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1 Introduction

In RAN1 #60bis, the decision for DM-RS design about extended CP was made [1] as

· In case of rank 1-2, DM-RS overhead of 16 REs per PRB pair for extended CP with normal subframe
· FFS on detailed pattern

In this contribution, we analysis the necessities and the different DMRS patterns for extended CP.
2 The necessities of DMRS patterns for extended CP[2]

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. And from project 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 with covering relative larger area, the coverage performance should be guaranteed in this case. Or else, more eNBs would be needed and the cost of the network is increased.
3 Analysis of different DMRS patterns for extended CP

The typical deployment scenario for extended CP is usually with large time delay spread or equivalently highly frequency selective. Accordingly, we should take this into consideration and at the same time keeping overhead in mind. Further more, for extended CP, it seems coverage has the first priority and correspondingly lower rank (rank <=2) should be considered as the main deployment scenario. So the DMRS patterns for rank<=2 transmission are discussed first and the DMRS patterns for rank 3 and 4 are also included.

· 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. 

· Staggering or no staggering: Under 16 REs overhead, there are two optional patterns for extended CP: staggering and no staggering. Staggering pattern is intended to better track the frequency channel variation. As lower overhead as 12 REs, staggering pattern should be necessary. But with increase of the overhead to 16 REs, it seems the DMRS density in frequency domain is high enough to track frequency selectivity and the performance improvement from staggering pattern as compared with no staggering pattern might be very limited as that shown in section 4.
[image: image1.wmf] 

No staggering

Staggering


Figure 1 Candidate DMRS patterns for extended CP

4 Simulation results

In this section, we focus on the performance comparisons between staggering and no staggering pattern.

Simulation assumption has been given in Appendix.
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Figure 2 Performance comparisons under TU channel
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Figure 3 Performance comparisons under VB channel

As that shown in figure 2 and figure 3, the simulation results validate our analysis: Staggering and no staggering pattern always have the same performance. It seems that 4 tones out of 12 tones is sufficient to guarantee the interpolation performance[3] .From the discussion above, several conclusion as below could be got:
· From performance perspective, the staggering pattern is expected to achieve better performance over no staggering pattern, but from our simulation results there is no performance differences between these two patterns because larger overhead as 16 REs already well tracks frequency selectivity of the channel .So, staggering pattern seems not necessary.

· From implementation perspective, note that non-staggered patterns are already used in normal CP. With the increase of the overhead in extended CP, it’s possible to use the same channel estimation structure as that in normal CP especially for rank beyond 4. 
From the analysis above, we can conclude that: with lower implementation complexity but similar performance as compared with staggering pattern, no staggering pattern is preferred.

Proposal:

· For normal subframe, No staggering pattern is preferred considering its relatively lower complexity but good performance.
· For DwPTS, punctured no staggering pattern is recommended with only the DMRS in 5th and 6th symbol reserved
· DMRS patterns for rank>4 could use length 4 OCC as that in normal CP.
5 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:

· For normal subframe, no staggering pattern is preferred considering its relatively lower complexity but good performance. 
· For DwPTS, punctured no staggering pattern is recommended with only the DMRS in 5th and 6th symbol reserved. 

· DMRS patterns for rank>4 could use length 4 OCC as that in normal CP.
The DMRS patterns for all rank transmission in extended CP are shown as follows:
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DwPTS with extended CP
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Appendix
Simulation assumptions

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5MHz

	Number of Antenna
	8×4

	Channel model
	TU, Modified VB, spatially uncorrelated

	UE Speed
	3km/h, 30km/h

	Link adaptation
	AMC, rank adaptation within rank 1~4

	Channel Coding
	Turbo code

	HARQ 
	On

	Number of PRBs for scheduling
	6 

	Channel estimation
	2 ×1D- Wiener filter

	Precoding granularity
	1 RB

	Detection Algorithm
	MMSE

	Feedback
	Perfect

	Precoding
	Non-codebook based precoding, SVD






















































































































































































































































































































































































































































































































































