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1 Introduction
Rel-9 downlink demodulation reference signal (DM RS) overhead for dual-layer beamforming has been agreed with a total of 12 resource elements for 1-2 layer transmissions. It has also been decided that the same set of REs is used for both rank 1 and rank 2 transmissions. However, the DM RS pattern and the associated multiplexing scheme are still open. In this contribution, we further discuss these issues and provide DM RS designs in the special subframe for TDD.
2 Multiplexing of DM RS
Several main candidate DM RS multiplexing schemes, such as TDM, FDM and CDM, have been presented in [1][2]. The CDM approach stands out for its performance and flexible support of SU-/MU-MIMO & CoMP. In this section, different CDM-based DM RS designs are discussed. 
Figure 1 shows two CDM patterns, i.e. CDM-T and CDM-F. The DM RS REs are placed at the edges of an RB, with possible extension to 4-layer.
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Figure 1: CDM DM RS Design for Two Layers
Time domain spreading is applied in the CDM-T pattern, while frequency domain spreading is performed in the CDM-F pattern. Therefore, from the perspective of PDSCH detection performance, CDM-T is sensitive to UE speed and CDM-F is sensitive to channel frequency selectivity. In addition, CDM-T requires DM RS occupying four OFDM symbols in a subframe, which introduces limitation on the DM RS design in DwPTS as it contains less OFDM symbols than a normal subframe. In addition, possible SCH collision with DM RS exists for both FDD and TDD with the CDM-T pattern, while SCH collision with DM RS does not occur in TDD with the CDM-F pattern. 
Figures 2 – 4 show the performance of dual-layer beamforming with different CDM patterns, for UE speed of 3/30/120 km/h. Transmit power is evenly divided on two layers. Figure 5 includes the performance results for single-layer transmission, with UE speed of 350 km/h. Detailed simulation assumptions are listed in Appendix A. 
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Figure 2: Rank-2 CDM-T vs. CDM-F, 3km/h            Figure 3: Rank-2, CDM-T vs. CDM-F, 30km/h
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Figure 4: Rank-2 CDM-T vs. CDM-F, 120km/h           Figure 5: Rank-1, CDM-T vs. CDM-F, 350km/h
The following observations can be made:
· CDM-F and CDM-T provide similar performance in low and moderate speed with the ETU channel. For channels with less frequency selectivity, CDM-F may provide better performance.
· CDM-F provides better performance than CDM-T in high speed scenario. Note that for single layer transmission, it is desirable to support high mobility up to 350 km/h [3].
3 Evaluation of DM RS Puncturing in DwPTS

