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1 Introduction 
In the LTE-Advanced workshop and subsequent RAN1 meetings, many companies proposed coordinated multi-cell transmission as one of potential technologies for LTE evolution towards LTE-Advanced [1-14]. In this document, we introduce the concept of coordinated multi-cell transmission and discuss some of technical points of consideration for codebook-based multi-cell precoding MIMO.
2 Discussion
2.1 Multi-cell coordination and cellular layout
In conventional single-cell transmission/reception, as adopted in LTE, the interference from neighboring cells is avoided or mitigated through coordination among neighboring cells. In the coordinated multi-cell transmission, eNBs in different transmission sites cooperate with one another for a simultaneous joint transmission to the UE, hence changing the interference from neighboring cells to the signal intended for the UE.  
Concept of a “super eNB” and a “supercell”
For multi-cell coordination, we need a cooperation center called “super eNB”. A super eNB is defined as a virtual eNB, which may be located at one of cooperating eNBs and has control over the behavior of multiple eNBs involved in the joint transmission. A set of eNBs controlled by a super eNB shares necessary information such as data and scheduling information to jointly schedule and configure the transmission for the UE.  A set of cells governed by a super-eNB is also called “supercell” here. Thus, a supercell covers a geographical area where the joint transmission takes place under the control of its associated super eNB. 
Construction of supercells  
The supercell can be constructed in a UE-specific manner or can have one universal layout applied to all UEs.
Alt. 1: UE-specific construction 

In the UE-specific supercell construction, the coordination set of cells for a certain UE depends on the UE position. As the UE moves around cells, a set of cells for coordination is dynamically chosen from among cells near the UE, which can be done based on the UE measurement reports. The UE-specific dynamic supercell creation results in overlapping of supercells of different UEs, hence resulting in an eNB belonging to more than one supercell. For example, in Fig. 1(a), the UE 0 is served by the cells denoted by Cell A, B, and D, while the UE 1 is served by Cell A, C, and D. One may use interference coordination schemes such as FFR to avoid or reduce co-channel interference arising from neighboring supercells. On the other hand, one may use multi-user MIMO to control co-channel interference between UEs belonging to different supercells.
Alt. 2: Universal fixed construction
In the universal creation the layout of super-cells is the same for all UEs regardless of the UE position as shown in Fig. 1(b), and the super-cell geometry is fixed or semi-statically configured. The interference between supercells can be mitigated through interference coordination schemes extended to supercells. 
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Figure 1  layout of supercells for coordinated multi-cell transmission
Cells in actual transmission for a UE – active cells

For a given UE belonging to a supercell, it may be beneficial to designate a set of cells which are participating in the actual transmission for the UE. The cells in actual transmission to a UE are called active cells for the UE. Up to N (≤ M, where M is the number of cells comprising the supercell) cells are chosen for actual transmission to a UE. The active cells can be defined from the UE perspective based on signal strengths from the cells (normally cells with strong signal strength are chosen among cells within the supercell). In Fig. 1(b), where one supercell consists of three neighboring cells, the UE 0 is located at the supercell edge and has two active cells, and the UE 1, located near the supercell center, has three active cells. The activation/de-activation of a cell can be done by the super eNB based on the UE feedback. The designation of active cells can reduce the UE feedback overhead and the backhaul load due to ‘unnecessary’ coordination among cells.
2.2 Codebook based precoding for multi-cell MIMO 
In the following we discuss multi-cell MIMO schemes using codebook based precoding for coordinated multiple point transmission.
Procedure for downlink multi-cell MIMO
Once the super eNB establishes the active cells for the UE, and the following basic operations are necessary for downlink multi-cell MIMO.
1. In FDD, the UE calculates and reports CQI/PMI/RI in uplink based on the measurement of reference signals from the active cells.
2. The super eNB collects channel quality information from the active eNBs, makes a decision on scheduling of the UE, and transfers the scheduling information to the active eNBs.
3. The active cells transmit data simultaneously to the UE in accordance with the scheduling information. 

Multi-cell coordination area
Depending on the area of multi-cell coordination, the coordinated multi-cell transmission can be classified into the followings [3].

Alt.1: Coordination everywhere in the cell
The coordinated multi-cell transmission happens for all UEs in the cell regardless of the UE position. The approach may provide a better performance at the expense of UE feedback and backhaul overhead compared with the coordination only at the cell edge [3].
Alt. 2: Coordination only at the cell edge

The single-cell transmission is used for UEs in the cell-center while the multi-cell transmission only applies to UEs at the cell-edge. This approach may provide a good compromise between performance and reduction in the UE feedback and backhaul overhead.  Note that the single-cell transmission for cell-center UEs can be achieved by designating only the home cell as the active cell.
Precoding for multi-cell MIMO
Alt. 1: Per-cell codebook approach
In the per-cell codebook approach, the codebook consists of precoding matrices of constant size regardless of the number of coordinating cells. Assuming that each cell has Nt Tx antennas, precoding for multi-cell MIMO with L cells in coordination can be described by an (LNt x LNt) matrix, which is comprised of L submatrices with size (Nt x LNt) each describing the precoding for the corresponding cell, as shown in Fig. 2(a). The set of sub-precoding matrices for a cell, i.e., the codebook can be designed to be identical between different cells and the codebook for single-cell transmission can be reused for simplicity. The UE may estimate preferred precoding for transmission from individual cells. The same CQI/PMI/RI report format for single-cell transmission can be reused (or with a small modification) for multi-cell coordinated transmissions (e.g., report over multiple instances to take into account transmission from multiple cells).

Alt. 2: Joint codebook approach
In the joint-codebook approach, precoding matrices are designed by considering jointly all the available transmit antennas in the coordination set. Assuming that each cell has Nt Tx antennas, precoding matrices are of size (LNt x LNt) as shown in Fig 2(b). In this case, the codebook is designed separately for all possible cases with a different number of Tx antennas.
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Figure 2  Precoding matrix for (a) per-cell and (b) joint precoding in multi-cell MIMO
Use of multi-user MIMO in coordinated multi-cell transmission

In view of frequency re-use, the coordinated multi-cell transmission incurs “loss” of frequency resources available per cell since resources for multiple cells are now all shared as a co-channel between multiple cells. To overcome the spectrum loss incurred by the multi-cell coordinated transmission, we may need to fully utilize additional spatial-domain degree of freedom made available by multiple-site transmission and accommodate multiple UEs in the same frequency band simultaneously. Unfortunately, the UE feedback in the LTE Rel.8 specification does not allow for an efficient UE paring mechanism so it may need to be redefined in LTE-Advanced for a maximum use of multi-user MIMO.

Reference signal design 

When the UE estimates the channel quality, it can use cell-specific reference signals from cells while the following options can be considered for demodulation reference signal design.
Alt. 1:  UE-specific reference signals are transmitted in the resource blocks for the UE. In the LTE Rel.8, only one UE-specific reference signal is supported, being carried by antenna port 5. In LTE-Advanced, more than one antenna port can be introduced to support spatial multiplexing. The UE-specific reference signals are coded with the same precoding as applied to the data symbols. In this case, the serving eNB only informs the UE of the number of layers being transmitted (Approach B in Ref. [1]).

Alt. 2: No UE-specific reference signals are transmitted. The UE demodulates data using cell-specific reference signals. The eNB needs to inform the UE of the full precoding information (Approach C in Ref. [1]).

3 Conclusion
In this document, we have discussed coordinated multi-cell transmission for LTE-Advanced downlink and outlined various high-level options and technical points to consider for multi-cell precoding MIMO.  
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