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1 Introduction

In this contribution, we present the preliminary system level simulation results for the E-UTRA based on the simulation scenarios listed in [1]. The objective for this simulation is to calibrate the basic system configuration and associated performance in the UL, particularly for evaluating the UL OFDMA virtual MIMO and adaptive power operation [2]. The simulation results are presented in terms of the aggregated sector throughput.

2 System Level Discussion
The system level simulation assumptions is referred to [1] with simulation case-1, case-2 and case-3 (see Table 1) in which the carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed are specified. 
Table 1: UTRA and EUTRA simulation case minimum set.
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Channel

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

	1
	2.0
	500
	10
	20
	3
	PA

	2
	2.0
	500
	10
	10
	30
	VA

	3
	2.0
	1732
	10
	20
	3
	PB


2.1 Frame Structure and Sub-Channelization

The frame structure as shown in Figure 1 is based on the 10msec frame with 20 TTIs. Each TTI with 0.5mse interval consists of 7 OFDM symbols. The first symbol is used for control channel and ranging channel (including UL random access channel and timing advanced control channel) and the rest of others are used for data transmission including pilots.
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Figure 1: Up-link OFDM frames structure.
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Figure 2: Sub-channelization of OFDM for each BACH.
The sub-channelization formed in each TTI is shown in Figure 2. Each sub-channel consists of 48 data tones and 12 pilot tones. The detailed frame configuration is listed in Table 2.
Table 2: Frame configuration of OFDMA system.

	Number of Symbols per TTI
	7

	Number of Control Symbols per TTI
	1

	Number of Data Symbols per TTI
	6

	Number of BACH per TTI
	60

	Bandwidth
	10 MHz

	IFFT/FFT Block
	1024


2.2 Simulation Assumptions

The uplink simulation assumptions are listed in Table 3.

Table 3: System level simulation assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Configuration
	1x1, 1x2 and 2x2

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz

	Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Round-robin/Proportional Fair

	Adaptive Power Control
	On [2]

	Adaptive Power Control Step Size
	1 dB

	Channel Sounding Delay for Virtual MIMO
	3 TTIs

	Virtual MIMO Receiver Type
	MMSE


2.3 MCS Design
The link-level to system level interface is based on [4, A.4.5]. The designed MCS set in terms of modulation and code rate is listed in Table 4. In addition, we assume that the channel encoding block length is fixed and equal to 960 bits corresponding to 20 sub-band basic access channel (BACH), Chase combining based HARQ is enabled.
Table 4: MCS Set

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM

	Code Rate
	1/3
	1/2
	2/3
	¾
	4/5
	1/2
	2/3
	3/4
	4/5


2.4 Adaptive Power Control

Adaptive power control (APC) [2] controls the transmission power and data rate for the users who are experiencing higher received carrier-to-interference and noise ratio (SINR). With APC, we set a power control threshold for all users, by which the transmitter determines whether the user needs PC or not. If the transmitter is on APC mode, it should lower the transmission power level and then determine AMC set. If the transmitter is not on APC mode, it should raise the transmission power level (in case of that the transmission power does not hit the allowed maximum transmission power) and then determine AMC set. 

3 Scheduling for Virtual MIMO
In this section, we discuss the scheduling for virtual MIMO in terms of random user pairing scheduling and orthogonal user pairing scheduling.
3.1 Random User Pairing Scheduling
For random user scheduling, we decide the first active user based on round-robin procedure, and then randomly select the second user, which is different from first one.
3.2 Orthogonal User Pairing Scheduling
Orthogonal user scheduling can be implemented based on different criteria. In this contribution, we consider two methods; one is based on orthogonal formula (OF) and the other on determinant formula (DF).
We assume that the
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 is the complex SM channel for sub-carrier n. We further define that channel matrix for 2x2 MIMO configuration as:
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where the superscript H denotes conjugate and transpose.
The orthogonal formula for 2x2 MIMO configuration is represented as
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where 
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The determinant formula for 2x2 MIMO configuration is represented as
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where 
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 denoted for the n-th sub-carrier and the user pair (user 
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where N is the number of sub-carriers over all sub-channels which are assigned for active paired users 
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The orthogonal user scheduling selects the first active user 
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 based on round-robin scheduling, and then select the second user 
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4 Performance Evaluation
In this section, we evaluate the system performance for 1x1 SISO, 1x2 SIMO, 2x2 MIMO with MMSE receiver, 2x2 MIMO with perfect lay separation (MIMO PLS, only for comparison purpose), virtual MIMO with random user pairing scheduling (RPS) and virtual MIMO with orthogonal user scheduling (either based on orthogonal pairing scheduling (OPS) and determinant pairing scheduling (DPS)). Table 5 and  table 6 list the sector aggregated throughput for simulation case-1 and case-2, respectively.
Table 5: Sector aggregated throughput for simulation case-1.
	
	Proportional Fairness
	Round-Robin

	1x1 SISO
	4539.4
	4185.6

	1x2 SIMO
	6415.5
	5841.6

	2x2 MIMO (MMSE)
	6706.6
	6622.1

	2x2 MIMO (PLS)
	9789.5
	9348.3

	Virtual MIMO, RPS
	---
	6510.7

	Virtual MIMO, OPS
	---
	8559.6

	Virtual MIMO, DPS
	---
	9880.8


Table 6: Sector aggregated throughput for simulation case-2.
	
	Proportional Fairness
	Round-Robin

	1x1 SISO
	4846.7
	4342.8

	1x2 SIMO
	6743.1
	6048.1

	2x2 MIMO (MMSE)
	7041.8
	6873.4

	2x2 MIMO (PLS)
	10062.9
	9403.2

	Virtual MIMO, RPS
	---
	6510.7

	Virtual MIMO, OPS
	---
	8656.8

	Virtual MIMO, DPS
	---
	9599.4


We observe that 2x2 MIMO with MMSE receiver and virtual MIMO with random user pairing scheduling do not achieve much gain as opposed to 1x2 SIMO. However, with orthogonal user scheduling, virtual MIMO achieves significant gain, which almost has the same performance as 2x2 MIMO with perfect layer separation.
5 Conclusion

In this contribution, we have presented the OFDMA UL virtual MIMO system level performance. The following conclusion can be made:
· Virtual MIMO with random user scheduling gives similar  performance as to 2x2 MIMO with MMSE receiver. Thus the main advantage is that it does not require the support of multiple antennas at the UE
· Any improvement over random scheduling will then give a performance advantage to virtual MIMO. Specifically when orthogonal user scheduling is used, virtual MIMO achieves significant throughput gain, with similar performance as MIMO with perfect layer separation.
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