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1. Introduction
 In RAN1 #62bis, the following conclusions were made for the power control of multiple antenna transmission in uplink.
Agreements:
· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

· In case of ks=0, power is divided between transmitting antennas in accordance with the ratio of the precoding weights (assuming no antenna gain imbalance compensation)

FFS:

· Antenna gain imbalance compensation

· delta_TF for multiple layers / multiple codewords

· use of values of ks other than zero
As agreed, the uplink multiple antenna power control is based on the total power control so that a power control factor is handled with parameters and divided into antenna ports according to the scaling factors in each antenna ports when Ks=0. This can simplify the power control mechanism and be considered as a simple extension from Rel-8 single antenna power control. However, there seem remaining issues such as long-term antenna gain imbalance compensation and per-codeword specific power adjustment with delta_TF when the value of Ks is non-zero. Therefore, in this contribution, we discuss on the remaining details of the multi-antenna power control in uplink in order to finalize the uplink multi-antenna PUSCH transmission. In addition, the multi-antenna power control for SRS transmission is also discussed.
2. Discussions on Remaining Issues
2.1. Multi-antenna Extension for PUSCH Transmission
2.1.1. 
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 for multiple layers/ multiple codewords
The multi-antenna power control principle is agreed as total power control with Ks=0 since there are no per codeword level power control factor. Note that the uplink power control is handed by MCS selection at eNB scheduler in a given transmission power when Ks=0 is used since the transmission power is not adjusted by MCS level at a UE transmitter. In RAN1 #62bis meeting, in addition to Ks=0, it is also proposed to used Ks>0 in order to keep the functionality of MCS level dependent power adjustment for multi-antenna power control as well. Although the benefit of the case with Ks>0 is not obvious, it is preferred to keep the balanced power across the antenna ports if Ks>0 is also employed in Rel-10 for the sake of the simplicity. To keep the balanced power across antenna ports, one MPR value should be used for multiple codeword transmission as well. The MPRs can be averaged as a candidate as follows:  

· 
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, where Q denotes the number of codeword. 
Proposal: In case of non-zero Ks is employed, MPR calculation for multiple codewords in 
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  should be modified as 
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, where Q denotes the number of codeword.
2.2. AGI Compensation

It has been studied that AGI compensation may provide higher UE throughput performance by allowing un-equal power transmission across antenna ports so that the received power level at an eNB could be the similar for all codewords when full compensation is used. This is only applicable if the UE is not suffering from power limited situation. However, there seems to be a trade-off between increased data throughput and UE battery consumptions [5] and the performance gain from AGI compensation seems to be marginal considering the efficiency of UE power consumption. Therefore, it is preferred not to introduce AGI compensation in uplink power control. To handle the AGI, the antenna turn-off or the single antenna fall-back can be used if needed. 
Proposal: no AGI compensation seems to be needed considering that there is insufficient gain and negative impact in UE power consumption perspective.
2.3. Multi-antenna Extension for SRS Transmission
In LTE-A, SRS transmission with multiple antennas (up to 4Tx.) is supported. It would be simple to keep the same power per antenna for SRS transmission like the same power per antenna for PUSCH transmission.

In Rel-8, the setting of the UE Transmit power 
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for the Sounding Reference Symbol transmitted on subframe i is defined by
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Whether the power calculated in (1) is applied for each antenna or equally divided to each antenna will be discussed further considering detailed SRS configuration. From the SRS transmitted with the same power per antenna, eNodeB can detect AGI for each UE. 

Proposal: for SRS transmission with multiple antennas, keep the transmission power of each antenna the same.
3. Conclusion

In this contribution, we discussed on uplink power control issues for multiple antenna supports in Rel-10. From the discussions and observations, we may conclude as follows: 
· In case of non-zero Ks is employed additionally, one MPR value should be used to keep the same antenna transmission power across antenna ports.
· No AGI compensation seems to be needed considering that no sufficient gain is observed while having negative impact in UE power consumption.
· For SRS transmission with multiple antennas, keep the transmission power of each antenna the same.
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