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1 Introduction

During the RAN1#57 meeting, it has been decided that uplink demodulation reference signals (DM-RS) would be based primarily on cyclic shift (CS) separation as in Rel-8. This is a code-division multiplexing (CDM) separation. The use of orthogonal cover code (OCC) separation between slots as a complementary multiplexing scheme is for further study, using codes {+1, +1} and {+1, -1}.
In this contribution, we investigate the enhancement of the uplink DM-RS structure in order to support a higher number of layers in both SU-MIMO and MU-MIMO transmissions, with a main focus on OCC introduction.
2 DM-RS for codebook-based SU/MU-MIMO
In LTE-A UL codebook-based SU-MIMO, a UE may transmit 4 layers and be multiplexed together with other UEs on the same resources in multi-user MIMO (MU-MIMO) mode. The total number of streams may be equal to 8 with an 8-antenna eNB and even higher with UL CoMP. The use of OCC in time domain is helpful in increasing the number of orthogonal DM-RS [1]-[6].
It may improve channel estimation performance by better orthogonalizing DM-RS of a same UE. For instance, with 4 layers, instead of using 4 cyclic shifts as in Figure 1(a), a UE could use two cyclic shifts with two OCCs as in Figure 1(c). However, this requires a low velocity, since OCC orthogonality will be destroyed by channel variations. Another possibility [4][5] for the UE is to use four cyclic shifts with two OCCs as in Figure 1(b). OCC will improve DM-RS orthogonality at low speed and having four CSs will still allow for accurate channel estimation at high speed. Figure 2 presents the same structures for two layers. CSi denotes a cyclic shift of i.TOFDM / 4.
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Figure 1: Different CS/OCC structures for 4 layers.
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Figure 2: Different CS/OCC structures for 2 layers.
Furthermore, allocating one OCC for each UE, allows for MU-MIMO between UEs having different resource allocation sizes [1][3] or between a LTE-A UE (using code {+1, -1}) and a LTE UE (using code {+1, +1}). Thanks to OCC, the DM-RS orthogonality is preserved, which is not the case with Rel-8 CS-based DM-RS. Of course, this orthogonality is not robust against velocity. However, the scheduling of two UEs using SU-MIMO on the same resources will apply for low velocity.

3 DM-RS for Transmit Diversity
In case transmit diversity (TxD) is normalised for LTE-A uplink, it would be beneficial to keep a DM-RS structure compatible with codebook-based SU-MIMO, in order to be able to multiplex on the same resources a UE using codebook-based SU-MIMO and a UE using TxD.
As shown in [7], FDM DM-RS provide better channel accuracy than CDM DM-RS for frequency-switch transmit diversity (FSTD) because the DM-RS energy for each antenna is concentrated on sub-carriers where data transmission actually happens for this antenna. FDM DM-RS are not orthogonal with CS-based DM-RS. Therefore, OCC could also be used here in order to allow for a multiplexing with other UEs either from Rel-8 or using codebook-based SU-MIMO. However, FDM + OCC does not work at high speed and orthogonality would not hold anymore.

Thus, it is preferable to keep a common DM-RS structure for codebook-based DM-RS and TxD.
4 Performance results
The simulation parameters are summarized in Table 1. 

	System bandwidth
	5 MHz

	Waveform
	SC-FDMA

	Modulation
	QPSK / 16-QAM

	Code
	Rate ½ turbo code, max-log-MAP (8 it.)

	MIMO scheme
	Full-rank SU-MIMO

	Frequency allocation
	5 PRBs, no channel-dependent scheduling

	Frequency hopping (FH)
	Off

	Channel
	Uncorrelated TU 6-paths

	MIMO detection
	MMSE-SIC

	Channel estimation
	Actual


Table 1: Simulation parameters.

We compare the performances of different DM-RS structures: CS-based CDM and CS-based CDM+OCC. FER performance is drawn with respect to Eb/N0, where Eb is the energy per information bit including pilot and cyclic prefix overhead. When CS-based CDM is employed at low velocity (3km/h), we can average the DM-RS observations over the two slots in order to improve performance. This averaging cannot be done at high velocity (30 km/h).
In a 2x2 MIMO configuration at low velocity, Figure 3 shows that OCC is slightly better than 2CS-based CDM, even if averaging is performed over the two slots in the 2CS-CDM case. Nevertheless, the gain provided by OCC in this configuration is rather small (0.2dB and 0.3dB for QPSK and 16-QAM, respectively).
At 30 km/h, we see from Figure 4 that we still have an averaging gain in low geometry (QPSK). Thus, OCC is still better than 2CS-based CDM without averaging over 2 slots. With 16-QAM, we observe a strong degradation of OCC. Indeed, in the high SNR region, OCC does not bring an averaging gain any longer and the 1.2dB degradation is due to the impact of channel estimation errors on the less robust 16-QAM modulation.
Figures 5 and 6 treat the 2x4 MIMO configuration. At low velocity and low geometry, averaged 2CS-based CDM attains the performance of OCC. However, the averaging gain of OCC brings some benefits with 16-QAM (0.2dB) or at higher velocity (at 30km/h, about 0.4dB for both QPSK and 16-QAM). Indeed, thanks to the extra diversity present in the system, we attain 10-1 FER in the low SNR area.
In Figures 7 and 8, we treat the 4x4 MIMO configuration, where the inter-layer interference level is higher than in the 2-transmit antenna case. Again, the averaging performed with OCC gives good results at low geometry and/or low velocity, but strongly degrades for 16-QAM at 30km/h. 

When working with 16-QAM at 30km/h in high SNR regions (Figures 4 and 8), OCC strongly degrades, but combining OCC with the full set of CSs brings some performance improvement with respect to the CS-based CDM case, since it combines the effects of both averaging and orthogonality through different CSs.
5 Summary

At low velocity, the gain brought by using OCC when compared to CS-based CDM with averaging between the two slots is rather small. CDM almost achieves OCC performance in most cases. At high velocity, OCC degrades rapidly especially for high geometry. However, OCC can bring a multiplexing advantage in MU-MIMO scenario, where its orthogonalizing properties would allow separating users with non-orthogonal CS-based DM-RS.
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	Figure 3: MIMO 2x2, 3 km/h.
	Figure 4: MIMO 2x2, 30 km/h.
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	Figure 5: MIMO 2x4, 3 km/h.
	Figure 6: MIMO 2x4, 30 km/h.
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	Figure 7: MIMO 4x4, 3 km/h.
	Figure 8: MIMO 4x4, 30 km/h.
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