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1 Introduction
In Rel-10 LTE-A, uplink MIMO (UL-MIMO) is introduced and SU-MIMO for up to four layers of spatial multiplexing is standardized to fulfill the ITU requirement for peak rate; for PUCCH, transmit diversity is introduced to improve uplink coverage. Also, Rel-10 designed orthogonal cover code to enable MU-MIMO with flexible scheduling through orthogonal DM-RS. Last but not least, aperiodic SRS is introduced to improve sounding flexibility.  
In Rel-11, it is desirable to further increase the system performance in uplink beyond the capabilities Rel-10 promises for both uplink coverage and capacity, with the focus on the real world deployment scenario and UE antenna configuration. 

In the approved Rel-11 LTE enhanced uplink transmission study item, the objectives include the following working area to be investigated  :

· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
In this contribution, we share our views on some of the high level aspect of the potential standardization work.
2 Discussions
2.1 Enhancement for new deployment for Rel-10
Homogenous macro deployment was the main scenario in mind during the design of Rel-10 UL-MIMO. Recently, the need to enhance non-uniform network deployments’ (e.g. heterogeneous deployment) performance has increased. In fact, from network deployment perspective, micro-pico cell deployment becomes more important to operators, through the abundant use of low-power nodes in a heterogeneous network. These low power nodes are placed as an underlay throughout macro-cells. Typical low power nodes include micro, pico, remote Radio Heads (RRH), relay and femto nodes. Through the use of low power nodes, increased link gain makes very high throughput and peak rate feasible. 
There are two major heterogeneous deployment scenarios specified:
· Scenario 3: Heterogeneous network with low power RRHs within the macro-cell coverage where the transmission/reception points created by the RRHs have different cell IDs from the macro cell

· Scenario 4: Network with low power RRHs within the macro-cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.

Scenario 3 can be discussed under CoMP SI framework, but for the case where single cell ID is employed it boils down to a basic DAS deployment. In fact, scenario 4 is very similar to the scenario studied in Rel-10 eICIC. The purpose of RRH deployment in a macro is for enhancing the high traffic in local areas, i.e., hotspots, thus increasing the overall system capacity. Compared to the Rel-10 eICIC, it is expected that higher gains are available through joint utilization of the antenna arrays from the macro and RRHs. From UL-MIMO perspective, RRH deployments which integrate antennas and RF subsystem with CPRI-based link from RRH to a centralized controller make it possible to perform combining from distributed antennas. However, the effect of timing error between RRHs, as well as the effect of latency between receiving signals due to propagation delay, need to be studied and evaluated.
The actual antenna configuration in the distributed antenna has big impact on the uplink as well as on the down link. For example, the following three antenna configurations require different adjustment of UL power control and UL-MIMO operation. 
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Figure 1 DAS  Configuration 1 
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Figure 2  DAS Configuration 2
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Figure 3 DAS Configuration 3

Therefore we have the following proposal:
Proposal 1: Distributed antenna deployment impact on Uplink transmissions should be studied.
In practice, because handset has a limitation on antenna size, UE antennas are more likely to be correlated. This is one of the considerations in Rel-10 UL-MIMO design. Another phenomenon is, because of mutual coupling, portion of the UE output power bounces back to the transmitter through the other antenna. High correlation and strong mutual coupling effect are two major problems exist in UE antenna; both of them affect the effective design of uplink transmission. However, various decoupling techniques have been developed in recent years, and are being adopted in the handset antenna designs. Decoupling not only increases the effective output power, but also reduces the UE antenna correlation. These antenna design advances promise increased capacity in the uplink. Also note the channel conditions experienced for low-power node deployments in the scenario mentioned before typically differ from what is normally encountered in homogeneous macro scenarios. The SNR operating point for UL-MIMO operation may be completely different. Thus, codeword optimized for homogeneous scenario or antenna configuration may not be working as expected in heterogamous deployment scenario. Therefore, it would be beneficial to study and optimize the uplink multi-antenna transmission performance for non-uniform deployments. For example, it is well-established that significant MU-MIMO performance gains can be achieved by increasing the precoding granularity. This is different from SU-MIMO which, in most cases, is relatively insensitive to the quantization errors. Considering the DAS scenarios and the reduced pathloss, it is beneficial to study specific techniques to improve uplink MU-MIMO performance. For specific scenarios or antenna configurations, a specific codebook can be very effective from performance perspective.  
Proposal 2: Codebook enhancement for Uplink Transmission in non-uniform deployment scenario should also be studied.
2.2 Enhancement for UE beamforming for energy saving and cell-edge performance improvement
In Rel-10, most effort in the capacity enhancement study has been focused at the network side, whereas UE transmitter enhancements for the same purpose have not been given enough attention. For example, UE energy saving is one of the critical issues that every UE manufacturer faces. Extending battery life, and thereby prolonging use between recharges, is a great advantage consumers have in mind when choosing handset or PDA product. The more PA conserves on power, the longer handset lasts between recharges and the more popular in the market. It is well known that an antenna has three fundamental properties: gain, direction and polarization. Gain is a measure of increase in output power and is the amount of increase in energy that an antenna adds to a RF signal. Direction is the shape of the transmission pattern. As the gain of a directional antenna increases, the angle of radiation usually decreases. This provides a greater coverage distance, but with a reduced coverage angle. Usually handset is equipped with omni-antennas, as for their shape and size it is very convenient to integrate these antennas. But omni-directionality not only introduces interference, but also leads to power waste. 
For UEs at the cell edge, the situation is even worse. Since most of their PA power is radiated to the undesirable directions; these UEs suffer from low uplink data rates. At the same time, they are causing interference to the neighboring cells. In non-uniform deployment mentioned before, the interference situation is particularly serious as the result of reduced effective site distance.
From the above description, it is desirable that techniques such as beamforming technique can be introduced to alleviate the problem. Beamforming can be achieved through various approaches, for example the utilization of directional antenna. Basically, directional antennas concentrate the total output energy on one particular direction, achieving high directional gain. But in order to be effective, the directional antenna must point to the correct direction where the transmission is being sent to or received from. However, since the handset is mobile, the directional antenna must make adjustment based on the movement of the handset, and accordingly steer the beam to keep at the right direction. 
From preliminary study, beamforming has the potential to achieve 3~6dB PA power saving and as much as 40% coverage improvement. It is also useful for further increase of the cell spectrum efficiency. 
As explained above, for these benefits to materialize, beams must keep tracking the direction of the transmission and reception to maintain a directional beam from the UE to the eNB. The enabling mechanisms and its details need further study.
Proposal 3: Uplink Transmission enhancements based on UE beamforming should also be studied.
3 Conclusion
In this contribution we discussed scenarios that are expected to be prevalent in future real life LTE-A deployment. In particular, it is observed in order to optimize uplink capacity, adjustment for UL power control and UL-MIMO operation should be studied. We also see a need for codebook enhancement to fit the non-uniform deployment scenario and the need to enhancement uplink transmission though UE beamforming. 
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