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1. Introduction

The following agreements were reached for the downlink demodulation reference signal (DL DM-RS) design for up to Rank 2 for enhanced DL transmission.
· Agree on the DM-RS overhead of 12 REs/RB
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel. 9 Rank1 pattern is different from the Rel. 8 Rank 1 pattern
· Consider forward compatible design that makes Rel. 9 patterns a subset of Rel. 10 patterns on the condition that the new pattern yields better performance than or at least equivalent performance to the existing Rel. 8 pattern
Regarding the FFS item, our preference is to define a new Rank 1 mapping pattern toward Rel. 9 LTE and LTE-Advanced [1]. Therefore, based on this assumption, this contribution presents our views on a DL DM-RS design for up to an eight layer transmission for LTE-Advanced.
2. DL DM-RS Design for Up To 8 Layer Transmission
2.1. Mapping Pattern for Up To Eight Layer Transmission
As discussed in [2]-[4], the mixed use of CDM and FDM is useful in achieving smooth migration of the DM-RS mapping pattern for up to an 8 layer transmission. However, the method for combining CDM and FDM while increasing the number of transmission (Tx) layers must be established. Figures 1(a), 1(b), 1(c), and 1(d) show four possible options for the DM-RS mapping pattern and multiplexing scheme for up to 8 layer transmission. In all the options, the DM-RS mapping position for a lower rank transmission is designed to be a subset of the mapping position for a higher rank transmission in order to minimize the change in the RE position for data symbols. Option 1 is the proposal from [2]-[4]. In this option, CDM is first used for Rank 2 transmission. Then, FDM is applied to a higher rank transmission when the insertion density becomes double (= 24 REs/RB). Option 2 uses the same multiplexing rule as Opt. 1. The only difference compared to Opt. 1 is that a mapping pattern is incorporated to give priority to high mobility support especially for Rank 1 transmissions. In this option, the OFDM symbols used for DM-RS mapping are the same as those for the Rel. 8 UE-specific RSs (= 4th, 7th, 10th, and 13th OFDM symbols). Option 3 employs FDM for Rank 2 transmission to give the orthogonality between 2 Tx layers priority [5]. The mapping pattern becomes the same as Opt. 2 to avoid TDM after the insertion density becomes double in a higher rank transmission. Option 4 employs FDM with higher priority up to Rank 4. However, CDM that employs spreading in the frequency domain must be used in a higher rank transmission. The layer multiplexing scheme for each option is summarized in Table 1. We compare these options based on simulation in Section 3.
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(a) Option 1
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(b) Option 2
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(c) Option 3
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(d) Option 4
Figure 1 – DL DM-RS mapping patterns evaluated in this contribution
Table 1 – Summary of Layer Multiplexing Scheme for Four Options
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2.2. Orthogonal Cover Sequence for Layer Multiplexing
One drawback to using CDM is the loss of orthogonality among Tx layers although the time domain spreading is relatively robust against the channel variation especially in a low mobility region. However, to improve further the orthogonality, we propose adopting a two-dimensional orthogonal cover code for CDM among the Tx layers. Figure 2 shows an example of the orthogonal cover code assuming a Rank 4 mapping pattern (12 REs/RB) in Opt. 1. The same cover code can be applied to the other options and is used in the evaluations in Section 3.
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Figure 2 – Example of two-dimensional orthogonal cover code
3. Simulation Evaluation
In order to find the optimum DM-RS mapping pattern and multiplexing scheme for up to an 8 layer transmission, we compare the 4 options described in Section 2. We also evaluate the performance of the Rel. 8 based TDM / CDM structures for Rank 1 and Rank 2 [6]-[8]. The simulation conditions are given in Table 2. 
Table 2 – Simulation Conditions
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First, we investigate the DM-RS mapping scheme for Rank 1 transmission. Figures 3(a), 3(b), 3(c), 3(d), and 3(e) show the throughput performance for the maximum Doppler frequency of fD = 5.55, 55.5, 222.2, 648.1, and 1134 Hz, respectively. There is no observable difference in performance among the four options in a low-to-high mobility environment such as fD ( 222.2 Hz. However, when fD = 648.1 Hz corresponding to the mobile speed of 350 km/h at the carrier frequency of 2 GHz, Opt. 2 and the Rel. 8 based structure provide a large gain compared to the other options. This is because the DM-RS of Opt. 2 is uniformly mapped in the time domain and thus, a high tracking ability for the channel variation is achieved. The tendency becomes significant for fD = 1134 Hz corresponding to 350 km/h at the carrier frequency of 3.5 GHz.
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(a) fD = 5.55 Hz                                                   (b) fD = 55.5 Hz
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(c) fD = 222.2 Hz                                                   (d) fD = 648.1 Hz
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(e) fD = 1134 Hz
Figure 3 – Comparison of DM-RS mapping patterns for Rank 1 transmissions

