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1. Introduction

At the RAN1#59bis meeting, the following agreements were reached regarding the downlink demodulation reference signal (DM-RS) pattern for Rank 5-8 as shown in Fig. 1.
· Hybrid CDM+FDM DM-RS patterns are adopted for Rank 5-8 transmission with normal CP (normal subframe, DwPTS)
· The length of orthogonal cover code (OCC) in time domain is  4 for both CDM groups
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Figure 1 – DM-RS mapping pattern for Rank 5-8
Therefore, one of the remaining issues is how to map the length-4 OCC on the agreed DM-RS pattern for Rank 5-8. So far this issue has been investigated in [1]-[3]. This contribution presents our investigation results and preference regarding this issue.
2. Design Criteria for Length-4 OCC Mapping Scheme
First, we discuss the design criteria for the length-4 OCC mapping scheme for DM-RS Rank 5-8. Here, we apply length-4 Walsh sequences defined as follows.
· Sequence: Walsh - 
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Then, we suggest the design criteria for the length-4 OCC mapping scheme. A length-4 OCC mapping should be designed so that the following requirements are satisfied as much as possible.
· Backward compatibility with the agreed mapping scheme for up to Rank 2: OCC sequences for higher rank transmissions are desired to be a superset of that for lower rank transmissions.
· Performance: In order to achieve better performance in a time/frequency selective channel, good orthogonality should be achieved both in the time and frequency domains. More specifically, the following should be considered for designing a length-4 OCC mapping scheme.
· Time-domain orthogonality: a~d are mapped to four REs in the time domain.
· Frequency-domain orthogonality: a~d are mapped to the closest four REs in the frequency domain.
· Peak power randomization: As discussed in the past RAN1 meetings, peak power randomization within the OFDM symbols should be achieved by time/frequency variation of the OCC mapping. To achieve the randomization, the following mapping design should be considered.
· Peak power randomization: a~d are mapped such that a~d are included in the frequency domain.

3. Candidates for Length-4 OCC Mapping Scheme
Based on the discussion in Section 2, three options are given below and shown in Figs. 2(a), 2(b), and 2(c). In all the options, time-domain orthogonality is achieved. The signal representation associated with these options is also provided in the Appendix. 
· Option 1: Reversing mapping direction in the frequency domain

In Opt. 1, the OCC mapping direction is reversed every subcarrier that is used for the DM-RS. The advantage of Opt. 1 is that backward compatibility with the mapping scheme for up to Rank 2 transmissions is achieved while frequency-domain orthogonality is maintained within the closest 4 REs in the frequency domain. However, since all of a~d are not included in the frequency domain, a perfect peak randomization effect cannot be achieved.
· Option 2: Adding cyclic shift (CS) in the frequency domain 

In Opt. 2, a CS is added to the OCCs in the frequency domain. The merit of Opt. 2 is that both backward compatibility and the peak randomization effect are achieved. However, frequency-domain orthogonality is not completely achieved since all of a~d are not mapped to the closest four REs.
· Option 3: Maintaining frequency-domain orthogonality while randomizing peak power

Opt. 3 optimizes the frequency-domain orthogonality as well as peak power randomization by giving up backward compatibility with the OCC mapping for up to Rank 2 transmissions.
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Figure 2 – OCC mapping scheme for Rank 5-8

4. Simulation Evaluations
In this section, we investigate the improvement in performance due to 2D orthogonality as well as the peak power randomization effect by applying the three options. The simulation conditions are given in Table 1. We first evaluate the BLER performance of the three options for Rank 8 transmissions under several channel conditions. For comparison, we also plot the BLER performance of the time-domain (TD) OCC mapping where the OCC is mapped in the time domain in the same way for all the frequencies. Figures 3(a)-3(f) show the BLER performance as a function of the average received signal-to-noise power ratio (SNR) per receiver branch with the maximum Doppler frequency of fD = 5.55 Hz (this corresponds to 3 km/h at the carrier frequency of 2 GHz) in the Vehicular-A (Veh-A) and Typical Urban (TU) channel models, respectively. Two-dimensional minimum mean square error (MMSE) channel estimation is performed within one RB. Three mapping patterns exhibit identical BLER performance since time-domain orthogonality is sufficiently achieved when fD = 5.55 Hz. 
Table 1 – Simulation Conditions
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        (a) QPSK, TU                                              (b) QPSK, Veh-A
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         (c) 16QAM, TU                                              (d) 16QAM, Veh-A
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          (e) 64QAM, TU                                              (f) 64QAM, Veh-A

Figure 3 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 5.55 Hz)

Figures 4(a)-4(d) show the BLER performance with the maximum Doppler frequency of fD = 55.5 Hz (this corresponds to 30 km/h at the carrier frequency of 2 GHz) in the Veh-A and TU channel models, respectively. Similar to a low mobility (fD = 5.55 Hz) case, in a low SNR region using QPSK modulation, three options provide the identical BLER performance. Figs. 4(c) and 4(d) show that Opts. 1, 2, and 3 provide better performance for 16QAM than TD-OCC because the orthogonality distortion among layers caused by channel variation can be reduced by the frequency-domain orthogonality. Comparing the performance among the three options, although Opts. 1 and 3 give slightly better performance than Opt. 2, the performance difference is quite small, i.e., less than 0.3 dB at the average BLER of 10-1.
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          (c) 16QAM, TU                                              (d) 16QAM, Veh-A

Figure 4 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 55.5 Hz)

In terms of the peak power randomization effect, Fig. 5 shows the complimentary cumulative density function (CCDF) of the normalized transmit power. As shown in Fig. 5, Opts. 2 and 3 are effective in reducing the peak power compared to Opt. 1 and TD-OCC mapping. With Opts. 2 and 3, the peak transmit power can be reduced by 0.8 dB at CCDF = 10-3 compared to TD-OCC.
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Figure 5 – Peak randomization effect of OCC mapping
To summarize the above discussion, our preference is Opt. 2 for the following reasons.
· Opt. 2 achieves full backward compatibility with the agreed OCC mapping for Rank 2 transmission.

· Opt. 2 achieves the best peak power randomization effect.
· The BLER performance difference among the three options is marginal.
5. Conclusion

In this contribution, we discussed the length-4 OCC mapping scheme for the DM-RS for Rank 5-8. Based on the evaluation results, our preference is as follows.
· Sequence: Walsh - 
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· Length-4 OCC mapping scheme for DM-RS Rank 5-8
· Apply Opt. 2 given in Section 3 and Appendix based on the following reasons

· Full backward compatibility with the agreed OCC mapping pattern for up to Rank 2
· Best peak power randomization effect
References

[1] 3GPP, R1-100496, NTT DOCOMO, “Downlink DM-RS Structure for Rank 5-8 in LTE-Advanced”
[2] 3GPP, R1-100020 CATT, “Further investigation on DMRS design for LTE-A” 

[3] 3GPP, R1-100576 Fujitsu, “DM RS design for Rank 5-8 in LTE-Advanced”
[4] 3GPP, TS36.211 (V9.0.0) “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
Appendix: Signal Representation of OCC Mapping Scheme
The complex-valued modulation symbols, 
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 in a subframe according to a normal cyclic prefix are given by [4]
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In the first equation, s represents an OCC sequence based on the Walsh code and the other symbols are given in [4]. The OCC sequence, s, associated with the mappings of Opts. 1, 2, and 3 is shown below.

· Option 1:
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· Option 2:
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· Option 3:
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