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1. Introduction
At RAN #61b meeting, several solutions of OCC mapping [1-6] were proposed and two alternatives [7-8] were selected for further discussion in RAN1 #62 meeting.
In this contribution, we compare these two OCC mapping schemes from several aspects. The Walsh cover code matrix is
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, and the phase shift is 
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Alt 1(proposed in [7])                                                           Alt 2 (proposed in [8])

Figure 1 Mapping schemes for length-4 OCCs
2. OCCs Mapping Design
(1) Backward compatibility

The backward compatibility should be guaranteed, which requires the same OCC mapping scheme as Rel-9 for Port 7 and 8. As for other ports, new mapping schemes should not be precluded.  

Both alternatives achieve backward compatibility. 

(2) Peak power randomization
Peak power randomization should be achieved by time/frequency variation of the OCC mapping, which is a simple extension of Rel-9 DM-RS. 

For Alt 1, not all of a~d is included in each DM-RS OFDM symbol, e.g. only a and d appear alternatively in the frequency domain. Identical spreading codes are used by two CDM groups except the alternating sign of 2nd CDM group on every second subcarrier.
For Alt 2, identical spreading codes multiplied by different 6-DFT sequence on each subcarrier is applied within the CDM group. And for 2nd CDM group, the column-shift is used. 
As is shown in Fig 2, under the case that wideband precoding is applied for rank-8 transmission, for a certain transmit antenna, e.g. the transmit antenna with all 1’s precoding elements, the peak power of DM-RS appears in 1st and 4th OFDM symbols by Alt 1 while the peak power of DM-RS appears in all 4 OFDM symbols by Alt 2. Thus, balanced power across OFDM symbols within 2 RBs is achieved only by Alt 2. 
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(a)  Alt 1                                                                    (b) Alt 2
Figure 2 Averaged power within 2 RBs 
(3) 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.  Furthermore, frequency-domain orthogonality achieved with the granularity of per PRB is preferred. Per PRB 2-dimentional orthogonality is more flexible without the restriction of PRB bundling. 

Both alternatives achieve orthogonality in time and frequency domain within PRB. The DM-RS REs mapped by Walsh codes for Alt 2 are spaced 5 subcarriers farther than Alt 1 in frequency domain, but the performance difference of these two alternatives is not significant even under frequency selective channel [4]. 
 (4) Inter-tone interference 
Different approaches of inter-tone interference suppression are used in Alt 1 and Alt 2. Alt 1 depends on the orthogonality obtained by multiplication of ‘-1’ and ‘1’ on specific subcarriers of 2nd CDM group. Alt 2 depends on the orthogonality of Walsh codes on different CDM groups. Both alternatives reduce the interference but with different degrees. It was argued that Alt 1 works for more cases than Alt 2 does. However, Alt 1 highly depends on the 2-D channel estimator with the assumption of frequency flat channel, which is not desirable for a more general application. Besides, additional complexity is introduced because different spreading code is used at the transmitter and the receiver. 
(5) Implementation complexity

From the aspect of implementation complexity, real number multiplication is preferred to complex number multiplication.  So, QPSK alphabet seems more attractive than 6-PSK alphabet. However, whether using 6-PSK would cause big problem in implementation is not very clear considering the similar application in Rel-8 LTE for PUCCH DMRS.  

3. Conclusions

In this contribution, we discuss two alternatives of DM-RS OCC mapping for rank5~8 from several aspects, including backward compatibility, peak power randomization, 2-D orthogonality, inter-tone interference suppression and implementation complexity, we slightly prefer Alt 2.
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