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1 Background
In this update of [1] we propose test methods for measuring the EVM and the LO leakage, and discuss the outstanding minimum requirements on the EVM and LO leakage for intra-band CA. For Rel-8 these are verified as part of the global in-channel test for the transmitter, just as the carrier frequency accuracy. However, the global in-channel test for CA is less straightforward since the LO configuration of the UE is not known a priori as in Rel-8. The test methodology should not such that a certain transceiver implementation, and LO configuration in particular, is assumed or known.
It has been agreed earlier to measure the EVM with both CC(s) active but at the same PSD, which his has been implemented in 36.101. Rather than doing this, we propose to revisit this and suggest that each CC is measured separately with the other CC(s) active but not allocated in view of the degrees of freedom in the UE transmitter implementation. This test configuration is also used in a pre-FFT minimization process that yields the carrier frequency accuracy and sample timing, but not necessarily a relevant IQ origin offset in terms of the LO leakage. 
Before discussing the global in-channel test, we recall the in-band emission test case for intra-band contiguous CA as implemented in 36.101. 
2 The in-band test 
For Rel-8, any in-band emissions outside a contiguous block shall

· not exceed a mask outside the allocated PRB including an IM3 region next to the allocated block

· be sufficiently suppressed at the IQ origin (the carrier leakage)

· be sufficiently suppressed at the IQ image.

These basic aspects could be verified for carrier aggregation for Rel-10 in the following way while retaining flexibility of the UE transmitter implementation,
1. two uplink CC(s) are activated (we only consider CA Class C)

2. one single contiguous RB block is allocated at the edge of one of the CC(s) but not overlapping with the LO frequency of this CC

3. the in-band emissions shall be below a general mask outside the allocated block

4. up to two exceptions are allowed for possible LO frequencies, the mask can then be exceeded in up to two PRB per exception

5. one exception is allowed for the IQ image, for the exception the mask can be exceeded in a contiguous block of RB of the same size as the allocated block.
The method is illustrated in Figure 1.


[image: image19.bmp]
Figure 1: specification of in-band emissions for carrier aggregation with exceptions.

In Figure 1 it is assumed that the LO is located in between the two active CC(s), and the image then falls at the edge of the secondary carrier. However, separate LO(s) might equally well have been configured, the two blue dotted arrows in Figure 1, whence the image would have been located in between the two CC(s). The general mask is indicated by dotted lines.

The size of the allocated block should be limited so that no overlap occurs with the possible LO location in the centre of the CC (smaller than 3 RB if a 1.4 MHz carrier is allocated) and hence not the IQ image, thus avoiding the summation needed for the Rel-8 test. The allocation size should be 
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The general mask should be the same as for Rel-8, for the allocated carrier,
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and continued within the non-allocated carrier
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where the allocation and maximum transmission configuration NRB are those of the allocated carrier.
3 The global in-channel test
For Rel-8, the in-band test is preceded by a pre-FFT minimisation process just as the EVM and carrier-frequency measurements. This is part of the global in-channel test, from 36.521-1
3.1 E.3.1
Pre FFT minimization process

Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into 20 pieces, comprising one slot each. Each slot is processed separately. Sample timing, Carrier frequency and baseband-I/Q offset (corresponding carrier leakage in RF) in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.

The carrier frequency variation and the IQ variation are  the measurement results: Carrier Frequency Error and Carrier leakage.
in which the LO leakage is suppressed in the measurement process. For Rel-10 this may involve two carriers within non-contiguous blocks allocated in the two active uplinks or one single common with unknown LO position, while the Rel-8 process assumes presence of one centred carrier creating an IQ offset. 
3.2 Frequency accuracy of the CC
The requirement on the frequency accuracy of the component carriers is measured with respect to the PCC, and therefore needs to be measured with both component carriers active. 
One configuration is shown in Figure 2 with two CC(s) of equal bandwidth. The Tx signal in the base-band z(ν) is then sampled at e.g. twice the Rel-8 rate: 2 x 30.72 MHz. This means that the aggregated channel bandwidth is sampled in the test procedure.

