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1. Introduction
At RAN1#59bis meeting, the agreements that hybrid CDM+FDM DM-RS patterns are adopted for rank 5-8 transmission with length-4 orthogonal cover code (OCC) in time domain for both CDM groups were reached [1]. At RAN #61 meeting, several solutions of OCC mapping were proposed [2-7] and two WFs [8-9] were discussed.
In this contribution, we compare two typical OCC mapping schemes of these two WFs, i.e. OCC mapping in [2] and [7]. These two schemes are given in Fig 1. The Walsh cover code matrix 
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Opt 1(our proposal [2])                                                           Opt 2 (proposed in [7])

Figure 1 Mapping schemes for length-4 OCCs
2. OCCs Mapping Design
(1) Orthogonality of both frequency and time domain
To achieve better performance in a time/frequency selective channel, 2-dimentional orthogonality in time and frequency domains should be considered. If only time-domain orthogonality is achieved, the same channel response within a subframe is assumed with length-4 OCC. The orthogonality between CDM DM-RS will break down with high mobility which causes BLER performance degradation.  
Both options achieve orthogonality in time and frequency domain but of different degrees. The DM-RS REs mapped by Walsh codes for Opt 2 spaced too far away in frequency domain, so its orthogonality is less robust than Opt 1 especially under frequency selective channel. In order to obtain the channel coefficient in every RE, the estimated channel coefficients from the RSs need to be interpolated in the frequency domain through 2-dimensional interpolation. Equivalently one can conduct channel estimation in 2-dimensions directly. In order to do so, one needs to take advantage of the channel coherency in the frequency domain. It is beneficial if the DM-RS REs mapped by a set of orthogonal Walsh codes are relatively close to each other, because this projects the linear channel estimator in directions relatively orthogonal to each other, even under the channel variation in time or frequency domain. Furthermore, frequency-domain orthogonality is achieved with the granularity of 2 PRBs in Opt 2 while the granularity of 1 PRB in Opt 1. Per PRB 2-dimentional orthogonality is more flexible without the restriction of PRB bundling. 
The MSE and BLER performance comparisons of 2 options are shown in Fig 2~ Fig 5. The simulation parameters are given in Table 1. In Fig 2, normalized MSE of channel estimation is evaluated. For low mobile speed case, i.e. v = 3kmph, the time-domain orthogonality is sufficiently achieved, these 2 options exhibit almost identical MSE performance. For higher mobile speed case, i.e. v=30kmph, the time-domain orthogonality is destroyed and the gain provided by Opt 1 due to excellent frequency-domain orthogonality  is observed, especially in a high SNR region.  In Fig 3~5, BLER performance of these 2 options exhibit similar tendency. There is no obvious performance difference for low mobile speed case. For higher speed case, obvious gain provided by Opt 1 is observed.
Thus, we prefer two-dimensional orthogonality maintained per PRB on the closest 4 REs in both frequency and time domain.
Table 1 – Link level simulation parameters

	System bandwidth
	5MHz

	Carrier frequency
	2GHz

	Antenna configuration
	8 by 8 MIMO

	MCS level
	QPSK 1/2,  16QAM 1/2, 64QAM 1/2

	Channel model
	Typical Urban, Vehicular-A channel

	Mobile speed
	3kmph, 30kmph

	Channel estimation
	2D-MMSE over 2 RBs

	Signal detection
	MMSE


[image: image5.jpg]MSE

—+—Opt 1, 3kmph
—e—Opt 2, 3kmph

—++-0pt 1, 30kmph
—-Opt 2, 30kmph

5 10 15
SINR (dB)

20 25




       [image: image6.jpg]MSE

—+—Opt 1, 3kmph
—e—Opt 2, 3kmph
—++-0pt 1, 30kmph
—&-Opt 2, 30kmph

5 10 15
SINR (dB)

20 25





(a)  VA channel                                                      (b) TU channel
Figure 2 channel estimation MSE performance 
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Figure 3 BLER performance (QPSK 1/2, Rank 8)
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Figure 4 BLER performance (16QAM 1/2, Rank 8)
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Figure 5 BLER performance (64QAM 1/2, Rank 8)
 (2) Peak power randomization
For both options, the peak power of DM-RS appears in 4 OFDM symbols alternatively in frequency domain. As is shown in Fig 6, under the case that wideband precoding is applied for rank-8 transmission, for certain transmit antenna, e.g. the transmit antenna with all 1’s precoding elements, both options can achieve balanced power across OFDM symbols within 2 RBs because of CDM group specific column-shift. As for CDM group common column-shift pattern, balanced power can be achieved within 4 RBs. 
Thus, we prefer CDM group specific column-shift scheme. 
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(a)  Opt 1                                                                    (b) Opt 2
Figure 6 Averaged power within 2 RBs 
(3) Implementation complexity

To avoid complex multiplications, simple BPSK alphabet is used in Opt 1, which is similar as Rel-9 OCC design.

Thus, we prefer OCC with BPSK alphabet. 

3. Conclusions

In this contribution, we discuss the OCCs design of DM-RS for rank 5~8.  Robust channel estimation performance, randomization of transmit power and simple implementation should be considered. Thus, our preference is as follows

· OCC allocation

· The OCC allocation scheme Opt 1 is preferred.
· OCC mapping

· Two-dimensional orthogonality maintained per PRB on closest 4 REs in both frequency and time domain is preferred.
· CDM group specific column-shift scheme is preferred.

· OCC with BPSK alphabet is preferred.
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