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1. Introduction

At the previous RAN1#59 meeting in Jeju, we presented our basic views concerning uplink demodulation reference signal (DM-RS) enhancement in terms of introducing an orthogonal cover code (OCC) and/or IFDMA in addition to the existing cyclic shift (CS) for SU-MIMO, MU-MIMO, and CoMP reception in LTE-Advanced [1]. Based on the discussions during the RAN1 meeting and in the email reflector [1-9], this contribution presents our views in more detail regarding a resource assignment method for the uplink DM-RS in LTE-Advanced.

2. Simulation Evaluation to Clarify Gain using OCC
In this section, we present the simulation evaluation results that clarify the gain using an OCC in addition to the existing CS. Table 1 gives the major radio parameters assumed in the simulation evaluation. In this evaluation, the total system bandwidth is set to 10 MHz. One subframe contains 14 SC-FDMA symbols, each of which comprises a 66.7 sec effective symbol and a 4.7 sec cyclic prefix (CP). At the user equipment (UE) transmitter, information bits are channel-encoded using a turbo code with the coding rate of R = 1/2 and data modulated using 16QAM or 64QAM. The occupied transmission bandwidth per UE is set to 0.72 or 1.8 MHz (= 4 or 10 RBs). The data modulated symbol sequence is fed into a discrete Fourier transform (DFT) precoder with the length of 48 or 120 points. Subsequently, an inverse fast Fourier transform (IFFT) with the length of 1024 points converts the frequency-domain signal into a time-domain signal. Finally, a CP is appended to each FFT block. We employ 2-by-2 or 4-by-4 SU-MIMO transmission. A Zadoff-Chu sequence is used as the DM-RS sequence. We assume a six-ray Typical Urban (TU) channel model with the fading maximum Doppler frequency, fD, of 5.55 Hz, which corresponds to the moving speed of 3 km/h at the carrier frequency of 2 GHz. At the eNB receiver, we assume ideal FFT timing detection. However, the channel gain of each subframe at each subcarrier is actually estimated using the DM-RS within the subframe. The minimum mean square error (MMSE) signal detection method is employed. Finally, the calculated log likelihood ratio (LLR) stream is soft-decision turbo decoded using Max-Log MAP decoding with eight iterations to recover the transmitted binary data.
Table 1 – Simulation parameters
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Figure 1 shows the average block error rate (BLER) performance comparison between the orthogonal DM-RS multiplexing schemes using CS only and the combination of CS and OCC (CS + OCC) in the case of 2-by-2 MIMO and the Tx bandwidth of 10 RBs. The BLER performance levels using 16QAM and 64QAM modulation are plotted in Figs. 1(a) and 1(b), respectively, as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per receiver branch. Moreover, the BLER performance assuming the ideal channel estimation is also plotted as a reference. Figure 1 shows that very similar performance levels are observed between both DM-RS multiplexing schemes irrespective of the modulation schemes. Figure 2 shows the average BLER performance comparison in the case of 2-by-2 MIMO and the Tx bandwidth of 4 RBs. Figure 2 shows that the same tendency is observed compared to Fig. 1. 

Next, Fig. 3 shows the average BLER performance comparison in the case of 4-by-4 MIMO and the Tx bandwidth of 10 RBs. The BLER performance levels using 16QAM and 64QAM modulation are plotted in Figs. 3(a) and 3(b), respectively, as a function of the average received Es/N0 per receiver branch. Figure 3(a) shows that the BLER performance using CS only is slightly degraded compared to that using CS + OCC. On the other hand, Fig. 3(b) shows that the BLER performance using CS only is significantly degraded compared to that using CS + OCC due to the inter-layer interference. Figure 4 shows the average BLER performance comparison in the case of 4-by-4 MIMO and the Tx bandwidth of 4 RBs. Figure 4 shows that the same tendency is observed compared to Fig. 3.

