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1. Introduction

At the RAN1#58 meeting, the following agreements were reached regarding the downlink demodulation reference signal (DM-RS) for dual-layer beamforming in the Rel. 9 LTE [1].
· CDM for layers 1 and 2
· Mapping pattern per RB below
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Figure 1 – Rel. 9 DM-RS mapping pattern
Based on the agreements, this contribution discusses the remaining issues that must be resolved to complete the Rel. 9 DM-RS design focusing on the orthogonal cover codes for CDM and the scrambling scheme.
2. Orthogonal Cover Codes for CDM
Our views are given below:

· Sequence: Walsh or DFT ( {1, 1}, {1 -1} (equivalent up to two layers)

· Mapping scheme for orthogonal cover codes: As shown in Fig. 2, we propose reversing the mapping direction for the orthogonal cover codes in the frequency domain alternatively [2].
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Figure 2 – Proposed mapping scheme for orthogonal cover codes
The merits of the proposed mapping scheme are given below.
(1) Two-dimensional orthogonality among layers
One drawback to using CDM for layers 1 and 2 is the loss of orthogonality among Tx layers although time domain spreading is relatively robust against channel variation especially in a low mobility region. By applying the proposed mapping scheme, the performance degradation due to high mobility could be reduced since inter-code orthogonality is achieved not only in the time domain but also in the frequency domain. We note that the despreading in the frequency domain is not necessarily conducted at the UE receiver for the proposed scheme. Even when we apply linear interpolation to the frequency domain channel estimation, a performance gain is observed as shown in Fig. 3. We also note that the performance gain becomes larger when the number of layers multiplexed by CDM is increased to four [3].
Figures 3(a) and 3(b) show the average block error rate (BLER) performance as a function of the average received SNR per receiver branch for a high mobility environment with the maximum Doppler frequency of fD = 222.2 Hz (this corresponds to 120 km/h at the carrier frequency of 2 GHz) in the Vehicular-A (Veh-A) and Pedestrian-A (Ped-A) channel models, respectively. We compare the BLER performance of the proposed two-dimensional orthogonal cover code (2D OCC) to that for simple time-domain spreading (1D OCC). Here, we evaluate frequency-domain channel estimation schemes of linear interpolation and coherent averaging with the same time-domain channel estimation (despreading and interpolation). In both environments, the proposed 2D OCC provides better BLER performance compared to 1D OCC irrespective of the frequency-domain channel estimation scheme (linear interpolation is better for Veh-A and coherent averaging is better for Ped-A).
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(a) Vehicular-A channel model
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(b) Pedestrian-A channel model
Figure 3 – Performance gain using two-dimensional orthogonality

(2) Peak power randomization
Another merit is peak power randomization. If we employ wideband precoding to the DM-RS and PDSCH, the transmission signal using the resource elements (REs) for DM-RS at the n-th eNode B transmit antenna, xn, without applying the proposed mapping scheme can be represented as
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where wn,1 and wn,2 represent the precoding weights for layer 1 and layer 2 at the n-th eNode B transmit antenna, respectively. Therefore, in the worst case, i.e., wn,1 = wn,2, the transmission power of the DM-RS for the 6th and 13th OFDM symbols becomes twofold compared to that for data symbols while that for the 7th and 14th OFDM symbols becomes zero. This power imbalance cannot be randomized by cell-specific or UE-specific scrambling. However, by employing the proposed scheme, the REs with different transmission powers alternately appear in the frequency domain; therefore, the peak transmission power is averaged in one OFDM symbol.
3. Scrambling Scheme for Rel. 9 DM-RS
For a Rel. 8 UE-specific RS, a UE-specific scrambling sequence is adopted [4]. The pseudo-random sequence generator is initialized with
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For dual-layer beamforming, we must consider a usage case for multi-user (MU)-MIMO. In the MU-MIMO case, a UE may conduct interference rejection combining (IRC) or advanced interference cancellation assisted by the channel estimation using the paired orthogonal cover code assigned to another UE. However, if a UE-specific scrambling sequence is applied to the DM-RS, it is very difficult to conduct channel estimation for paired UEs since the UEs do not know the UE IDs for other UEs. The following alternatives are considered to address this problem.
· Alt. 1: Application of a cell-specific scrambling sequence where the initialization factor is given by the cell ID

· Alt. 2: Application of a scrambling sequence where the initialization factor is given by a higher layer (RRC or SIB)

· Alt. 3: Application of RB-based “rough” scrambling sequence assuming RB-based channel estimation

Alt. 3 is clearly not a good method since the inter-cell randomization effect is lost. Alt. 1 seems the most straightforward way, but one drawback is that it cannot be extended to support the inter-cell MU-MIMO that is under discussion for LTE-Advanced. Thus, Alt. 2 seems also a good candidate if signaling overhead is no problem.
4. Conclusion

In this contribution, we discussed the remaining issues for the Rel. 9 DM-RS design focusing on the orthogonal cover codes for CDM and the scrambling scheme. Our preferences are summarized as follows.
· Orthogonal cover codes

· Sequence: {1, 1}, {1 -1}
· Apply mapping scheme given in Fig. 2. In this scheme, the mapping direction for the orthogonal cover codes is reversed in the frequency domain alternatively.
· Scrambling scheme

· Apply a scrambling sequence where the initialization factor is given by the cell ID or higher layer (RRC or SIB) in order to retain the possibility to support the intra/inter-cell MU-MIMO receiver with interference cancellation capability.
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