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1. Introduction

Uplink techniques for LTE have emphasized the need for a low PAPR solution.  UE complexity and power are also considerations for selection of the uplink transmission method.  The majority of the solutions presented for the uplink propose a SC-FDMA air interface solution due to its relatively low complexity, low PAPR, and potential re-use of hardware in the UE with the OFDMA downlink receiver.

This contribution proposes a method for the extension of SC-FDMA to include MIMO capabilities for the uplink.  Methods for both Spatial Division Multiplexing (SDM) and Transmit Beamforming (TxBF) are supported with this proposal.  For feedback of channel/transmit weight information required for TxBF, techniques similar to those considered for the downlink by other contributions [4] may be used.

The desirable benefits of using MIMO for uplink transmission may be summarized as:

· Improved spectrum efficiency for the uplink

· Enable a 2 Tx antenna solution for the UE with minimal added complexity

· Improved bit rate and robustness at the cell edge

· Reduced inter-cell and intra-cell interference

· Improvement in system capacity even when considering additional feedback overhead for TxBF at the UE

Other desirable features:

· Support for either TDD or FDD mode

2. Description 
Single-carrier transmission combined with FDMA (SC-FDMA) has become the main candidate for the evolved UTRA uplink transmission scheme see e.g. [5]. As has been noted elsewhere the reason for the interest in SC-FDMA is its relatively low peak-to-average power ration (PAPR).  Most of the proposals considered for uplink SC-FDMA have only considered transmission on a single antenna e.g. [6]. This is in spite of the fact that a 2-antenna UE is baselined. The advantages of MIMO transmission are well known.  In addition the benefits of using transmit beamforming are well documented;, specifically it can provide increased throughput relative to open loop techniques such as diversity, antenna switching, virtual beamforming, etc.    

This contribution proposes a generalized uplink MIMO transmit structure for SC-FDMA which supports either SDM, spatial spreading, or TxBF modes of operation.  All of the benefits of SC-FDMA for single antenna transmission are retained, while the benefits of MIMO transmission techniques are added.
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Figure 1 Transmitter Architecture for Uplink MIMO SC-FDMA

A block diagram of the transmitter is given in Figure 1.  The main difference relative to a single antenna architecture is the addition of the processing required for the second antenna, and the inclusion of a 2-D transform operation prior to the IFFT’s, depicted by the blue box.   The processing required for SDM, TxBF, or Space Time Coding (STC) is confined to operations within the 2-D transform block. Also, if TxBF is used, feedback of either the channel or antenna weights is required, which is depicted by the red boxes.  Note that the control signaling is not explicitly shown in the block diagram, but that this architecture may support either a TDM or FDM
 control channel type.  The processing for either type would reside in the control boxes in the diagram, depicted in light grey.  The key to the application of MIMO for uplink SC-FDMA is the 2-D transform operation.  The description of this operation is provided in the next section.

A block diagram of the receiver is shown in Figure 3. Note that only two antennas are shown in this figure, but any number may be supported by the architecture.  Also note that while an LMMSE MIMO detector is shown, any suitable detector may be used, including, for example, LMMSE-SIC, Spherical Decoding (SD), Iterative SD, SVD, etc.  If either STBC or SFBC is used at the transmitter an additional STC decoding step is required at the receiver after the LMMSE decoder.  This contribution will only consider the decoding required for either spatial spreading or TxBF. Although signaling of the channel, or transmit weights, to the transmitter is not shown in this block diagram, there are several methods possible for this signaling. For example, the feedback of CSI can use techniques such as DCFB [7] or similar methods [4].
The transmit processing labels are depicted in Figure 2.
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Figure 2 Transmit Processing Labels

The channel matrix is decomposed using a SVD operation as
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The 2-D transform for spatial multiplexing, beamforming, etc. can be expressed as 
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where the matrix T is a generalized transform matrix. In the case when transmit eigen-beamforming is used, the transform matrix T is chosen to be a beamforming matrix V which is obtained from the SVD operation above, i.e., T = V.  This is similar to eigen-beamforming for OFDMA, however modified to apply to SC-FDMA.  Eigen-beamforming for SC-FDMA maximizes throughput, and minimizes interference similar to the same benefits observed for Eigen-beamforming for OFDMA in the downlink.  Likewise because beamforming is taking place at the UE it will minimize intra-cell interference.
MIMO detection using an LMMSE receiver can be expressed as
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where R is the receive processing matrix, 
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 are the correlation matrices and 
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is the effective channel matrix which includes the effect of the V matrix on the estimated channel response.
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Figure 3.  Typical Receiver for Uplink MIMO SC-FDMA

3. Preliminary Results

Link Level performance simulations are in progress and results will be presented at the next meeting. [A1].
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Appendix : Uplink SC-FDMA Parameter Set 
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� TDM – Time Division Multiplexing,   FDM – Frequency Division Multiplexing
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