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1 Introduction 
Uplink power control in LTE-Advanced has focused on power control with carrier aggregation. One open issue is the power control for UL multi-antenna transmission. There have been discussions on transmit power imbalance issue and some companies suggested per-antenna power control.
In this contribution, we summarize the issues and provide our views on the subject.

2 Discussion
Rel-8 UL power control supports open-loop power control complemented by closed-loop power compensation with a 1 or 2 bit TPC command. In addition, fractional power control allows high-power transmission for UEs near centre of the cell. The main purpose of power control is long-term pathloss compensation and inter-cell interference management while allowing high data rate for UEs located close to the cell center. The same power control principle should apply to LTE-A.
2.1 Path Loss Compensation

There can be gain imbalance between the transmit paths. These are due to Antenna Gain Imbalance coming from the differences in antenna design, calibration error in the transmission paths, and radio propagation loss difference due to body losses or human factors. These gain imbalances result in differences in long-term propagation loss in the UL direction. Ideally, the long-term propagation loss needs to be compensated by adjusting the open-loop power control parameter.

In LTE, PL compensation is applied at the UE, based on DL PL calculated from the RSRP measurement. In Rel-8, when Rx diversity is employed at the UE, the linear average of the diversity branches is used for RSRP measurement. No separate measurement per antenna is assumed for PL estimation. Furthermore, DL PL measurement may not reflect the PL differences in the UL path. Therefore, it is our view that PL compensation per UL path by per-antenna open-loop power control parameter is not feasible or useful. 
2.2 MIMO Channel Power Allocation
For MIMO channels, the optimal power allocation scheme is by water-filling. More power is allocated to the stronger channels. This applies per layer rather than per antenna. 
· In Rank-1 transmission, the optimal transmission scheme is by co-phasing the transmit antennas with MRT. Optimal power allocation scheme is by power allocation proportional to the channel gain. 
· For Rank-2 transmission, optimal power allocation can be implemented by per-layer power control. 

However, much of the benefit of per antenna or per layer power control is achieved by dynamic rank adaptation and per-layer link adaptation. Further study would be needed on the trade-off between throughput gain and UE battery consumption before adopting per-antenna or per-layer power control. Moreover, the interaction between precoding matrix selection and per antenna or per layer power control would need to be analysed. 
3 Conclusions
In this contribution, we summarized the issues on multi-antenna power control for LTE-Advanced. Based on our observations, we propose a simple multi-antenna power control scheme in Rel-10:

· As a baseline, per-antenna and per-layer power control is not supported for multi-antenna UL power control in Rel-10.

· Per-antenna path loss compensation for UL MIMO is not supported in Rel-10. No additional measurement is needed for PL compensation for multi-antenna power control. 
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