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1 Introduction 
The coordinated multiple point transmission/reception (CoMP) is considered as one of potential technologies for LTE-Advanced [1]. In the joint processing/transmission CoMP, multiple transmission points share the data and cooperate with one another for a simultaneous joint transmission to a UE [1]. 

In this document, we introduce some of per-cell precoding schemes for joint processing CoMP and provide an initial comparison through simulations.
2 Per-cell precoding methods
Assuming M cooperating cells, in per-cell codebook approach, the precoding for the combined channel between the UE and multiple cooperating cells can be decomposed into M sub-precoders each representing the precoding within an individual cell.

· Multiple Single-Point (SP) precoding
The codebook 
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 for the i-th cell with 
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  transmit antennas can be described as 
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 is a precoding matrix with size 
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 and hence with L transmission layers, and N is the number of precoding matrices with the same number of layers L. Assuming M cells are transmitting the same symbol vector 
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 to the UE, the received signal 
[image: image7.wmf]r

 at the UE can be written as
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where 
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is the channel coefficient matrix for the i-th cell, and 
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is a noise vector including interference and Gaussian noise. 
· Multiple SP precoding with additional “beam” precoding
To allow for coherent combining of multiple beams from different cells, we may use an additional weight matrix 
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 prior to precoding
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 is a diagonal matrix consisting of L phase adjustment factors; 
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For the serving cell, 
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 and for other cooperating cells, 
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 can be selected from a pre-defined codebook. Then the received signal 
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 at the UE can be written as 
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Depending on the precoder selection and processing, the following three precoding methods can be envisioned.

Scheme A: Multiple SP precoding with identical precoding across cells – SFN transmission

All cooperating cells employ the same precoding to the UE. The UE selects the best precoding assuming the same precoding across different cooperating cells. The UE feedback format defined in LTE Rel. 8 can be reused. 

Scheme B: Multiple SP precoding allowing different SP precoding across cells 

Different cells can employ different precoding. The UE feedback includes the best combination of precoding vectors for the combined multi-cell channel. The PMI feedback overhead scales with the number of cooperating cells. 

Scheme C: Multiple SP precoding with additional “beam” precoding

Scheme C is the same as Scheme B except that the UE feedback includes additional phase factors for coherent combining of beams from different cells. The PMI feedback overhead scales with the number of cooperating cells. 
3 Performance comparison
We compare the SINR gain due to precoding and relative performance between the three schemes described above. In the simulations, we assume two cooperating cells in an independent Rayleigh fading channel and a UE receiving the same average power from the two cells. The LTE Rel.8 codebook is reused as the per-cell codebook for CoMP. 
In Scheme A and B, the best precoding is chosen for the combined multi-cell channel. In Scheme C, the UE first finds the best precoder for each of cooperating cells assuming single-cell transmission and then chooses the best beam-phase factors for multi-cell transmission using the precoding chosen for individual cells.  
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The SINR gains and uncoded BERs are compared in Fig. 1(a) and 1(b) for the case of 2 Tx antennas per cell, and in Fig. 2(a) and 2(b) for the case of 4 Tx antennas per cell. Both cases employ single-layer transmission with QPSK modulation and the UE is assumed to have 2 Rx antennas.
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Figure 1 (a) CDF of SNR gain and (b) uncoded BER performance
Two cells with 2 Tx antennas per cell, UE with 2 Rx, single-layer transmission, QPSK
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Figure 2 (a) CDF of SNR gain and (b) uncoded BER performance
Two cells with 4 Tx antennas per cell, UE with 2 Rx, single-layer transmission, QPSK

4 Conclusion
We have presented initial study results on per-cell precoding methods for multi-cell MIMO. The schemes considered are SFN-type precoding (identical precoding across cells) and independent multiple-precoding with/without additional beam-phase adjustment. Allowing different precoders for different cells seems to bring about a large performance gain against the SFN-type identical precoding. Further beam-phase adjustment to achieve coherent addition of beams from different cells can give rise to a further performance improvement.
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