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1. Introduction
During RAN1#59 meeting, the decision was made for DM-RS design for extended CP [1]:
· 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 discuss some of the aspects of DMRS for extended CP, such as:

· DMRS design principles;

· Some candidate patterns and performance.
2. Discussion
In the contributions [2-5], DMRS patterns for extended CP are studied extensively. However, most of discussions in those contributions focus on normal subframe while nearly ignore DMRS pattern for DwPTS. For example, the maximum number of ranks supported by DwPTS is still an open issue. It is important that the maximum number of ranks supported in DwPTS should be the same as that of normal subframe. Otherwise, more complexity would be imposed on scheduler and HARQ processing. Moreover, throughput and peak rate of TDD systems could be affected negatively. Therefore, DwPTS should support the same maximum number of ranks as normal subframe.
Extended CP is typically applied in cells with large delay spread or cells with large coverage. And channel characteristics of these two scenarios are different. Therefore, the target of optimization should be determined in the first step of  DMRS pattern design. In the following, some design principles of DMRS design are provided: 
· The applied scenarios vary with rank
· For low rank, VB channel and ETU channel are considered for performance evaluation. Since the last two rays in VB channel model fall beyond the CP length and this limits the performance improvement greatly, we propose to use a modified VB channel instead, where the last two rays are removed and the largest time dispersion is less than CP length.
· For high rank, small coverage or small delay spread, such as PA and PB, should be considered as desired scenarios.

· Commonality of DM-RS patterns between normal subframe and DwPTS should be kept.
3. DMRS pattern design 
3.1. DMRS for normal subframe
In the last several RAN1 meetings, there were many discussions [2-5] on the DMRS pattern design. For example, two candidate patterns are shown in Figure 1. For rank1-4, the DMRS of two layers are multiplexed using length-2 orthogonal sequences over 2 contiguous REs in time domain, and for rank5-8, the DMRS of four layers are multiplexed using length-4 orthogonal sequences over 4 REs in time domain. Both patterns can flexibly support rank 1-8. In addition, the pattern A has a merit for its commonality of DM-RS patterns between normal subframe and DwPTS, as shown in the next section.
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Pattern A                                                Pattern B
Figure 1 Rank 1-4 DMRS patterns for normal subframe, 12 symbols
In order to assess the performance of both patterns, we propose to choose channel with good degree of frequency selectivity such as ETU channel or modified VB channel for further evaluations. More simulation assumptions can be found in Appendix.
In Figure 2, the performance comparisons of both patterns under ETU channel and modified VB channel are shown respectively. It is obvious that the pattern A achieves similar performance as the pattern B in case of ETU channel, but greatly outperforms the pattern B in modified VB channel. Therefore, we propose that
· RS overhead of 16 REs for rank 1-2 and 32 REs for rank 3-8 is desirable.  And pattern A is a better candidate because of robust performance in varied scenarios.
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(a) ETU
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(b) Modified VB
Figure 2 performance of rank 2 transmission for normal subframe, 12 symbols
3.2. DMRS for DwPTS
In addition to previous DMRS patterns for normal subframe, DMRS patterns for DwPTS are also provided accordingly. Two candidate patterns for DwPTS were discussed during recent meetings, as shown in Figure 3. Obviously, pattern C in this figure is a simple extension of patterns for normal subframe. In this section, we make further analysis on the performance of both patterns.
In Figure 4, the performance comparison of both patterns under ETU channel and modified VB channel are provided. It is obvious that pattern C always performs better than pattern D, which indicates that

· Pattern C is preferred because of excellent performance and low complexity of channel estimation. 
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Pattern C                                                  Pattern D
Figure 3 Rank 1-4 DMRS patterns for DwPTS, 10/9/8 symbols
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(a) ETU
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(b) Modified VB
Figure 4 performance of rank 2 transmission for DwPTS subframe, 9 symbols
Since rank 5-8 DMRS patterns for extended CP is not precluded, rank 5-8 DMRS patterns for extended CP in DwPTS should also be investigated further. There are three candidate patterns as shown below [2]. The performance comparison of three patterns under PA channel is provided in Figure 6. Obviously, the pattern E slightly outperforms pattern F and pattern G in case of PA channel. But in view of the consistency of normal subframe and DwPTS, such as DMRS power allocation, pattern F or pattern G with orthogonal sequence length of 4 is preferred.

[image: image13.emf]C

C

R1

C

C

R0

C

C

R1

C

C

R0

C

C

R3

C

C

R2

C

C

R3

C

C

R2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R0

D

D

R1

D

D

R0

D

D

R1

D

D D

D

D

D D

D

D

D

R1

D

D

R0

D

D

R1

D

D

R0

D

D

R2

D

D

R3

D

D

R2

D

D

R3

   
[image: image14.emf]C

C

R1

C

C

R0

C

C

R1

C

C

R0

C

C

R3

C

C

R2

C

C

R3

C

C

R2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R0

D

D

R1

D

D

R0

D

D

R1

D

D D

D

D

D D

D

D

D

R1

D

D

R0

D

D

R1

D

D

R0

D

D

R2

D

D

R3

D

D

R2

D

D

R3

   
[image: image15.emf]C

C

R1

C

C

R0

C

C

R1

C

C

R0

C

C

R3

C

C

R2

C

C

R3

C

C

R2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

R0

D

D

R1

D

D

R0

D

D

R1

D

D D

D

D

D D

D

D

D

R1

D

D

R0

D

D

R1

D

D

R0

D

D

R2

D

D

R3

D

D

R2

D

D

R3


Pattern E (OCC=2)                             Pattern F (OCC=4)                          Pattern G (OCC=4)
Figure 5 Rank 5-8 DMRS patterns for DwPTS, 10/9/8 symbols
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Figure 6 performance of rank 8 transmission for DwPTS subframe (9 symbols)
4. Conclusion
Based on the discussions above, we share our views on DMRS design for extended CP as follows:
· DwPTS should support the same maximum number of ranks as normal subframe;

· For normal subframe with extended CP, RS overhead of 16 REs for rank 1-2 and 32 REs for rank 3-8 is desirable. And pattern A in Figure 1 is preferred;

· For DwPTS with extended CP, pattern C in Figure 3 is preferred for low rank.
· For DwPTS with extended CP, pattern with orthogonal sequence length of 4 is preferred for high rank.
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6. Appendix
Table1 Simulation assumptions
	Number of Antennae
	8x2, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	72 (6 PRB)

	Subframe configuration
	Norma subframe(12), DwPTS(9)

	Frame configuration
	Extended CP

(The first two OFDM symbols for control channel in case of DwPTS, 2 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Rank2:ETU, modified VB
Rank8:PA

	Speed
	3km/h, 120km/h

	Rank adaptation
	No

	Precoding
	SVD based on ideal wideband SRS, no PMI

Per-PRB precoding

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter

	MIMO detection algorithm
	MMSE

	Power boosting for DM RS
	No

	Channel Coding
	Turbo code

	HARQ
	On

	DL DMRS 
	Normal subframe: Pattern A,  Pattern B. 
DwPTS: Pattern C, Pattern D. for rank2
              Pattern E,Pattern F,Pattern G for rank8
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