of bursty traffic. We also found that sectors can handle more load and still deliver the same user data rates as MIMO over much of the cell.

2. Introduction

We investigate multi-user FTP traffic where a UE arrives in the system based on a Poisson arrival process. To simulate this Poisson process we select a number of users and drop users one at a time, drawing the next arrival time from a scaled exponential distribution such that the successive times between arrivals are exponentially distributed. 

We used the “Scenario II” (+6 db geometry) single antenna and SIC capacity CDF curves from [
] in our simulations, as these seem to have some of the highest reported 2x2 MIMO performance.  We expect that these results will tolerate degradations due to bursty traffic more, and therefore produce a conservative estimate of the degradation. Detailed simulation assumptions are provided in the Appendix.

3. simulations and Discussion

For the simulation, a total number of N=1000 users are randomly dropped in a time interval according to the Poisson distribution. The FTP traffic model is based on TS25.892, but modified to support multiple users. The FTP traffic is modeled as a truncated log-normal random variable with a mean file size of 2Mbytes, a standard deviation of 0.722Mbytes, and a maximum file size of 5Mbytes. Each user’s file size is independently drawn, and we assume one file is requested per user. Detailed parameters are listed in the Appendix.

We assume that users are equally likely to be in any sector. During each 2ms HS-PDSCH subframe, one user is served at a fixed data rate until it leaves the queue.  Users are queued in a First-In First-Out fashion. 

We use fitted capacity CDF curves which are derived from R1-051508 “Scenario II” (+6 dB Geometry). These curves are shown in Figure 2 in appendix for reference. Since 10 users were simulated in [2], we approximate the CDF of instantaneous data rates that Node B transmits to a user as 10 times the user data rate CDF.  User data rates are then drawn using these scaled capacity CDFs.  We use the data rates for the MMSE with SIC receiver (red) CDF curve in Figure 2.  To model 6 sectors, we use the single transmit antenna (blue) CDF curve in Figure 2. We adjust the 3 sectored single antenna results to 6 sectors by shifting the original capacity CDFs in [2] down by 10%, as this shift is consistent with typical differences in performance for 6 and 3 sectors.

Figure 1 shows CDFs of the user data rates for different system loads, where each curve is labeled with the system load and the fraction of completed transmissions. The offered system load is defined as the product of the arrival rate λ and the mean of the file size distribution. The data rate is computed (using completed transmissions only) as the user’s file size divided by the time the user is in the queue. At the end of the simulation time, we also report the fraction of users whose transmissions complete. For example, in Figure 1, when arrival rate λ is 0.15 users/second, the system load is 0.15 x 2Mbytes/sec x 8bits/bytes = 2.4Mbps.
From Figure 1, we can see that, under the lightest load simulated of 2.4 Mbps (which is 18% of the mean full buffer MIMO SIC throughput [2]), that MIMO provides gains over sectorization. For example, the median data rate that MIMO can offer is around 50% higher than sectorization. As the system load increases to 7.3 Mbps (half of the mean full buffer SIC throughput), the performance of MIMO begins to degrade. The median data rate from MIMO is 40% worse than that of sectorization. Under light and medium system loads, over 99% transmissions are completed in both MIMO and sectorization cases. As the system load increases to 9.6 Mbps,  (around 70% of the SIC throughputs), MIMO can’t supply the offered load, and about 8% of users’ transmissions are incomplete.  However, sectorization can support this load, since the number of completed transmissions is still quite high (0.4% of users’ transmissions do not complete). 

	Table 1: User Data Rate Gains of MIMO over Sectorization at Different Loads

	CDF Point
	2.3 Mbps

(“Light load”:18% of the mean full buffer MIMO throughput)
	7.3 Mbps

(“Medium load” 50% of the mean full buffer MIMO throughput)
	9.6 Mbps

(“Heavy load“ 70% of the mean full buffer MIMO throughput)

	10%
	9%
	-140%
	MIMO overloaded

	50%
	50%
	-40%
	MIMO overloaded

	90%
	100%
	25%
	MIMO overloaded
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Figure 1: CDF of Data Rates 

4. Conclusions

In this contribution, we investigate the performance behaviors of MIMO and sectorization using some simple approximate simulations with an FTP traffic model under different system loads. We use example results of some of the highest reported 2x2 MIMO performance in order to find a conservative estimate of the degradation of bursty traffic. We find that MIMO has user data rate gains when the system load is light. For example, at less than 20% of full buffer MIMO throughput we observed approximately a 50% median user data rate gain of MIMO over sectorization.  As system load increases, MIMO performance begins to degrade.  At medium load (when the system load is about half of MIMO full buffer throughput), we found that MIMO user data rates degrate relative to sectoration, observing a 40% median user data rate gain of sectorization over MIMO. At heavy system load (around 70% of full buffer MIMO throughput), MIMO can’t meet the offered load, and users’ transmissions start to be incomplete.  However, sectorization can operate at this load without significant numbers of incomplete transmissions as well as offer similar user data rates to the medium loaded MIMO case over much of the cell.

We therefore observe that MIMO brings throughput gains only under light load in this traffic, and that sectors can handle more load and still deliver the same data rates over much of the cell. 

5. ReferenceS

Appendix:

Simulation Assumptions

	Parameter
	Explanation/assumption
	Comments

	File reading time
	None
	one user gets 1 file 

	Number of users
	1000
	

	Number of sectors
	3 or 6
	

	Queueing
	Users are served in First-In First-Out fashion
	


FTP Traffic Model Parameters

	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 2Mbytes

Std. Dev. = 0.722 Mbytes

Maximum = 5 Mbytes
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	Reading time (Dpc)
	Exponential
	Mean = 180 sec.
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Fitted Capacity Curves [2]
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Figure 2 Capacity CDF Curves
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