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1 Introduction

At TSG-RAN1#48, a number of operators required that LTE system performance verification should be performed in order to ensure that the final LTE system would still be able to realize the performance gains compared with HSPA. In the RAN1#47bis meeting it was agreed that SU-MIMO should be addressed in a future release. However, Vodafone [1] and DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, and Sharp [2] requested further evaluation of UL SU-MIMO to consider whether there would be merit in having this feature in a later release of the LTE system. To that end this contribution presents preliminary uplink system performance evaluation results on achievable spectrum efficiency, user throughput and coverage for Case1 macro-cell. The results show that SU-MIMO can significantly increase the system throughput and UE peak data rate.
2 Simulation Assumptions

A summary of system level simulation assumptions is given in Table 1. They are generally aligned with the assumptions in [3] and are similar to those of our previous system evaluation of uplink SU-MIMO tdoc [4] except for these changes:

· SCM-C channel model

· Ideal channel estimation 

· Combined open-loop plus aperiodic closed-loop power control as described in [5]
· MIMO rank adaptation
We assume that a full buffer traffic model is considered with 57 fully loaded cells (e.g., 10 UEs per cell, with RB allocations occupying all the same subcarriers and all transmitting at the same time). The UEs are randomly located in each cell and are stationary throughout the simulation time frame for 200 TTIs. In each TTI their static pathloss is modified by fading using a SCM-C multipath model. 
Table 1. Simulation Assumptions for Uplink SU-MIMO

	Parameter
	Assumption

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

	Cellular Radius
	167m (500m Inter-Site Distance)

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Shadowing fading
	Log-normal, 8 dB standard deviation

	Penetration Loss  
	20dB

	Channel model
	SCM-C, 3km/h

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	User distribution 
	Uniformly dropped in entire cell, 10 UEs per sector

	BS Antenna Gain plus cable loss
	15 dBi

	Carrier Frequency
	2.0GHz

	Spectrum allocation
	10 MHz (50 RBs per sector) , 5 RBs per UE

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	24 dBm

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	AMC
	ON

	Coding
	Release 6 Turbo Coding

	HARQ
	Chase combining (synchronous) 

	Scheduling
	Round Robin

	Frequency reuse factor
	1 and 3

	CQI processing delay (AMC, Scheduling and HARQ)
	Processing delay of 3 subframe

	Overhead Channels
	2 symbol per subframe

	Data Channels
	12 symbols per subframe

	Resource Block Carrier Allocation
	Localized

	Channel Estimation 
	Ideal

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

	SC-FDMA Receiver
	LMMSE with 2 Rx antenna Diversity

	Power control
	Combined open-loop plus aperiodic closed-loop [5]


For SU-MIMO we assume ideal SVD. The SU-MIMO simulation uses two codewords. Each codeword is treated like an individual UE with its own HARQ process. The SINR is computed using equation (36) in Appendix A of [4], which accounts for intra-stream, intra-cell and inter-cell interference. The computed SINR is used to select the MCS that is applied 3 TTIs later. The SINR in that TTI is computed and along with the MCS is used to estimate the BLER from link-level simulations with AWGN. A random number is then drawn to determine ACK/NACK. If a NACK occurs, Chase combining is used for subsequent iterations and a combined SINR is obtained. 

The CQI table is shown in table 2. The entries were based on simulations with ideal channel estimation. The highest data rate (16QAM & r = 5/6) corresponds to an SNR >11.8 dB. In our simulation we assigned a TBS size based on 64 subcarriers per UE, slightly more than 5 RBs. Therefore the maximum data rate for a SIMO UE is 2.56 Mbps while it is 5.12 Mbps for a SU-MIMO UE with dual codewords.

Table 2.  MCS set

	CQI

Index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	MCS
	QPSK, 1/6
	QPSK, 1/3
	QPSK, ½
	QPSK,  5/8
	QPSK, 3/4
	QPSK,  5/6
	  16QM,  1/2
	16QM,  5/8
	16QAM, 3/4
	16QAM, 5/6

	ESINR (dB)
	[-inf      -2.0]
	[-2.0 1.0]
	[1.1 2.6]
	[2.7   4.3]
	[4.3 5.3]
	[5.4    6.7]
	[6.8  8.3]
	[8.4 10.2]
	[10.3 11.8]
	[11.9 inf]


MIMO rank adaptation (RA) was simulated. The algorithm that was used selects rank 2 when the computed SNR is above a level of -5 dB for a majority of measurements in each consecutive block of 12 TTIs. 
3 Simulation Results
Table 3 Uplink full queue system evaluation results
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Figure 1. UL User throughput CDF

3.1 Summary of results

Table 3 summarizes the average and peak (10%) data rate gains due to SU-MIMO.
Table 4. Summary of throughput and data rate gains of SU-MIMO vs. SIMO 

	Average data rate gain
	Peak data rate gain

	41%
	50%


One can see that SU-MIMO provides increased peak and average user data rates as compared with SIMO. 

4 Conclusion
In this tdoc we presented the results of system simulations of uplink SU-MIMO in a realistic environment. We showed that 2x2 SU-MIMO provides increased peak and average user data rates as compared with 1x2 SIMO. Based on these conclusions we recommend that SU-MIMO be evaluated as a UE capability for the next release of LTE.
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		Metric

		2a) Avg cell throughput and spectrum efficiency 

		2b) Avg user throughput and spectrum efficiency 

		2c) Cell-edge user throughput and spectrum efficiency



		E-UTRA baseline 
Rx Div (1x2)

		15.8 Mbps

1.58 bps/Hz/cell  

		1.586 Mbps

0.158 bps/Hz/user  

		



		Uplink SU-MIMO using precoding

		22.3 Mbps

2.23 bps/Hz/cell  

		2.223 Mbps

0.223 bps/Hz/user  
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