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1 Introduction

In RAN1 #59, the decision for DM-RS design about extended CP was made [1] as

· Extended CP is not supported in conjunction with transmission mode 8 in Rel-9.

· Note that this does not preclude a solution being introduced in a later release. 
In this contribution, we analysis the necessities and the different DMRS patterns for extended CP.
2 The necessity of DMRS patterns for extended CP
Extended CP is mainly designed for the scenarios with challenging coverage requirement, e.g. Suburban Macro, and Hilly terrain. There is always large delay spread in those scenario and that is why extended CP is needed. From a planning point of view, usually the number of eNB used for certain area in those scenarios is much less than that in Urban macro and Urban micro according to the experience in GSM and UMTS due to the constraint from geography and economy. To resolve the contradiction from using relatively few eNBs to cover relatively large area, the coverage performance should be guaranteed in this case. Otherwise, more eNBs would be needed and the cost of the network is increased.
3 Analysis of different DMRS patterns for extended CP
When designing DMRS patterns for extended CP, we should also take large delay spread into consideration and at the same time keeping overhead in mind. Further more, for the deployment scenario with extended CP, as indicated in section 2, coverage has the first priority and transmission with lower rank (rank <=2) should be considered as the main deployment scenario. So the DMRS patterns for rank<=2 transmission are discussed first:
· Application scenario: Desired application scenario should be decided first so that the pattern can be optimized accordingly. Modified VB channel model is widely regarded as reflecting the real extended CP application scenario. 

· Overhead: 12 REs overhead is consistent with normal CP, but may not be enough to track the frequency selectivity due to DMRS REs spaced relatively far away in frequency domain.16REs seems necessary to better track the frequency selectivity.

· Staggering or no staggering: staggering pattern is introduced to better track the frequency selectivity. With a lower overhead of 12 REs, a staggering pattern should be necessary. But if the overhead is increased to 16 REs, it seems the DMRS density in frequency domain is large enough to track frequency selectivity and the performance improvement from staggering pattern as compared with no staggering pattern might be very limited.
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Figure 1 Candidate DMRS patterns for extended CP

As that shown in figure 1, CDM-P1 is the natural pattern inherited from normal CP. Both CDM-P2 and CDM-P3 have 16 REs overhead. CDM-P3 is a staggering pattern. From the discussion in the previous meetings, there are several observations as below:
· From performance perspective, the performance of CDM-P1 degrades under VB channel [6]. But CDM-P2 and CDM-P3 both have acceptable performance [4]. 

· Because both CDM-P2 and CDM-P3 have 16REs overhead, with such high density, staggering or no staggering make no performance difference [4]. That means CDM-P2 already captures channel frequency selectivity even in VB channel. So the pattern CDM-P2 is preferred.

Proposal:

· For normal subframe, CDM-P2 is preferred considering its relatively good performance.
· For DwPTS, punctured CDM-P2 pattern is recommended with only 5th and 6th symbol DMRS reserved
· DMRS patterns for rank>2 transmission could be derived through extending the DMRS pattern of lower rank as that did in normal CP.
4 Conclusions

In this contribution, the necessities of inducing DMRS patterns for extended CP and several candidate patterns are discussed. Based on the analysis, we propose:
· The coverage should be guaranteed for the scenario where extended CP is used.

· For extended CP configuration, the pattern CDM-P2 could be used for normal subframe and the punctured pattern CDM-P2 could be used for DwPTS.

· DMRS patterns for rank>2 transmission could be derived through extending the DMRS pattern of lower rank as that did in normal CP.
The DMRS patterns for all rank transmission in extended CP are shown as follows:
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