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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 normal CP with length-4 orthogonal cover code (OCC) in time domain for both CDM groups were reached [1]. However, the details of OCC design is not yet clear. 
In this contribution, we study detail implementations of frequency-domain variation of length-4 OCCs based on the agreed DM-RS pattern as shown in Fig 1.
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Figure 1  DM-RS patterns for up to 8 layers with length-4 OCC 
2. OCCs Mapping Design
As is analyzed during Rel-9 DM-RS design, the usage of length-2 OCC mapping to DM-RS for dual-layer beamforming will introduce power imbalance that the DM-RS REs within a physical antenna port in certain OFDM symbol may have twice the power (in case of 2 layer transmission) or zero power. Then, if length-4 OCC is applied, the DM-RS REs within a physical antenna port in certain OFDM symbol may have four times the power or zero power.

Another aspect of OCC mapping is the orthogonality in both time and frequency domains. With length-4 OCC, the same channel response within a subframe is assumed. The orthogonality between CDM DM-RS will break down with high mobility which causes BLER performance degradation. Thus, good orthogonality both in time and frequency domains should be considered to achieve better performance in a time/frequency selective channel. Possible solutions are discussed by several companies in [2~7]. 
Taking into consideration of both two design criterion, i.e. peak power randomization and orthogonality of both frequency and time domain, elaborately predefined sets of OCCs mapping on different frequency locations is proposed. 
The Walsh cover code matrix 
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 is used. The proposed OCCs mapping scheme is given in Fig 2. Mapping schemes proposed in [2~6] are also shown in Fig 2 for comparison.  
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                            Opt 1(our proposal [2])                                        Opt 2 (proposed in [3])
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Opt 3 (proposed in [3])                                     Opt 4 (proposed in [4])
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 Opt 5 (proposed in [5])                                     Opt 6 (proposed in [6])    
Figure 2 Mapping scheme for length-4 OCCs 
(1) Peak power randomization
For all these 6 candidates, the peak power of DM-RS appears in 4 OFDM symbols alternatively in frequency domain. Thus, the power of the OFDM symbols containing DM-RS REs is balanced. However, CDM group specific column-shift schemes, e.g., Opt 1 and Opt 5, can provide balanced power across OFDM symbols within 2 RBs. CDM group common column-shift schemes, e.g., Opt 2~ 4 achieve balanced power within 4 RBs. Though Opt 6 is one kind of CDM group specific column-shift scheme, the column-shift is only applied in every second OFDM symbol instead of in every OFDM symbol as in Opt 1 and Opt 5. Thus, Opt 6 provides balanced power across OFDM symbols within 4 RBs in certain cases. 
Another aspect of peak power randomization is the reduction of the peak power. Lower peak power is obtained if the correlation of the DM-RS sequence is low. As for CDM group common column-shift scheme, e.g., Opt 2~4, the correlation of the DM-RS sequence will increase, especially for equal layer allocation, e.g., rank-4/6/8.  
The peak power randomization performance is given by complementary cumulative distribution function (CCDF) of peak power in Fig. 3. All 6 candidates are effective in reducing the peak power compared to the time-domain (TD) OCC mapping where the OCC is mapped in the time domain in the same way for all the frequencies. Opt 1 and Opt 5 provide the best peak power randomization compared with Opt 2~4 and Opt 6. Opt 6 outperforms Opt 2~4 due to the different OCC sequences in every second OFDM symbol.
Thus, we prefer CDM group specific column-shift scheme with column-shift applied in every OFDM symbol.
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Figure 3 Peak randomization effect of OCC mapping
(2) Orthogonality of both frequency and time domain
All these 6 candidates provide two-dimensional orthogonality. However, the frequency-domain orthogonality of Opt 2 and Opt 5~6 is not completely achieved if the variation of the channel within 13 subcarriers is not marginal, especially under frequency selective channel. Furthermore, frequency-domain orthogonality of Opt 2 and Opt 5~6 cannot be achieved without PRB-bundling. As for Opt 4, better frequency-domain orthogonality is obtained. But the orthogonality is not achieved by every closest 4 REs, for example, OCCs on (k+6)-th and (k+11)-th are not orthogonal.  Furthermore, the orthogonality is not fully utilized if the number of scheduled PRBs is odd. 
Opt 1 and Opt 3 achieve the best orthogonality performance, but backward compatibility with the OCC mapping for up to rank 2 transmissions is not provided. However, the backward compatibility is not that important as it seems like. In MU-MIMO scenario, there are two alternatives of DM-RS, 4 orthogonal DM-RS ports and 1 scrambling sequence or 2 orthogonal DM-RS ports and 2 scrambling sequences as in Rel-9. If only up to 2 layers are grouped and orthogonally multiplexed using CDM over 2 contiguous REs in time for both two alternatives, the design of length-4 OCC for SU-MIMO is independent from length-2 OCC applied in MU-MIMO. 
Thus, we prefer two-dimensional orthogonality maintained within the closest 4 REs in both frequency and time domain.
The comparison among these 6 candidates is shown in table 1:

Table 1 – Comparison of different OCC schemes
	
	Balanced transmit power
	Peak power reduction
	2D-orthogonality
	Backward compatibility

	Opt 1
	Best
	Best 
	Best
	No

	Opt 2
	Worst
	Worst
	Worst
	Yes

	Opt 3
	Worst
	Worst
	Best
	No

	Opt 4
	Worst
	Worst
	Medium
	Yes

	Opt 5
	Best
	Best
	Worst
	Yes

	Opt 6
	Medium
	Medium
	Worst
	Yes


3. Conclusions

In this contribution, we have considered the OCCs design of DM-RS for rank 5~8.  The proposed predefined OCCs allow randomization of precoded DM-RS, and satisfy two-dimensional orthogonality among multiplexed layers which provides more robust channel estimation performance with medium and high mobility.  Our preference is as follows

· OCC allocation

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

· Two-dimensional orthogonality is maintained within the closest 4 REs in both frequency and time domain.
· CDM group specific column-shift scheme with column-shift applied in every OFDM symbol.
· Related control signaling
· The related downlink signaling is FFS.
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