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1. Introduction

The followings were captured in RAN1 chairman’s note in the RAN1 #59bis meeting.

Conclusion:

· DMRS pattern for rank 5-8 

· Hybrid CDM+FDM DMRS patterns are adopted for rank 5-8 transmission with normal CP (normal subframe, DwPTS)

· The length of orthogonal cover code (OCC) in time domain is  4 for both CDM groups
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· DMRS pattern for rank 3-4 for DwPTS

· with OCC length 2
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· Whether PRB-bundling in frequency domain is needed for rank 1-8 is FFS

In addition, DM-RS patterns for extended CP need to be further progressed for rank 1-8 as that of normal CP case. Thus, in this contribution, we discuss on DM-RS patterns for extended CP case.
2. DM-RS pattern for extended CP 
The extended CP is normally used in large cell scenario in order to handle the large delay spread, thus high delay spread should be taken into account for DM-RS design. The figure 1 shows example DM-RS patterns in which all of DM-RS patterns considered time-domain CDM to minimize the inter-code interference due to frequency selectivity. And pattern-B and pattern-C considered as a method to provide robustness under high frequency selectivity as compared with pattern-A as simple extension of normal CP. 
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(a) Pattern-A


        (b) Pattern-B 


         (c) Pattern-C
Figure 1. DM-RS pattern examples for extended CP in normal sub-frame
The properties of the example patterns in the figure 1 are summarized in the table 1.
Table 1. Properties of the DM-RS pattern examples in the figure 1.

	
	Pros
	Cons

	Pattern A

	· Simple extension of the DM-RS pattern for normal CP
· Rank-independent DM-RS pattern can be supported

· No inter-code interference (ICI) from the orthogonal covering due to extremely high frequency selectivity.
· Reuse of multiplexing methods (i.e. OCC length=4) between layers on higher rank as that of normal CP
	· Significant performance degradation is expected due to RS frequency spacing under highly frequency selective channel

· ICI can be occurred under extremely high Doppler frequency on high rank

	Pattern B
	· Robust to high Doppler frequency due to its staggering DM-RS pattern
· No interference from the orthogonal covering due to extremely high frequency selectivity up to rank-4 transmission
· Same RS overhead as that of normal CP
	· ICI can be occurred under extremely high Doppler frequency on higher rank
· Not easy to support rank-independent DM-RS pattern due to ICI
· Different multiplexing methods (i.e. OCC length) are required on higher rank for extended CP from that of normal CP

	Pattern C
	· Robust to high frequency selectivity due to its staggering DM-RS pattern
· No inter-code interference (ICI) from the orthogonal covering due to extremely high Doppler selectivity up to rank-4 transmission
	· ICI can be occurred under extremely high Doppler frequency on high rank
· Not easy to support rank-independent DM-RS pattern due to ICI
· Larger RS overhead than that of normal CP 

· Different multiplexing methods on higher rank as that of normal CP


As discussed in table 1, each DM-RS patterns have pros and cons according to the channel scenario. As considering essentially to apply commonality and functionality such as multiplexing methods and extension to higher rank as same as that of normal CP, it seems to be reasonable to adopt pattern A. For high rank case(i.e. more than rank-5), if different multiplexing methods than that of normal CP is necessary to introduce DM-RS pattern on extended CP or DM-RS patterns on higher rank is not defined for extended CP, we propose to adopt pattern B since the DM-RS pattern for extended CP would be used for highly frequency selective channel as well as the condition of same RS overhead as that of normal CP.
4. Summary
In this contribution, we discussed on DM-RS patterns on extended CP. The discussions can be summarized as follows:
· As considering commonality and functionality such as multiplexing methods and extension to higher rank as same as that of normal CP, it seems to be reasonable to adopt pattern-A. 

· For high rank case(i.e. more than rank-5), if different multiplexing methods than that of normal CP is necessary to introduce DM-RS pattern on extended CP or DM-RS patterns is not defined for extended CP on high rank, it is recommended to adopt pattern B.
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