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1 Background

This document presents a text proposal for the CA UE transmit modulation quality(skeleton of this TR has been agreed in [1]) for section 6.5.
2 Discussion

In [2], The Error Vector Magnitude(EVM) is a measure of the difference between the reference waveform and the measured waveform.This difference is called the error vector, including phase and amplitude difference. Usually, The Tx imperfection(such as the LO phase noise and PA distortion) plays a key role in contributing to the EVM. 
For the intra-band continuious CA, RB can be freely allocated for the different CC carriers, and different MCS can also be used for each CC ,thus EVM should be difined per CC. From the implementation aspect, the same Tx imperfection also exist, when the two CCs share one RF Tx architecture(one LO and one PA), the same EVM procedure will be applied, while the two CCs have each own RF architecture, the two RF chain will influent each other.The extra IMD will urgent the PA distortion,but it can be lighten by the appropriate MPR. The possible extra phase noise by the two LO will worsen the constellation modulation quality, also the filter can lighten this influence. It is sounds good to keep the same EVM requirements for the legacy UE device in R10, in this way the UE can guarantee the same demodulation performance with R8.Additional, PUCCH format 3 have been adopted in RAN1, and for PUCCH format 3, also the same EVM requirement is considered with the other format.
The text proposal starts from the next page. 

3 Proposal
It is proposed that the text below is discussed and approved to be captured in 36.807 [1]. 
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6.5.2.1A  Error Vector Magnitude
For the intra-band continuious CA, RB can be freely allocated for the different CC carriers, and different MCS can also be used for each CC ,thus EVM should be difined per CC. From the implementation aspect, the same Tx imperfection also exist, when the two CCs share one RF Tx architecture(one LO and one PA), the same EVM procedure will be applied, while the two CCs have each own RF architecture, the two RF chain will influent each other.The extra IMD will urgent the PA distortion,but it can be lighten by the appropriate MPR. The possible extra phase noise by the two LO will worsen the constellation modulation quality, also the filter can lighten this influence. It is sounds good to keep the same EVM requirements for the legacy UE device in R10, in this way the UE can guarantee the same demodulation performance with R8. Additional, PUCCH format 3 have been adopted in RAN1, and for PUCCH format 3, also the same EVM requirement is considered with the other formats. The Minimum requirements for EVM in table 6.5.2.1.1-A is appied to each CC for intra-band contiguous CA.
-------------------------- End of TP --------------------------
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6.5.1
Frequency error

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B 
6.5.2
Transmit modulation quality

Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE.   The transmit modulation quality is specified in terms of:

-
Error Vector Magnitude (EVM) for the allocated resource blocks (RBs) 

-
EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process

-
Carrier leakage (caused by IQ offset)

-
In-band emissions for the non-allocated RB

All the parameters defined in clause 6.5.2 are defined using the measurement methodology specified in Annex F.

6.5.2.1
Error Vector Magnitude 

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.

The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly.  The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power, modulation or allocation between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur.  The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.
6.5.2.1.1
Minimum requirement 

The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK  or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]


Table 6.5.2.1.1-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -40

	Operating conditions
	
	Normal conditions


6.5.2.1A 
Error Vector Magnitude
For intra-band contiguous carrier aggregation, The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform for each component carrier. This difference is called the error vector. Before calculating the EVM for each component carrier, the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.

The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly.  The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power, modulation or allocation between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur.  The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.

6.5.2.1.1A  minimum requirement for CA 
The the RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, 
For CA bandwidth Class A, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2.
For CA bandwidth Class C, for the different modulations schemes per CC shall not exceed the values specified in Table 6.5.2.1.1A-1 for the parameters defined in Table 6.5.2.1.1-2.For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a ,2b and 3 are considered to have the same EVM requirement as QPSK modulated.
Table 6.5.2.1.1A-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level
PCC/SCC
	Reference Signal EVM Level
PCC/SCC

	QPSK  or BPSK
	%
	17.5
	[17.5]

	16QAM
	%
	12.5
	[12.5]


The EVM equalizer spectrum flatness in section 6.5.2.4 and the minimum requirement in section 6.5.2.4.1 can also appy to each component carrier for the CA.
6.5.2.2
Carrier leakage

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
6.5.2.2.1
Minimum requirements

The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1-1.

Table 6.5.2.2.1-1: Minimum requirements for Relative Carrier Leakage Power
	
	Parameters
	Relative Limit (dBc)

	
	Output power >0 dBm
	-25

	
	-30 dBm ≤ Output power ≤0 dBm
	-20

	
	-40 dBm ( Output power < -30 dBm
	-10


6.5.2.2A Carrier leakage for CA
For intra-band contiguous carrier aggregation, Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency per component carrier. The measurement interval is one slot in the time domain.

6.5.2.2.1A Minimum Requirements for CA
The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1A-1.
Table 6.5.2.2.1A-1: Minimum requirements for Relative Carrier Leakage Power

	
	Parameters
	Relative Limit (dBc)

	
	Output power >0 dBm
	-25

	
	-30 dBm ≤ Output power ≤0 dBm
	-20

	
	-40 dBm ( Output power < -30 dBm
	-10
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