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1. Introduction
One of the remaining issues on UL PC is power control for UL multiple antenna transmission.
In this contribution, we discuss the details of UL power control for multiple antenna transmission and propose a simple extension of Rel-8 UL PC to Rel-10 UL PC for SU-MIMO.
2. Consideration points on power control for UL SU-MIMO
The Rel-8 power control for PUSCH is given as follows [1]:
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Since Rel-10 UL MIMO supports up to 2 codewords, 4 layers, and 4 Tx antennas, there is an issue of whether Rel-8 SISO power control can be reused with simple modification or MIMO power control such as per codeword or per antenna power control has to be newly introduced.
Figure 1 illustrates the Rel-10 UL MIMO transmission with notations for power at each reference point. It is assumed that there are M codewords with  power of m-th codeword denoted by Pcw,m. Also assumed is that there are N layers and K transmit antennas. For notational convenience, power of k-th antenna just after precoder is denoted by Pant,k and radiated power of k-th antenna by 
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. If AGI compensation and max. power limitation are not applied, then,  equals to Pant,k.
Based on Eq (1) and Fig. 1, we will address some issues on multi-antenna PC.  
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Figure 1. UL SU-MIMO transmission and related power control
· Per codeword power control
When we consider transmission of two codewords, a codeword-specific differentiated parameter  can be 
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 which is related to the scheduled MCS of each codeword [2]. 
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 for each codeword eventually results in different transmission power per codeword and different transmission power per antenna, which may require complicated per antenna power adaptation functionality. A simpler alternative is to only allow different MCS per codeword but with the same power since the performance gap between power/MCS adaptation and MCS only adaptation is not significant. 
Proposal: For two codewords transmission, keep the transmission power of each codeword the same. That is, per codeword power control is not necessary. For allowing different MCS per codeword, however, set Ks=0 in case MCSs of two codewords are different. 
· AGI compensation and per antenna power control
There are many contributions addressing whether AGI compensation and per antenna power control are really necessary or not [3-6]. It was shown in [3] that water-pouring or unequal power weighing on different PAs provides only marginal gains, which does not justify the additional downlink signaling overhead for TPC commands for multiple antennas. In [4], it was also addressed that per-antenna power control causes unnecessary complexity in terms of PHR, scheduling/resource allocation, and max power limitation scaling. It was pointed out in [5] that per antenna power control is very detrimental to UE battery life, which is also noted by [6]. Especially, in Rank 1 case, antenna turn-off can be applied when AGI compensation required. It is also shown that UL single antenna port mode provides better transmission efficiency than multiple antenna port mode in case of AGI [5].
Proposal: AGI compensation does not provide sufficient gain and is negative from the perspective of UE battery life. Moreover, TPMI or switching to UL single antenna port mode can sufficiently compensate AGI without per antenna power control. 
· Max. power limitation
It was agreed that max 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 max. power limitation per carrier is still sufficient or max. 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, max. power limitation per antenna looks 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, max. power limitation per carrier is sufficient and per  antenna power limitation is unnecessary.
max. power limitation per carrier is sufficient. 
Proposal: If neither per-codeword nor per-antenna power control is adopted, max. power limitation per carrier is sufficient and per  antenna power limitation is unnecessary.
3. Proposed power control for UL SU-MIMO
Based on the above discussions and proposals, UL SU-MIMO transmission and related power control is simplified in Fig. 2. As shown in Fig. 2, the codewords whose transmission powers are the same are passed through the following MIMO processing steps such as CW to layer mapping and precoder. After max. power limitation, multiple antenna transmission is performed with the same powers across PAs except the turned-off PAs. That is, the proposed power control is very straightforward from the Rel-8 power control and requires no additional complexity and signaling overhead for power control.
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Figure 2. Proposed power control for UL SU-MIMO
The total codewords power, which is independent of the number of codewords, is given by 
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                         (2)
The total power in (2) is distributed to each antenna 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. Since CM preserving 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 (3), 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 to Rel-10 UL PC for SU-MIMO as shown in (2)-(4). 
4. Conclusion
In this contribution, we discussed UL SU-MIMO power control issues and made the following proposals:
Proposal: For two codewords transmission, keep the transmission power of each codeword the same. That is, per codeword power control is not necessary. For allowing different MCS per codeword, however, set Ks=0 in case MCSs of two codewords are different.
Proposal: AGI compensation does not provide sufficient gain and is negative from the perspective of UE battery life. Moreover, TPMI or switching to UL single antenna port mode can sufficiently compensate AGI without per antenna power control.
Proposal: If the transmit powers at multiple antenna ports are the same, max. power limitation per antenna is unnecessary.

Proposal: Rel-8 UL PC can be simply extended to Rel-10 UL PC for SU-MIMO as shown in (2)-(4). 
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