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1. Introduction

At the RAN1#58bis meeting, the following agreements were reached regarding the downlink demodulation reference signal (DM-RS) for LTE-Advanced.
· DM-RS pattern for Rank 3-4
· Baseline assumption for further investigations is shown in Fig. 1
· DM-RS pattern for Rank 5-8

· Baseline is CDM+FDM for further evaluations.
· Same location with same density (24 REs per PRB)
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Figure 1 – DM-RS mapping pattern for Rank 4

Based on the agreements, this contribution discusses the DM-RS design for Rank 5-8 focusing on the exact mapping pattern associated with the orthogonal cover code (OCC) length in order to support up to 8 layer transmission, considering extending the DM-RS design to up to Rank 4.
2. DM-RS Mapping Pattern for Rank 5-8
Figure 2 shows the candidate DM-RS mapping patterns for Rank 8 transmission. In Alt. 1, 4 layers are multiplexed by a length-4 OCC and 2 different code-multiplexed groups are further multiplexed in the frequency domain [1]-[3]. On the other hand, in Alt. 2, 2 layers are multiplexed by a length-2 OCC and 4 different code multiplexed groups are frequency-multiplexed [4],[5]. Furthermore, in Alt. 2, two mapping patterns are considered as shown in Fig. 2. In Alt. 2(a), a single DM-RS mapping pattern is repeated for all the resource blocks (RBs). In Alt. 2(b), the DM-RS mapping positions of 2 groups, Layers 1-4 and Layers 5-8, are changed every RB to achieve uniform DM-RS mapping over consecutive RBs. 
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Figure 2 – DM-RS mapping pattern and multiplexing scheme for up to eight layer transmission

Regarding the mapping pattern per layer, Alt. 1 is a smooth extension from the DM-RS mapping patterns for up to Rank 4, since the DM-RS position for Layers 1-4 remains the same and the DM-RSs for Layers 5-8 are simply code-multiplexed using a length-4 OCC. We also discuss the commonality from the viewpoint of transmission (Tx) power utilization. In Alt. 1, power boosting by 3 dB is employed in the frequency domain for each layer to utilize the full Tx power. We note that the 3-dB power boosting is also employed in the DM-RS pattern for up to Rank 4. Meanwhile, in the case of Alt. 2(a), since the resource element (RE) density in the frequency domain is different between the 6th (7th) OFDM symbol and 13th (14th) OFDM symbol, the value for the power boosting is different among those OFDM symbols, i.e., 4.77 dB and 7.78 dB, respectively. In the case of Alt. 2(b), although a 6-dB power boosting is applied due to the uniform DM-RS density in the frequency domain, the boosting value is different from that for Rank 3-4. 
Therefore, we prefer Alt. 1, i.e., use of length-4 CDM for Rank 5-8 since Alt. 1 achieves the same mapping pattern and power boosting method as those for Rank 3-4. As explained in Section 4, Alt. 1 also provides slightly better block error rate (BLER) performance compared to Alts. 2(a) and 2(b).

3. Design for Length-4 OCC
After the RAN1#59 meeting, application of frequency variation of the Walsh mapping to the DM-RS for up to Rank 2 [6] was agreed as the working assumption. To support a DM-RS for up to 8 layer transmission based on Alt. 1 in Section 2, a set of length-4 OCCs is required. The following indicate the consideration regarding the length-4 OCC design.
· Sequence: Walsh - 
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· Requirements for OCC mapping design: We need to investigate the following points for the length-4 OCC mapping design.

· 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.

· Peak power randomization: As discussed during the previous meeting, peak power randomization should be achieved by time/frequency variation of the OCC mapping.
· OCC mapping design: A length-4 OCC mapping is designed so that the above requirements are satisfied as much as possible.

· 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 effect: a~d are mapped such that all a~d are included in the frequency domain.
Based on the above OCC mapping design, three options are given below and shown in Figs. 3(a), 3(b), and 3(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 [3]

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 kept 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, CS is added to 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 3 – OCC mapping scheme for Rank 5-8

We need to investigate the improvement in performance due to 2D orthogonality as well as the peak power randomization effect by applying these options. We first evaluate the BLER performance of these three options for Rank 8 transmissions under several channel conditions as described in Section 4. The performance superiority of Opt. 1 and Opt. 3 over Opt. 2 is very slight even in a medium mobile speed environment, i.e., 30 km/h (Figs. 6(c) and 6(d)). It can be said that the performance gain of Opts. 1 and 3 compared to that for Opt. 2 is very limited. In terms of the peak power randomization effect, Fig. 4 shows the complimentary cumulative density function (CCDF) of normalized transmit power. As shown in Fig. 4, Opts. 2 and 3 are effective in reducing the peak power compared to Opt. 1 and the time-domain (TD) OCC mapping where the OCC is mapped in the time domain in the same way for all the frequencies. With Opts. 2 and 3, the peak transmit power can be reduced by 0.8 dB at CCDF = 10-3 compared to TD-OCC. .
To summarize the discussion, our preference is Opt. 2 because

· 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.
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Figure 4 – Peak randomization effect of OCC mapping
4. Simulation Results
In this section, we confirm that Alt. 1 provides slightly better performance than Alts. 2(a) and 2(b), and that the performance difference among Opts. 1, 2, and 3 is limited. The simulation conditions are given in Table 1. Figures 5(a)-5(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. Figures 5(a) and 5(b) show that, in a low SNR region using QPSK modulation, Alt. 1 and Alt. 2(b) provide slightly better BLER performance compared to that for Alt. 2(a). This is because Alt. 1 and Alt. 2(b) achieve uniform transmission power for all the REs used for the DM-RS. Meanwhile, in a high SNR region using 64QAM modulation, the performance of Alt. 2(b) is slightly degraded in a frequency selective channel such as in the TU channel model as shown in Fig. 5(e). 
Regarding the length-4 OCC mapping of Alt. 1, three mapping patterns exhibit identical BLER performance since the time-domain orthogonality is sufficiently achieved. 
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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Figure 5 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 5.55 Hz)

Figures 6(a)-6(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, Alt. 1 and Alt. 2(b) provide slightly better BLER performance compared to that for Alt. 2(a). Meanwhile, in a high SNR region using 16QAM modulation, the performance of Alt. 2(b) is slightly degraded in the TU channel model.

Comparing the performance levels among the length-4 OCC mapping schemes of Alt. 1, Figs. 6(c) and (d) show that Opts. 1 and 3 provide better performance for 16QAM because the orthogonality distortion among layers caused by channel variation can be reduced by the frequency-domain orthogonality. Option 2 exhibits similar performance to those of Opts. 1 and 3. However, the performance improvement when using the three options is limited.
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Figure 6 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 55.5 Hz)

5. Conclusion

In this contribution, we discussed the DM-RS design for LTE-Advanced focusing on the exact mapping pattern associated with the OCC length in order to support up to Rank 8 transmission considering the extension from the Rel. 9 DM-RS design. Our preferences are summarized below.
· DM-RS pattern for Rank 5-8 transmissions
· Use of length-4 OCC for Rank 5-8 for the following reasons
· Smooth extension from the DM-RS for Rank 3-4 transmissions
· The same mapping pattern and power boosting method as those for Rank 3-4
· Slightly better performance compared to the length-2 OCC
· Length-4 OCC mapping scheme

· Preference for Opt. 2 in Appendix for the following reasons

· Backward compatibility with the agreed OCC mapping pattern for up to Rank 2
· Best peak power randomization effect
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Appendix: Signal Representation of OCC Mapping Scheme
The complex-valued modulation symbols, 
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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 [8]. 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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