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1. Introduction

In this contribution, system simulation results are given for virtual MIMO of LTE uplink. Up to 2 UEs can be scheduled to transmit using the same time and frequency resource.
2. Uplink system simulation assumptions

Table 1 summarizes the uplink system simulation reference cases given in [1], [3], [4] and indicates the traffic type used.  Detailed simulation parameters are listed in Annex A. 
Table 1- Uplink system simulation cases

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Traffic Type

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

	1
	2.0
	500
	10
	20
	3
	Full-buffer (FB)

	2
	2.0
	500
	10
	10
	30
	FB

	3
	2.0
	1732
	10
	20
	3
	FB


The key uplink system simulation assumptions are the same as given in [8]. Non-ideal channel estimation is modeled for both SIMO and virtual MIMO simulations. The scheduler decides which 2 UEs to share the same time and frequency resource through virtual MIMO. No uplink sounding is assumed, and therefore the cross-correlation between the UEs is not known to the scheduler. The reference signals of the 2 UEs are orthogonal.  It may be noted that the MMSE receiver is used without any SIC. These simulations are preliminary and the next set of simulations will include the following:
a. SCM channel model

b. Performance with and without sounding

c. MMSE with SIC

3. Uplink system simulation results

The system simulation results are summarized in Table 2 with average 10 UEs per sector. The user packet call throughput for UL virtual MIMO and SIMO are shown in Table 2. With similar IoT and 5%-ile UE cell edge performance, UL virtual MIMO improves sector throughput by 4 to 16 percent.
Table 2- Uplink Virtual MIMO System Performance.
	Case
	SIMO
	Virtual MIMO

	
	Sector

Throughput
	5%-ile User Throughput
	Mean IoT (dB)
	Sector Throughput
	5%-ile User Throughput
	Mean IoT (dB)
	Gain over SIMO

	1
	8485
	237
	7.64
	9825
	230
	7.57
	16%

	2
	6321
	195
	8.18
	6827
	179
	8.06
	8%

	3
	6552
	8.47
	2.86
	6812
	8.70
	2.87
	4%


4. Conclusion

This contribution shows that uplink virtual MIMO with MMSE receiver and without sounding can improve the sector throughput by 4 to 16 percent with similar IoT and cell-edge performance.
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ANNEX A – System Simulation Assumptions

Table 3- Macro-cell system simulation baseline parameters
	Parameter
	Assumption

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

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	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  
	10, 20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	UE TX power
	24 dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/4<MCS<4) with 32 levels

	HARQ
	Synchronous IR with N=6 stop-and-wait HARQ protocol

	Modulation
	QPSK and 16-QAM

	DFT-SOFDM symbols (Data symbols) per subframe
	2 SBs and 6 LBs (6 LBs)

	Scheduler
	PF

	Link Mapping
	EESM

	E-UTRA UE Transmitter / BS Receiver
	1x2  (1 antennas / 2 antennas – rx diversity)

	Receiver type
	MMSE without SIC/Non-ideal channel estimation
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