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1 Introduction
Coordinated multiple point (CoMP) transmission/reception is proposed for LTE-A to improve coverage and to increase cell-edge and aggregate system throughputs. CoMP transmission/reception is also considered as an effective approach for inter-cell interference coordination (ICIC) in LTE-A due to inherent joint scheduling/processing at the coordinated cells. Downlink CoMP transmission is divided into two categories [1]:

· Coordinated scheduling and/or beamforming

· Joint processing/transmission 

In the category of coordinated scheduling/beamforming, the data to a single UE is transmitted from the eNB of the serving cell of the UE only; however, scheduling decisions are coordinated to control, e.g., the interference generated in a set of coordinated cells. In the joint processing/transmission category, data to a single UE is simultaneously transmitted from multiple eNBs, e.g., to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.
The throughput gain due to CoMP transmission/reception depends on the level of data/CSI sharing among eNBs in the coordinated cluster. In [2], we evaluated the performance of different data/CSI sharing scenarios in a cellular system with single-antenna eNBs and UEs. In this contribution, we evaluate the performance of CoMP transmission in a cellular system with multiple-antenna eNBs and UEs, where spatial multiplexing (SM) can be employed. This paper is a resubmitted version of R1-090141.
2 SM through SVD
2.1 Rate Geometry without CoMP Transmission
Consider an eNB with 
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 transmit antennas serving a UE with 
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 receive antennas. The channel from eNB to UE is characterized by
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where 
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is the sum of interference and noise and is assumed to be white, 
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is the received signal, 
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 is the transmitted signal, and 
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is the channel matrix. When the channel matrix 
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 is known at the eNB, singular value decomposition (SVD) turns the channel defined in (1) into a set of parallel channels whose input powers are assigned according to the water-filling algorithm.
We consider a cellular system with 19 sites (57 cells) as shown in Fig. 1. For simulation, we drop UEs uniformly in the coverage area of cell 1. Any UE in the coverage area of cell 1 experiences interference from the other 56 cells. The rates of UEs are calculated based on the SVD approach with optimal power allocation. The details of simulation are listed in Table 1. Fig. 2 illustrates the rate geometry for different number of transmit and receive antennas.
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Fig. 1. A cellular network with 57 cells.
Table 1. Simulation parameters
	Parameters
	Assumptions

	BS total Tx power
	46 dBm

	ISD
	500 m

	Carrier frequency
	2 GHz

	Minimum distance between UE and eNB
	30 m

	Shadowing standard deviation
	8 dB

	Correlation between sites
	0.5

	Correlation between sectors
	1

	Bs antenna gain
	15 dBi

	UE antenna gain
	0 dBi

	Channel model
	Rayleigh fading
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Fig. 2. Rate Geometry

2.2 Rate Geometry with CoMP Transmission
Coordination among all eNBs in the system provides significant increase in cell-edge and average cell throughputs [3]. However, data/CSI sharing among all eNBs in the system requires high backhaul capacity and is too complex to implement. To reduce the complexity, cooperation among a limited number of eNBs for communicating with a particular UE may be considered. In our simulations, we consider a fixed cluster of size three as shown in Fig. 3. UEs are dropped uniformly over the coverage area of cell 1. The eNBs of cells 6 and 20 are coordinated with eNB of cell 1 to transmit to the UE in cell 1. With three coordinated eNBs, the channel model becomes
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where 
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is the channel from eNB i to the UE. 
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is the transmitted signal from the three eNBs. The SVD on the composite channel matrix along with power allocation yields the rate received by the UE. 

The factors that contribute to the superior performance of CoMP transmission are the increased transmit power and the reduced interference. For example, in the CoMP with three coordinated cells shown in Fig. 3, the transmitted power is tripled, and at the same time, the interference from cells 6 and 20 is avoided. However, as three times more resources are spent in transmission to the UE in cell 1, the resulting rate from the SVD on the composite channel matrix must be multiplied by a factor of 1/3. 
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Fig. 3: CoMP transmission within a fixed cluster of size three.
From a theoretical point of view, if optimal transmission scheme is employed at the coordinated eNBs, which in general requires simultaneous transmission from eNBs to all UEs (i.e., CoMP-MU-MIMO operation mode [4]), then there is throughput gain in serving both cell-centre and cell-edge UEs under CoMP transmission. However, if the coordinated eNBs only serve one UE at any given time (i.e., CoMP-SU-MIMO operation mode), then there can be throughput loss in serving cell-centre UEs under CoMP (considering the multiplication by the factor 1/3) as discussed in [5]. 

In [5], pre-CoMP SINR is used as a measure to decide which UEs are served under CoMP transmission. A more targeted approach is to compare the rates with and without CoMP transmission, which is not much more complex than SINR calculation. Figs. 4-7 compare the rate geometries with and without CoMP transmission for different number of transmit and receive antennas. As it can be seen, there is slight improvement in the cell aggregate throughput. However, more improvement is observed for the 5% cell throughput. The improvements in the 5% cell throughput are 19.5%, 11%, 6.5%, and 4.7% for 1x1, 2x1, 2x2, and 4x4 configurations, respectively. Based on our criterion for serving under CoMP transmission, the percentages of UEs served under CoMP transmission in the simulations turns out to be 20%, 14%, 13%, and 11% for 1x1, 2x1, 2x2, and 4x4 configurations, respectively.
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Fig. 4: Rate geometry, 1x1. 
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Fig. 5: Rate geometry, 2x1.
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Fig. 6. Rate geometry, 2x2.
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Fig. 7. Rate geometry, 4x4.
3 Summary
We considered CoMP transmission from a fixed cluster of multiple-antenna eNBs to multiple-antenna UEs. We studied the closed-loop case with perfect CSI/data at the central base station. We proposed a criterion to decide which UEs are served under CoMP mode by comparing pre-CoMP and post-CoMP rates. Simulation results suggest that most gain achieved by CoMP transmission is in the 5% throughput regime.
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