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1. Introduction

In order to fulfill the requirements of LTE-A [1], in particular the cell-edge throughput requirement, Coordinated Multiple Point transmission (CoMP) has been proposed by many companies [2]~[6] as a promising technology. The basic idea of CoMP is to extend the conventional “single cell—multiple UEs” system structure to a “multiple cells—multiple UEs” network topology so that the concept of cell edge UE would give way to that of a UE in the vicinity of cell boundaries being at the center area of an area triangulated by 3 neighbor cells. Hence, those UEs will get much better service if several nearby cells work in cooperation or coordination, where the involved cells are called CoMP cells. The effectiveness of CoMP is well analyzed in [7] and the references therein. 

In [8], two CoMP schemes have been identified, namely, Coordinated Scheduling (CS) & Joint Processing (JP). The difference between CS and JP lies in whether UE’s downlink data is transmitted from a single point (CS) or multiple points (JP), which implies that JP necessitates data sharing among CoMP cells. 

In this paper, we discuss the precoding schemes in JP CoMP and provide preliminary system-level simulation results.

2. Summary of Precoding schemes in DL JP CoMP
Figure 1 is a conceptual illustration of DL JP CoMP. UEk can “see” 3 cells, illustrated by the green cloud and UEk can also be “seen” by the 3 cells by CSI feedback mechanisms. In Figure 1, white clouds represent data sharing and information exchange among CoMP cells, after which 3 cells perform JP using some kind of precoding schemes, depicted by 3 arrows with different colours.
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Figure 1: Concept graph of DL JP CoMP

Various schemes for DL JP CoMP have been proposed recently [3], [7], [9], [10]. Annex A.1 has a detailed explanation of these schemes. 

3. Simulations and results 

Simulations were performed to compare the metrics “Throughput in CoMP area” and “Spectrum Efficiency” for 3 schemes - MBSFN precoding, local precoding and weighted local precoding. The detailed simulation parameters and CoMP scenario are described in Annex A.2, and the detailed results are in Annex A.3. Note that in our simulations, the geometries of all UEs in CoMP area worse than the 10 percentile UE. Therefore, the 50 percentile UE in the CoMP area can be deemed as the 5 percentile cell edge UE.

The comparison of results for the different precoding schemes is listed below in Table 1. From the simulation results, we can draw the conclusion that local precoding scheme exhibits the least satisfactory performance, which we believe, is because coherent or quasi-coherent combination of the distributed processed results is vital for JP CoMP. Another valuable observation is that weighted local precoding, although with the highest feedback overhead, only achieves about 7% gain over MBSFN precoding. Considering the required feedback overhead, MBSFN precoding should be a more appropriate choice for DL JP CoMP.
Table 1: Comparison of different precoding schemes for DL JP CoMP
	Scheme
Description
	Throughput in

CoMP area

(CoMP BW=2.5MHz)

(Sys BW=10MHz)
	Spectrum efficiency

[bps/Hz/cell]
(same definition
as that in 36.913)
	Overhead
	Feedback bits

(3 CoMP cells;

4 bits for each PMI;

3 bits for weight)

	MBSFN precoding
	3.91 Mbps
	3.91/10/3=0.130
	one PMI 
(Lowest)
	4 bits

	Local precoding
	3.86 Mbps
	3.86/10/3=0.129
	multiple PMIs 
(Large)
	4×3=12 bits

	Weighted local precoding
	4.18 Mbps
	4.18/10/3=0.139
	multiple PMIs +
multiple weight vector 
(Largest)
	4×3+3=15 bits


4. Conclusion

We showed simulation results for the current candidates for DL JP CoMP precoding. It is observed that a very simple precoding scheme, e.g. MBSFN precoding is competitive enough for cell edge UEs enhancement. Therefore, we propose that the DL CoMP precoding scheme should be kept as simple as possible.
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A.1: Detailed description of proposals for precoding schemes for DL JP CoMP
Suppose the total number of CoMP cells is 
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transmit antennas. The baseband channel matrix between CoMP cell 
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is the number of transmission layers for UEk. For simplicity, assume that maximum time delay of signals from CoMP cells to UEk is within the CP length so that no ISI is introduced in JP. 

For notational convenience, denote the aggregated channel matrix as 
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). Then the global precoding scheme, which can be seen as a generalization of Rel. 8 multi-antenna transmission to antenna ports of more than one cell [3]
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[7], is given by
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 is the additive white Gaussian noise vector with covariance matrix 
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. The global precoding scheme can be illustrated by Figure 2, with 2 cells constitute the CoMP topology. 
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Figure 2: Illustration of global precoding scheme (2 CoMP cells)

The capacity analysis of global precoding can be found in [7], the performance of which is the upper bound of all precoding schemes for CoMP. However, the complexity of global precoding is forbiddingly high, which requires a very large global code-book to quantize the space of the aggregate channel. Moreover, the dimension of such a giant code-book varies with the size of CoMP cells, resulting in a much more complicated code-book design. Alternatively, the simplest precoding scheme is the MBSFN precoding [10], which can be described as
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where 
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 is a common precoding matrix for all CoMP cells, whose columns are the 
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 is the power on each layer from CoMP cell 
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. Figure 3 captures the main point of MBSFN precoding scheme. 
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Figure 3: Illustration of MBSFN precoding scheme (2 CoMP cells)

Although the implementation of MBSFN precoding is rather simple, it suffers from some performance loss, as observed from the simulation results given in [10]. Therefore, several new precoding schemes have been proposed trying to strike a good balance between complexity and performance. 

