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1 Introduction

Transmitter beamforming can increase system performance by improving the received SINR at UE. Single stream-beamforming is supported in Release 8 specification. In [4, 5] it is shown that dual-stream beamforming can provide significant gains especially when the number of antennas deployed at eNodeB is large. In the previous RAN plenary meeting, working item on Enhanced DL Transmission for Release 9 to support dual-layer beamforming was approved [1]. Design of DM-RS for demodulation purpose is an issue that needs to be addressed for enabling dual-layer beamforming. The Release 8 DRS structure is defined for only single layer. In this contribution we provide link level analysis of different DM-RS patterns and structures for Release 9 dual stream beamforming.
2 Demodulation Reference Signal Structures

Different DM-RS patterns with different multiplexing structures to support dual stream beamforming are considered here. In [2], we outline some design principles in design of DM-RS that is applicable for both LTE-A and Release 9 dual-stream beamforming. In particular, we will consider

·    Different RS densities and different RS placements to obtain the best performance across different channels in terms of time and frequency selectivity.

·   Release 8 compatible DM-RS patterns that avoid CRS and TDM control region
·    Rank dependent patterns for obtaining the appropriate overhead and channel estimation performance trade-off.
·   Patterns that can guarantee equal PSD across the OFDM symbols in a PRB.
·   Forward compatibility with LTE-A UE-RS design.
For more details on the principles of design please refer to [2].
DM-RS structures are defined across the sub-frame and are based on different multiplexing structure such as CDM, FDM/TDM or hybrid of these approaches to guarantee the orthogonality of DM-RS across different layers. In FDM/TDM design each layer is assigned a set of REs specific to this layer. In CDM design, each layer is assigned a spreading sequence. The RS for each layer is spread using its assigned spreading sequence over a set of REs shared with other layers. The spreading sequence assigned to these set of layers should be orthogonal to minimize the cross-talk. CDM-based DM-RS design facilitates the interference estimation and can guarantee the equal PSD across PRB in an easier way. However, one should be careful of the cross-talk between DM-RS of different layers that is caused due to channel variations in time or frequency. 

We will use the following color coding in the following sections:
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2.1
Patterns for support of dual-layer transmission

Figure 1, shows the patterns considered within a physical RB for rank 1 transmission with different RS densities. Pattern 1-1 is similar to Legacy Release 8 DRS. Patterns 1-2 and 1-3 are of the same structure but with different densities. The same holds for patterns 1-4 to 1-6. Finally pattern 1-7 corresponds to rank 1 transmission of a CDM pattern that will be discussed for higher ranks. Note that except pattern 1-1, all the other patterns try to place the RS tones near the edge OFDM symbols.
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Figure 1: DM-RS patterns for 1 layer transmission

In Figure 2 patterns for transmission of 2 layers are given. The patterns are shown with in a physical RB. According to pattern 2-1, the DM-RS for two layers is essentially multiplexed on the legacy DRS locations. Patterns 2-3 and 2-5 are extension of patterns 1-2 and 1-3 to two layers and are of the same structure by with different densities.  For the pattern 2-6, the RS for the two layers is CDM multiplexed using DFT-based spreading code.  Other patterns are FDM/TDM based. All this patterns avoid the CRS symbols. Also notice that except for pattern 2-1, equal PSD for PDSCH can be guaranteed across the PRB. Also note that in pattern 2-3, 2-5 and 2-6, the attempt has been to place the RS on the edge OFDM symbols.
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Figure 2 DM-RS patterns for 2 layer transmission

3 Simulation Assumptions and Results

Table 1 lists some of the assumptions used in the simulations.
Table 1 Simulation Assumptions 
	Transmission Bandwidth
	5MHz

	Channel Model
	TU, PedB with 3, 30 , 120 kph

	Number of Tx antennas
	4

	Number of Rx antennas
	2 (for rank <=2 simulations)

	Receiver Type
	Linear MMSE

	Allocation Size 
	25 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	4

	Precoding feedback
	wideband  


Further details about the simulations are given below:

·   Channel estimation is performed based on 2-D MMSE per each resource block. Uniform Doppler spread and uniform delay spread profile are assumed for forming the 2-D MMSE interpolator.

· The tuning speed is  10, 30, 120 kph for 3,30,120 kph simulations

· Frequency profile is assumed by uniformly distributed over 5us.

·    Ideal knowledge of interference is assumed in this contribution.

·    The precoding codebook is the Release 8 LTE precoding matrices for 4Tx antenna. 

·    CQI/RI/PMI computation is based on the 4 CRS ports with feedback periodicity of 3ms and feedback delay of 3ms.

·    Target HARQ termination: 10% after 1st transmission.

·    Per codeword outer loop MCS adjustment loop is run to meet the target termination.

3.1
Simulation results for rank one transmission

Figure 11 to Figure 14 in the Appendix provide throughput results for different patterns all with 12 RS density. As it can be observed the performance of the P1-2, P1-6 and P1-7 are vey close to each other. The performance of P1-1 is worse than other patterns. The performance difference is around 0.2dB at high speed.

Figure 3 to Figure 6 show the performance of different patterns with different densities. Pattern 1-4 with (6RS) shows larger loss (around 0.8 dB) compared to other schemes. The bandwidth loss due to 16RE RS density is dominant at high SNR while marginal low-SNR performance improvement compared to 12RS patterns is obtained. Pattern P1-2 with 12RS provides optimal performance in pedB 3, 120 kph and TU 120kph.  For TU 3kph the performance at high SNR (above 17dB) is slightly worse than P1-5 because of the bandwidth loss. However, most probably, such a SNR will not be the operating region for rank 1 transmission.

