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1 Introduction

In LTE R8 [1], single layer beamforming is supported in antenna port 5. But throughput improvement should also be considered in BF mode in the future LTE version (R9/R10). In this contribution, multilayer beamforming in SU-MIMO are analyzed with their potential impacts on standardization. An initial system evaluation result of 2 layers BF has shown that much performance gain can be achieved with dual-polarized antennas.
2 Multilayer Beamforming schemes
Considering a flat fading channel, the received signal vector at UE is,
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Where H is the DL MIMO channel, S is the transmission data vector precoded by W at eNB and N is additive white Gaussian noise. 
In single layer BF, the optimal precoding vector is
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That is, the precoding vector 
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 is the eigenvector of matrix 
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corresponding to the largest eigenvalue.

In multilayer BF, one criteria to select the precoding matrix is
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That is, the precoding matrix 
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 is composed of eigenvectors corresponding to the two largest eigenvalues of matrix
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3 Possible effects on standardization
3.1 DRS design

If multilayer BF is supported in LTE-A, DRS for multilayer BF should be accordingly designed in LTE-A. And system performance and DRS overhead should also be considered. Some potential DRS schemes are described below.
Scheme 1: reusing DRS schemes in LTE R8

In this scheme, DRS pattern in LTE R8 are reused in multi-layer BF mode. That is, some of DRS in antenna port 5 in each subframe are allocated for the 1st layer transmission and others are allocated for the 2nd layer transmission. Obviously, channel estimation performance will be deteriorated in this scheme due to lower RS density for each spatial layer. But it seems to be reasonable to assign less RS overhead to each spatial layer in the low speed and less frequency selectivity scenario, where multi-layer BF transmission will be likely mostly used. In this scheme, some kind of signalling may be needed to assign the respective DRS pattern to each spatial layer in multi-layer BF transmission.
Scheme 2: adding additional DRS pattern based on LTE R8
In scheme 2, some additional DRS may be added to support the 2nd spatial layer BF transmission. Whereas, considering the current DRS density in LTE R8, additional DRS overhead should be carefully considered. Furthermore, the potential impacts on the existing LTE UE should also be evaluated. For example, if a LTE terminal access to LTE-A, it will suffer performance loss due to misunderstanding of the additional DRS pattern for the 2nd spatial layer. 
3.2 CQI feedback 

If multilayer BF is supported in LTE-A, CQI calculation for multi-layer BF transmission should also be considered. Some possible CQI calculation schemes are discussed below.

Scheme 1: CQI estimation only based on port 0 RS.
In this scheme, UE estimate a CQI only based on port 0 RS. Actually, if omnidirectional BF is used in PDCCH, only port 0 RS can be used in this case. After receiving CQI feedback from UE, eNB can get the revised CQIs based on the estimated BF gain for each spatial layer transmission.
For example, SINR of G0*Ps/(Pi+Pn) are estimated at UE side and will be quantized and conveyed to eNB where G0 is the estimated omnidirectional BF gain on port 0 RS, Ps is the signal power, Pi and Pn are the power of interference and noise respectively. Then, downlink BF precoding vectors can be obtained at eNB using UL SRS utilizing TDD channel reciprocity or DOA estimation. Therefore, a revised SINR of G1*Ps/(Pi+Pn) can be obtained at eNB side, where G1 is the assumed precoding vector for the 1st spatial layer in BF mode. Similarly, a revised SINR of G2*Ps/(Pi+Pn) can be obtained at eNB side, where G2 is the assumed precoding vector for the 2nd spatial layer in BF mode. So that, in order to support multilayer BF transmission, multiple downlink BF precoding vectors should be calculated at eNB side and multiple revised CQI values should also be estimated.
Scheme 2: CQI calculation based on CRS

In this scheme, UE get the preferred precoding vectors based on CRS and compute multilayer CQIs with these preferred precoding vectors. Unfortunately, only up to 4 kinds of CRSs are supported in downlink in LTE R8. If more than 4 transmit antenna elements are used in BF mode, spatial channel matrix H can NOT be completely estimated with only 4 kinds of CRSs. However, if up to 8 kinds of CRS are supported in LTE-A, this issues can be resolved accordingly. Otherwise, computation or selection of the preferred downlink precoding vectors should also be evaluated based on the estimated channel matrix H with limited CRSs.
Besides the above mentioned fields, transmission formats to support multilayer BF should also be designed. Furthermore, all the mentioned fields in SDMA case should also be considered.
4 Simulation results

In this section, spectral efficiency in BF mode is evaluated with system level simulation. Up to 8 polarized antennas are used in BF transmission with 4 vertical polarized antennas and 4 horizontal polarized antennas as shown in Figure 1. Two vertical polarized antennas are used in terminal receiver. 
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Figure 1 configuration of 8 dual polarized antennas

The evaluations are based on the TD-LTE system simulation platform. Uplink-downlink configuration 1 are considered in which case each half radio-frame consists of 2 DL subframes, 1 special subframe and 2 UL subframes. The related system simulation parameters can refer to the table in Appendix. It should also be noted that DL CQIs calculated at UE for single layer BF and 2 layers BF are based on ideal channel estimation. In this evaluation, SCW (single codeword) BF with fixed rank of 2 is used in the 2 layers BF transmission scheme. Moreover, EBB (eigenvalue based beamforming) processing is used at eNB and MMSE receiver is used at UE. 

The initial evaluation results of mean spectral efficiency and cell-edge spectral efficiency per cell are shown in the following Table 1. It can be inferred that nearly 40% mean spectral efficiency gain can be obtained with 2 layers BF over single layer BF.

Table 1: spectral efficiency in DL

	
	Mean spectral efficiency per cell (bps/Hz)
	Cell-edge spectral efficiency per cell (bps/Hz)

	TDD LTE（SCW, fix rank=1）
	1.8
	0.93

	TDD LTE（SCW, fix rank=2）
	2.5
	1.0


5 Conclusion

In this contribution, multilayer beamforming in SU-MIMO are analyzed with their potential impacts on standardization. An initial system evaluation result of 2 layers BF has shown that much performance gain can be achieved with dual-polarized antennas. So, multilayer BF may be considered as an efficient way to improve spectral efficiency in BF mode in the future LTE version.  
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Appendix：System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	BS antenna gain plus cable loss
	15 dBi 

	UE antenna gain
	0 dBi

	Noise figure at BS
	5dB

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=129.4 – 2.3GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	
	

	Channel model
	Spatial Channel Model Extension(SCM-E)

	UE speeds of interest
	3km/h

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image9.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image10.wmf]dB

3

q

 = 65 degrees,  Am = 20 dB 

	
	

	Number of antenna elements (BS, UE)
	(8, 2)

	Antenna separation (BS, UE) [times of wavelength]
	 (0.5, 0.5)

	Polarization or not
	Yes 

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	CQI / ACK/NAK feedback delay
	Refer to 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead
	3 OFDM symbols in PDCCH per DL subframe. 
Downlink RS for antenna port 0~1 and port 5.

	
	

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC

Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Rank adaptation
	no

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE
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