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1. Introduction

At the RAN1#57 meeting, the following agreements were reached with regard to orthogonal resource assignment for the UL demodulation RS (DM-RS) and sounding RS (SRS) to support single user (SU)-MIMO.

· DM-RS
· Cyclic shift (CS) separation is the primary multiplexing scheme
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.
· Codes are {+1, +1} and {+1, -1}
· SRS
· Reuse Rel. 8 principles (CS separation, IFDM separation)
As suggested in [1], such orthogonal RS resource assignment is also to be considered for multi-user (MU)-MIMO and coordinated multipoint reception (CoMP) in the LTE-Advanced uplink. For instance, introducing IFDMA to the UL DM-RS is suggested in [2] to achieve flexible scheduling for UEs with different Tx bandwidths belonging to different cells. Therefore, in this contribution, we investigate the necessity of UL DM-RS enhancement in terms of orthogonal RS resource assignment to support CoMP and SU/MU-MIMO features for LTE-Advanced.

2. Necessity of UL DM-RS Enhancement
In this section, we discuss the necessity of UL DM-RS enhancement in terms of orthogonal RS resource assignment from the following viewpoints.

(1) Achievement of good orthogonality among Tx antenna ports and/or UEs

To support CoMP and SU/MU-MIMO, DM-RS sequences with a good orthogonal property are necessary. Thus, we should select a better orthogonal RS multiplexing scheme considering a practical use case. For instance, to improve the orthogonality of the CS separation, i.e., to retain a wide CS separation to improve the channel estimation accuracy, complementary use of OCC, which is similar to PUCCH multiplexing in the Rel. 8 LTE, is proposed in [3].

(2) Support of more orthogonal RS resources

In the Rel. 8 LTE, a 3-bit CS separation indicator for the DM-RS is adopted in the UL scheduling grant (DCI format 0) [4]. It can support the maximum of six (or four) orthogonal RS resources with equal CS separation and may be sufficient to support SU-MIMO for up to four Tx antenna ports per UE. However, in LTE-Advanced, the number of eNB Rx antenna ports is assumed to be up to eight, and it will be further increased when considering CoMP operation employing remote radio equipment (RRE). Thus, considering the merits of employing MU-MIMO and CoMP, more orthogonal RS resources such as up to 12 (or 8) are desirable. Hence, we believe that the number of orthogonal RS resources for the DM-RS needs to be doubled at least, e.g., by introducing OCC.

(3) Support of orthogonal RSs for different Tx bandwidths or different frequency positions

As discussed in the Rel. 8 LTE, CS separation is applicable only to the same Tx bandwidth and frequency position. However, the optimum Tx bandwidth for each UE is generally changed by various factors such as the channel conditions, payload size, UE location, and QoS. Thus, as suggested in [2], it is better to support orthogonal DM-RSs for different Tx bandwidths or different frequency positions considering scheduling flexibility in practical MU-MIMO deployments. To achieve this, other multiplexing schemes such as OCC or/and IFDMA are required.

(4) Support of orthogonal RSs among different cells

For uplink CoMP operation, orthogonal RSs for UEs that belong to different serving (anchor) cells are desirable. If IFDMA is introduced, orthogonal RSs among different Zadoff-Chu (ZC) root sequences can be achieved. Another solution is to introduce a CoMP specific RS sequence [1],[2].

Based on the above motivation, some enhancement of the UL DM-RS in terms of introducing OCC and/or IFDMA seems to be necessary and should be discussed in RAN1.

3. Consideration of Orthogonal DM-RS Resource Assignment
If we introduce OCC and/or IFDMA in addition to CS in the UL DM-RS in LTE-Advanced, we must consider how to combine these different types of orthogonal resources. Table 1 shows a comparison of different orthogonal RS multiplexing schemes, i.e., CS, OCC, and IFDMA, from the viewpoints of common and MU-MIMO / CoMP specific issues.
Table 1 – Comparison among CS, OCC, and IFDMA
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Based on the comparison, our views are as follows.

· CS

· There is no major drawback when we do not consider MU-MIMO / CoMP specific factors.

· We confirmed that CS can achieve a competitive performance level with other orthogonal RS multiplexing schemes even in the Typical Urban (TU) channel model with a relatively large delay spread (see Appendix).

· Thus, CS can be considered as a good baseline scheme to support SU-MIMO (as agreed during the RAN1#57 meeting)

· OCC

· The major advantage is the capability to increase the number of orthogonal RS resources for MU-MIMO / CoMP. Although the drawback is that orthogonality is destroyed in a high mobility case, it can be recovered by employing complementary resource allocation using CS as shown in Fig. 1.

· An additional advantage is the capability to support different Tx bandwidths for different UEs although this effect is limited to low mobility cases.

