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1 Introduction
In LTE Rel-8, beamforming is already supported, however only single layer beamforming in antenna port 5 is available. In RAN#43, the work item of support for dual-layer beamforming in R9 was agreed [1]. In this contribution, the suitable DRS overhead and the multiplexing methods for dual-layer beamforming are investigated.
2 Discussions

2.1    DRS resource element overhead 

DRS overhead affects the beamforming performance on two sides:

· channel estimation accuracy 

· available resource elements for data transmission
The suitable DRS overhead should be the tradeoff  between these two sides and provide the optimal system capacity. 

In order to determine the DRS overhead for dual-layer beamforming, some theoretical performance is evaluated. Figure 1 shows the calculated SNR loss [2] for a range of channel SNRs for different DRS overhead. The detailed calculation can be found in the appendix. 
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Figure 1 SNR loss for a range of channel SNRs for different DRS overhead in one PRB
Dual-stream beamforming is used to increase system capacity, for which the moderate and high SNR should be noted. From the theoretical results in Figure 1, it can be seen that 12 resource elements in one PRB for dual-layer beamforming achieves the lowest SNR loss in most range. Therefore, we propose to use the same 12 resource element DRS for dual-layer beamforming as used for single-layer beamforming in R8. This also benefits backward compatibility of R9 and includes small change to the specification. 
2.2 DRS design
Based on the analysis in section 2.1, potential UE-specific RS schemes are described below assuming 12 resource elements in one PRB for dual-layer beamforming,
Scheme 1: The pattern1 reuses the current DRS pattern of port 5 with density of 6 REs per PRB for each port. Considering dual-stream beamforming is usually used in such scenarios as moderate and high SNR regions, slow and moderate mobility speed. Therefore, the channel estimation accuracy deterioration due to lower RS density per layer is acceptable.
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Figure 2 proposed FDM-based orthogonal DRS patterns.
Scheme 2: The pattern2 also reuses the current DRS pattern of port 5 with density of 12 REs per PRB for each port. The DRS are multiplexed in CDM scheme, and DRS for dual ports applies Walsh codes ([1 1], [1-1])
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Figure 3 CDM-based orthogonal DRS patterns.
3 Simulation results

 The simulation assumptions are listed in Table 1.

Table 1 Simulation parameters for DRS design
	Bandwidth
	5MHz

	Number of Antenna
	8×2

	Inter element distance at eNodeB
	0.5
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	CP Size
	Normal cyclic prefix

	Channel Estimation
	MMSE 

	Channel Model
	SCM-Urban Macro

	Modulation
	QPSK/16QAM

	Coding Rate
	1/2

	Channel Coding
	Turbo code

	Carrier Frequency
	2.0 GHz

	Detection algorithm
	MMSE

	Number of PRBs
	4 

	UE Speed
	3km/h 


Figure 4 shows simulation results, according to the simulation results it can be seen that 
· The performance of FDM is very similar to the performance of CDM. At higher SNR range (16QAM), CDM would be affected by de-spreading error primarily.
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Figure 4 CDM vs FDM at SCM 3km/h
4 Conclusion
In this contribution, we analyze the suitable DRS overhead for dual-layer beamforming through theoretical calculation and the performance of different DRS multiplexing methods are also provided by link- level simulation. We propose that 

· 12 resource elements for port 5 in LTE R8 is enough to provide optimal throughput for dual layer Beamforming.

· Considering the backward compatibility, DRS pattern for single layer beamforming in LTE R8 can be reused for dual-layer beamforming.

· In order to aim for forward compatibility with LTE -A demodulation RS, CDM, FDM or other hybrid schemes for DRS should be further evaluated in different scenarios besides dual-layer beamforming.
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Appendix:
In the calculation, the transmission model is assumed as 
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where 
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 is the signal sent on two layers, 
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 is the effective channel matrix, and 
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is the received signal,
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is the AWGN noise. 

The effective SNR with channel estimation effects taken into account is


[image: image12.wmf]22

11001001

_

2

22

2

1011

222

1011

22

()[1]

()

chest

shhhh

SINR

hh

d

dshh

s

s

××-×

=

×+×++

××+

  (1), 
where d is the effective number of DRS resource elements to average over in one PRB.
Assuming ideal channel estimation and ZF receiver, the received SNR is
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where
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, and for easy derivation ZF receiver is assumed. 

 According to (1) and (2), we can get 
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Since dual-stream beamforming is usually used in such scenarios as moderate and high SNR regions, slow and moderate mobility speed. Therefore, we let
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Assuming SNReq expresses the SNR that would hold on a channel about which we have perfect information and which has the same capacity as the channel that we are estimating, by solving the equation 
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where M is the number of resource element in one PRB. 

A measure of the loss suffered by the need of DRS overhead for channel estimation, and the impreciseness of the channel estimate so obtained, can then be obtained by computing the “SNR loss”
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