[image: image5]
Figure 2: input signal for the global in-channel test (not to scale).
Measuring the frequency accuracy with the ideal signal i(ν) comprising both component carriers will not give an accurate result minimising the RMS of the composite z(ν) - i(ν) if two separate LO(s) are used in the DUT. Then we implicitly assume the ideal signal represents a composite signal modulated on a single LO, which is possibly located in the gap between the CC(s). Instead it may be more straightforward to keep both CC(s) active but only schedule PRBs on the one of them, e,g, the PCC. Varying the carrier frequency, timing and IQ offset of the difference z(ν) – ip(ν) with the ip(ν) ideal signal with PRB scheduled on the PCC only should give the 
· carrier frequency and the sample timing of the PCC,
regardless of the LO configuration. The process is then repeated for the SCC to give its carrier frequency and sample timing. Note that the ideal signal is(ν) then only contains PRB scheduled on the SCC (that cannot be operated without the PCC activated). Then it is possible to measure the carrier frequency errors independently.

The IQ origin offset may be relevant as the LO leakage if the LO of the DUT is at the centre of the PCC. Thus it may still be relevant to jointly vary the sample timing, IQ offset and carrier frequency in the pre-FFT minimisation. 
The measurement of the frequency error for CA is thus modified as follows, allowing the requirement to be verified for each CC separately:

6.5.1A 
Frequency error for Intraband CA
The UE modulated carrier frequencies per band shall be accurate to within ±0.1 PPM observed over a period of one timeslot compared to the carrier frequency of primary component carrier received from the E-UTRA in the corresponding band. This requirement may be verified per component carrier with component carriers not under test activated but not allocated.
3.3 In-band measurement

Once the pre-FFT minimisations is done for the PCC (SCC) the in-band measurement described above can be made with resource blocks allocated in the PCC (SCC) but not overlapping with a potential LO, see Figure 3. 

[image: image6]
Figure 3: the configuration for the in-band emissions test.
If the LO of the DUT is in the centre of the PCC (dotted in Figure 3), then it is not removed in the minimisation process when the IQ offset in varied, but appears as a tone offset from the 15 kHz raster amongst the allocated PRB(s). This should be reflected in the minimum requirement for the in-band emissions for the exceptions proposed. 
3.4 LO leakage

Firstly, if LO(s) are located at the respective centre of the two CC(s), these will appear as tones in the in-band spectrum. For Rel-8 the LO leakage requirement is the IQ offset as measured in the pre-FFT process, and is specified to 25 dBc. Likewise, the Rel-8 in-band requirements then mandates the remaining power around the centre frequencies, after removal of the LO, to be attenuated to 25 dBc. This in-band requirement is also adopted for Rel-10, but should then also contain the LO itself. 
Secondly, if a common LO is actually located in the gap between the carriers (suppose for example we measure equal bandwidths), then the IQ offset may represent the LO leakage and no “tones” will appear in the in-band spectrum. 
How to specify the LO leakage? One way could be to require that 

· no exception from the in-band mask, as measured with the requisite MBW for the LO, should exceed 25 dBc even if the LO(s) are actually centred in the CC(s)

· the IQ offset should not exceed 25 dBc in the pre-FFT process for neither the PCC nor the SCC.

The IQ offset as measured separately for the PCC and SCC may be labelled CA IQ offset and will contain the LO leakage if a common LO is used. 
The LO leakage may then be specified as follows, the in-band test also need modification (the LO leakage should not be removed before the measurement):
6.5.2A.2
LO leakage

6.5.2A.2.1

Minimum requirement for intra-band contiguous CA

For intra-band contiguous aggregation, the LO leakage as measured in Clause 6.5.2A.3.1 and the CA IQ offset as measured by the pre-FFT process shall not exceed the levels in Table 6.5.2A.2.1-1.
Table 6.5.2A.2.1-1: Minimum requirements for Relative LO Leakage Power and CA IQ offset
	
	Parameters
	Relative Limit (dBc)

	
	Output power >0 dBm
	[-25]

	
	-30 dBm ≤ Output power ≤0 dBm
	[-20]

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


6.5.2A.3
In-band emissions

6.5.2A.3.1

Minimum requirement for intra-band contiguous CA

For UE(s) supporting two UL CC(s), the requirements in Table 6.5.2A.3.1-1 apply within the aggregated maximum transmission bandwidth with both CC(s) active and one single contiguous PRB allocation of bandwidth 
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 in the Primary or Secondary CC at the edge of the aggregated maximum transmitted bandwidth. The LO leakage shall not be removed before measuring the in-band emissions. 
Table 6.5.2A.3.1-1: Minimum requirements for in-band emissions
	Parameter 
	Unit
	Limit
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 1)

	IQ Image
	dB
	-25
	Exception for IQ image 

(Note 2)

	LO leakage
	dBc
	-25
	Output power > 0 dBm
	Exception for LO frequency (Note 3)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

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

	Note 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 8. The limit is evaluated in each non-allocated RB. The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs

Note 2:
Exceptions to the general limit is allowed for up to 
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contiguous non-allocated RBs. The measurement bandwidth is 1 RB.