Local precoding [9] decomposes the global precoding into 
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 local channel matching reusing Rel. 8 mechanism, which can be written as
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where 
[image: image41.wmf]()

b

k

W

 is the local precoding matrix employed in CoMP cell 
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 different PMIs are required to determine the precoding operation, which is a relatively large feedback overhead. 
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Figure 4: Illustration of local precoding scheme (2 CoMP cells)

[10] makes some improvement based on [9] by introducing an additional “beam” precoding, which can be expressed by
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where 
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 is a cell-specific diagonal matrix consisting of 
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 elements selected from a pre-defined codebook. We refer to this scheme as weighted local precoding scheme because the basic idea is to obtain a weighted sum of the local precoding results, illustrated in Figure 5. 
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Figure 5: Illustration of weighted local precoding scheme (2 CoMP cells)

Although the performance of weighted local precoding is inferior only to global precoding, its implementation is still too complex, which involves calculation and feedback of 
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 weighing vectors in addition to 
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 precoding matrixes.
A.2: Simulation parameters and setup of CoMP area
	Parameter
	Assumption

	Cellular Model and Layout
	Hexagonal grid, 12 Node-Bs, 3 cells per Node-B.
(See Figure 6)

	Cells employing CoMP (CoMP cells)
	Cell 1, Cell 5, Cell 9

	UE’s position
	CoMP UEs: edge UEs (the worst 10 percentile UEs);
serving cell and 2 strongest non-serving cells are
permutations of Cell 1, Cell 5, Cell 9 (See Figure 7)

	
	Regular UEs: Dropped uniformly in other cells

	Number of UEs in each CoMP cell
	10

	Number of UEs in each regular cell
	30

	Carrier Frequency / System bandwidth
	2GHz / 10MHz

	Number of subcarriers
	600

	Number of resource blocks (RB)
	48

	Number of subcarriers per resource block
	12

	Group RB size
	4 RBs

	Number of group resource blocks (GRB)
	12

	Bandwidth for CoMP area
	1/4 Sys. BW = 2.5 MHz (3GRB)

	Inter-site distance
	500m

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between Node-Bs
	0.5

	
	Between cells
	1.0

	Penetration Loss
	20dB

	Antenna pattern
	As in 25.814

	cell antenna gain plus cable loss
	14 dBi

	cell Noise Figure
	5 dB

	Thermal noise density
	-174dBm/Hz

	Minimum distance between UE and cell
	35 meters

	Channel model
	6-ray GSM Typical Urban (TU)

	UE speeds of interest
	3kmh (Doppler freq.=5.56Hz)

	eNB power class
	46dBm

	Number of UE antennas
	2

	Number of cell antennas
	4

	Maximum number of Tx Layers
	1

	Inter-cell Interference Modeling
	Out-of-cell interference is freq. selective.
All 6 TU paths from all cells (in the 12 eNBs model)
to all CoMP UEs were explicitly modeled

	HARQ type
	Chase combining

	Maximum HARQ Tx
	5

	Number of retransmission delays
	8 TTIs

	Scheduler
	Proportional fairness

	Maximum GRB scheduled for each UE
	1

	Scheduling interval
	1 TTI

	Scheduling delay
	1 TTI

	CQI feedback delay
	3 TTI

	CQI feedback period
	10 TTI

	UE traffic model
	Full buffer

	Equalizer
	MMSE

	Link Performance Prediction
	EESM

	Channel Estimation Loss
	Same as [10] 

	Payload size penalty
	Same as [10]

	BLER threshold
	0.1

	MCS Set
	QPSK
	R ={1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5} 

	
	16QAM
	R = {1/2, 3/5, 2/3, 3/4, 4/5}

	Coding
	Release 6 Turbo Coding

	System warm-up time
	0.5s

	System running time
	9.5s

	Precoding scheme for CoMP UEs
	MBSFN precoding; local precoding; 

weighted local precoding

	Precoding scheme for regular UEs
	LTE Rel. 8 precoding scheme

	Codebook for precoding
	4 Tx antenna codebook defined in 36.211

	Additional “beam” vector in

weighted local precoding
	8 codewords:
[1 1 1], [1 1 -1], [1 -1 1], [1 -1 -1], [-1 1 1], [-1 1 -1], [-1 -1 1], [-1 -1 -1]
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Figure 6: Cell layout of CoMP scenario
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Figure 7: UE deployment in CoMP area

A.3: Detailed simulation results
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Figure 8: CoMP UEs’ throughput employing different precoding schemes
CoMP area
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