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1. Introduction
For advanced E-UTRA, increasing the system and cell-edge throughput by using coordinated multi-point (CoMP) transmission is of particular interest (see, e.g. [2-9]). Multiple coordinated points could collaboratively construct a larger cooperative MIMO transmitter in a super-cell, where the downlink transmission are jointly configured to avoid inter-cell interference. As pointed out in [10], from the radio-interface perspective, there is no difference from the UE perspective if the coordinated points belong to multiple eNBs, or to the same eNB (e.g., an eNB connected to multiple remote radio elements (RREs) with lower capability than the central/master eNB). 
In this document, we discuss several issues on the coordinated multi-point (CoMP) schemes and identify their impact on the system from different perspectives. We focus on the downlink aspects of CoMP.
2. CoMP Setup
A super-cell is herein defined as the area covered by the transmission of the coordinated multiple points. We consider one super-cell which comprises of N points transmitting in the downlink. Denote the number of transmit antennas associated with the n-th point and the number of receive antennas at UE as 
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points are cooperating, the received signal can be expressed as follows:
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where 
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 precoding matrix applied on the n-th point, 
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 channel matrix from the n-th transmission point to the UE, and 
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 is a power scaling factor. The aggregated matrix 
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 can be treated as a single precoding matrix for the 
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 distributed antennas. As clearly seen from (1), the following constraint holds for the number of transmission layers 
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(2)
The implications of (2) are as follows:

· If 
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(which is more likely in practice), the excess dimensions serve to offer precoding diversity gain. This not only improves the data coverage (cell-edge throughput) but also the average sector throughput. 
· Cooperative MIMO does not increase the system peak data rate of any of the cells in the super-cell unless 
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. An example of such as is a super-cell that is composed of multiple single-antenna cells. In this case, the peak data rate is increased. 
As evident from (1), precoding is naturally incorporated into the CoMP transmission. In this context, several aspects can be noted: 
· To meet the power amplifier balancing requirement, each precoding matrix 
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 should be constant modulus.
· If backward-compatibility with the E-UTRA Rel. 8 is desired, codebook-based precoding seems preferred over the non-codebook-based precoding. An exception is for cooperative rank-1 beamforming across multiple points where the dedicated RS can be used to facilitate non-codebook-based precoding.
Assuming codebook-based precoding, two different design approaches exist:
1. Joint design: A single super-cell codebook is designed considering multiple points. 
2. Separate design: The super-cell codebook is formed by concatenating 
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 common single-cell codebooks.
Overall, separate design may appear more flexible for the following reasons:
· Rank/precoding adaptation for different points can be performed separately and more flexibly. When one point determines to change its rank indicator (RI) and precoding matrix indicator (PMI), the DL transmission of other points could remain unchanged. 
· UE uplink feedback is more flexible as feedback to multiple points could be possibly separate. 
· The set of points in a super-cell can be configured more adaptively to achieve better performance, since the number of transmit antennas of a super-cell is not required to be constant.
The joint design is expected to offer better performance. This can be clearly seen in the collaboration of multiple single-antenna points. In this case, multi-point precoding gain can only be obtained with the joint design. 
3.  Downlink Multi-Cell Coordination
An illustration of downlink multi-cell coordination is given in Figure 1. The joint/cooperative UE scheduling and link adaptation is performed in a super-cell controller which generates the assigned transport block (TB). The link adaptation includes MCS, rank adaptation, and precoding adaptation. Naturally, the cooperative link adaptation parameters and the generated TB (bit-level) are shared within the backhaul network and forwarded/multiplexed to the participating cells by the super-cell controller. At this point, there are at least two possibilities: 
· Each point receives the link adaptation parameters along with the TB and performs the regular processing (channel encoding and rate matching, symbol mapping, layer mapping, precoding) based on the associated link adaptation parameters. This is more suitable for a super-cell that comprises of multiple eNBs with equal capability.
· The super-cell controller (which resides in one of the eNBs) performs the channel encoding and rate matching, symbol mapping, layer mapping, and precoding. The resulting symbol-level signal is then multiplexed across the points within the super-cell. This seems more suitable for a super-cell with one eNB connected to multiple remote radio elements (RREs) of lower capability. 
It is expected that the UE reports the CQI, PMI, and RI that correspond to the cooperative transmission. In the computation, it is assumed that the cooperating points act as 
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signal sources.  This is analogous to the single-frequency network (SFN) combining for MBSFN. Consequently, the number of participating cells 
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should be set semi-statically, e.g. via some long-term channel property. Furthermore, the CQI/PMI/RI is jointly reported. The CQI/PMI/RI can be transmitted to all or a subset of the cells within the super-cell and processed in the backhaul network by the super-cell controller. 
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Figure 1. Illustration of downlink multi-cell coordination
In terms of downlink control signalling, the scheduling assignment and other control information (e.g., TB size, MCS level) could be transmitted from multiple coordinated points and jointly decoded/combined at the UE. Alternatively, DL control signalling could be transmitted from a single transmission point (e.g., the anchor cell which a UE is synchronized to or the cell with the strongest signal). If backward compatibility is desirable, the latter alternative seems to be the preferable solution.
4. System-level Simulation Results
In this section, we present preliminary system level simulation results to demonstrate the benefit of cooperative MIMO. The scheme is evaluated by simulations of a 5 MHz system bandwidth with a single point antenna per cell and two UE antennas. Two cells cooperatively send the signals to the UEs. Users are dropped uniformly on the edge of the cells with an angle of [-3, 3] degrees. This setup is used to evaluate the gain of CoMP on the cell edge. Hence, the gain observed in this scenario comes from the cooperation of 2 cells/points. 
For conventional scheme (no cooperation), since the number of antenna per cell/point is 1, no precoding is employed. For the cooperative MIMO scheme, however, precoding can be employed since the number of “effective” eNB antennas is 2, i.e., the eNBs can do precoding and rank adaptation. In this case, for rank-1 transmission, we use an exemplary two-element codebook: 
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. For rank-2 transmission, only one precoding matrix is used:
[image: image28.wmf]ú

