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1. Introduction

According to core specification [1], the RF parameters can be classified into two types, i.e. per antenna parameters and per UE parameters. For single antenna connector case (Single Input and Single Output), the both types of parameters are not different because they are measured on the same testing point and obey the same requirement as in core specification. But for multiple antennas cases, e.g. UL MIMO, the both types of parameters will have some significant differences when measured in this scenario.  
2. Discussion on the RF Parameters for UL MIMO
In this section, we will analyze all the RF parameters for UL MIMO and point out the differences for the parameters between single antenna and UL MIMO case. And then, all RF parameters for transmitter characteristics are classified into two groups, i.e. per antenna parameters and per UE parameters, as listed in table 1 and 2. For receiver characteristics testing, actually no UL-MIMO properties are tested but only maximum transmit power are required as listed in table 3. At the end of the section, our proposals are give out and align RF parameters with UL MIMO testing procedures.
For the UE maximum output power for UL-MIMO case, the test purpose is to verify that the error of UE maximum output power in UL MIMO does not exceed the range prescribed by the specified UL MIMO power class and tolerance [2]. And the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. Hence, the parameter is measured for the whole UE rather than only for each connector and the minimum conformance requirements are for per UE rather than only for each connector.
Similarly, for Maximum Power Reduction (MPR) for UL-MIMO and UE Maximum Output Power with additional requirements for UL-MIMO, they allow maximum power reduction for maximum output power and the maximum output power is still measured as the sum of the maximum output power at each UE antenna connector. So, the both parameters are per-UE parameters as well.
For configured UE transmitted output power for UL-MIMO case, the test purpose is to verify the UE does not exceed the minimum between the PEMAX maximum allowed UL TX power for UL MIMO signalled by the E-UTRAN and the PUMAX maximum UE power for the UE power class. And the configured transmitted power is configured per UE, that is, the configured UE transmitted output power is also measured as the sum of output power at each UE antenna connector. Another per UE parameter is the minimum output power for UL-MIMO and the minimum output power is defined as the sum of the mean power at each UE antenna connector.
Another three parameters are related with power control for UL-MIMO, they are named as Power Control Absolute Power Tolerance, Power Control Relative power tolerance for UL-MIMO and Aggregate Power Control Tolerance for UL-MIMO. For UE supporting UL-MIMO, the power control tolerance applies to the sum of output power at each transmit antenna connector, hence they are also per-UE parameters.
But for UE transmit OFF power for UL-MIMO, the test purpose is to verify that UE transmit OFF power for UL-MIMO is lower than the value specified in the test requirement and it is defined as the mean power at each transmit connector whose transmit OFF power shall not exceed the value specified. So, it is a per antenna parameter in the testing procedure. Another per antenna parameter is ON/OFF time mask for UL-MIMO, and also it is applied to each transmit antenna connector with the UL-MIMO configurations specified. Another important parameter is frequency error for UL-MIMO and it is measured at each transmit antenna connector with the requirement within +/-0.1PPM which means it is a per-antenna parameter.
Regarding the transmit modulation for UL-MIMO, there are four parameters, i.e. error vector magnitude, carrier leakage, in-band emissions and EVM equalizer spectrum flatness, related to the transmitted signal quality. They are all per antenna parameters and measured at each antenna connector and the minimum conformance requirements are the same as that of single antenna cases.
For the parameter occupied bandwidth for UL-MIMO, the purpose is to verify that the UE occupied bandwidth for all transmission bandwidth configurations supported by each antenna of the UE are less than their specific limits. In this case the parameter is also per antenna parameter and measured at each antenna connector. The parameters of out of band emission for UL-MIMO and spurious emission for UL-MIMO are also specified at each transmit antenna connector. So, they are also classified into per-antenna parameters. And the transmit intermodulation for UL-MIMO is to verify that the UE transmit intermodulation at each transmit antenna does not exceed the described value in the test requirement. The parameter is also per antenna parameter. For the time alignment between transmitter branches for UL-MIMO, it is not available to per antenna and per UE types because it only describes the timing relationship among different antennas.
When receiver characteristics are measured, the test purpose is to verify the ability of UE that support UL-MIMO to receive data with a given average throughput for a specified reference measurement channel, under different signal conditions. Actually, no UL-MIMO properties are tested in the scenario, the parameter related to UL MIMO is only maximum output power which is per UE parameter as analyzed above and listed in table 3.

