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1. Introduction

In previous RAN1 meetings, some decisions were made on DMRS pattern design [1] under normal CP. In the baseline patterns shown in Figure 1, 12 REs in green are used for rank1~2 with OCC=2; both 12 green REs and 12 blue REs are used with OCC=2 for rank3~4 and with OCC=4 for rank 5~8. And the OCC mapping scheme was agreed for rank1~2 in R9 to make the power balance for OFDM symbols containing DMRS REs.
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Figure 1 DMRS pattern in normal CP
In this contribution, we describe our opinions on OCC allocation and OCC mapping for rank>2.
2. OCC allocation
The OCC allocation was discussed in [2], and an allocation scheme is given as shown in Figure (a). In this scheme, OCC allocations in two CDM groups are the same and satisfies the compatibility between OCC=2 and OCC=4. However, when frequency-domain synchronization error exists, this allocation scheme can’t help to reduce the inter-subcarrier interference between two CDM groups. In order to help suppress the inter-subcarrier interference between two adjacent DMRS sub-carriers, the two DMRS CDM groups should apply as many orthogonal OCC as possible. This is illustrated in Figure (b). For transmission of rank 5 or rank 6, inter-subcarrier interference on certain layers in Figure (b) can be eliminated compared to scheme in Figure (a). The disadvantage of this scheme is the loss of compatibility with OCC = 2 for rank 3~4 due to the OCC modification on ports 9 and 10. A trade-off allocation scheme between (a) and (b) is illustrated in Figure (c), which can keep the compatibility with OCC=2 and also remove one-third of inter-subcarrier interference in channel estimation when the transmission rank is 6. Because the modification in (b) and (c) brings some benefits without additional overhead or implementation complexity compared to (a), we think different OCC allocation schemes can be used in two CDM groups.
Proposal 1: Different OCC allocations can be used in two CDM groups when OCC = 4.
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Figure 2 OCC allocation for rank up to 8
3. OCC mapping
In Rel-9 DMRS design, length 2 OCC mapping scheme as show in Figure 3 was agreed, and the main purpose is to balance the power on OFDM symbols containing DMRS REs. 
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 Fig 3.Rel-9 length 2 OCC mapping scheme

In Rel-10, up to 8 layers need to be supported with length 4 OCC on DMRS. In this case, power balance across the OFDM symbols containing DMRS REs is still desired. In previous meetings, several OCC mapping schemes as shown in figure 4 were proposed [3], where a, b, c, d represent the different column of 4-by-4 Walsh matrix:  
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. 
Several design criterions for length 4 OCC mapping design are proposed in [3], such as: 
· Backward compatibility with the agreed mapping scheme for up to Rank 2 in R9.
· Peak power randomization within the OFDM symbols should be achieved.
· Performance gains.
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Figure 4 OCC mapping scheme for Rank 5-8
From the simulation result in [3], we can see that the performance difference is very small even with 30km/h. In real application, we think the main scenarios for rank5~8 is low UE speed (e.g. < = 6km/h), where the channel variety in time direction is very slow and the orthogonality in time direction can be guaranteed in most cases, so the performance gap between different options can be even smaller, as shown in section 4 of this paper. Therefore the peak power randomization and backward compatibility are more important, and option2 is good choice for OCC mapping for rank5~8.
Proposal 2: OCC mapping with cyclic shift in frequency domain for each CDM group as shown in Option2 is preferred for rank5~8.
In previous discussion, most companies focused on the OCC mapping in one CDM group, the  mapping in two CDM groups is not discussed much, partially because it is assumed two CDM groups share the same OCC mapping, as shown in Figure 5(a). Another alternative is based on the same OCC mapping criteria but using the OCC allocation scheme discussed in section2, where one only need to exchange OCC3 and OCC4 and no more implementation complexity is needed. After exchanging OCC3 and OCC4, the 4-by-4 Walsh matrix can be expressed as 
[image: image11.wmf](

)

'

'

'

'

4

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

d

c

b

a

W

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

-

-

-

-

=

’

. It should be noted that 
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                              Figure 5 OCC mapping
4. Performance evaluation for OCC mapping

In this section, we compare the performances of four options given in Figure 4. The simulation conditions are given Appendix A. Both time-domain (TD) OCC mapping, where the OCC is mapped in the time domain in the same way for all subcarriers, and 2-D OCC mapping as shown in Figure 4 were evaluated，and the simulation results is shown in Figure 6, where “reference_TD” curve refers to time-domain orthogonal OCC mapping. From the simulation results, we can see that there is no obvious performance difference for low UE speed (e.g., 6km/h, which is mainly the scenarios for rank5~8 transmission).
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 Figure 6 Performance evaluations for OCC mapping
5. Conclusion
In this contribution, we obtain further conclusions regarding to OCC allocation and OCC mapping issue in DMRS design under normal CP.

· Different OCC allocation scheme can be used in two CDM groups when OCC = 4.

· OCC mapping with cyclic shift in frequency domain as shown in Figure 4 (Option2) is preferred, and two CDM groups can use the same cyclic shift criteria but different OCC codes.
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Appendix Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	8x4 (ULA) 

	Antenna correlation
	Independent

	Bandwidth
	5M

	Channel estimation
	Real, 2D-MMSE

	Channel model
	PA

	MCS 
	Adaptive

	Carrier frequency
	2.0 GHz

	MIMO detection algorithm 
	MMSE

	Codeword number
	2

	Rank adaptation
	Disenable， Fixed 4 layer

	Scheduled resource block
	4 PRB, contiguous allocation

	Precoding 
	SVD decomposition based precoding,

precoding granularity= 4 PRBs

	CQI/Precoding feedback
	delay 5ms

	PDCCH OFDM number
	3

	CRS + CSI-RS overhead
	28

	UE mobile speed
	6 km/h
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