The DM RS pattern in the special subframe shall be carefully designed to guarantee the performance. The length of a DwPTS is different from a normal subframe and can be configured to contain 3, 9, 10, 11, or 12 symbols. For the case of 3 symbols, DM RS is not required since there is no data transmission in DwPTS. For other cases, DM RS is necessary. Some possible schemes are discussed in the following.
One straightforward approach is to puncture the DM RS OFDM symbols in DwPTS, as shown in Figure 6. Although the punctured DM RS pattern seems to be consistent with a normal subframe, it still increases the number of channel estimators. In addition, the PDSCH detection performance shall degrade significantly due to a scarce DM RS density in DwPTS, as shown by simulations below.
Figures 7 – 9 show PDSCH detection performance punctured DM RS in DwPTS vs. non-punctured DM RS in normal subframes. In DwPTS, only DM RS in the first slot is left for channel estimation. It can be observed that simply puncturing DM RS columns in DwPTS cannot provide satisfactory performance.
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Figure 6; Punctured DM RS in DwPTS
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Figure 7: Punctured vs. normal CDM-T, 3km/h            Figure 8: Punctured vs. normal CDM-T, 30km/h
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Figure 9: Punctured vs. normal CDM-T, 120km/h
4 CDM-F Based DM RS Design in DwPTS 
As shown in Section 3, simply puncturing DM RS columns in DwPTS can lead to performance loss, with PDSCH detection error floor in higher modulation orders and moderate speed. In order to guarantee PDSCH detection performance in DwPTS, we describe CDM-F based DwPTS DM RS patterns in this section.
Figure 10 shows an example of CDM-F based DM RS pattern in DwPTS. DM RS occupies the 6th and 10th OFDM symbols. The number of channel estimators is kept minimal with a fixed DM RS pattern in DwPTS, irrespective of its duration. To guarantee performance for most of DwPTS lengths, DM RS in the second slot is placed in the 10th symbol assuming 4 Rel-8 CRS. For DwPTS duration of 9 symbols, only one DM RS column is available. For other DwPTS lengths, two columns of DM RS are available, which guarantees PDSCH detection performance.
To facilitate forward compatibility with more transmission layers, DM RS in DwPTS is not placed at both RB edges, as shown in Figure 10. Such a design shall not penalize the performance because frequency shift in different DM RS symbols is employed, which avoids extrapolation of channel estimation in frequency. DM RS pattern in DwPTS for four and more layers are illustrated in Appendix B.
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Figure 10: CDM-F based DM RS pattern in DwPTS
Figures 11 – 13 compare the performance of CDM-T (pattern 1) in Figure 1 and CDM-F (pattern 2) in Figure 10, in normal subframes and DwPTS of 12 symbols. The following observations can be made:
· Pattern 2 provides significant gains over pattern 1 in DwPTS (i.e. the punctured CDM-T in Figure 6).

· For low to medium speed, pattern 1 and pattern 2 provide similar performance in normal subframes.
· For higher speed and higher modulation order, pattern 1 provides performance gains over pattern 2 in normal suframes. 
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    Figure 11: Pattern 1 vs. Pattern 2, 3km/h                        Figure 12: Pattern 1 vs. Pattern 2, 30km/h
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Figure 13: Pattern 1 vs. Pattern 2, 120km/h
5 Conclusions
In this contribution, we further analyze DM RS designs for Rel-9 and beyond. Simulations show that CDM-T and CDM-F provide similar performance in low to moderate speed, while CDM-F provides better performance in high speed. In addition, the DM RS pattern in DwPTS shall be designed to guarantee performance. It is shown by simulations that punctured DM RS cannot provide satisfactory performance in DwPTS. Therefore, we propose to consider the CDM-F based DM RS pattern in Figure 10 for Rel-9 and beyond.
6 References
[1]. R1-092734,”Downlink demodulation RS design for Rel-9 and beyond”, Ericsson, ST-Ericsson
[2]. R1-092556,”UE-specific reference symbol multiplexing for LTE-Advanced downlink”, Nokia, Nokia Siemens Networks
[3]. R1-092797,” DL DM-RS Design for Rel-9 LTE”,NTT DOCOMO
[4]. R1-092823,” Discussions on DM-RS Design with Rank Grouping”, CMCC
[5]. R1-092689,”UE-RS Patterns for LTE-A”, Qualcomm Europe

Appendix A: Link level simulation assumptions 

	Parameter

	Assumption

	Antenna configuration
	8x2 (low correlation)

	Bandwidth
	5M

	Channel estimation
	Per-PRB 2D-MMSE

	Channel model
	LTE-ETU

	MCS 
	QPSK(1/2),16QAM(1/2)

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	Codeword number
	1, 2

	Layer number
	1, 2

	Scheduled resource block
	6 RB, contiguous allocation

	UL SRS
	Ideal wideband SRS

	Precoding generation
	SVD based on uplink SRS (5ms delay)

	Precoding granularity 
	1 RB 

	PDCCH configuration
	2

	UE mobile speed
	3km/h, 30km/h, 120km/h, 350km/h


Appendix B: DM RS pattern in DwPTS for four and more layers
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Figure 14: DM RS pattern in DwPTS for 4 layers
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Figure 15: two examples of DM RS pattern in DwPTS for 8 layers
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