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1 Introduction

UL-MIMO up to 4 layers is introduced in LTE REL-10 to achieve the ITU-R requirements on peak data rate and peak spectrum efficiency [1].This paper discusses the UE power control requirements for UL-MIMO. Corresponding text proposal for the LTE Rel-10 UE TR 36.807 [2] is given to address the analysis result.
2 Discussion
UL power control requirements in Rel-8/Rel-9 are used to test the UE power setting accuracy. Three kinds of power tolerance are defined, including absolute power tolerance, relative power tolerance and aggregate power control tolerance [3]. In Rel-10, with the assumption that most of the Rel-8/Rel-9 RF components would be reused in Rel-10, the power control tolerance per antenna port would be the same as Rel-8/Rel-9.

Proposal 1: The power control tolerance per antenna port would be the same as Rel-8/Rel-9.

UL PC for UL-MIMO has been discussed in RAN1 #62bis and RAN1 #63. In RAN1 #62bis, the following conclusions are drawn and agreed:

· 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)

In RAN1 #63, it is agreed that No Tx chain imbalance compensation is standardized in Rel-10.
So for Rel-10, the power control algorithm is defined per UE without consideration on antenna gain imbalance. The transmit power per antenna port is the total transmit power per UE with ratio of precoding weights. Then the power control requirements should be defined per UE, similar as the requirements for maximum output power and MOP tolerance. That is, the power control requirements apply to the sum of power measured over each antenna port.

Proposal 2: The power control requirements of a UL MIMO UE apply to the sum of power measured over each antenna port.
For single antenna port mode, it is proposed the UL-MIMO UE should meet Rel-8/Rel-9 Tx requirements, irrespective of Tx architecture [4].
Proposal 3: The power control requirements of a UL MIMO UE in single antenna port mode, would be the same as Rel-8/Rel-9.
The power control requirements, including the absolute power tolerance, relative power tolerance and aggregate power control tolerance, apply to all the allowable transmit power value, that is, the power range from minimum output power to the maximum output power. With the same RF components as Rel-8/Rel-9, the power tolerance per antenna port would be the same as Rel-8/Rel-9. Then the total power tolerance per UE would be the same as Rel-8/Rel-9 when the transmit power is equally divided among Tx chains.
Proposal 4: The power control requirements of a Rel-10 UL MIMO UE would be the same as Rel-8/Rel-9 when the transmit power is equally divided among Tx chains.

Table 1 shows the codebooks for multiple antenna ports mode with two antenna port. We can see the transmit power is equally divided among Tx chains except when the single-layer transmission with codebook index 4 or 5 is configured. In this case, the actual transmit power is the calculated transmit power minus 3dB. The power tolerance should consider the possible additional 3dB power step when move in or move out from other transmission mode to the single-layer transmission with codebook index 4 or 5.
Table 1 Codebook for transmission on antenna ports 
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Proposal 5: The power control requirements of a Rel-10 UL MIMO UE would be the same as Rel-8/Rel-9, except when the single-layer transmission with codebook index 4 or 5 is configured.
Proposal 6: The power tolerance for the single-layer transmission with codebook index 4 or 5 configured should consider the additional 3dB power step when move in or move out from other transmission mode to the single-layer transmission with codebook index 4 or 5.
3 Conclusion
This paper discusses the UE power control requirements for UL-MIMO. The following proposals are submitted:

Proposal 1: The power control tolerance per antenna port would be the same as Rel-8/Rel-9.

Proposal 2: The power control requirements of a UL MIMO UE apply to the sum of power measured over each antenna port.
Proposal 3: The power control requirements of a UL MIMO UE in single antenna port mode, would be the same as Rel-8/Rel-9.
Proposal 4: The power control requirements of a Rel-10 UL MIMO UE would be the same as Rel-8/Rel-9 when the transmit power is equally divided among Tx chains.

Proposal 5: The power control requirements of a Rel-10 UL MIMO UE would be the same as Rel-8/Rel-9, except when the single-layer transmission with codebook index 4 or 5 is configured.
Proposal 6: The power tolerance for the single-layer transmission with codebook index 4 or 5 configured should consider the additional 3dB power step when move in or move out from other transmission mode to the single-layer transmission with codebook index 4 or 5.
Corresponding text proposal for the LTE Rel-10 UE TR 36.807 [2] is annexed to address the aforementioned proposals.
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6.3.5
Power Control

Currently power control is defined on sub-frame basis for a single component carrier in REL8 in the RAN1 specification. For LTE-A, the architecture of single or multiple PA can have an impact on the power control dynamics. Another consideration for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since the power control accuracy in terms accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain . Requirements that need to be specified for the single and dual CC for the following; 
1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 
UL power control requirements in Rel-8/Rel-9 are used to test the UE power setting accuracy. Three kinds of power tolerance are defined, including absolute power tolerance, relative power tolerance and aggregate power control tolerance. In Rel-10, with the assumption that most of the Rel-8/Rel-9 RF components would be reused in Rel-10, the power tolerance per antenna port would be the same as Rel-8/Rel-9.

UL PC for UL-MIMO has been discussed in RAN1 #62bis and RAN1 #63. In RAN1 #62bis, the following conclusions are drawn and agreed:

· 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)

In RAN1 #63, it is agreed that No Tx chain imbalance compensation is standardized in Rel-10.
So for Rel-10, the power control algorithm is defined per UE without consideration on antenna gain imbalance. The transmit power per antenna port is the total transmit power per UE with ratio of precoding weights. Then the power control requirements should be defined per UE, similar as the requirements for maximum output power and MOP tolerance. That is, the power control requirements apply to the sum of power measured over each antenna port.
Since the power control requirements, including the absolute power tolerance, relative power tolerance and aggregate power control tolerance, apply to all the allowable transmit power. Considering the power tolerance per antenna port would be the same as Rel-8/Rel-9, with no Tx chain imbalance, the total power tolerance per UE would be the same as Rel-8/Rel-9 when the transmit power is equally divided among Tx chains for multiple antenna ports UE.
Table 6.3.5C shows the codebooks for multiple antenna ports mode with two antenna port. We can see the transmit power is equally divided among Tx chains except when the single-layer transmission with codebook index 4 or 5 is configured. In this case, the actual transmit power is the calculated transmit power minus 3dB. The power tolerance should consider the possible additional 3dB power step when move in or move out from other transmission mode to the single-layer transmission with codebook index 4 or 5.
Table 6.3.5C Codebook for transmission on antenna ports 
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5) CPE (Customer Premises equipment)

<End of TP >
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