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1 Introduction
One of the key LTE-A WIs for Rel-10 time frame is UL-MIMO. RAN4 is now working on the core performance requirements for UL-MIMO, and there have been some contributions in this area [1]. Challenges for UE design and implementation as well as for the development of core performance requirements are apparent, because the UEs with multiple transmitter antennas are yet to be popular in the industry. 
This paper discusses the maximum output power tolerance for UE with multiple transmitter antennas. Text proposal is attached for [2]. It’s suggested to use this text proposal as baseline to update the tolerance of maximum output power for UE supporting UL-MIMO.
2 Discussion
UE maximum output power shall be calibrated before shipment. In normal conditions, the maximum output power tolerance for Class 3 UE is ±2dB at 23dBm. This tolerance can be used to contain the uncertainty of UE maximum output power, which is usually introduced by calibration error, temperature drift, ripples at filters, production consistency, and so on. Modelling of those contributors could be the same for each of the UE transmitters. 
For simplicity, the probability distribution of UE maximum output power uncertainty can be modelled as Gaussian distribution with the standard deviation as
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is the confidence factor. This means that 95.5% of the output power uncertainty will be in the confidence interval if 
[image: image5.wmf]K

=2, and the probability is 99.9% if 
[image: image6.wmf]K

=3. 
Considering [-2, +2] dB as the confidence interval for Class 3 UE maximum output power uncertainty, the standard deviation of the maximum output power uncertainty can be expressed as:
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Because the contributors to the maximum output power uncertainty for each transmitter path would be the same, the tolerance for each of UE transmitters could continue to be ±2dB. Whether the uncertainty could be improved for lower maximum output power may need further discussion. 
The maximum output power per UE for UL-MIMO shall be the sum up of the maximum output power from all the antenna ports. It’s reasonable to assume that the maximum output power uncertainties are uncorrelated, and the uncertainty of the total maximum output power per UE could continue to be modelled as Gaussian distribution. The standard deviation can be denoted as:
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Again, the confidence interval for the uncertainty of total maximum output power shall be 
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For UE with Class 3 maximum output power, the interval above is can be translated as tolerance:
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Therefore, tolerance of total maximum output power per UE for 2-layer or 4-layer UL-MIMO shall be ±2.8dB or ±4dB, respectively.
3 Conclusion
It’s proposed to capture the analysis of the tolerance for maximum output power per UE in [2]. Text proposal is attached. 
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6.2.2
UE Maximum Output Power

Open issues for FFS are

· How should MPR/ A-MPR be extended for single and/or multiple CC bandwidths

· How should MPR/ A-MPR be extended new power classes and UE classes

Requirements that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
R4-102739; Way Forward

· For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE)
· LTE REL-8/9 maximum output power requirements are adopted

2) CA_X-Y  (Inter band  non contiguous CA)
The maximum output power of an UE is a critical parameter that limits the UL coverage of a network. In principle, it is highly desirable to maintain Rel-8/9 coverage area as much as possible with a reasonable UE cost. As shown in section 6.1, intra-band contiguous carrier aggregation capable UEs could have different Tx architectures compared to a single carrier UE. For type A Tx architecture, a single RF chain is used and for D1/D2 architecture dual RF chains are used to support carrier aggregation. To ensure proper coverage, for all possible Tx architectures,  R4-102739; Way Forward

For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE).

In the case of single Tx UE, type A Tx architecture could be used. This architecture is the same as a single carrier UE except for a higher channel bandwidth. Given that the Tx bandwidth of a Rel-8/9 PA should cover the whole band, the maximum Tx power over a larger bandwidth within the same band should be not be significantly different. Hence, for intra-band contiguous carrier aggregation, 
LTE REL-8/9 maximum output power requirements are adopted. Note that one potential issue that requires more detailed studies is the tolerance for 40 MHz and beyond at the Rel-8/9 maximum output power. 
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)
UE maximum output power shall be calibrated before shipment. In normal conditions, the maximum output power tolerance for Class 3 UE is ±2dB at 23dBm. This tolerance can be used to contain the uncertainty of UE maximum output power, which is usually introduced by calibration error, temperature drift, ripples at filters, production consistency, and so on. Modelling of those contributors could be the same for each of the UE transmitters. 

For simplicity, the probability distribution of UE maximum output power uncertainty can be modelled as Gaussian distribution with the standard deviation as
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is the confidence factor. This means that 95.5% of the output power uncertainty will be in the confidence interval if 
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Considering [-2, +2] dB as the confidence interval for Class 3 UE maximum output power uncertainty, the standard deviation of the maximum output power uncertainty can be expressed as:
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Because the contributors to the maximum output power uncertainty for each transmitter path would be the same, the tolerance for each of UE transmitters could continue to be ±2dB. Whether the uncertainty could be improved for lower maximum output power may need further discussion. 

The maximum output power per UE for UL-MIMO shall be the sum up of the maximum output power from all the antenna ports. It’s reasonable to assume that the maximum output power uncertainties are uncorrelated, and the uncertainty of the total maximum output power per UE could continue to be modelled as Gaussian distribution. The standard deviation can be denoted as:
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Again, the confidence interval for the uncertainty of total maximum output power shall be 
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For UE with Class 3 maximum output power, the interval above is can be translated as tolerance:
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Therefore, tolerance of total maximum output power per UE for 2-layer or 4-layer UL-MIMO shall be ±2.8dB or ±4dB, respectively.
5) CPE (Customer Premises equipment)
<End of TP for 36.807>
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