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1. Introduction

In TDD operation, uplink sounding (ULS) [1] is an excellent means of getting full broadband channel knowledge at the Node B (full channel information means channel information that tracks the frequency selectivity of the channel for all pairs of Node B transmit and UE receive antennas).  ULS works by pilots being sent from each antenna at the UE on the uplink, the Node B measuring the channels from each antenna at the Node B to each antenna at the UE, and then the Node B creating a downlink channel estimate for all antenna pairs from the uplink channel estimate plus calibration data (the calibration data accounts for difference in the transmit and receive hardware at the Node B).  However, to obtain the maximum benefit from ULS, all receive antennas at the UE must have a corresponding transmit chain.  In the cases where the UE has fewer transmit chains than receive chains (e.g., in the case of two receive antennas and only one transmit antenna), direct channel feedback (DCFB) [2] can be used in a complimentary manner with ULS to obtain channel information for UE receive antennas that do not have a corresponding transmit chain [3].  In this contribution another approach to DCFB is proposed to obtain the downlink beamforming weights at the base station for the case described above which is applicable for both TDD and FDD.  Also, this scheme could be applied to any closed –loop multiple antenna system (MIMO, Beam-forming etc.). 
2. Basic Concept for TDD Mode
Assuming, 4 transmit antennas at Node-B and two receive antennas at the UE, the channel on sub-carrier k is denoted by:

	
	Node-B Ant-0
	Node-B Ant-1
	Node-B Ant-2
	Node-B Ant-3

	UE Ant-0
	H00[k]
	H10[k]
	H20[k]
	H30[k]

	UE Ant-1
	H01[k]
	H11[k]
	H21[k]
	H31[k]


In this method, the UE estimates the channel parameters H00[k], H10[k], H20[k] ,H30[k] and H01[k], H11[k], H21[k] ,H31[k] for a set of sub-carrier and computes the downlink MIMO beam-forming weights w0, w1, w2 and w3 for Node-B Antenna-0, 1, 2 and 3 respectively, by taking the eigenvectors corresponding to the largest eigen values of the covariance of the channel matrix. The UE Ant-0 then transmits a set of complex signals S(i), S(i+D), S(i+2D), S(i+3D) on at least four sub-carriers corresponding to 4 antennas at the Node-B. 
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At the Node-B, the received signal is given by:

	Subcarrier
	BS ant-0: R0
	BS ant-1: R1
	BS ant-2: R2
	BS ant-3: R3

	i
	S(i)*H00(i)
	S(i)*H10(i)
	S(i)*H20(i)
	S(i)*H30(i)

	i+D
	S(i+D)*H00(i+D)
	S(i+D)*H10(i+D)
	S(i+D)*H20(i+D)
	S(i+D)*H30(i+D)

	i+2D
	S(i+2D)*H00(i+2D)
	S(i+2D)*H10(i+2D)
	S(i+2D)*H20(i+2D)
	S(i+2D)*H30(i+2D)

	i+3D
	S(i+3D)*H00(i+3D)
	S(i+3D)*H10(i+3D)
	S(i+3D)*H20(i+3D)
	S(i+3D)*H30(i+3D)


Adding up the received signals from all the antennas for each sub-carrier and substituting the value of S from above equation gives:
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for  k=0, 1, 2, 3.

From the received signal 
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the phase of the MIMO beam-forming weights wk can be derived and equal gain DL beamforming can be performed.  
3. Basic Concept for FDD Mode
In case of FDD or TDD without Tx-Rx calibration, the UE computes the MIMO beam-forming weights as was done for the TDD mode and transmits them using a feedback channel as per the following:
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The Node-B receiver, estimates the UL channel using either ULS or uplink pilots.  The complex MIMO beam-forming weights are then computed as per the following equation:
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Where 
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are the estimates of the UL channel from UE Antenna-0 to Node-B Antenna 0, 1, 2 and 3 respectively.
4. Conclusions

This contribution proposes an alternative scheme to [2] for DL beamforming by using UL sounding channel.  In the proposed schemes, the DL beamforming weights are fed back to Node-B through the UL sounding channel.  The weights can be fed back directly, or using quantized values corresponding to unitary precoding.  Finally, it may be noted even though the examples in this contribution are for single data stream, they can be directly extended to the case of multiple data streams.
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