For per antenna parameters of UL MIMO, i.e. measured on each antenna connector, the test procedures are almost the same as that of single antenna cases because they have the same minimum requirement and the same testing method with only different antenna number. But for per UE parameters or UL-MIMO, i.e. measured on the point of summarizing of the two antenna connectors, the test procedures have some differences because the values to be measured on each antenna connector are different between single antenna and UL-MIMO cases and test tolerance is also different in some extent.  So, we can give the below proposals for UL MIMO test procedures:

Proposal 1: when the parameters to be measured are per antenna parameters, there are almost no differences in test procedures between single antenna and UL MIMO cases but only the different number of antennas.
Proposal 2: when the parameters to be measured are per UE parameters, there are some differences in test procedures and test tolerance between single antenna and UL MIMO cases and they should be highlighted in test procedures.
Table 1 Per-UE Type of RF Parameters for UL-MIMO
	Test Case
	Test Parameters in the TC
	Related RF Parameters
	Per antenna
	Per UE
	Notes

	6.2.2B
	UE Maximum Output Power for UL-MIMO
	Maximum Output Power
	NO
	YES
	Transmitter Characteristics

	6.2.3B
	Maximum Power Reduction (MPR) for UL-MIMO
	Maximum Power Reduction (MPR)
	NO
	YES
	Transmitter Characteristics

	6.2.4B
	UE Maximum Output Power with additional requirements for UL-MIMO
	Maximum Output Power
	NO
	YES
	Transmitter Characteristics

	6.2.5B
	Configured Transmitted Power for UL-MIMO
	Configured Transmitted Power
	NO
	YES
	Transmitter Characteristics

	6.3.2B
	Minimum Output Power for UL-MIMO
	Minimum Output Power
	NO
	YES
	Transmitter Characteristics

	6.3.5B.1
	Power Control Absolute power tolerance for UL-MIMO
	Power Control Absolute Power Tolerance
	NO
	YES
	Transmitter Characteristics

	6.3.5B.2
	Power Control Relative power tolerance for UL-MIMO
	Power Control Relative Power Tolerance
	NO
	YES
	Transmitter Characteristics


	6.3.5B.3
	Aggregate Power Control Tolerance for UL-MIMO
	Aggregate Power Control Tolerance
	NO
	YES
	Transmitter Characteristics


Table 2 Per-Antenna Type of RF Parameters for UL-MIMO
	Test Case
	Test Parameters in the TC
	Related RF Parameters
	Per antenna
	Per UE
	Notes

	6.3.3B
	UE Transmit OFF power for UL-MIMO
	Transmit OFF Power
	YES
	NO
	Transmitter Characteristics

	6.3.4B
	ON/OFF time mask for UL-MIMO
	ON/OFF Time Mask
	YES
	NO
	Transmitter Characteristics

	6.5.1B
	Frequency Error for UL-MIMO
	Frequency Error
	YES
	NO
	Transmitter Characteristics

	6.5.2B.1
	Error Vector Magnitude for UL-MIMO
	Error Vector Magnitude
	YES
	NO
	Transmitter Characteristics

	6.5.2B.2
	Carrier Leakage for UL-MIMO
	Carrier Leakage
	YES
	NO
	Transmitter Characteristics

	6.5.2B.3
	In-band Emission for Non Allocated RB for UL-MIMO
	In-band Emission for Non Allocated RB
	YES
	NO
	Transmitter Characteristics

	6.5.2B.4
	EVM Equalizer Spectrum Flatness for UL-MIMO
	EVM Equalizer Spectrum Flatness
	YES
	NO
	Transmitter Characteristics

	6.6.1B
	Occupied Bandwidth for UL-MIMO
	Occupied Bandwidth
	YES
	NO
	Transmitter Characteristics

	6.6.2B
	Out of band emission for UL-MIMO
	Out of Band Emission
	YES
	NO
	Transmitter Characteristics

	6.6.3B
	Spurious emission for UL-MIMO
	Spurious Emission
	YES
	NO
	Transmitter Characteristics

	6.7B
	Transmit Intermodulation for UL-MIMO
	Transmit Intermodulaltion
	YES
	NO
	Transmitter Characteristics

	6.8B
	Time alignment between transmitter branches for UL-MIMO
	Time alignment between transmitter branches
	N/A
	N/A
	Transmitter Characteristics


Table 3 RF Parameters for UL-MIMO When Testing Receiver Characteristics
	Test Case
	Test Parameters in the TC
	Related RF Parameters
	Per antenna
	Per UE
	Notes

	7.3B
	Reference Sensitivity Level for UL-MIMO
	Maximum Output Power PUMAX
	NO
	YES
	Receiver Characteristics

	7.4B
	Maximum Input Level for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.5B
	Adjacent Channel Selectivity (ACS) for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.6.1B
	In-band Blocking for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.6.2B
	Out-of-band Blocking for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.6.3B
	Narrow Band Blocking for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.7B
	Spurious Response for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics

	7.8.1B
	Wide Band Intermodulation for UL-MIMO
	Maximum Output Power PCMAX_L-4dB
	NO
	YES
	Receiver Characteristics


3. Conclusions

In this contribution, we provide our views on UL-MIMO related RF parameters and have analyzed all the parameters and classified them into two type groups, i.e. per antenna and per UE parameters as shown in table 1 and 2. For RF parameters related to receiver characteristics, the parameters of UL-MIMO are shown in table 3. Based on the analysis in section 2, we have the following proposals:
Proposal 1: when the parameters to be measured are per antenna parameters, there are almost no differences in test procedures between single antenna and UL MIMO cases but only the different number of antennas.
Proposal 2: when the parameters to be measured are per UE parameters, there are some differences in test procedures and test tolerance between single antenna and UL MIMO cases and they should be highlighted in test procedures.
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