û

ù

ê

ë

é

-

=

1

1

1

1

2

1

W

. Larger gain is expected with larger codebook size.

Table 1 shows the average throughput. The cooperative MIMO scheme provides approximately 50 % gain in terms of average sector throughput over the conventional scheme. 
Table 1. Throughput Comparison

	
	Conventional
	CoMP
	% increase

	Average throughput (Mbps)
	2.12
	3.24
	52.8%


5. Conclusion
In this contribution, several aspects of the downlink CoMP transmission were discussed, namely the signal transmission and multi-cell coordination issues. The signal transmission aspect of CoMP falls into a typical MIMO precoding framework. This leads to several standard control signalling aspects which are not foreign to the current release of the E-UTRA (e.g. CQI, PMI, and RI). The key aspect involves cooperation across different cells to form a super-cell in the form of cooperative UE scheduling and link adaptation. This involves some backhaul processing by a super-cell controller.  
Some initial system-level simulation results were also presented to demonstrate the potential gain of cooperative MIMO transmission. In particular, approximately 50% gain in terms of average throughput on the cell-edge was observed from a cooperation of only two single-antenna cells within the same site using a simple precoding scheme. This demonstrates the utility of downlink CoMP in increasing the network capacity of the advanced E-UTRA system.
TABLE A-1: System Level Simulation Assumptions
	PARAMETER
	VALUES

	Cellular layout
	Hexagonal grid, 19 cell sites

	Channel profile
	SCM

	Number of cells per site
	3 cells, with one 120-degree antenna per cell

	Number of UEs per cell
	10 UEs

	Traffic Model
	Full-buffer

	Scheduler
	Proportional Fair

	Number of Node-B antennas
	1

	Number of UE antennas
	2

	System Bandwidth
	5 MHz

	Resource Block Bandwidth
	180 kHz 

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 TTIs

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max HARQ Retransmissions
	3

	Scheduling Details
	MCS fixed across the scheduling bandwidth
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