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1. Introduction
Coordinated multi-point transmission/reception (CoMP) is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-7]. According to [1], CoMP is mainly characterized into two categories:

· Coordinated scheduling/beamforming

· Joint processing/reception

In the category of joint processing, data to single UE are simultaneously transmitted from multiple transmission points to improve the received signal quality and/or cancel interference for other UEs. In this category, data intended for a particular UE is jointly processed at different cells sites. As a result of the joint processing, the received signals at the intended UE will be coherently or non-coherently combined. This promising technique is particularly beneficial to cell-edge throughput. In previous contribution [8], we have discussed several techniques for the downlink joint processing. It is shown that both non-coherent transmission and coherent transmissions can provide significant gain at cell edge over single cell transmission [8]. In this contribution, further details of coherent transmission (global precoding) are considered. Some new evaluation results are also provided. This is a revised version of contribution R1-091519.
2. System Description
For a UE with N cooperating cells, the received signal at UE
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Where 
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is the channel matrix from the nth cooperating cell to UE and 
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is the precoding matrix of the nth cell. For convenience, the cooperating cell set in this contribution is identical with the set of transmission points definded in [1]. The aggregated matrix 
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 can be treated as a single precoding matrix for the transmission with aggregated channel matrix 
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. The vector 
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 is the common vector transmitted across the N cells. The background noise and interference from the non-cooperating cells are denoted as 
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 and 
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 respectively.
The global precoding matrix is computed based on the aggregated channel matrix 
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. Each cell uses part of the precoding matrix as its precoder. 
2.1. Information Sharing and Feedback Overhead
For TDD configuration, channel reciprocity can be exploited to obtain the channel matrix 
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at the transmitter side. The precoding matrix 
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can be computed at the transmitter side, i.e., no PMI feedback is needed. The channel matrix 
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estimated at each cell is collected together to form the aggregated channel matrix for computing the global precoding matrix. Backhaul overhead is inevitable to deliver the channel matrix
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. After getting the precoding matrix 
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, each cell is informed of the precoder 
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.
For FDD configuration, the precoding matrix 
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is decided at UE. In order to save feedback overhead, 
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may be selected from a predefined matrices set - codebook and the corresponding PMI is feedback. If the PMI is feedback to the serving cell only, it has to be distributed among the cooperating cells. An alternative is to feedback the PMI to each of the cooperating cells, and then backhaul overhead on PMI sharing can be saved. However, the feedback overhead increases and uplink coordination is required.
2.2. Number of Cooperating Cells
The benefits of CoMP come mainly from two aspects: Firstly, power of some interference sources become useful signal, i.e., the SINR changes from P1 / (P2 + P3 +…+PN + N0 + I0) to (P1 + P2 + P3 + … + PN) /(N0 + I0), where Pn is the received power of the nth cell; Secondly, the joint processing techniques such as global precoding may further enhance the received SINR due to constructive combining. Therefore, the benefits depends on the SINR gain. 

Shannon’s channel capacity formula reads
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The number 
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in denominator is due to the fact that a UE occupies the resources of 
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 cells. Denote the SINR of single cell transmission as SINR0 and denote the SINR of CoMP transmission as SINRc。 Then the cooperation benefits if and only if
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The left hand side of the above inequality is the SINR gain provided by cooperative transmission, and the right hand side denotes the SINR gain required for N-cell cooperation to be beneficial. The inequality implies that if and only if the provided SINR gain is greater than the required SINR gain, the cooperation is beneficial. Fig.1 plots function
[image: image22.wmf]f

versus 
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and 
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. In the figure, each curve represents a threshold, i.e., if the point 
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locates above the the curve 
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, then the N-cell cooperation is beneficial when the SINR of single cell transmission is SINR0.
In the low SINR region, the right hand side of the above formula can be approximated by 
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That is, as long as cooperation can provide SINR gain more than 
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 dB, the cooperation is beneficial. In the high SINR region, the formula approximates
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In contrast to low SINR region, the gain required now becomes 
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dB. The required SINR gain is much larger than 
[image: image31.wmf])

