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1. Introduction
In Rel-10, multiple antenna transmission in uplink is employed to fulfill the peak system throughput requirements. Since a single antenna port based power control is only used in Rel-8/9, uplink power control mechanism for better supporting of multiple antenna transmission seems to be needed to finalize the Rel-10 in the time frame.
In this contribution, we discuss on the uplink power control for multiple antenna support for PUSCH transmission in Rel-10 as a simple extension of Rel-8 uplink power control mechanism.
2. Discussions on Power Control for PUSCH with Multiple Antennas
In Rel-8, a single antenna port based PUSCH power control is defined with two options such as fractional path-loss compensation and full path-loss compensation which can be configured by higher layers according to the value of 
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 as shown in the equation (1). On top of that, modulation coding scheme (MCS) is also taken into account once eNB configured Ks=1.25 in 
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 and correction parameter f(i) is used for closed-loop control [1].
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The power control formula used for single antenna transmission can be simply extended for multiple antenna support to keep the power control mechanism simple as much as possible. From the multi-antenna power control perspective, three different options can be considered such as per-layer/per-codeword, and total power control. For the sake of the simplicity, we define the notation at each reference point of uplink MIMO transmission as shown in figure 1. The Pcw,m denotes the required transmit power for m-th codeword when M codewords are mapped onto N layers and transmitted through K antenna ports. In addition, the required transmit power of k-th antenna port after precoding process is defined as Pant,k and the actual radiate power of k-th antenna port is denoted as 
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 are separately defined due to maximum power limitation and potentially antenna gain imbalance (AGI) compensation. 
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Figure 1. UL SU-MIMO transmission and related power control
2.1. Multi-antenna Extension

2.1.1. Per-layer/codeword power control
The single antenna port based uplink power control formula can be extended in each layer or codeword although some parameters such as 
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 can be shared across the antenna port. The major benefits of the per-layer or per-codeword power control could be micro power adjustment according to the channel situation in order to optimize transmission power in a given MCS. Note that the CMP (Cubic Metric Preserving) codebook structure is employed for uplink MIMO transmission so that a layer is mapped onto one or more antenna ports without multiplexing of other layers. Given this, per-layer or per-codeword power control can be considered as antenna-group based power control so that different transmission power across the antenna ports should be controlled. This requires separate TPC command and power headroom reporting for each layer or codeword. Therefore, higher control signaling overhead and specification effort without clear performance benefit are expected since the power adjustment is still possible with an appropriate MCS selection [2]-[3]. Considering marginal performance gain while requiring higher signaling overhead and specification effort, per-layer or per-codeword power control seems to be inappropriate as a multi-antenna power control method in Rel-10.
2.1.2. Total transmission power control

The simplest way to extend the Rel-8 power control for multi-antenna support could be that the total transmission power which is obtained from the formula used in Rel-8 and the calculated total transmission power is equally shared with all antenna ports. In this case, the 
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 needs to be slightly modified for better supporting of multiple codeword transmission since the MPR should be optimized if the MCS or the number of layer is different for each transport block. To handle this case, we can consider two alternatives as follows:
· Alt-1: set Ks=0, in case MCSs of two codewords are different

· Alt-2: MPR calculation in 
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can be modified as 
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, where Q denotes the number of codeword. 
Although MCSs are taken into account for uplink power control in average manner to support total power control, Alt-2 seems to be reasonable in order to keep the similar principle used in Rel-8 such that Ks value is differently used according to situation and Ks=1.25 is used to take the MCS level into account in uplink power control.
Proposal: total transmission power control seems to be the proper choice for multiple antenna power control as an extension of Rel-8 power control mechanism with minimum specification impact.

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. Maximum Power Limitation
It was agreed that maximum power limitation per carrier is applied before UE total transmission power limitation. In case of uplink multiple transmit antennas, it is an issue whether the maximum power limitation per carrier is still sufficient or maximum power limitation per antenna should be newly introduced. This issue actually depends upon the necessity of per-codeword power control and/or per-antenna power control, in our technical perspective, maximum power limitation per antenna seems unnecessary if the transmit powers at multiple antennas are the same. If neither per-codeword nor per-antenna power control is adopted as addressed in the above, maximum power limitation per carrier is sufficient and per antenna power limitation is unnecessary.
Proposal: if total transmission power based power control is adopted, keep maximum power limitation per carrier as it is. Otherwise, per-antenna maximum power limitation should be considered.
3. Proposed Power Control for PUSCH with Multiple Antennas
From the discussions and proposals in the previous section, the power control for multi-antenna support can be simplified as shown in the figure 2. In the figure 2, the calculated total transmission power PPUSCH,CW  is distributed to each layer with the same transmission power and each layer is mapped onto antenna ports according to the precoder and the scaling factor of the precoding matrix. The PPUSCH,ANT,k is obtained as an outcome of the precoder and considered as a transmission power for corresponding antenna port before the maximum power limitation. The power control mechanism shown in the figure 2 seems to be quite straightforward extension from Rel-8 power control and requires no additional complexity and signaling overhead.
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Figure 2. Proposed power control for multi-antenna support
The total transmission power shown in the figure is shown in the equation 3 regardless of the number of codewords.                                        
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                                 (3)
The total transmission power PPUSCH,CW(i) is distributed to each antenna port through the codeword to layer mapping and precoding block as follows:
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where wk denotes the non-zero element in the k-th row of a precoding matrix in the codebook including precoding scaling factor to k-th antenna port. Since CMP codebook structure was agreed in uplink irrespective of the number of antenna port and rank, only one non-zero element exists in each row of a precoding matrix as far as the precoding matrix is not defined for antenna turn-off purpose. Note that some wk, can be set to be zero if there is no non-zero element in the k-th row of a precoding matrix if antenna turn-off vector is used as a precoding matrix. In (4), a parameter 
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is introduced for better support of different UE PA configurations when antenna turn-off vector is assigned. This parameter can be also employed if it is agreed that the uplink power control can be optimized for each UE PA configurations.

Then, the total transmit power across multiple antennas is given by
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Proposal: Rel-8 UL PC can be simply extended for multi-antenna support SU-MIMO as shown in (3)-(5). 
4. Proposed Power control for SRS with Multiple Antennas

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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Whether the power calculated in (6) 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.
5. 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: 
· Total transmission power control seems to be the proper choice for multiple antenna power control as an extension of Rel-8 power control mechanism with minimum specification impact.
· No AGI compensation seems to be needed considering that there is no sufficient gain and negative impact in UE power consumption perspective.
· If total transmission power based power control is adopted, keep maximum power limitation per carrier as it is. Otherwise, per-antenna maximum power limitation should be considered.
· Rel-8 UL PC can be simply extended for multi-antenna support SU-MIMO as shown in (3)-(5).
· For SRS transmission with multiple antennas, keep the transmission power of each antenna the same.
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