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Introduction

Linear precoding is one of the basic multi-antenna technologies that should help to improve especially single stream transmission.  The design of SU-MIMO precoding codebooks should taking into account the properties specific for the uplink of LTE-Advanced [2].  The main challenger is an unbalance between Tx antennas due to grip of the hand and change of antenna orientation, which effect different different responses to the vertical and horizontal polarization components. In this contribution the UL specific codebook are presented and the codebook size and its effect on the precoding gain is investigated
1.
Single stream Precoding for 2 TX antennas

In this contribution we concentrate on single stream transmission and compare the possible beamforming gain of different sized codebooks. We focus on phase adaptation and combination of antenna selection with phase adaptation. Bigger family of codebooks and classes have been described and investigated in [1].  
One class of codebooks adapts only the transmission phase of the second transmission antenna with respect to the first one. These codebooks can be described by
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where different phase sequences can be applied. One possibility is to utilize an even spacing of the phases inside [0, 2(] – which we will denote as “Phase” codebooks in the sequel. The transmission phases for the Phase codebook with m=log2(K) bits is given by
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Another possibility is the combination of antenna selection with phase adaptation, e.g. for m=3bits, combining the 1bit antennas selection codebook with the K=6 size phase codebook
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2.
Simulation assumptions
In the case of closed loop single-stream precoding, precoding vectors were selected based on noisy channel information and the precoding vector selection was delayed 4 ms. DM RS were precoded with the same precoding vector as data, thus, providing precoding gain for channel. In the case of STBC, last SC-FDMA symbol was not punctured, i.e., terminal was assumed to be scheduled on resources without SRS transmissions. Thus, with the assumption of normal CP, there was an even number of SC-FDMA symbols for STBC.     

Table 1 Simulation parameters

 SHAPE  \* MERGEFORMAT 



Performance Comparison for 2 Tx
In the SCM-C we evaluate the average throughput performance as function of SNR gain in a 2x2 setup with precoded single stream transmission. Precoding vector signaling with 3 bits and 2 bits are assumed meaning that precoding vector elements are from QPSK or 8-PSK constellations. In order to have fair comparison between codebook including antenna selection and phase precoding, the signaling with antenna selection is limited to total of 3 bits. This means that the phase precoding vector elements are from 6- PSK constellation.
Envelopes of throughput curves for the simulated set of MCS are shown in Figure 1 and gains over the open loop in the terms of cell-edge bit rate in CASE 1 are shown in Figure 2
· The 3-bit phase codebook provides around 2 % improvment over 2-bit phase codebook  on the SNR range expected for cell edge user. 
· The 3-bit phase and antenna selection codebook provides around 4 %  improvement over 3-bit phase codebook on the SNR range expected for cell edge user

Thus, the 3-bit phase and antenna selection codebook should be supported in LTE-Advanced uplink.  We note that antenna selection cannot bring gain in power limited scenario due to fact that antenna selection cannot utilize both power amplifiers in the same time. Instead, it is expected that the antenna selection feature gives more significant gain in the precence of  Tx antenna unbalance which could be case in uplink. 
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Figure 1 Envelope of throughput curves for 8 PRB resource allocation

The effect of precoding on the cell-edge bit rate in CASE 1 is shown in Figure 2. As can seen, the antenna selection combined with phase adaptation gives approximately 4 % gain over phase adaptation only.
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Figure 2 Cell-edge bit rate gain over open loop in CASE 1
Single stream precoding for 4 Tx

Similarly as in the case of 2 Tx, a UL specific codebook should considered. The precoding codebook should be designed se that the potential transmit antenna imbalance is taking into account. The design could be based on the following steps:
· Transmit antennas are grouped into two groups, with 2 antennas per group. The grouping could be performed based on the polarization or location of antennas.
· Different phase rotation combinations between the antennas within the antenna group are listed as codebook entries.

· Additionally, selection of single antenna group for transmission is included into the codebook. Different antenna-to-antenna group options are included, and phase rotation is applied between the antennas within the antenna group. 

An example of such a codebook is shown in Table 2.  
Table 2 Codebook for single stream containing antenna group selection
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Througput performance comparision between codebook containing antenna group selection and Householder based codebook used in Rel8 DL is shown in Figure 3. A codebook containing antenna group selection has similar performance as DL REL8 codebook.  Furthermore , it is expected that the antenna group selection feature gives gain in the precence of Tx antenna imbalance .
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Figure 3 Throughput comparison between DL codebook and antenna grouping based codebook
Conclusions
2 TX codebook:
In this contribution, we show that a 3-bit codebook for single stream precoding seems to be a reasonable tradeoff considering available precoding gains versus DL feedback overhead. A combination of phase adaptation with antenna selection seems to be a reasonable compromise in sense of robustness to Tx antenna unbalance and should therefore be used as 2TX antennas single stream precoding codebook.

4 TX codebook

We have shown that a 4-bit codebook including antenna group selection has comparable performance with 4-bit Householder base codebook used in Rel8 downlink.  It is expected that codebook including antenna group selection having better robustness against  Tx antenna unbalance and therfore it should be used as 4 TX single stream precoding codebook . 
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