(

log

10

10

N

 dB in the low SINR region. 
The above analysis implies that it is easier to benefit from cooperation if UE is of low SINR (typically at cell edge). It can also be observed that function 
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 is an increasing function of 
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, which implies that while the cooperating cells getting more it becomes even harder to benefit from the cooperation.  On the other hand, more cooperation gain can be obtained by more cooperating cells. 
Fig.2 shows the SINR gain of various cooperating cells in a simulating system. It can be observed that, the cooperation gain is approximately {7, 12, 16, 19, 22, 24, 26} dB when the number of cooperating cell is {2, 3, 4, 5, 6, 7, 8}. Taking 3-cell cooperation as an example, the SINR gain is 12 dB, i.e., 
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12 dB. Observing Fig.1, one can find out that (
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,
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) locates below the 3-cell curve if 
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 > 6 dB. The observation implies that if 
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 > 6 dB, there will be no cooperation gain. In other words, the number of cooperating cells should be no more than 3 if 
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 > 6 dB. 
The above analysis is rather ideal. But it can still give us an impression that with the number of the cooperating cells increasing, the cooperation gain will reduce, and the signalling exchanged among the cooperating cells will increase dramatically. So the number of cooperating cells should be limited, although the upper bound is not given explicitly.
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Fig. 1 Required SINR gain for cooperation to be beneficial
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Fig.2 SINR gain of global precoding with different number of cooperating cells 
2.3. Effect of Arrival Timing Misalignment
Arrival timing misalignment was discussed in several contributions [7-8]. The cause of the misalignment is the different distances between UE and cell sites. Fig.3 illustrates the generation of the misalignment. If the misalignment is greater than a certain value, the inter-symbol interference (ISI) will counteract the cooperation gain. A threshold on the misalignment can be set up to reach a balance between ISI and cooperation gain. If the misalignment between a cell site and the reference cell site exceeds the threshold, the cell can then be precluded from the cooperation cell set. Thus, in the following the misalignment is assumed within the threshold. However, even a small misalignment can have a large impact on the aggregated channel response since a substantial phase difference, linear in frequency, is induced. To get better performance, the precoding matrix should closely match the aggregated channel. This means the precoding matrices should track the channel variations over the transmission bandwidth. For FDD configuration with timing misalignment this presents a challenge because precoding indexes with a fine frequency granularity need to be reported from the UE. This may lead to a substantial feedback overhead. One possibility for reducing the feedback overhead is to use coarser frequency granularity but this may quickly lead to significant performance loss if there is timing misalignment. Another possibility for reducing the feedback overhead is to introduce a timing adjustment mechanism. 

For TDD configuration, the situation seems optimistic. The precoding matrix is calculated at the network side, and thus the precoding matrices can track the channel variations with very fine frequency granularity. Timing adjustment is also beneficial to TDD configuration for the channel estimation accuracy can be improved. 
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Fig.3 Illustration of arrival timing misalignment between two cooperating cells

3. Performance Evaluation

In this section, we provide some system-level simulation results on the performances of the global precoding scheme. The details of system-level evaluation are given in Appendix I.
In the evaluation, a threshold (0dB) on geometry is defined to differentiate cell edge UE and cell center UE. Only cell edge UEs are candidates for joint transmission, while cell center UE are served by serving cell. A Round Robin (RR) scheduler is employed to schedule UEs in the 57 sectors jointly. If the instantaneous SINR of joint processing is 6dB (two cells cooperation) or 15 dB (three cells cooperation) greater than that of single cell transmission, the cell edge UE is served by two or three cooperating cells, otherwise the UE is served by single cell. In Table I, a summary of simulation results is provided.
Table I Performance Gain of Global Precoding Over Single Cell Transmission
	Single cell transmission/global precoding (gain)
	N = 2                ISD = 500m
	N=2            ISD = 1732m
	N=3        ISD = 500m
	N=3         ISD = 1732m

	Average spectrum efficiency (bps/Hz/cell)
	1.65/1.72     (4.2%)
	1.52/1.56 (2.6%)
	1.65/1.71 (3.6%)
	1.52/1.55 (2.0%)

	Cell-edge throughput(bps/Hz/cell/user)
	0.061/0.096  (57%)
	0.054/0.079 (46%)
	0.061/0.096 (57%)
	0.054/0.078 (44%)


Several observations can be made from the evaluation results:
1. Global precoding provides significant gains in terms of cell-edge throughput in all the simulated scenarios and the average spectrum efficiency gain is marginal.

2. Global Precoding for the cooperating cells with small ISD provides more gains than that in cooperating cells with large ISD. The reason is that large ISD presents larger timing misalignment. As discussed in section 2.3, it has negative impact on the performance of global precoding scheme. In the evaluation, the precoding matrix is calculated at eNodeB for every RB, and hence the effect of timing misalignment is not significant even in cooperating cells with large ISD. 
3. When the number of cooperating cells goes from 2 to 3, little gain is achieved. This coincides with the discussion in section 2.2, i.e., more cooperating cells may not bring any performance gain.
4. Conclusion

In this contribution, the global precoding scheme is studied. Details on backhaul and feedback overhead, number of cooperating cells and effect of timing misalignment are discussed. According to the analysis and evaluation results, global precoding provides significant gains with limited number of cooperating cells, and the gain is relatively easy to obtain in TDD configuration.
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6. Appendix I

The assumptions of system-level evaluation are summarized in Table II.

Table II: System-level simulation parameters

	Parameter
	Assumption

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

	Inter-site distance
	500m, 1732m

	Channel model
	Spatial Channel Model (SCM)

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Users dropped uniformly in entire cell
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and cell
	>= 35 meters

	Number of antennas (Tx, Rx)
	(2, 2)

	Antenna separation in wavelength (Tx,Rx)
	(10, 0.5)

	Transmit antenna pattern
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 = 70 degrees,  Am = 20 dB

	Distance-dependent path loss
	37.6+15.352log(d)

	Shadowing standard deviation
	8dB

	Shadow correlation
	Inter site
	1

	
	Intra site
	0.5

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Scheduler
	RR

	Users per cell
	10

	Control overhead 
	28.6% (3 control symbols and 2 Cell-specific RS)

	Receiver processing
	MMSE

	Link to system
	EESM

	eNodeB Tx power
	46dBm

	Service type
	Fullbuffer

	HARQ
	Asynchronous adaptive

	Maximum number of retransmission
	4
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