3GPP TSG-RAN WG4 Meeting #75
R4-153381
Fukuoka, Japan, 25 – 29 May, 2015
Agenda item:
5.1.2 Rel-12 corrections, CA requirements 

Source: 
Qualcomm Incorporated

Title: 
EVM for Intra-band contiguous UL CA for non-equal Channel BWs
Document for:
Approval
1. Introduction
Our recent studies in the UL CA EVM have indicated that the specification is ambiguous for contiguous UL CA configurations with non-equal bandwidths and needs to be corrected.
2. Discussion

Intra-band contiguous UL CA channel arrangement includes combination of CC with each having channel bandwidths 5, 10, 15 or 20 MHz. The UE transmitter RF part will handle this as one transmission as described in reference architecture for intra-band contiguous in [1] and RF carrier will leak to the center frequency of Aggregated Transmission Bandwidth Configuration. 
2.1. Carrier leakage position

In case of two equal channel bandwidths configuration, the carrier leakage falls in between CC’s as shown in Figure 1 (b) but in case of non-equal channel bandwidth configuration, the carrier leakage will fall on top of CC with wider channel BW. This is shown in Figure 1 (c) where carrier leakage is on top of CC2. This case may resemble the single CC where no uplink CA is configured as shown in Figure 1 (a) but in that case, the presence of carrier has been take into account by not allocating any data to the center most sub-carrier and in EVM test it is removed  as described in 36.101 sub-section 6.5.2.1 “shall be removed from the measured waveform before calculating the EVM” 
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2.2. EVM for UL CA

EVM for UL CA is defined in 36.101 sub-section 6.5.2A.1. The EVM requirement is valid only “with PRB allocation in one of the component carriers” but the text in the top section for 6.5.2A Transmit modulation quality  for CA requires “PCC and SCC in the UL configured and activated” thus UE tx must be ready to transmit on both CC’s. For the single LO architecture, the frequency and relative position of carrier leakage in CC will therefore depend on channel BW’s for both configured CC’. It can also reside either on Pcc or on Scc. In all cases for non-equal channel BW’s, the carrier leakage will contribute to the EVM of the wider CC.
Observation 1: In intra-band contiguous CA, carrier leakage may have position other than center of CC

The carrier leakage is defied in sub-section 6.5.2A.2.1 for UL CA. The leakage amount is dependent on the output power as shown in Table 1 where two first columns are copied from 36.101 table 6.5.2A.2.1-1 and the last column shows the impact of non-removed carrier leakage to EVM.
Table 1 Allowed carrier leakage for UL CA and corresponding contribution to EVM

	Parameters
	Relative Limit (dBc)
	Contribution to EVM [%]

	Output power >0 dBm
	-25
	5.6%

	-30 dBm ≤ Output power ≤0 dBm
	-20
	10%

	-40 dBm ( Output power < -30 dBm
	-10
	31.6%


This calculation is also verified with system simulation.
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Figure 2 System simulation of EVM with -10 dBc LO included
The minimum requirement for EVM is the same for non-CA in sub-section 6.5.2.1.1 and for UL CA Table 6.5.2A.1-1. Also, in case of equal channel BW, the carrier will leak between the CC’s and does not contribute to EVM of either CC’s as it contributes to the EVM of non-equal channel BW case. The minimum requirement does not seem to reflect these varying conditions at all. Therefore, we find that the specification for UL CA EVM is ambiguous and should be corrected. 
3. Correction proposal
Instead of embedding carrier leakage to the EVM budgets, we would like to take the approach that carrier leakage is removed in UL CA EVM test procedure before calculation of EVM. This seems to be the intention of the specification but unfortunately there are ambiguities.

Proposal 1: Carrier leakage should be removed in EVM test by test equipment and by enodeb in live network from all possible locations described by Figure 1
For EVM test we propose following modifications to 36.101. For removal in live network we encourage infra vendors to make proposals. 
3.1. Removal of term IQ Origin offset
For a transmission where IQ signal is modulated around one carrier, the terminology in 36.101 is understandable. IQ origin offset is caused by carrier leakage as the carrier leaks to modulation origin but for the case shown in Figure 1 (c) the term IQ origin offset removal is not clear or it does not cover the effects of non-centred carrier leakage. As the term carrier leakage is unique for both cases, we propose to replace the term IQ origin offset with carrier leakage in sections 6.5.2.1, 6.5.2.2, 6.5.2A.2 and appendix F.4. 
With this change, we enable carrier leakage removal in EVM specification and test procedure when carrier is not in the center of modulation.
3.2. Carrier leakage definition for intra-band contiguous CA

Changes proposed in previous section are not enough to ensure correct interpretation of carrier leakage removal in EVM test. The definition of carrier leakage in sub-section 6.5.2A.2 is ambiguous for intra-band contiguous CA and we propose to complement the text with the term “Aggregated Transmission Bandwidth Configuration center frequency” as defined in section 5.6A. 

3.3. EVM definition for CA

To further clarify the EVM definition for CA, we would like to propose an amendment to sub-section  6.5.2A.1 which clarifies that the same transmitter impairment removals are applied to CA EVM test case as in sub-section 6.5.2.1 specifies for non-CA EVM.
Summary of all changes are shown in Appendix A
4. Conclusion
Observation 1: In intra-band contiguous CA, carrier leakage may have position other than center of CC
Proposal 1: Carrier leakage should be removed in EVM test by test equipment and by enodeb in live network from all possible locations described by Figure 1
In addition to proposal 1, we propose several changes to 36.101 to clarify terminology and carrier leakage removal in EVM test in UL Intra-band contiguous CA.
Reference

[1] 3GPP TR 36.807 V10.0.0, “User Equipment (UE) radio transmission and reception”
Appendix A
------Start of changes
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 carrier leakage 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 %.

------End of changes
------Start of changes
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.

------End of changes
------Start of changes
6.5.2A.2
Carrier leakage for CA

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency or center frequency of Aggregated Transmission Bandwidth Configuration. Carrier leakage is defined for each component carrier and is measured on the carrier with PRBs allocated. The measurement interval is one slot in the time domain.

------End of changes
------Start of changes
F.4
Modified signal under test

…non relevant text not shown here….
To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

· correct the RF frequency offset 
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for each time slot, and

· apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The IQ origin offset carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative IQ origin offset carrier leakage power (relative carrier leakage power) also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs. In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), 
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, is used to evaluate the in-band emissions. 

------End of changes
------Start of changes
6.5.2A.1
Error Vector Magnitude
For the intra-band contiguous and non-contiguous carrier aggregation, the Error Vector Magnitude requirement should be defined for each component carrier. Requirements only apply with PRB allocation in one of the component carriers. Similar transmitter impairment removal procedures are applied for CA waveform before EVM calculation as is specified for non-CA waveform in sub-section 6.5.2.1.
When a single component carrier is configured Table 6.5.2.1.1-1 apply.

The EVM requirements are according to Table 6.5.2A.1-1 if CA is configured in uplink.

Table 6.5.2A.1-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level per CC
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5


------End of changes
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