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1 Introduction
In the previous RAN4 meetings, the effects of CA on DL/UL demodulation requirements were analyzed in [1] and [2]. It seemed that the acceptable baseline idea for the CA test is to reuse Rel-8/9 requirements in a ‘Building Block’ manner to accelerate the RAN4 progress. However, there are some issues needing further study.
Firstly, there are a lot of performance requirements under different transmission schemes and channel models in Rel-8/9. The question is whether RAN4 should define the CA requirements corresponding to all (or most) of them like the way that RAN4 did for DC-HSDPA. Secondly, there would be a number of different CC bandwidth combinations for different CA scenarios, and there would be a number of new UE categories for CA too. A good coverage for both of them would be needed.
Therefore, the CA test should be flexible and scalable. Furthermore, keep in mind that RAN4 also need to minimize test cases number. This paper will discuss the general methodology to define the CA tests and focus on PDSCH and PUSCH.
2 Discussion

2.1 Test purpose for CA performance
For DC-HSDPA, the requirements were defined by extending the existing HSDPA requirements, where a note was added that for Fixed Reference Channel (FRC) H-Set 6A the reference values for R (Throughput) should be scaled (multiplied by 2.0). 
But for LTE, because the number of the requirements for PDSCH and PUSCH would be a little larger, reusing the DC-HSDPA way might lead to some kind of redundancy in the specifications. On the other hand, the CCs of DC-HSDPA are with the same bandwidth, while the bandwidths configured on each CC of CA would be different. And different bandwidths would correspond to different requirements. So we might not multiply the throughput directly for CA.
In our view, there would be two test purposes for CA:

· The first test would be verify whether receiver could demodulate multiple CCs simultaneously, which could be viewed as a “stress” test to test the maximum capability and to rule out the poor implementation. 
· The second test is to ensure that CC is Rel-8/9 compatible.
Both purposes could be verified by parallel using the existing Rel-8/9 test devices and the connection could be the same as that for DC-HSDPA (although it would be issue for RAN5, it would affect how to define the RAN4 requirements). One example with two CC is given in Figure 1.
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Figure 1 Connection for two cell tests with Multi-path Fading propagation (for DC-HSDPA)
In order to fulfil the first purpose, 
· The maximum number of CCs should be configured with the maximum bandwidths, larger MCS and under the same transmission mode. Only one or small number of transmission modes are suggested to be used in order to reduce the test number. All the CCs are transmitted simultaneously, and each CC undergoes the independent fading. 
· At receiver, the demodulation and decoding should be performed on all the CCs. 
· The ACK/NACKs for all the CCs would be fed back to and counted at the test device.
In order to fulfil the second test purpose, each CC could be viewed as a separate Rel-8/9 UE/eNB and be tested separately according to the existing Rel-8/9 requirements under various transmission modes and channels, although the signals on all the CCs could be transmitted simultaneously to speed up the test.
The main difference between these two kinds of tests is whether the maximum bandwidths are configured on each CC. Since many requirements under different transmission modes in Rel-8/9 are primarily based on 10MHz (or 5MHz), it would be difficult to define the stress tests for every transmission modes if we want to reuse the existing requirements. 
Therefore, we would only define the stress test under the transmission mode with requirements covering different possible bandwidths. And for the rest transmission modes, we could merely say that each CC should fulfil the Rel-8/9 requirements as a separate UE/eNB, where the bandwidth configured on each CC would be aligned with Rel-8/9 requirements. Compared with the requirements in DC-HSDPA, which use the sum of throughput as test metric, to verify each CC to fulfil the Rel-8/9 requirement independently would be more stringent.
2.2 Requirements for stress test
SNR problem
If the maximum bandwidths configured on separate CCs are different, the required SNR for 70% TP would be slightly different. In principle, we can not reuse one uniform SNR as the requirement to test all the CCs with different bandwidths simultaneously. That would cause a problem for stress test.
The problem would be solved in two ways:

· Option1: The whole test would be divided into several steps. In each step, only the CCs with one bandwidth are tested. But which bandwidth should be tested in each step would be randomly selected.
· Option2: The other method is to test all the CCs and count the ACK/NACKs from them simultaneously. Instead of adding noise to hybrid device as shown in Figure 1, the alternative way would be add different SNRs to different CCs separately before hybrid. In that case, the Rel-8/9 requirements could be reused directly.

