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1 Introduction
In this contribution we discuss the test configuration for intra-band carrier aggregation according to the way forward proposed in [1]. The following items of the general test setup 

· EVM 6% as for Rel-8

· band agnostic

· no assumptions on the UE receiver implementation of synchronization or its FFT size

should apply, but for the modeling of the relative frequency error proposed in [2], two options detailed in [3] are still on the table: 

Option 1: Model the frequency error in simulations targeting for the minimum requirements as proposed in R4-110057. The frequency error would be not modeled in the actual conformance test setup but would be subject to the TE implementation.

Option 2: Do not model the frequency error in simulations targeting for the minimum requirements. Mandate a low frequency error (e.g. using a common frequency reference) in the test equipment. Feedback from TE vendors would be needed to assess the feasibility of this alternative.
We propose to adopt option 1 in view of the minimum requirement on the BS carrier frequency. This implies that Rel-8/9 performance cannot be scaled for test cases with a high SNR test point. Now, the carrier aggregation feature is not needed to meet the ITU-R IMT Advanced requirements, initial test cases can therefore focus on verification of the functionality of the feature. Tests of demodulation performance therefore be based on lower-order MCS for which Rel-8/9 performance can be scaled for the maximum relative frequency error proposed (100 Hz). However, the sustained data-rate test needs special attention.
We begin by discussing the demodulation test cases and then discuss the impact of a frequency error on the sustained data-rate test. 
2 Test configuration for CA Bandwidth Class C
2.1 The relative frequency error
In [2] it is proposed to model the relative frequency error between the CC(s) as a constant frequency error of up to about 100 Hz, viewing the error as slowly varying or semi-static,

· a constant error ferr picked randomly in the range -100 Hz < ferr < 100 Hz (uniform distribution), 
see also details repeated in Annex A. The maximum relative error for the simulations is still smaller than the maximum absolute error allowed per CC, 0.05 ppm, which implies an error of 190 Hz at 3.8 GHz, the highest carrier frequency currently discussed by 3GPP (the same applies for the EVM model in relation to the minimum requirements). The frequency error model should be applicable for the generic test configuration for CA.

2.2 Initial CA scenarios for SIMO
Given a frequency error in the generic test setup, the idea is to specify test cases for the first phase that are not dependent on frequency error to ensure completion of the tests until the ITU-R submission is due. The following SIMO test cases, i.e. transmission mode 1, from [3] meet this:

1. 10 + 10 MHz, QPSK 1/3, EVA5

2. 20 + 20 MHz, QPSK 1/3, EVA5

with PUCCH Format 1b used for reporting, and with U/D configuration 1 for TDD.

The modulation complexity can in fact be increased without a noticeable impact on the frequency error. Figure 1 shows the relative throughput on each CC for the following 10 + 10 MHz case:
· Transmission mode 1 

· 64QAM R = 0.75, EVA 5 and low correlation

· CC1: 10 MHz with no carrier frequency error

· CC2: 10 MHz with +100 Hz (static) carrier frequency error relative to CC1
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Figure 1: relative throughput on each CC for a 10 + 10 MHz case with carrier frequency error.

Thus there is no impact on the throughput of the frequency error for this case with a dispersive channel and low correlation.
2.3 Initial CA scenarios for MIMO

For MIMO we list the following test cases from [3] for a 2 x 2 antenna configuration
1. 10 + 10 MHz 16QAM 1/2, EVA5
2. 20 + 20 MHz 16QAM 1/2, EVA5

with the following proposed amendments

· Transmission mode 4

· Low antenna correlation

· U/D configuration 1 for TDD

should also meet the requirement of negligible impact on any frequency error. 

For A/N reporting the following could be verified as part of the test, using PUCCH 1-1 reporting mode,

· Format 1b with channel selection for FDD (4 A/N bits) and Format 3 for TDD

that would allow bundling-free operation for TDD (supposing Format 3 is mandatory for TDD). We propose to use TM4 here; TM9 will be verified as part of eDL-MIMO test cases. 
Next we consider the sustained data-rate test for which there is an impact of the frequency error.

3 The sustained data-rate test
The purpose of the sustained data rate test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for each UE category. Hence the primary purpose is not to test the PHY and it is proposed to 
· add test cases for the new UE categories devised for carrier aggregation: 6-8

· not add any additional CA test cases for Category 3-4 that are already tested from a processing standpoint.