· Thus, we consider that the introduction of OCC is desirable especially as the multiplexing scheme among different UEs (application to SU-MIMO [3] is FFS).
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Figure 1 – Example of complementary orthogonal resource allocation using CS and OCC
· IFDMA

· The major drawback is bandwidth limitation similar to SRS in the Rel. 8 LTE (the number of RBs must be divided by the repetition factor if we also reuse Rel. 8 DM-RS sequences).

· However, IFDMA is a notable scheme that has the capability to support orthogonal RSs belonging to different ZC root sequences for CoMP.

· Currently, the necessity of IFDMA is FFS (alternative schemes such as CoMP specific RS are also under consideration).

4. Conclusion
We clarified the necessity of UL DM-RS enhancement in terms of orthogonal RS resource assignment to support CoMP and SU/MU-MIMO for the LTE-Advanced. Based on the comparison of properties for CS, OCC, and IFDMA, we currently consider that the introduction of OCC to the UL DM-RS is desirable in order to at least increase the number of orthogonal RS resources and to support different Tx bandwidths for MU-MIMO and CoMP operations.

References

[1] 3GPP, R1-091267, Huawei, “Considerations on the uplink reference signal for CoMP,” March 2009.

[2] 3GPP, R1-091760, Nokia Siemens Networks, Nokia, “Uplink DM RS from CoMP viewpoint,” May 2009.

[3] 3GPP, R1-091843, Texas Instruments, “Discussion on UL DM RS for SU-MIMO,” May 2009.

[4] 3GPP TS36.211 (V8.7.0), “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation,” May 2009.

Appendix

In this Appendix, we compare the block error rate (BLER) performance among three orthogonal RS multiplexing schemes, i.e., CS, OCC, and IFDMA. At the UE transmitter, information bits are channel-encoded using a turbo code with the coding rate of R = 1/2 and data modulated using 16QAM. The occupied transmission bandwidth is set to 10 RBs (= 1.8 MHz). The data modulated symbol sequence is fed into a DFT precoder with the length of 120 for DFTS-OFDM. Subsequently, an IFFT converts the frequency-domain signal into a time-domain signal. Finally, a cyclic prefix (CP) is appended to each FFT block. We employ 2-by-2 SU- or MU-MIMO transmission. A ZC sequence is used as the DM-RS sequence. We assume a six-ray TU channel model. At the eNB receiver, we assume ideal FFT timing detection. However, the channel gain of each subframe at each subcarrier is actually estimated by coherently weight-averaging the DM-RS within the subframe. The minimum mean square error (MMSE) or the turbo successive interference canceller (SIC) signal detection method employing two receiver antennas is employed. The number of interference cancellation stages is set to one. In the cancellation stage, we assume soft-decision turbo decoding using Max-Log MAP decoding with two iterations. Finally, the calculated log likelihood ratio (LLR) stream is soft-decision turbo decoded with six iterations to recover the transmitted binary data.

Figure 2 shows the average BLER performance comparison among the orthogonal DM-RS multiplexing schemes for SU-MIMO using CS, OCC, and IFDMA. Here, we assume the MMSE receiver at the eNB. The BLER performance levels at the moving speed of 3 km/h and 30 km/h are plotted in Figs. 2(a) and 2(b), respectively. Based on Fig. 2(a), very similar performance is achieved among the three orthogonal RS multiplexing schemes. Figure 2(b) shows that the BLER performance using OCC is significantly degraded due to the destruction of orthogonality between the two slots within the subframe. However, severe BLER performance degradation is not observed in the case using CS or IFDMA. Figure 3 shows that the same tendency is observed when the turbo SIC receiver is used at the eNB.

Figure 4 shows the influence of the received timing difference between two UEs for MU-MIMO with the turbo SIC receiver. This figure gives the required average received SNR for the average BLER = 10-2 as a function of the maximum received timing difference among UEs. In this evaluation, we assume that the received timing difference is randomly given from 0 to the predetermined maximum delay time. The moving speed is set to 3 km/h. From Fig. 4, we can see that when the maximum received timing difference among UEs is shorter than approximately 3 sec, similar BLER performance is achieved among the three orthogonal RS multiplexing schemes even though the TU channel model with a relatively large delay spread is assumed.
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(a) fD = 5.55 Hz                                                      (b) fD = 55.5 Hz

Figure 2 – BLER performance comparison among orthogonal DM-RS multiplexing schemes for 2-by-2 SU-MIMO with MMSE receiver
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(a) fD = 5.55 Hz                                                      (b) fD = 55.5 Hz

Figure 3 – BLER performance comparison among orthogonal DM-RS multiplexing schemes for 2-by-2 SU-MIMO with turbo SIC receiver
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Figure 4 – Influence of received timing difference between two UEs for 2-by-2 MU-MIMO
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