These results indicate that the CS + OCC is an effective DM-RS multiplexing scheme in order to mitigate the inter-layer interference especially for high rank transmission such as in 4-by-4 SU-MIMO.
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(a) 16QAM modulation                                           (b) 64QAM modulation

Figure 1 – BLER performance comparison (2-by-2 MIMO, 10 RBs)
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(a) 16QAM modulation                                           (b) 64QAM modulation

Figure 2 – BLER performance comparison (2-by-2 MIMO, 4 RBs)
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(a) 16QAM modulation                                           (b) 64QAM modulation

Figure 3 – BLER performance comparison (4-by-4 MIMO, 10 RBs)
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(a) 16QAM modulation                                           (b) 64QAM modulation

Figure 4 – BLER performance comparison (4-by-4 MIMO, 4 RBs)
3. Resource Assignment Method for Uplink DM-RS
3.1
Resource Assignment Method for SU-MIMO

The simulation results given in Section 2 clarify that
· Introducing an OCC does not improve SU-MIMO performance up to rank 2.

· Introducing an OCC is effective in avoiding an error floor in the SU-MIMO performance for rank 4 especially when applying 64QAM. This fact means that an OCC is necessary to achieve the required peak data rate in the uplink.

These results support the evaluation results in [6,8,9]. Based on the observations, our preferred resource assignment method for SU-MIMO, i.e., DM-RS for multiple layers belonging to the same UE, is shown in Fig. 5. The reasons are given below.

· The CS and OCC for the 1st layer are indicated explicitly, and the CSs and OCCs for the other layers are derived from the 1st layer.
· The OCC explicitly indicated is used for the 1st and 2nd layers and another OCC is used for the 3rd and 4th layers.
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Figure 5 – Resource assignment method for SU-MIMO

3.2
Resource Assignment Method for MU-MIMO and Inter-cell Coordination

Similar to the SU-MIMO case, the introduction of an OCC is beneficial to improving the performance of MU-MIMO when achieving orthogonality among the DM-RSs for multiple users. Furthermore, flexibility in the CS and OCC assignment is highly required to support various MU-MIMO situations and its extension to inter-cell coordination. Therefore, we propose a resource assignment method for the DM-RS for the 1st layer of each UE with the following features to improve the assignment flexibility.

· CS index is explicitly indicated by existing three bits, and the OCC index ({1, 1} or {1, 1}) is also explicitly indicated by an additional one bit in the DCI format.

· The CS index for the additional OCC {1, 1} is shifted as shown in Fig. 6 in order to utilize fully the twelve CS resources. This is the same approach as the ACK/NACK resource assignment in the PUCCH.
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Figure 6 - Proposed resource assignment method for DM-RS for the 1st layer of each UE

By using the proposed method, various MU-MIMO situations and its extension to inter-cell coordination can be supported. Figure 7 shows some examples.
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(a) 4-layer multiplexing per cell                        (b) 8-layer multiplexing per cell
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(c) 3-cell coordination with 4-layer multiplexing per cell

Figure 7 – Examples of CS and OCC assignment in various MU-MIMO situations

(Different colors indicate different users, and red numbers represent explicitly indicated resource for each user)

4. Conclusion

This contribution presented a resource assignment method for the uplink DM-RS in LTE-Advanced. We clarified the gain using an OCC based on simulation evaluations. We proposed a resource assignment scheme with the following features.

· The CS and OCC for the 1st layer for each UE are indicated explicitly via the DCI format.

· The CS index is indicated by the existing three bits, and the OCC index ({1, 1} or {1, 1}) is also explicitly indicated by an additional one bit in the DCI format.

· In order to utilize fully the twelve CS resources, the CS index for an additional OCC {1, 1} is shifted using the same approach as in the ACK/NACK resource assignment in the PUCCH.

· The CS and OCC for the other layers are implicitly derived from the 1st layer.
· The OCC explicitly indicated is used for the 1st and 2nd layers and another OCC is used for the 3rd and 4th layers.
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