The outstanding test for Category 5 could possibly also be based on carrier aggregation. 
For UE Categories 6-8, a relative frequency error between the CC(s) will have an impact on the SNR test point corresponding to the required TB success rate. Figure 2 shows simulation results for varying frequency errors on one of the two 20 MHz CC(s), the relative throughput on this component carrier is plotted as a function of the input SNR. The test parameters in brief:
· Transmission mode 3 with 2 x 2 configuration

· 20 MHz channel bandwidth

· 64QAM 0.6 with AWGN (for Category 3)

The impact of a +100 Hz relative frequency error is marginal at the 95% verification point. A +200 Hz error (not shown), on the other hand, would have necessitated a 3 dB correction of the SNR.
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Figure 2: the sustained data rate TC3 (for Category 3).
There is a more significant impact on TC4 for Category 4; Figure 3 shows the corresponding results (20 MHz and 64QAM 0.89).
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Figure 3: the sustained data rate TC4 (for Category 4).

The verification point is 85%, the effect of a +100 Hz error on one of the CC(s) corresponds to a +1 dB change of the required SNR. Going beyond a 100 Hz maximum error would clearly have an adverse impact and make the SNR unfeasible from a verification perspective. 

We conclude that the frequency error has an impact on the sustained-data rate test, but a maximum error of 100 Hz would limit the SNR increase at the 85% test point to around 1 dB. Alternatively, the test point could be reduced to 80% for Categories 6 and beyond. It is important to notice that the minimum requirement on the CC(s) frequency is ±0.05 ppm also under live conditions, regardless of network deployment. This should also be reflected in the minimum requirements for the sustained data-rate test for carrier aggregation. 
4 Proposal
We propose to adopt Option 1 in [1] for modeling a relative frequency error between CC(s) of up to 100 Hz. This has only a moderate impact on the sustained data rate test for the UE Category 4 test case with the highest SNR test points. The test equipment should be able to supply a 100 Hz frequency accuracy between CC(s). 
In order to finalize the performance requirements in due time for the ITU-R submission, it is proposed to focus on test cases that allow scaling despite the presence of a frequency error. The carrier-aggregation feature is not required to meet the IMT-Advanced requirements, whence it is sufficient to focus on functional verification for the ITU-R submission.  
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Annex A
Here we discuss the basic setup for the alignment and impairment simulations for carrier aggregation. For Rel-8 alignment simulations a TX EVM of 6% was assumed in view of “typical BS performance” and test-system capability and modeled assuming Gaussian errors. This should be compared to the minimum performance for the BS is 8% for 64QAM and higher for lower modulation orders. The alignment simulations are otherwise carried out with an ideal radio but with realistic channel- and noise estimation.

It is relevant to consider the corresponding prerequisites for carrier aggregation before discussing the scenarios. We limit the discussion to two CC(s) and note that

1. nothing mandates the use of PSS/SSS on both of the two CC(s), we only know that

a. the BS must produce signals on the two CCs with a maximum timing alignment error < [130] ns (tentatively)

b. the BS generates each CC with a maximum frequency error < ±0.05ppm for Wide Area BS

2. a UE that supports two UL CC (depending on capability) must be able to generate these uplinks each with a maximum frequency error of 0.1ppm w r t the Pcell over one time slot (0.5 ms)

3. the BS EVM minimum requirement will be the same as for Rel-8 per CC

For the TX EVM assumption it is suggested to reuse the 6% requirement per component carrier. Additionally, in view of the prerequisites above, it is reasonable to assume a certain relative frequency error between the two CC(s) while not making any assumption for the individual CC(S) other than that PCC is taken as a reference in view of Item 2 above.

The frequency error between the two carriers can be assumed to be modeled by a slowly varying frequency error, or possibly semi-static and neglecting the phase noise (jitter). In view of the minimum requirement of 0.05 ppm (absolute), a lower absolute error per CC could be used just as for EVM chosen such as the maximum relative error stays within 0.05 ppm · 2 GHz = 100 Hz, for example, which should cover both Band 1 and Band 40. The relative frequency error between the CC(s) can be modeled as a slowly varying, possibly constant frequency error of up to about 100 Hz. Viewing the error as semi-static, we propose to model the relative frequency error as

· a constant error ferr picked randomly in the range -100 Hz < ferr < 100 Hz (uniform distribution).

No assumptions should be made on the UE receiver implementation of synchronization or its FFT size. 

From a test perspective an assumed frequency error is also reasonable, see the connection diagram with two test systems (SS) in Figure 1 for DC-HSDPA. It is noted that the diagram does not mandate any particular implementation of the test system but merely shows the signal flow.
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Figure A.1: test connection diagram for DC-HSDPA
































































































































































































































































































































