Note 3:
Two exceptions to the general limit is allowed for up to two contiguous non-allocated RBs. The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in the non-allocated RB to the measured total power in all allocated RBs.

Note 4:
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is the Transmission Bandwidth (see Figure 5.6-1) not exceeding 
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Note 5:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1) of the component carrier with RBs allocated. 

Note 6:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

Note 7:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

Note 8:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


3.5 EVM for a component carrier
Just as for the frequency error, measuring EVM against the composite signal i(ν) with both CC(s) allocated may not be straighforward since the LO configuration is not known, and therefore not obvious how to remove the carrier leakage for the calculation of the EVM. 
One way is to 

1. make the pre-FFT minimisation per component carrier as described in Section 3.2

2. ignore any possible LO component remining in the signal (if not removed in the pre-FFT process) and measure the EVM per CC separately

This would also work if the PCC and SCC bandwidths are unequal, as shown in Figure 4. The fact that an LO, sufficiently attenuated and meeting the LO leakage requirement, might be present in the measured signal may not necessitate any change of requirements if the Rel-8 numbers are reused. The CA IQ offset should be removed before measuring the EVM. 

[image: image18]
Figure 4: measuring the EVM for unequal bandwidths ignoring any presence of an LO centred in the CC.

The specification text for the EVM could be modified as follows:
6.5.2A.1
Error Vector Magnitude
The Error Vector Magnitude for CA is defined per component carrier as 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 of the component carrier. Then the CA IQ origin offset shall be removed from the measured waveform before calculating the EVM per component carrier. 
[text omitted]
6.5.2A.1.1

Minimum requirement for intra-band contiguous CA
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 6.5.2A.1.1-1 for the parameters defined in Table 6.5.2A.1.1-2. The requirement may be verified with the component carrier allocated and the remaining component carriers activated but not allocated.
When a single CC is transmitted Rel-8 EVM requirements apply.


Table 6.5.2A.1.1-1: 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]


3.6 Spectral flatness

If the EVM is measured per CC in turn, then the spectral flatness is measured across the allocated carrier for the case shown in Figure 2. The Rel-8 methodology and requirements can be reused.
4 Proposal
To sum-up, we propose that for intra-band CA
· the pre-FTT minimisation is made with all component active but only one allocated at a time, and then repeated for all carriers component carriers to give the respective carrier frequency accuracy and sample timing.

· the LO leakage performance could be measured by the exceptions to the in-band mask (relevant if LO(s) remain after the pre-FFT process) and the IQ offset (relevant if a common LO is used): neither of these measurements should exceed the Rel-8 requirement. 
The IQ offset is labelled the CA IQ offset as obtain by sampling across the aggregated channel bandwidth (with one of the component carriers allocated). The EVM could be verified by
1. keeping both component carriers active but with PRB(s) allocated in the carrier under test only, measure the PCC and SCC separately, and using the spectral flatness requirement for Rel-8 per CC
2. ignoring any possible LO remaining in the measured signal (if centered per CC and not removed) but removing the CA IQ offset
Hence the scope of the transmit modulation quality could be captures in 36.101 as follows:
6.5.2A
Transmit modulation quality for CA
Transmit modulation quality for carrier aggregation defines the modulation quality for expected in-channel RF transmissions from the UE when configured for carrier aggregation. The transmit modulation quality for carrier aggregation is specified in terms of:

-
Error Vector Magnitude (EVM) for the allocated resource blocks (RBs) in component carriers
-
EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process

-
LO leakage within individual component carriers or from aggregated carriers (CA IQ offset)
-
In-band emissions for the non-allocated RB 
All the parameters defined in clause 6.5.2A are defined using the measurement methodology specified in Annex F [to be added]
6.5.2A.1
Error Vector Magnitude
The above test method should be described in Annex F.
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