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1. Introduction

The DM-RS pattern supporting up to 2 layers for Rel-9 dual-layer beamforming was agreed as a baseline in RAN1 #58 meeting as shown in the figure 1.
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Figure 1. DM-RS pattern for Rel-9 dual-layer beamforming. (normal subframe)

It is also agreed that Rel-9 DM-RS pattern should be a subset of Rel-10 DM-RS pattern for higher order MIMO, therefore forward compatibility also needs to be taken into account for dual-layer beamforming DM-RS design. In this contribution, we discuss on the remaining DM-RS patterns for dual-layer beamforming support. 

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 the pattern 1a and 1c considered time-domain CDM to minimize the inter-code interference due to frequency selectivity and the pattern 1b considered frequency-domain CDM to provide a robustness under high Doppler frequency.  
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(a) Pattern-1a                                               (b) Pattern-1b                                             (c) Pattern-1c

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

	Pattern-1a
	· 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 



	Pattern-1b
	· Robust to high Doppler frequency due to its staggering DM-RS pattern
· Minimum frequency spacing to track the frequency selectivity
	· Inter-code interference (ICI) due to frequency domain orthogonal covering may harm the performance under extremely high frequency selective channel
· Not easy to support rank-independent DM-RS pattern due to ICI

	Pattern-1c
	· Robust to high Doppler frequency due to its staggering DM-RS pattern
· No interference from the orthogonal covering due to extremely high frequency selectivity.
	· ICI can be occurred under extremely high Doppler frequency
· Not easy to support rank-independent DM-RS pattern due to ICI


As discussed in the table 1, each DM-RS patterns shown in the figure 2 has pros and cons according to the channel scenario. Since the DM-RS pattern for extended CP will be used for highly frequency selective channel, the pattern-1b and pattern-1c could be considered as a candidate for the DM-RS pattern in extended CP.
3. DM-RS Pattern for DwPTS
The figure 3 and 4 show the exemplary DM-RS patterns for both normal CP and extended CP in DwPTS. 
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Figure 3. Exemplary DM-RS pattern for normal CP in DwPTS
As seen in the figure 3, up to 5 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, it would be good to use all DM-RS in a normal subframe for channel estimation as much as possible so that the DM-RS in the last two OFDM symbols can be shifted to be used when the two or three OFDM symbols are used for GP and UpPTS. In addition, if four or five OFDM symbols are used for GP and UpPTS, only remained DM-RS should be used for a demodulation.
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                                             (a)  Pattern-2a                                                              (b) Pattern-2b
Figure 4. Exemplary DM-RS patterns for extended CP in DwPTS
For the extended CP in DwPTS, it is not possible to use time shift since other OFDM symbols are occupied by Rel-8 CRS. Therefore, reusing the same DM-RS pattern in the normal subframe seems to be reasonable in this case. Keeping that the cases in which only two or three OFDM symbols are used for GP and UpPTS transmission in mind, pattern-2a would be better in terms of performance since no DM-RS is punctured. However, the trade-off between the performance in normal subframe and DwPTS should be further investigated. 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.
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 recommended to consider the DM-RS pattern-1b and pattern-1c as a candidate of the DM-RS pattern for extended CP in normal subframe for better support of high frequency selective channel. 

· The DM-RS pattern in the figure 3 is preferred for supporting DwPTS with normal CP in order to provide the better performance when two or three OFDM symbols are used for GP and UpPTS.
· In extended CP case, using same DM-RS pattern for both normal subframe and DwPTS seems to be appropriate for the simplicity.

· Further discussion on optimization of DM RS pattern for 8 OFDM symbol DwPTS may be needed
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