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1. Introduction
In [1], advanced E-UTRA should target the average spectrum efficiency to be as high as possible, given a reasonable system complexity. It is proposed that the feasibility of supporting enhanced beamforming transmission such as dual-stream beamforming should be investigated in order to achieve spatial multiplexing gain and increase system capability [2]. The spectrum efficiency of dual-stream beamforming depends on the proper reference signal pattern design, which should consider both the performance of channel estimation and system overhead at the same time.
In this contribution, a number of design options are discussed related to reference signal design for dual-stream beamforming, based on:
· DRS overhead for dual-stream beamforming
· DRS multiplex for dual-stream beamforming
This contribution can be regarded as a starting point for further investigations and discussions on reference signal design for dual-stream beamforming.
2. Discussion
2.1. Overviews
When we design the DRS pattern for dual-stream beamforming, some important aspects which have been considered in one stream beamforming should still be taken into accounts, such as tradeoff between overhead and performance, collision with CRS/PDCCH/PBCH/P-SCH/S-SCH, and distributed transmission. 
Above all, the overhead of DRS is the one key aspect for designing DRS pattern. Considering dual-stream beamforming is usually used in such scenarios as moderate and high SNR regions, slow and moderate mobility speed. Therefore, DRS density can be further reduced comparing with that of one stream beamforming, which is focused on increasing cell edge performance.

Secondly, there are two multiplex methods to be discussed:
· FDM-based orthogonal reference signal structure

DRS from different stream are mapped into different sub-carriers and the RE which has been mapped to DRS for other stream is null. This method is the same as CRS. By reducing DRS density per stream, we can reduce the total DRS overhead.

· CDM-based orthogonal reference signal structure

DRS from different stream are mapped into the same RE. But the DRS sequence has been multiplied by corresponding orthogonal sequence, e.g. Walsh code or added phase rotation. The merit of the CDM-based orthogonal reference signal structure is that it has better tracking ability of the channel estimation due to density of DRS. However, CDM-based method will introduce inference due to orthogonality destruction by channel variation. 
2.2. 2-DRS structures for normal CP
· FDM-based orthogonal reference signal structure
Based on dedicated reference signal design in LTE R8 [3], three candidates are proposed:
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Figure 1 2-DRS structures for normal CP

Three candidates suffer overhead at different degree: the pattern1 partial uses the current DRS pattern of port 5 with density of 6 REs per PRB for each port. The pattern 2 applies the density of 8 REs per PRB for each port. The pattern 3 reuses DRS pattern of port 5 with the highest overhead where 12REs are allocated in each PRB per port.
To be able to compare three candidates, we translate reference signal effects into SNR and then calculated the total effective SNR [4]. 
Theoretical performance

In Figure 2 the calculated SNR loss [4] is shown for a range of channel SNRs with a varying number of DRS symbols. It can be seen that up to a certain level, the performance at low SNR increase with the number of DRS, whereas at high SNR situation the trend is opposite.
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Figure 2 SNR loss from a certain number of DRS symbols

Dual-stream beamforming is used to increase system capacity, and hence we should pay more attention on the moderate and high SNR. From the theoretical results, it shows that 2-DRS with 12 resource elements per resource block achieve the lowest SNR loss.
In section 3.1, we provide some simulations about FDM-based orthogonal reference signal structures. 
· CDM-based orthogonal reference signal structure
During the discussion on CRS, some companies has proposed CDM-based orthogonal reference signal structure, in which, frequency domain spreading is used by adding phase rotation. At low and moderate speed the overall performance of CDM scheme is better than those of FDM while at high speed the situation the trend is opposite [5].  

However, high speed is not a common case for dual-stream beamforming. Thereby it is also deserved to investigate CDM-based orthogonal reference signal structure to reduce DRS overhead. 

Two CDM schemes will be discussed: Walsh sequence and phase rotation.
 Walsh sequence
Number of streams for spatial multiplexing is limited, up to 4 in LTE. The desired length of Walsh sequence is short. In the 3.2 section, some simulation results are provided.
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Figure 3 Walsh sequence_2-DRS pattern 
Phase rotation
Phase rotation has been considered in CRS discussion. During the investigation of 2-DRS, we also can consider this scheme. However, if the granularity of channel estimation for beamforming is too small, such as equal to 1, the orthogonality of two DRSs will be influenced.
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Figure 4 phase rotation_2-DRS pattern 
3. Evaluation results
3.1. 2-DRS pattern for normal CP 

In order to find a suitable 2-DRS pattern for normal CP, three different RS structures are compared, as shown in Figure 1. 
Some simulation parameters are given in Table 1 and simulation results are shown in Figure 5-6. From the simulation results, we can see that at low and moderate SNR, three patterns have similar performance and at high SNR, pattern (a) has larger throughput than others, getting approximately 11.6% and 5% gain at speed of 3km/h and 30km/h. Considering the scenarios used for dual-stream beamforming, 2-DRS with 12 resource elements is the best scheme.
Table 1 Simulation parameters for DRS overhead  
	Number of Antennae
	8×2 

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Estimation
	MMSE 1D1D（1PRB）

	Channel Model
	SCM-Urban Macro

	Modulation
	QPSK/16QAM/64QAM

	Coding Rate
	1/5  1/4 1/3  1/2  2/3  3/4  4/5

	Channel Coding
	Turbo code

	Number of HARQ retransmission
	4

	Carrier Frequency
	2.6 GHz

	Detection algorithm
	MMSE

	feedback
	Perfect

	number of PRBs
	6

	UE Speed
	3km/h 30km/h

	Pilot pattern of two stream beamforming
	Pattern1(2x6)

Pattern2(2x8)
Pattern3(2x12)
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Figure 5 the performance of different 2-DRS patterns for normal CP (3km/h) 
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Figure 6 the performance of different 2-DRS patterns for normal CP (30km/h) 
3.2. Comparison of FDM-based DRS and CDM-based DRS
Besides the overhead of DRS, multiplex method will also influence the channel estimation. So we compare FDM-based DRS with CDM-based DRS, which has the same overhead as FDM-base DRS. In this simulation, FDM-base DRS applies pseudo-random sequence generation and CDM-base DRS applies Walsh codes ([1 1], [1-1])
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Figure 7 DRS structures for different multiplex
Some simulation parameters are given in table 2, the results are shown in Figure 8. From the figure, we can find that two multiplex methods have the similar performance in low speed case. The performance of CDM or FDM based DRS in other scenarios need further study.
Table 2 Simulation parameters for DRS multiplex 
	Number of Antennae
	8×2 

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Estimation
	MMSE 2D
(channel estimation granularity 1PRB)

	Channel Model
	SCM-Urban Macro

	Modulation
	16QAM

	Coding Rate
	1/2

	Channel Coding
	Turbo code

	Number of HARQ retransmission
	no

	Carrier Frequency
	2.6 GHz

	Detection algorithm
	MMSE

	feedback
	Perfect

	number of PRBs
	6 (scheduling granularity)

	UE Speed
	3km/h 

	Pilot pattern of two stream beamforming
	Pattern4(FDM)

Pattern5(CDM)
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Figure 8 the performance of different DRS multiplex for normal CP 
4. Conclusion
This contribution presented our views on 2-DRS pattern for dual-stream beamforming. Based on the simulation results, we propose: 
· To adopt a DRS pattern with 12 resource elements per resource block for dual-stream beamforming.
· Both FDM-based and CDM-based reference signal structure should be investigated. 
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