Tansmission mode selection
One potential choice would be SIMO, firstly because for SIMO there are the requirements covering all the bandwidths and secondly because SIMO would be suitable for the minimum requirement.
For DL, among all the SIMO test cases, Case 2.x named as ‘SIMO transmission with different channel bandwidths’ of [3] might be a good choice further, as shown in Table 1. The MCS is 64QAM 3/4 and all bandwidths are covered. So they can serve as the corner test. And thanks to the great effort for UE cateogry1, a lot of partial bandwidth allocation requirements are also defined, which would bring some flexibility and scalability for handling CA UE category coverage issue.

For UL demodulation requirements, the requirements of the PUSCH are defined for all possible bandwidths. So it would be simple to choose the corner test case as the ‘building block’. Thus the requirements with assumption of 5/6 64QAM EVA5 4Rx and different bandwidths could be reused.

Table 1 Test cases for SIMO transmission with different channel bandwidths
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Requirements in TS36.101

	2.2
	1x2 64QAM 3/4 3MHz
	R.5
	EVA5
	Low
	70% tp
	17.6dB

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	17.4dB

	1.8
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	Low
	70% tp
	17.7dB

	2.4
	1x2 64QAM 3/4 15MHz
	R.8
	EVA5
	Low
	70% tp
	17.7dB

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	17.6dB


The coverage of CA bandwidth combination
It was agreed that the CA scenarios would be added in a release specific manner. In theory all the bandwidth combinations would occur in the future. For stress test, 20MHz could be improper assumed on every CC. There would be risk that some future CA scenarios could not support 20MHz on certain CCs.
Therefore, we suggest defining the stress test per CA scenario instead of trying to get a universal one. In that way the band agnostic requirements could be difficult to be obtained. But the maximum receiving capability for CA could be verified well.
But since each existing band supports 20MHz, not many stress tests would be defined. Take 2CC CA scenarios as an example. Maybe the stress tests of 20MHz+20MHz and 20MHz+15MHz would be enough. Or 20MHz+15MHz (or some combination like that) would be acceptable as the trade off between the band agnostic and maximum capability test.
CA UE category coverage

The UE category issue was still under discussion. Thanks to the effort for low UE category demodulation requirements, there are a lot of test cases in TS36.101 with partial bandwidth allocation related to the test case2 in Table 2, i.e., our proposed ‘Building block’. The above stress test would be scalable.
Effect of ACK/NACK transmission
For ACK/NACK feedback PUCCH format3 and/or channel selection will be used. But it seemed that there was no final decision on the details in RAN1. But these schemes might have impacts on PDSCH demodulation performance. If the ACK/NACK feedbacks for different CCs are coupled to some extent, the reusing method can not be employed directly. So we need choosing the ACK/NACK feedback scheme and designing the test carefully. Of course, the ideal feedback should be in the independent manner for every ACK/NACK feedback.

3 Conclusions
In this paper, two kinds of CA performance test are suggested. One is the stress test with maximum bandwidth configured on each CC and simultaneous transmission and receiving. It would be defined under SIMO and Rel-8/9 requirements could be reused. The other test could verify the Rel-8/9 compatibility of each CC under different transmission modes. All the CCs could be tested separately per Rel-8/9 requirements.
And the stress tests are suggested being defined according to CA scenarios in order to form a good maximum capability test for CA. And the UE category and bandwidth combination coverage needs be taken into account too. The trade off would be needed.
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