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Introduction
Defining requirements for in-band emissions and EVM (allocated PRB) for carrier aggregation is not straightforward due to the degrees of freedom: many UE implementations are possible with different number of local oscillators, and the PRB allocations can be non-contiguous across active CC(s), for example. This complexity and the impact on system performance have been addressed in e.g. [1] and [2], but it may in fact be possible to meet the basic purpose of the test 

· verifying sufficient suppression of LO leakage (IQ offset in baseband) and IQ image
by a simple test with one single contiguous PRB allocation at the edge of one of the two active component carriers as discussed in [1]. 
In the measurement procedure for the allocated EVM in Rel-8, the IQ offset is removed in a joint minimization process before the measurement along with carrier frequency and synchronization. Removing the IQ offset for two aggregated uplink CC(s) is more complicated since several LO may be used in the UE implementation, one for each CC. A simple approach for Rel-10 may be to verify the EVM per CC separately (the Rel-8 requirement) and add an additional requirement at a later stage if needed. This obviously also applies for the spectral flatness that is used in the EVM measurement process.
2
In-band emission requirements for intra-band CA
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 (LO leakage)

· be sufficiently suppressed at the IQ image.

These basic aspects could also be verified for carrier aggregation for Rel-10 in the following way, 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 carrier 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, 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: image23.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 (at the same frequency offset from the centre LO as the allocated block). However, separate LO(s) may equally well have been used, 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 could be limited so that no overlap occurs with the possible LO location in the centre of the CC (hence smaller than 3 RB if a 1.4 MHz carrier is allocated). However, the requirements could also apply for full allocation in one of the CC(s) if the requirements are specified as
· allowance of up to two exceptions for the LO and up to one for the IQ image.

The allocated block must be contiguous for it is assumed that the carriers are configured with nominal carrier spacing. Inter-modulation between blocks in a non-contiguous allocation is discussed below.

3
EVM and spectral flatness
The EVM measurement for Rel-8 is preceded by a minimization process (from TS 36.521-1)
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-contigupus blocks allocated in the two active uplinks; the Rel-8 process assumes presence of one carrier creating an IQ offset. While not covering the most general aspect of non-contiguous allocations across two uplink CC(s) the following method in which

1. the EVM is measured with an allocation (possibly non-contiguous) confined within one of the CC(s)

2. the ideal signal i(ν) confined to this CC, may cover one of the LO(s) if implemented per CC or if asymmetric when the CC bandwidths are not equal (e.g. centered in a 5 + 10 MHz configuration)
3. the other carrier active, part of z(ν), but not allocated

may still be sufficient for the Rel-10 timeframe. The spectral flatness would also be measured across the allocated carrier. Alternatively, the EVM is measured for the allocated CC but with the other deactivated, the Rel-8 requirements should apply then,
4
Possible additional test for inter-modulation
Non-contiguous transmission within a CC or across CC(s) may create inter-modulation products in-band, similar to the unwanted emissions generated by non-contiguous allocations. The degrees of freedom for allocating non-contiguous blocks is large so what should be used in the test case?
It may be sufficient to resort to a simple test to ensure basic linearity performance: the “two-tone test” suggested in [3] (more details therein) could serve the purpose of verifying the suppression of intermodulation in-band. The configuration of the two-tone test is shown in Figure 9. Two single (or small) RB allocations are located symmetrically with respect to centre of the aggregated bandwidth. It is easy then to predict the location of the 3rd order responses. The IQ image would be masked in the example below, but the image rejection has to be met by each CC verified separately in order to meet legacy requirement. Hence the two-tone test is a complement to the main in-band test above. 

[image: image2]
Figure 2: two-tone test to verify IM3 rejection in-band.
The limits for the two-tone test could be consistent with the general mask in Figure 1, i.e. the relation between the 3rd order intermodulation products and the allocated carriers. 
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Proposal
For UE(s) supporting two UL CC(s) we propose to
· verify in-band emissions by a single contiguous PRB allocation on one of the CC(s) and measure emissions across both active CC(s), possibly complemented by an additional inter-modulation test,
· verify EVM and spectral flatness by an allocation in one of two uplinks with the other active but not allocated.
A text proposal to capture the proposed in-band test in Annex B of TS 36.807 is attached below. 
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TEXT PROPOSAL:

<start of text proposal for Annex B>
6.5.2.3

In-band emissions

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. 

The basic in-band emissions measurement interval is defined over one slot in the time domain.  When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one SC-FDMA symbol, accordingly.
6.5.2.3.1

Minimum requirements
The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.
Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter Description
	Unit
	Limit  (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-25
	Image frequencies (Notes 2, 3)

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (Notes 4, 5)

	
	
	-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 10.
Note 2:
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 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

Note 4:
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 total power in all allocated RBs.
Note 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

Note 6:
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is the Transmission Bandwidth (see Figure 5.6-1). 

Note 7:

[image: image7.wmf]RB

N

 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

Note 8:
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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 9:
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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 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


6.5.2.3.1A

Minimum requirement for intra-band carrier aggregation
For UE(s) supporting two UL CC(s), the requirements in Table 6.5.2.3.1B-1 apply within the aggregated maximum transmission bandwidth with both CC active and one single contiguous RB allocation of bandwidth 
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 in the Primary or Secondary CC. 
Table 6.5.2.3.1A-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)

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

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

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

	
	
	
	

	Note 1:
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 2 non-allocated RBs. The measurement bandwidth is 2 RB.
Note 3:
Exceptions to the general limit is allowed for up to one non-allocated RB. The measurement bandwidth is 
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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) [include limitation]. 

Note 5:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

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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<end of text proposal for Annex B>
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