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1. Introduction
Dual layer beamforming, as an enhanced transmission scheme, is supported in Rel-9. In RAN1 #57, PMI feedback is agreed for FDD. For TDD, channel reciprocity can be utilized to improve the system performance of the dual layer beamforming transmission scheme. In [1], feedback mechanism of TDD systems was analyzed for dual layer beamforming. It is shown that in case antenna switching is supported by the UE, there is no advantage of having PMI feedback in terms of throughput performance. Since antenna switching is optional in Rel-8, we discuss the transmission and feedback mechanism for single-user dual-layer beamforming with partial channel information, obtained on single Tx SRS from UE. Simulation results show that PMI feedback is not needed for TDD, even if a UE has a single transmission antenna.
2. Single user beamforming with partial channel information
As discussed in [2] [3] [4], long-term statistics can be utilized to form the beams for both FDD and TDD system with correlated arrays. From performance point of view, beamforming based on short term channel information is desirable, since the beamforming vector can be adapted to instantaneous channel conditions. In FDD, information regarding short term DL channel condition has to be fed back in uplink. PMI/RI feedback similar to Rel-8 may be a natural solution, considering that Rel-9 is an extension of Rel-8. With the estimated DOA information, beams toward a UE can be generated by two polarized sub-arrays at eNB side. Further, a precoding matrix applied between the polarizations is selected based on UE’s PMI feedback. This is referred as the PMI+GOB scheme in [1]. In addition, CQI feedback mechanism defined for close-loop spatial multiplexing mode can be reused in dual-layer beamforming transmission for FDD. With long term statistical channel information (e.g. DOA), reported CQI can be revised at eNB side.
In TDD, full channel state information can be obtained by SRS. Therefore, downlink MIMO can be implemented with non-codebook based precoding. When transmit antenna switching is not supported by a UE, non-codebook based precoding is still feasible in TDD system even with partial channel information. At the eNB side, one effective beamforming vector for one UE Tx antenna can be obtained based on the measurement of corresponding SRS transmission. The eNB may assign a random beamforming vector orthogonal to the known beam for another layer. Furthermore, relevant channel statistics information may be utilized to further optimize the precoder. 
The channel covariance can be expressed as
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where 
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 denotes the vectorization of matrix 
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. As discussed in [5] and experimentally verified in indoor environments for up to 3×3 configurations [6][7], and outdoor [8] environments for up to 8×8 configurations, it is reasonable to assume that
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has a Kronecher correlation structure. Then the channel covariance can be decomposed as                                                   
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where
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 denote the transmit and receive covariance matrix, respectively.                       

For a system with 8 Tx antennas at eNB and 2 Rx antennas at UE, the DL channel matrix of size 2-by-8 can be expressed as
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, where 
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 denote the downlink channel vectors observed by Rx1 and Rx2 at UE respectively. Based on the EVD (eigen-value decomposition) of the matrix
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an optimal precoder can be determined for two layers. 

The Kronecher correlation model assumes the covariance matrix for any rows of 
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Assuming that only partial channel information (e.g.
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) is available at eNB, the eNB can still use (4) to derive the matrix 
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 and therefore calculate the precoding vectors for both layers. 
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The difference between the partial CSI based EVD scheme and the PMI+GOB scheme is that EVD is a global precoding method, while PMI+GOB is based on grouped precoding, a sub-optimal scheme that cannot fully utilize the benefit from channel reciprocity of TDD systems.

3. CQI estimation
For the PMI+GOB scheme, the CQI feedback mechanism defined for close-loop spatial multiplexing mode can be reused in dual-layer beamforming transmission for FDD. Using long term statistical channel information (e.g. DOA) at eNB, reported CQI can be revised at eNB side.
In case when only partial channel information is available at eNB, the CQI feedback mechanism defined for transmission mode 7 in Rel-8 may be reused. A single CQI is fed back based on all available CRS. Proper adjustment is needed to revise the CQI for each layer according to the beamforming gain and the eigenvalues of
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. In order to obtain a stable AMC loop, the ratio of two eigenvalues may be averaged over longer period in time and frequency domains. The transmission rank can be determined from the reported CQI and the relative condition number of
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. It should be emphasized that that CQI compensation for the first layer can be more accurate using the DOA information.
4. Evaluation results

In this section, two metrics are evaluated. The first one is the property of covariance matrix statistics, and the other is throughput verification of beamforming transmission with partial channel information.
4.1. Statistical property of the channel covariance matrix 
In order to study the property of covariance matrix, some simulations are done under the SCM Urban Macro scenario of 3GPP. Figure 1 and Figure 2 show the differences of eigen-values between 2×8 full channel information and 1×8 partial channel information based on time average. The subband size and sounding period are 6 PRBs and 5 ms respectively.
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 Figure 1 Distribution of 1st eigen-value difference (absolute value)     Figure 2 Distribution of 2nd eigen-value difference (absolute value)
· Observation 1: Eigen-value difference becomes smaller with the increase of time domain samples.

