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1. Introduction

The DM-RS pattern supporting up to 2 layers on normal CP for Rel-9 dual-layer beamforming was agreed as a baseline in RAN1 #58-bis meeting as shown in the figure 1.
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(a) Regular subframes                (b) DwPTS {11,12} OFDM symbols
   (c) DwPTS {9,10} OFDM symbols
Figure 1. DM-RS pattern on normal CP for Rel-9 dual-layer beamforming.
But Rel-9 DM-RS pattern on extended CP was not agreed due to the fact that there was not a clear preferred pattern although Rel-9 DM-RS patterns were presented from several companies in the previous meeting. In this contribution, we discuss on the remaining DM-RS patterns on extended CP for dual-layer beam-forming support based on [1].
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 2 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 Option E5 and Option E1/E4 considered as a method to provide robustness under high frequency selectivity as compared with that of normal CP. 
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(a) Option E2/E3


          (b)  Option E5


          (c)  Option E1/E4
Figure 2. DM-RS pattern examples for extended CP in normal subframe
The properties of the example patterns in the figure 2 are summarized in the table 1.
Table 1. Properties of the DM-RS pattern examples in the figure 2.

	
	Pros
	Cons

	Option E2/E3

	· Simple extension of the DM-RS pattern for normal subframe

· Rank-independent DM-RS pattern can be supported
· No inter-code interference (ICI) from the orthogonal covering due to extremely high frequency selectivity.
	· Significant performance degradation is expected due to RS frequency spacing under highly frequency selective channel
· ICI can be occurred under extremely high Doppler frequency 



	Option E5
	· 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.
· Same RS overhead as that of normal CP
	· ICI can be occurred under extremely high Doppler frequency

· Not easy to support rank-independent DM-RS pattern due to ICI


	Option E1/E4
	· 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.
	· ICI can be occurred under extremely high Doppler frequency

· Not easy to support rank-independent DM-RS pattern due to ICI
· Larger RS overhead than that of normal CP 


The figure 3 and 4 show MSE performance of DM-RS patterns in figure 2 for TU channel and Vehicular B channel respectively. The simulation parameters are shown in Appendix.
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(a) ETU, 3km/h 




(b) ETU, 30km/h
Figure 3. MSE performance for extended CP in normal subframe (TU channel)
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(a) Bad Urban, 3km/h 




(b) Bad Urban, 30km/h
Figure 4. MSE performance for extended CP in normal subframe (Bad Urban channel)

Our observation for DM-RS patterns on extended CP in normal sub-frame
· Option E1/E4 has the best MSE among three patterns, but the RS overhead is larger than that of the DM-RS baseline which was agreed for evaluations so far on DM-RS
· Almost similar MSE between Option E5 and Option E1/E4 in highly frequency selectivity and low Doppler case with UE speed 3km/h. 
· Option E5 does not show a significant degradation as compared Option E1/E4 even in ETU channel.

· Option E2/E3 has the worst MSE among three DM-RS patterns in moderately/highly frequency selective channel and has severely degraded even in highly frequency selective channel.
As discussed in table 1 and our simulation results, each DM-RS patterns shown in the figure 2 have pros and cons according to the channel scenario. Since the DM-RS pattern for extended CP will be used for highly frequency selective channel as well as the condition of same RS overhead as that of normal CP, we propose to adopt Option E5 as DM-RS pattern in extended CP on dual-layer beamforming. 
3. DM-RS Pattern for DwPTS
The figure 5 shows the exemplary DM-RS patterns for extended CP in DwPTS which was presented in [1]
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(a) Option E1 (DwPTS all configurations) 
(b) Option E2 (DwPTS all configurations)
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(c) Option E4 (DwPTS all configurations)                   (d) Option E5 (DwPTS all configurations)

Figure 5. Exemplary DM-RS pattern for extended CP in DwPTS

In case of extended CP in DwPTS, up to 4 OFDM symbols from the last OFDM symbol in a subframe can be used for GP and UpPTS in TDD so that only some part of OFDM symbols in a subframe is possible to transmit the PDSCH. Given this situation, when up to 4 OFDM symbols are used for GP and UpPTS, it is not possible to use time shift which the DM-RSs in the last two OFDM symbols are shifted to another symbols since other OFDM symbols are occupied by Rel-8 CRS. But if frequency staggering pattern (e.g. Option E5 in figure 2) would be adopted as DM-RS for extended CP, Option E1 in figure 5 would be possible to adopt as DM-RS for extended CP in DwPTS due to the fact that the frequency selectivity could be tracked with the staggered second DM-RS part under large delay spread environment. In addition, the performance also needs to be further studied when DM-RS is punctured due to GP+UpPTS since the frequency selectivity could not be tracked without the staggered second DM-RS part under large delay spread environment. In this case, further optimized DM-RS pattern may be needed. And we also prefer to use same DM-RS pattern for DwPTS all configuration due to employing only single channel estimator for DwPTS in UE complexity point of view. 
3. Summary
In this contribution, we discussed on DM-RS pattern design for extended CP and DwPTS support in dual-layer beamforming mode. The discussions can be summarized as follows:
· It is proposed to adopt Option E5 as a candidate of the DM-RS pattern for extended CP in normal subframe for better support of high frequency selective channel under the condition of same RS overhead as that of normal CP
· It is reasonable to use same DM-RS pattern on extended CP for all configuration types of DwPTS due to employing only single channel estimator for DwPTS in UE complexity point of view.
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Appendix: Link-level Simulation Assumptions
Simulation parameters for the DM-RS pattern evaluation are summarized in the Table A.

Table A. Details of link-level simulation assumptions

	Parameters
	Value

	Carrier Frequency
	2GHz

	Bandwidth
	5MHz

	# of used RB
	3RB (36 subcarriers)

	UE Velocity
	{3, 30}km/h

	Channel Model
	ETU, Bad Urban(12-ray) channel

	Channel Estimation
	1RB based 2-D MMSE Channel estimation
(2-D MMSE with uniform Doppler spread and 
uniform delay spread assumed)

	Antenna configuration
	2x2

	Antenna correlation
	Uncorrelated

	Power boosting of DM-RS
	Same power as that for data RE

	CDM multiplexing for DM-RS
	2x2 Walsh code
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