In order to compare the DM-RS mapping scheme for Rank 2 transmission, Figs. 4(a), 4(b), 4(c), and 4(d) show the throughput performance for the maximum Doppler frequency of fD = 5.55, 55.5, 111.1, and 222.2 Hz, respectively. Power boosting by 3 dB is employed for Opts. 3 and 4 using FDM. The figures show that the new DL DM-RS mapping patterns of both FDM and CDM provide a higher throughput than the Rel. 8 based TDM because the Tx power is fully utilized in each layer. Although Rel. 8-based CDM achieves a similar throughput to the new DL DM-RS mapping patterns when fD = 5.55 Hz, the throughput is degraded as fD increases since the orthogonality among Tx layers is severely degraded by channel variation. From the results of Rank 1 and Rank 2, we can confirm that a new Rank 1 DL DM-RS mapping pattern is preferred for Rel. 9 LTE and LTE-Advanced to achieve better performance for higher rank transmissions.
Comparing the four options, no notable performance difference is observed up to the medium mobility environment of fD = 55.5 Hz. For a high mobility environment, e.g., fD = 222.2 Hz, however, the throughput of Opt. 2 is worse than that of the other options in a high SNR region due to the orthogonality distortion among the orthogonal cover codes.
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(a) fD = 5.55 Hz                                              (b) fD = 55.5 Hz
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(c) fD = 111.1 Hz                                              (d) fD = 222.2 Hz

Figure 4 – Comparison of DM-RS mapping patterns for Rank 2 transmissions

We further compare the DM-RS mapping scheme for Rank 4 transmission in Figs. 5(a) and 5(b) for the maximum Doppler frequency of fD = 5.55 and 55.5 Hz, respectively. In the figures, we also compare the two DM-RS densities, i.e., 12 REs/RB and 24 REs/RB, for the four options. Here, power boosting by 3 dB and 6 dB is employed for CDM/FDM and FDM, respectively. 
Figures 5(a) and 5(b) show that the density of 12 REs/RB (except for Opt. 4) provides a higher peak throughput than that for 24 REs/RB due to the low density of the DM-RS. However, no significant difference is observed in most of the SNR region when adaptive modulation and coding (AMC) is applied (to be confirmed in detail). The significant degradation of Opt. 4 with 12 REs/RB is due to the application of frequency-domain orthogonal cover code. When fD = 55.5 Hz, however, the throughput of 12 REs/RB is significantly degraded in a high SNR region due to the low density of the DM-RS per RB, resulting in degradation in the channel estimation accuracy. Therefore, the DM-RS density of 24 REs/RB seems to be slightly better choice considering uniform support of low mobility regions up to 30 km/h. When comparing the four options for 24 REs/RB, almost the same throughput is achieved for fD = 5.55 and 55.5 Hz. 

Based on the above discussion, there is no observable difference in performance among the Opts. 1 - 3 in a low-to-medium mobility environment up to 30 km/h irrespective of the rank values. Meanwhile, in a high mobility environment beyond 120 km/h, CDM (especially Opt. 2) exhibits worse throughput than FDM for Rank 2 transmission. However, Opt. 2 provides a distinct gain in a high mobility environment for a single layer transmission, which is mostly required to support extensive high mobility up to 350 km/h, due to the high channel tracking ability resulting from the uniformly distributed DM-RS pattern in the time domain. Therefore, currently we give slightly higher preference to Opt. 2 over Opts. 1 and 3.
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(a) fD = 5.55 Hz                                                   (b) fD = 55.5 Hz
Figure 5 – Comparison of DM-RS mapping patterns for Rank 4 transmissions

4. Conclusion

In this contribution, we investigated the best DL DM-RS design for up to an eight layer transmission for LTE-Advanced. Based on the evaluation results, we conclude the points below.
· It is preferred to define a new Rank 1 mapping pattern for the DL DM-RS toward Rel. 9 LTE and LTE-Advanced [1].
· Among the four options discussed in the contribution, we currently give slightly higher preference to Opt. 2 with CDM/FDM using two-dimensional orthogonal cover code over Opts. 1 and 3 for the reasons given below.
· No observable difference in performance among Opts. 1 - 3 in a low-to-medium mobility environment up to 30 km/h irrespective of the rank values.

· Throughput gain in a high mobility environment for single layer transmission, which is mostly required to support extensive high mobility up to 350 km/h.
· For Rank 4, the DM-RS density of 24 REs/RB is a slightly better choice compared to 12 REs/RB
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