Figure 3 and Figure 4 show the differences of eigen-values between 2×8 full channel information and 1×8 partial channel information based on frequency average. Time average is taken over only one instantaneous sample.
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  Figure 3 Distribution of 1st eigen-value difference (absolute value)      Figure 4 Distribution of 2nd eigen-value difference (absolute value)
· Observation 2: Eigen-value difference becomes smaller with the increase of frequency domain samples.

Figure 5 and Figure 6 show the difference on the ratio of two eigen-values between 2×8 full channel information and 1×8 partial channel information. The ratio of two eigen-values is critical for CQI adjustment at eNB for TDD systems. 
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Figure 5 Eigen-value difference in time average (absolute value)     Figure 6 Eigen-value difference in frequency average (absolute value)
· Observation 3: The difference of the ratio of two eigen-values becomes smaller with the increase of time or frequency samples.  

Based on the above observations, CQI estimation can be optimized based on the ratio of two eigen-values even if only partial channel information is available.
4.2. Link-level performance evaluations
In this section, simulation results under non-ideal assumptions are provided. The DRS pattern and simulation assumptions are shown in Annex 1 and Annex 2, respectively. Figure 7 and Figure 8 show the throughput performance comparison for several feedback schemes with ideal and real CQI estimation. EVD algorithm with  partial channel information is based on CSI averaged over 6 contiguous RBs.
From the simulation results shown in Figure 7 and Figure 8 we have additional observations:

· Observation 4: When eNB has full channel information, EVD scheme has significant gains over PMI feedback scheme. When only partial information is available, EVD scheme still outperforms PMI feedback scheme.
· Observation 5: For the case of both ideal CQI and real CQI, EVD with partial channel information outperforms the PMI+GOB approach.
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Figure 7 Performance with ideal CQI estimation       



Figure 8 Performance with real CQI estimation
4.3. System-level performance evaluations
In this section, we compare the performance of GOB+PMI, EVD with full CSI, and EVD with partial CSI, by system simulations. The spectral efficiencies for the three transmission schemes are shown in Table 1. The precoding granularity is 6 RBs. In other words, the beamforming vectors for both layers and the ratio of the two maximal eigen-values are obtained by averaging 
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 over 6 contiguous RBs for the case of partial CSI. When full CSI is available at eNB, EVD based dual-layer transmission results in optimal performance. Even with partial CSI, the EVD scheme still performs better than the GOB+PMI approach. Therefore, PMI is not needed in dual layer beamforming for Rel-9 TDD. 
Table 1 spectral efficiency of different transmission schemes
	SU Rank1/2 adaptation
	Cell edge spectral efficiency (bps/Hz)
	Cell average spectral efficiency (bps/Hz)

	Full CSI
	0.0665
	1.9766

	Partial CSI
	0.0607
	1.8906

	GOB+PMI
	0.0403
	1.7692


5. Conclusions
The fundamental difference between FDD and TDD encourages optimized yet potentially different MIMO transmission and feedback mechanisms. For TDD, as shown by simulations, optimal performance can be obtained with full channel state information at eNB, and dual layer beamforming transmission with partial channel information exhibits reasonable performance. Therefore, we propose:

· No PMI feedback for dual layer beamforming in TDD 
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Appendix1：Dual ports DRSs pattern
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Appendix2: Link-level simulation assumptions 

	Parameter
	Assumption

	Antenna configuration
	8x2(cross-polarization)

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	0.5 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	CQI estimation
	Perfect/real

	CSI/CQI delay
	CQI delay 5 ms, SRS delay 5ms

	Calibration error
	Power offset: Uniform distribution between (-2,2)dB

Phase offset: Uniform distribution between (-10,10) degree

	SRS error 
	10 dB MSE

	Channel model
	SCM-UrbanMacro(AS=15)

	Transmission scheme
	Dual-layer beamforming

	MCS 
	Refer to 36.213 R8

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	Codeword number
	2

	Layer number
	2

	Scheduled resource block
	6 RB, contiguous allocation

	Precoding granularity 
	6 RB

	Pilot overhead 
	R8 Port0/1 CRS
Port5/6 DRS with 12RE per PRB

	PDCCH configuration
	2 OFDM symbols per sub-frame

	UE mobile speed
	3 km/h
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Appendix3: System-level simulation assumptions 

	Parameter
	Assumption

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

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power 
	46dBm – 10MHz carrier

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I+37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	SCM-E 

	UE speeds of interest
	3km/h

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

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

	Antenna Polarization 
	BS cross polarization,  UE co-polarization 

	CQI / ACK/NAK feedback delay
	Follows TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead 
	3 OSs DL control and 2 CRS ports, 12 REs DRS per PRB

	Scheduler
	Proportional Fair

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	HARQ
	HARQ-CC, Maximum 4 transmission times, Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)
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Pattern1: Port 5 DRS for rank one 





Pattern2: DRS for dual-layer beamforming
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