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1
Introduction
In order to achieve the target uplink peak spectral efficiency in LTE-Advanced, i.e. 15 bps/Hz [1], it is necessary to support SU-MIMO with 4x4 configuration in the uplink. Various uplink SU-MIMO design guidelines and issues have been addressed in [4-10]. In this contribution, we provide ours views on some important aspects of SU-MIMO operation in LTE-A uplink.

2
Number of Codewords
Regarding the choice of number of codewords, we observe the following:

1. MCW enables CRC-based successive interference cancellation, which provides significant gain relative to SCW with simple linear MMSE + SIC receiver. While applying the linear MMSE + SIC receiver to MCW transmission, since each codeword experiences different channel conditions, it is important to have different MCS and A/N for different codewords. In order to keep the signalling overhead at a reasonable level, a limitation of up to 2 codewords for uplink SU-MIMO operation with up to 4 spatial layers multiplexed seems reasonable. 
2. In one extreme, if only linear MMSE receivers are implemented in the LTE-A eNBs without SIC, SCW is the favorable scheme because of its lower signalling overhead, and the fact that there is little difference between the performance of SCW and MCW for this type of receiver. 
3. In the other extreme, when Turbo soft/hard interference cancellation (Turbo SIC) receiver is available at LTE-A eNBs, it is expected that, no matter how many spatial streams are multiplexed, SCW transmission will perform similarly to MCW transmission while SCW has lower signalling overhead.

4. In [3], it has been agreed that PUSCH transmission, MIMO and non-MIMO, uses only DFT-precoded OFDM waveform. Furthermore, extensive studies [11-14] have shown that, in order to match the decoding performance of MIMO with OFDM waveform, Turbo SIC receiver (utilizing either the hard or soft output of the Turbo decoder) should be implemented at the eNB to decode MIMO transmission with DFT-precoded OFDM (a.k.a. SC-FDM) waveform.

Based on the above observations, we envision that in LTE-A uplink, SCW with single MCS and single A/N together with Turbo SIC receiver should be used as a baseline for SU-MIMO designs.

3
Codebook-Based Precoding

In both TDD and FDD systems, codebook-based precoding are feasible solutions and are supported by the DL MIMO operation in Rel-8. In order to reduce the signalling overhead and preserve the low PAPR, we prefer wideband precoding, i.e., single precoding matrix for the whole transmission bandwidth within a component carrier for SC-FDMA transmissions. 

In TDD system, UEs can exploit channel reciprocity to derive the precoding from the received DL channel estimates. Thus, non-codebook based precoding is feasible and its benefits should be investigated. To keep the low PAPR in the uplink transmission, wideband precoding is still preferred. The relative gain achieved by non-codebook based precoding compared to codebook based precoding needs to be further studied. 

When the uplink transmission waveform is Clustered DFT-spread OFDM, since the transmit waveform is no longer single carrier, cluster dependent precoding should be studied and the corresponding signalling overhead should be evaluated. 

4
Precoding Codebook Design

If the Rel-8 downlink precoding codebook [2] is reused for UL SU-MIMO, it can be expected that the specification efforts will be reduced. 
However, we note that the rank>1 codebook for downlink SU-MIMO in Rel-8 would not preserve the single-carrier property at each transmit antenna. Considering the fact that UEs transmitting at rank>1 are typically not power-limited, the induced PAPR increase should not be critical, and the downlink preocoding codebook should be used as a baseline design for uplink SU-MIMO. 
Precoding codebooks incurring lower CM should also be studied and compared to the baseline.

5
Antenna Virtualization

LTE-A UEs are expected to be equipped with multiple physical transmit antennas. Sometimes it is desirable to create virtual antennas by appropriate precoding to be able to utilize all the PAs efficiently while transmitting over the virtual antennas. 
The virtualization details including the number of virtual antennas to be formed and the precoding vectors for each virtual antenna can be either semi-statically signalled by the eNB or be transparent to the eNB, i.e. UE initiated.
Considering that the uplink waveform is DFT-precoded OFDM, we should try to reduce the chances of generating multi-carrier waveforms at the physical transmit antenna as much as possible when forming those virtual antennas. To meet this requirement, we can adopt the antenna-selection based precoding vectors which are described below:

Assume we want to form L virtual antennas: {0, 1, …, L-1}, and there are T physical transmit antennas: {0, 1,…, T-1}, L<= T and L divides T, then possible precoding vectors can be formulated according to the following steps:

1. Place the T physcial transmit antennas {0, 1, …, T-1} into L bins with each bin containing T/L physical antennas;

2. L precoding vectors are one-to-one mapped from the grouping results in step 1
For example, assume L=2 and T=4, one grouping result is: { {2, 3}, {0, 1} }, then the corresponding precoding vector for virtual antenna 0 is 
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, and the precoding vector for virtual antenna 1 is 
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After the virtual antennas have been formed, they should be considered as “antenna ports” from the point of view of data and reference signal. 
6
Reference Signal Consideration

For DM-RS, since the number of layers spatially multiplexed is always less than or equal to the number of physical transmit antennas (or virtual antennas), it is always beneficial to send precoded DM-RS so that the received reference signal exhibits higher SINR. 

For sounding reference signal, since the eNB relies on it to estimate the physical (virtual) uplink channels, it should be transmitted without precoding. The SRS for different transmit antenna at the same UE can be sent in FDM, CDM, or TDM fashion. Actually, SRS from different transmit antennas of the same UE can be treated as SRS transmissions from different Rel-8 UE. 
When a system has both LTE and LTE-A UEs, it may be desirable to keep the SRS resource (time, code, frequency) used by each type of UE similar. 

7
Conclusions 

In this paper, we provide ours views on the following aspects of SU-MIMO in LTE-Advanced uplink:

· Number of codewords, MCSs, A/Ns;

· Codebook vs Non-codebook based precoding;

· Precoding codebook design;

· Antenna virtualization;

· DM-RS and SRS for multiple transmit antennas at the UE.
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