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1 Introduction
During LTE-advanced workshop held in ShenZhen, China in April, and 3GPP RAN1 #53 meeting held in Kansas city in May, many companies presented their views in the contributions on further enhancement on LTE performance in LTE-advanced phase, among them is the LTE uplink performance enhancement [1]-[7]. In current release of LTE, Rel 8,  only one PA chain is assumed in uplink to simplify the initial deployment for LTE. This means that even UE has two transmit antennas, it could transmit on one of them at any time, which leads to simple antenna switch being the only transmit diversity scheme supported for Rel 8 and no SU-MIMO is supported. This also eliminates the possibility of using more advanced schemes for transmit diversity (TxD) and single user MIMO (SU-MIMO) transmission which would normally require the transmission over two or more antennas at the same time. However, for future releases in LTE-advance beyond Rel 8, it is generally acceptable that in uplink, UE should be able to support transmission on multiple antennas simultaneously and therefore allow more advanced transmission schemes to be used for TxD and SU-MIMO, similar as in the downlink. 
In this contribution, we discussed in brief some considerations for TxD and SU-MIMO enhancement in uplink when multiple transmit antennas are assumed. 
2 Enhancement on SU-MIMO transmission for LTE uplink
In LTE-advance, to further increase uplink coverage and throughput, two or more transmit antennas are going to be used at UE. This brings about the question on how to use them as unlike LTE downlink, SC-FDMA is used in LTE uplink as the modulation technique which takes advantage of its low PAPR property. Therefore, to maintain low PAPR property of SC-FDMA should be considered as an important criterion when selecting techniques. Some downlink SU-MIMO technique which are suitable for OFDM, may not be the best techniques here.
For low mobility UE that is near the cell edge, PAPR should be considered because it is close to reach its PA limit. In this situation, single layer closed-loop SU-MIMO can be considered as this scheme doesn’t break PAPR property of SC-FDMA. When low mobility UE is close to the eNB, it has much room in its PA, PAPR may not be a serious issue. For such scenario, more advanced techniques can be used such as multi-layer closed-loop MIMO transmission based on precoding similar as that used in downlink. An alternative could be the use of hybrid OFDMA/SC-FDMA transmission, where OFDMA could be used for those UE close to eNB, while SC-FDMA could be used for those UE at the cell edge. That could utilize the benefits from both schemes. 

For high mobility UE with high geometry, multiple layers open-loop MIMO scheme without precoding could also be used similar as that used for 2-tx in downlink as such scheme doesn’t break PAPA property of SC-FDMA.

As uplink power control is adopted in Rel 8, the eNB should have knowledge of UE power headroom, therefore, all these information can be used by eNB to determine which scheme could be used to best utilize this and maximize the throughput and coverage.  
3 Enhancement on transmit diversity for LTE uplink
For cell edge UE with high mobility and for control signal, closed-loop single layer SU-MIMO and open-loop SM transmissions may not be feasible. In that case, to maintain a reliable uplink transmission, we need to exploit as much transmit diversity as possible. 
Similar as SU-MIMO, in design of transmit diversity for uplink, PAPR issue should be taken into consideration. For cell-edge UE where PA usage is close to its limit, transmit diversity which maintain low PAPR for SC-FDMA should be considered, such schemes include STBC, PMI hopping and CDD. When UE is close to eNB, the PAPR doesn’t impose a big problem, other schemes could also be considered such as SFBC 
Each of these schemes has its merits and drawbacks respectively. For example, STBC will maintain low PAPR of SC-FDMA, however, it require pairs of SC-FDMA symbols to apply coding which may not fit the current uplink subchannel structure. Its performance could degrade to some extent for extreme high mobility UE. On the other side,   SFBC doesn’t require pairing of  SC-FDMA symbols, and it will also maintain its performance in high mobility, however, it breaks PAPR property of SC-FDMA, and therefore, may not be able to used for UE which reaches its PA limit, like those at cell edge.

Based on the above analysis, many factors should be taken into consideration when deciding the transmit diversity which include the performance, the robustness, the applicability. In the end, such outcome could be possible which allow different transmit diversity schemes be used for different sub-channels like PUSCH and PUCCH.
4 Conclusions

This contribution discusses in brief several LTE uplink SU-MIMO and transmit diversity schemes, which could be used as the starting point. From the analysis, it can be noted that each technique has its advantages and drawbacks.  Further study should be continued with performance comparisons among each technique through simulations. In addition to the performance, it is believed that other aspects should also be considered in selecting the right technique such as flexibility, robustness, PAPR etc. To get the best outcome from these techniques, a number of techniques could be selected together, each being more suitable to work with a specific uplink channel like PUSCH or PUCCH. 
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