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1 Introduction

In RAN WG1 #58 meeting hybrid CDM/FDM patterns shown in the figure below were agreed for use in normal CP mode. In all these patterns UE-RS for two layers are multiplexed over 2 contiguous REs in time using orthogonal covers. In this contribution we consider the design of the orthogonal cover codes. 
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2 Orthogonal Cover Design Considerations

In this study we consider three orthogonal cover patterns shown in Fig. 1. For each of these patterns, the orthogonal cover used for layer 1 is always {1, 1}. The orthogonal cover used for layer 2 is either {1, -1} or {-1, 1} indicated by the red and blue arrows in the figure. The baseline pattern and the pattern with switching in frequency are also considered in [1].
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Figure 1: Orthogonal Cover Code for Layer 2
Since the agreed UE-RS patterns employ CDM in time, the two layers remain orthogonal at low mobility when the channel does not vary significantly across the two looks in time. At high Doppler the orthogonality may be lost.  Therefore in the design of the orthogonal cover for the UE-RS the performance at high Doppler should be considered. 

3 Simulation Results
In this section we compare the performance of the three orthogonal covers considered in this contribution. The simulation setup and parameters are shown in Table 1. We focus on high mobility and high SNR in this section. Results for lower speeds and wider range of SNR are included in the Appendix. The results clearly show that the pattern that employs switching in time and frequency performs better than the other patterns. 
Table 1 Simulation Assumptions for Orthogonal Cover Code Design Simulations
	Transmission Bandwidth
	5MHz

	Channel Model
	TU with 3, 30, 60, 120 km/h

	Number of Tx antennas
	4

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE

	Allocation Size 
	4 RBs

	Number of Control Symbols
	3 

	CQI/Precoding feedback
	Perfect feedback, for the data subband, Rel 8 codebook. Every 3ms 

	CP Mode
	Normal CP, Normal Subframe

	Channel Estimation
	2D MMSE with uniform delay spread of 5 us and uniform Doppler spread tuned to 10,30,120, 240 Kmph for speed of 3, 30, 120, 240 Kmph

	Interference Estimation
	Perfect

	HARQ
	Target 10% after 1st transmission
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Figure 2: TU 4x2 120 Kmph
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Figure 3: TU 4x2 240 Kmph
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Figure 4: TU 4x2 120 Kmph
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Figure 5: TU 4x2 240 Kmph
4 Conclusion

In this contribution we compared the performance of different orthogonal covers. Based on the results we propose that the orthogonal cover sequence of {1,1} be used for layer 1 and the orthogonal cover for layer 2 switches across time and frequency between {1,-1} and {-1,1}.
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Figure 6: TU 4x2 3 Kmph
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Figure 7: TU 4x2 30 Kmph
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Figure 8: TU 4x2 120 Kmph
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Figure 9: TU 4x2 240 Kmph
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