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1. Introduction
In order to fulfil the requirements for LTE-Advanced [1], physical-layer technology proposals have been discussed since RAN1#53 meeting. A skeleton of TR36.814 “Further Advancements for E-UTRA Physical Layer Aspects” [2] was approved at RAN1#54bis meeting, where coordinated multipoint transmission/reception (CoMP) is adopted as an approach to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput. Furthermore, RAN1 have already reached the consensus that joint transmission should be supported in downlink CoMP, where data to a UE is simultaneously transmitted from multiple transmission points, e.g. eNBs, as shown in Fig.1. In this Contribution, we discuss the MIMO processing for the joint transmission when the multiple eNBs have full channel information share and data share. In contrast to linear processing, a precoding structure implementing dirty paper coding (DPC) is considered in order to obtain higher system throughput. We propose that the DPC MIMO precoding structure should be adopted for downlink CoMP in LTE-Advanced.
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Fig. 1 Example of Joint Processing/Transmission in Downlink CoMP.
2. MIMO Processing for Downlink CoMP Transmission: Linear Processing vs. Dirty Paper Coding
2.1. System Model and Main Assumptions
Figure 2 shows an example of system model without loss of generality, where two eNBs each has two antennas jointly transmit the data to two UEs. Assuming these two eNBs have full channel information share and data share through the controller, the function of these two eNBs and the controller can be regarded as one super eNB and the downlink CoMP channel can be considered as a multi-user(MU) MIMO channel between the super eNB and the two UEs. The objective of MIMO Processing over the super eNB is to cancellation inter-user/inter-layer interference and to improve data rate/data quality.
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Fig. 2 Example of System Model.
2.2. MIMO Precoding based on Linear Processing

MU-MIMO precoding based on linear processing have already adopted in LTE. It is easy to consider that the super eNB in LTE-Advanced uses MIMO precoding schemes based on linear processing like LTE. Figure 3 shows the structure, in which the data to all UEs are multiplied with a precoding matrix in order to the UEs can received their own data without interference. The precoding matrix can be decided through some algorithms based on the channel information feedback. For instance, zero forcing (ZF) is a very simple algorithm, which make the precoding matrix W be the inverse of the MIMO channel matrix [3].
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Fig. 3 MIMO Precoding Structure based on Linear Processing.
2.3. MIMO Precoding based on Dirty Paper Coding

High requirement for LTE-Advanced motivates us to consider more efficient precoding schemes for downlink CoMP. DPC can make the most use of MIMO channel’s potential in theory [4]. Therefore, we consider the precoding structure in super eNB as shown in Fig.4 to implement DPC MIMO. The DPC MIMO precoding scheme such as Tomlinson-Harashima Precoding (THP) [5] and Generalized Decision Feedback Equalizer (GDFE) [4] can be applied through changing the Pre-subtraction Matrix and precoding matrix decision algorithm.
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Fig. 4 MIMO Precoding Structure based on DPC.
2.4. Performance Comparison

Figure 5 shows the performance difference in principle among linear processing MIMO schemes, e.g. ZF and block diagonalization (BD) [6], DPC MIMO schemes, e.g. THP, and the theoretic upper band in terms of throughput. It is very obvious that DPC MIMO schemes have significant superiority of performance over linear processing MIMO schemes.
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Fig. 5 Performance Comparison between Linear Processing and DPC.
3. Conclusion
In this contribution, we have considered the MIMO precoding schemes for joint transmission in Downlink CoMP. When multiple eNBs have full channel information share and data share, these eNBs can be regarded as one super eNB and the downlink CoMP channel can be regards as a MIMO broadcast channel. We have discussed the MIMO processing used by the super eNB and compared the linear processing with DPC precoding. DPC precoding has significant superiority of performance over linear processing. Therefore, we propose that super eNB should support DPC MIMO precoding for Downlink CoMP Transmission in LTE-Advanced.

Please note that the DPC precoding discussed in this contribution doesn’t need additional MIMO processing in receivers, i.e. UEs. In [7], we present that an efficient DPC precoding scheme with the receiver’s MIMO processing can make the most use of MIMO BC channel’s potential to achieve the throughput close to the theoretic upper band.
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