
3GPP TSG RAN WG1 #61                                                                                         R1-102720
Montreal, Canada
10–14, May, 2010
Agenda item: 6.3.1.3
Source: LG Electronics
Title: OCC Mapping for DM RS in LTE-A
Document for: Discussion and decision
1. Introduction

 One of the remaining issues on DM RS could be the details on OCC mapping. There were several contributions to discuss OCC mapping not only for Rel-9 backward compatibility but also for peak power randomization [1-3][6-9]. This contribution discusses the OCC mapping of DM RS in LTE-A.
2. Problem Statements
As already discussed in Rel-9 WI phase [4], the issue on peak power randomization was an important criterion to design OCC mapping for DM RS. That unbalanced power distribution in symbol-by-symbol is not desirable even with eNB transmitter and also would affect dynamic range at UE receiver. In consequence, the alternated OCC mapping to solve peak power problem was agreed [5].
The similar problem happens in DM RS in LTE-A. We assume the following 4x4 Walsh matrix;
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The conventional OCC mapping could be drawn as in Figure 1.
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Figure 1 Conventional mapping (No column shift)
Assuming 8 layers and 8 antenna ports, the peak power problem with Figure 1 due to layer-common scrambling sequence with conventional Walsh mapping is illustrated in Figure 2 and Figure 3. As seen in the figures, the peak power difference occurs with up to 7dB at antenna port #0.
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Figure 2 Unbalanced power after precoding (8 layers, 8 antenna ports)
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Figure 3 Unbalanced power after precoding within two PRBs (antenna port#0, 8 layers, 8 antenna ports)
3. Discussions
The solutions to solve peak power problem have been proposed so far based on a single CDM group [1-3][6-9]. Among the proposals, the phase shift based solution [7] can provided perfect peak power randomization as well as backward compatibility with even number of PRBs. Assuming same precoding matrix in Figure 2, a perfect peak power randomization within two PRBs using phase shift based solution can be achieved as seen in Figure 4 and Figure 5.
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Figure 4 Antenna port 0 after precoding based on phase shift based randomization in two PRBs [7]
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Figure 5 Power distribution at antenna port 0 by phase shift based randomization in even number of PRBs
On the other hands, with odd number of PRBs, any solutions could not depict a perfect peak power randomization. A further randomization can be obtained by using CDM group specific shift approach [9]. For example, assuming one PRB, peak power randomization with CDM group specific shift approach is shown in Figure 6. The peak power variation is reduced from 1.35dB to 0.73dB.
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(a) W/O CDM group specific shift                               (b) W CDM group specific shift
Figure 6 Power distribution at antenna port 0 in odd number of PRB
In summary, to provide peak power randomization for odd number of PRBs as well as for even number of PRBs, the CDM group specific shift approach is proposed on top of phase shift based OCC mapping. 

Regarding 2D orthogonality in time and frequency domain, our view is that it should not be a main criterion to decide OCC mapping. Our agreement on DM RS was made based on time domain OCC only, which is mainly targeting to low/medium Doppler scenarios. A complementary gain using frequency domain orthogonality in addition to time domain one is merely implementation issue. Therefore, any OCC mapping design to optimize 2D orthogonality is not desirable.
4. Conclusion

 In this contribution, we discuss peak power problem in OCC mapping for DM RS in LTE-A. The OCC mapping should satisfy peak power randomization as well as Rel-9 backward compatibility. As a conclusion, we propose the CDM group specific shift on top of phase shift based OCC mapping as follows;
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where
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