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1. Introduction

A number of advanced features [3] are being considered to enhance the cell throughput and/or the cell – edge throughput of the E-UTRA, during the LTE – A study stage. This document presents an initial study of throughput enhancements through Macro-diversity, where received signals from multiple cell sites and multiple NodeBs are combined and processed at a single location (which may be different for different UEs).    
2. System Evaluation
In general, when Macro-diversity is used in the UL, wherein signals are processed at a central location, system capacity can be extremely large. A portion of the network can be treated a single (but very large) MU – MIMO system, which becomes almost purely AWGN limited. However, with such approach, computational complexity could become very intensive, especially when more advanced receiver techniques are used.  
In this paper, we simulate throughput of a 19-site system wherein a matched filter receiver is deployed for combining signals across cellular sites and different cells. Effectively, SINRs of any given user at multiple cellular sited are combined. We also note that it is possible to further enhance the system throughput by deploying e.g. MMSE receiver [1]. Simulation results are shown in Figure 1.    
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Figure 1: Single vs. Multi – cell Receiver Processing: Full path loss compensation [left] and Partial path loss compensation [right]

Following UE power settings in the network have been examined: 
· Sys Config 1 = 1% of UEs @ Pmax
· Sys Config 1 = 5% of UEs @ Pmax

· Sys Config 1 = 10% of UEs @ Pmax

· Sys Config 1 = 25% of UEs @ Pmax

· Sys Config 1 = 50% of UEs @ Pmax

Left side of Figure 1 shows throughput results under the full path loss compensation. As we observe from Figure 1 [left], the gain of macro-diversity SINR combining is mostly to enhance a cell – edge performance. For example, fixing a particular cell throughput to (0.77 b/s/Hz/cell), one cell processing provides about 0.15 b/s/Hz/cell for cell edge whereas multi-cell processing gives above 0.5 b/s/Hz/cell. Thus, cell – edge throughput can be substantially enhanced using macro-diversity. Similar conclusion can be reached from Figure 1 [right], which shows system throughputs with partial path loss compensation.        
3. Conclusion

Even with the use of simple SINR combining at a central processing location, the cell – edge throughput can be substantially enhanced. Depending on the operating point of cell – average throughput, this enhancement can be from few to several – folds. Furthermore, with the use of more advanced MIMO processing at the receiver, the extent of potential gains further improves. Therefore, we recommend more study of macro-diversity for the LTE – A stage.     
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5. Simulation Assumptions
Table 1: System Simulation Assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal Grid; 19 NodeBs
Three Cells Per NodeB

	User Drop
	Uniformly Inside the Cell

	Minimum Distance Between UE and Tower
	35 m

	NodeB Antenna Bore Site 
	Towards Flat Side of the Cell

	Inter – Site Distance
	500 m or 1732 m

	Shadowing Standard Deviation
	8 dB

	Path Loss
	128.1 + 37.6log10(R) where R is in kilometers  

	Shadowing Standard Deviation
	8 dB

	Shadowing Correlation
	Between Cells 
	1.0

	
	Between NodeBs
	0.5

	Penetration Loss
	20 dB

	Antenna Pattern
	A = - min {12 (θ / θ3dB)2, 20dB}.

θ3dB = 70 degrees

	System Bandwidth
	2.5 MHz @ 2 GHz

	Numerology
	RB size
	24 Sub – Carriers 

	
	Number of RBs
	6

	Channel Model
	SCM – C 

	UE Velocity
	3kmh or 30kmh

	UE Power Class
	24dBm 

	Number of UE Antennas
	1

	Number of NodeB Antennas
	2

	Channel Estimation Penalty
	1dB

	UE Antenna Gain
	0dBi

	NodeB Antenna Gain
	14dBi

	Number of UEs per NodeB/Cell
	18/6

	HARQ Type
	Chase Combining

	Maximum Number of Retransmissions
	5

	HARQ Retransmission Delay
	5 TTI

	Traffic Model
	Full Buffer

	Scheduler 
	Proportional Fair

	Scheduling Delay 
	1 TTI

	Uplink Power Control
	Slow with 40 TTI Period

	MCS Set
	QPSK: {1/5, 1/4, 1/3, 1/2, 5/8} 

	
	16QAM: {1/3, 1/2, 5/8, 3/4}
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