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1
Introduction

We show the system level performance results of MIMO as compared to SIMO for OFDMA based E‑UTRA downlink. The performance is measured in terms of sector throughput. All results are obtained for down link and assume full buffer traffic model. The system we have used to derive these results is discussed in [1]. The MIMO results only use the single codeword scheme described in [1]. We consider the 1x2, 1x4, 2x2, and 4x4 configurations. 
2
System Setup
The setup used for the system level simulations is shown in Table 1.
Table 1System simulation  setup parameters
	Parameter
	Assumption
	

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table 2

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers
I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	See Table 2

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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= 70 degrees,  Am = 20 dB

	Carrier Frequency / Bandwidth
	See Table 2

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speeds of interest
	3km/h, 30km/h

	Total BS TX power (Ptotal)
	43dBm - 5MHz carrier

	UE power class
	21dBm (125mW)

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

DL: Explicit modeling else cell power = Ptotal

	Minimum distance between UE and cell
	>= 35 meters


Table 2 Four deployment scenarios
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	5
	20
	3

	2
	2.0
	500
	5
	10
	30

	3
	2.0
	1732
	5
	20
	3

	4
	0.9
	1000
	5
	10
	3


3
Performance Results

The performance results are summarized in Table 3. The absolute sector throughput in Mbps is shown which does not take into account an 11% control channel overhead. However, the channel estimation overhead is included in the numbers below. For clarity, we also include the percentage gain (loss) of MIMO with respect to SIMO. That is, the 2x2 performance is compared to 1x2, and the 4x4 performance is compared to 1x4. The results are presented for ITU and SCM-Urban Macro channel models. 
We present results for the four deployment scenarios defined in Table 2. The first column includes the main 4 parameters in each scenario, i.e. Carrier frequency in GHz- site to site distance in meters- Bandwidth in MHz-speed in Kph.

Table 4 System level performance results
	Scenarios

(kbps/sector)
	1x1
	1 x 2

ITU
	2 x 2

ITU
	1 x 2

SCM
	2x2

SCM
	1 x 4

ITU
	4x4

ITU
	1 x 4

SCM
	4x4

SCM

	1

2G-500-20-3
	4123
	6357
	6503

2%
	5308
	5464

3%
	8866
	11346

28%
	7821
	8904

14%

	2

2G-500-10-30
	3988
	6102
	6336

4%
	5660
	5583

- 1%
	8610
	11216

30%
	7574
	9094

20%

	3

2G-1732-20-3
	3822
	5963
	5894

-1%
	3830
	3667

-4%
	8107
	10919

35%
	5472
	6547

20%

	4

900M-1000-10-3
	4034
	6394
	6331

-1%
	5574
	4966

-11%
	8633
	11316

31%
	7839
	7406

- 6%


We note  from Table 4 that SCM results always under perform ITU. This is expected due to the effect of spatial correlation. In addition the SCM model has a worse path loss exponent compared to ITU. We also notice that MIMO performance is very bad in deployment scenario 4 (suffers 6 % degradation with respect to 1x4). The reason is that, in these results, the physical inter-spacing between two adjacent antennas is kept constant. That distance corresponds to (/2 for 2GHz carrier frequency, and less than (/4 for 900MHz carrier frequency. The smaller inter-spacing between antennas increases spatial correlation causing MIMO to under perform SIMO.
4
Conclusion

We've presented an evaluation of single codeword MIMO scheme for OFDMA based E-UTRA downlink based on system level simulations. As expected MIMO performance suffers as spatial correlation increases. 
The relative sector throughput gain in absence of spatial correlation is less than 35% for 4x4 (over 1x4) and is almost null for 2x2 (over 1x2). This is attributed to the low average SNR typically witnessed in WAN systems when the cells are fully loaded. 
For partially loaded systems and/or hot spots or isolated cells, the average SNR distribution in the cell improves drastically and MIMO is likely to provide more benefits in these scenarios given the higher data rates obtained with MIMO schemes at high SNR as shown in [1]. 
5
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Appendix Link-to-system mapping

In this section, we describe and justify the mapping used to interface between the link and system level simulations for the MIMO/OFDMA results presented in this document.

 In an OFDMA system, the different modulation symbols see different channel and interference conditions. We define an “effective SNR” for each coded packet, that we find accurately predicts whether this packet is going to be in error or not.  The effective SNR is defined as 
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where SNRi, 
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modulation symbol, the post-detection signal part on the 
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modulation symbol
 , and the average noise and interference variance across all modulation symbols in the packet
. 
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is the number of modulation symbols in a packet, and C(.) denotes the constrained-capacity function corresponding to the modulation format being used for transmitting this packet. In the case where a single MCS consists of multiple modulation formats (eg, the first transmission is 16QAM and the second transmission is 8PSK), the capacity function C(.) inside the summation can be replaced by the capacity function Ci(.), which is the constrained-capacity function corresponding to the modulation format being used for the i’th modulation symbol in the packet. The inverse capacity function C-1(.) can use an arbitrary modulation format, so long as it is consistent between the link and system level simulations. We use the modulation format of the first transmission for this purpose.

The effective SNR satisfies the property that turbo-code performance on two different channels with the same effective SNR is almost identical, when imperfections such as channel estimation are ignored. Another way of saying this is that the curve showing the packet error rate as a function of effective SNR is the same across different channel models. Moreover, the curve is the same for any number of data sub-streams in MIMO transmission
. This makes it an ideal metric for interfacing between link and system simulations, since we are not sensitive to modeling errors (eg different channel models, different distributions of the interference power, or even different channel realizations) between the link and system sims. 
When estimation errors are taken into account, the packet error rate vs effective SNR curve does depend on the channel model, since the channel estimation performance for different channel models is different. Moreover, for MIMO transmission, the channel estimation errors extend to errors in the filter weights used to decouple the different data sub-streams, hence, causing the packet error rate to depend on the number of those sub-streams. However, even here the sensitivity to channel model is reduced, eg channels with similar delay spreads have similar effective SNR curves. In our simulations, we use a different effective SNR curve for each channel model and each possible number of data sub-streams for MIMO, for each packet size and for different numbers of receive antennas. In the system-level simulation, we compute the effective SNR metric for each packet, use it to look up the packet error rate in the appropriate link-level curve, and then generate a random variable with this error rate to determine if the packet is in error.  
This mapping has the advantage that it captures the performance of MIMO systems, and takes all the link-imperfections into account, including channel estimation effects and performance variations due to different block sizes etc. It can be used for any MCS set, including the case when a single MCS uses multiple modulation formats. Moreover, it does not rely on any “fudge-factors” that need to be calibrated between link and system-level simulations. 
Figure 1 illustrates the independence of  the effective SNR metric relative to the spatial multiplexing order.
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Figure 1
� For instance, if a linear receiver is used to detect a modulation symbol, then � EMBED Equation.DSMT4  ���denotes the signal part at the output of the filter.


� We found that assuming the knowledge of interference level on each tone is optimistic if the receiver does not have the resources to do the  estimation. 


� Recall, after detection, each data sub-stream “appears” as a SISO data stream.
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