Based on these results we can observe that 

·    12RS per physical RB provides the best trade-off between the bandwidth loss and channel estimation performance. 

·    Pattern P1-2 provides the best performance among the patterns considered here. Performance of P1-7 is also very close the P1-2
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Figure 3 Rank 1 DM-RS with different densities, TU3kph
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Figure 4 Rank 1 DM-RS with different densities, PedB3kph
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Figure 5 Rank 1 DM-RS with different densities, TU120kph
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Figure 6 Rank 1 DM-RS with different densities, pedB120kph

3.2
Simulation results for up to 2 layer transmission

Simulation results in this section assume adaptive rank transmission. The rank of transmission depends on the reported rank by the UE. The DM-RS patterns used for transmission are rank dependent as indicated in the legends of the figures.

Figure 7-Figure 9 show the performance of different 2 layer DM-RS patterns are shown. All the patterns here have 12 RS for rank 2 and 12 RS for rank 1 transmission. If only one layer is transmitted the RS resources for the second layer will be used for RS transmission of the first layer. Results with perfect channel knowledge at demodulation are shown assuming 12RS overhead in place. Comparing the results we observe that pattern 2-3 is consistently better than other patterns in all the scenarios simulated. 

In particular we can make following observations:

·    In terms of throughput across all the SNR values, P2-3 > P2-6 CDM > P2-4 > P2-1 for all channels and speeds simulated. 

·   The performance gap between P2-3 and other patterns widens the speed increase. This is mainly coming from the fact that in P2-3 the RS tones are concentrated on the edge OFDM symbols of the physical RB. This provides a better interpolation compared to the RS tones that are spread across or are placed somewhere in the middle of the PRB.

·   Similarly, it can be observed that P2-3 and P2-6 CDM are performing better than other two patterns consistently. Note that the RS placements in P2-3 and P2-6CDM covers the edges of the frequency, where as the other two patterns are not.

·   As for the comparison of P2-6CDM and P2-3, the gap in performance at high speed comes from two sources:

· RS placement in time domain

· Cross-talk between the DM-RS of different layers in high speed.

To identify the contribution of each source, simulations are carried out for TU 120kph by shifting the CDM pattern to the edges of the PRB as shown in right-hand side of Figure 10. The results are shown in Figure 10. As one can see the placement of the RS plays a significant role and the impact of cross-talk is not the limiting factor up to 120kph.
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Figure 7 DM-RS with up to 2 layers of transmission, 3kph
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Figure 8 DM-RS with up to 2 layers of transmission, 30kph
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Figure 9 DM-RS with up to 2 layer of transmission, 120kph
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Figure 10 Performance of different CDM patterns

In Figure 15, we look at the effect of increasing RS density for patterns P2-1 and P2-3. Patterns P2-2 and P2-5 are extensions of the mentioned patterns to 16RS density. In these simulations, rank 1 transmissions use DM-RS pattern P1-1 and P1-3 respectively as indicated in the legend. 

Comparing P2-3(12RS) and P2-5 (16RS) we can see that P2-3 with 12RS provides the best performance for different channels and speed. Especially at high SNR, the bandwidth loss is dominant and the gap between the two patterns is larger. As for comparison of P2-2(16RS) with P2-1(12RS) we see that increase of the overhead to 16 can provide a better performance at higher speeds in this case. 

However, among pattern P2-3, P2-5, P2-1, and P2-2, pattern P2-3 with 12RS shows the best performance. Therefore, with a proper placement of the RS, 6RS per layer in dual layer transmission seems to be enough for the scenarios considered here. 
Conclusion

In this contribution we analyzed different DM-RS patterns with different multiplexing structure in support of dual stream beamforming for Release 9. The DM-RS patterns are defined within a physical RB and are compatible with Release 8 structure. The following observations are made:

·    Denisty: For rank 1, RS density of 12RE per physical RB provides a good trade-off between channel estimation performance and overhead. For rank 2 transmissions, RS density of 6 per layer is a good choice in terms of performance and overhead.

·    RS placement: placing RS tones near the frequency and time edges of the PRB provides better channel estimation performance for different speeds and different frequency selectivity of the channel.
Among the studied patterns, pattern 2-3 and 2-6 shows best performance for the high and low speed (3-120kph) and for TU and pedB channels. 

Pattern 2-3 is based on FDM structure and pattern 2-6 is based on CDM with spreading over time. Both patterns have regular structure that can be extended to higher rank transmissions. While the FDM pattern (2-3) suggests a slight performance advantage over CDM pattern (2-6), the latter CDM pattern may be more attractive in the context of forward compatibility with higher order MIMO and multi-user coordinated multi-point transmissions as discussed in [3]. Note that the pattern 2-6 is also more implementation friendly as it has the same RS locations (REs) for both spatial streams (layers) thereby leading to idenatical channel interpolation engine.  
We therefore, propose to consider either FDM pattern 2-3 or CDM pattern 2-6 for the dual stream beamforming.
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Appendix

This appendix includes some of the simulation plots referred to in the document.
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Figure 11 Comparison of different rank 1 DM-RS patterns TU3kph
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Figure 12: Comparison of different rank 1 DM-RS patterns pedB 3kph
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Figure 13 Comparison of different rank 1 DM-RS patterns TU120kph
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Figure 14 Comparison of different rank 1 DM-RS patterns pedB120kph
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Figure 15 DM-RS with up to 2 layers of transmission and different densities
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