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1 Introduction
In RAN4 meeting #70, the topic related to UE CA scalable performance requirement was discussed [1~4]. In [1, 2] the concrete proposals to design the UE CA scalable demodulation performance and CSI requirements were provided. Unfortunately although the proposed scalable method at least for CA normal test cases would be acceptable to most companies, there was no agreement on how to move forward.
The main difference between companies is what methodology should be used for new CA performance requirements, i.e., whether the new scalable specification structure should be used, or the legacy methodology by using the sum of throughput as test metric and a number of fixed CA bandwidth combinations as the configurations should be followed.
Because CA is the very important feature to be widely used in the near future by all the operators, it would be worthwhile to have a deeper study on the methodology for specifying the CA performance requirements. 
In this contribution, we will show the necessity for the scalable performance requirements. 
2 CA bandwidth combinations
In RAN meeting #63, 7 new work items for 2-DL/1-UL CA and 13 new work items for 3-DL/1-UL were approved. Totally 21 2-DL CA work items and 37 3-DL CA work items are under discussion in Rel-12. In the attachment, the bandwidth combinations for all the CA configurations are listed. Based on the list, we would like to further summarize the characteristics of the bandwidth combinations of those CA configurations.
2.1 2-DL CA
There are still some 2-DL CA configurations which face the test coverage problem or potential problem, except for Band 27 intra-band contiguous CA and Band 23 intra-band non-contiguous CA:
· CA_39C: there are no normal CA test, power imbalance test or CQI test that can be applied for Band 39 intra-band contiguous CA, because it cannot support 20MHz+20MHz;
· CA_39A-41A: the existing 20+20MHz TM3 and soft buffer management requirements should be extended to cover CL_A-A;
· CA_1A-5A and CA_1A-7A fallback mode for CA_1A-5A-7A: they do not support 10MHz+10MHz and thus if the corresponding UE was required to be tested in fallback mode there would be problem.
2.2 3-DL CA
Going through all the existing 3-DL CA work items until RAN#63, we observe that
· There is no FDD 3-DL intra-band CA configurations and there is no TDD 3-DL inter-band CA;
· All the FDD 3-DL CA configurations belong to the inter-band CA;

· All the TDD 3-DL CA configurations belong to the intra-band CA.

In Table 1, Table 2 and Table 3, we summarize the supported bandwidth combinations lager than 3×10MHz for all the 3-DL CA configurations, where we call the CA band combinations with more than two bands as the inter-band CA. In Table 4 we summarize the characteristics of the supported bandwidth combinations. And from those tables, we would obtain the following observations:
· For FDD it is observed that

· The most common bandwidth combinations for FDD 3-DL CA are 3×10MHz, 10MHz+10MHz+15MHz and 10MHz+10MHz+20MHz, but 
· CA_1A-3A-8A with bandwidth combination set 1 cannot support 3×10MHz and 10MHz+10MHz+15MHz;
· CA_4A-4A-13A with bandwidth combination set 1, CA_2A-2A-13A with set 1, and CA_1A-3A-8A with set 1 cannot support 10MHz+10MHz+20MHz;
· There are 6 types of bandwidth combinations as the maximum aggregated bandwidth: 3×10MHz, 10MHz+15MHz+15MHz, 10MHz+15MHz+20MHz, 10MHz+20MHz+20MHz, 15MHz+15MHz+20MHz and 3×20MHz.
· For TDD it is observed that

· The most common bandwidth combinations for 3-DL CA are 3×20MHz and 10MHz+20MHz+25MHz which all the existing 3-DL TDD CA configurations support; 

· There is only 1 type of bandwidth combinations as the maximum aggregated bandwidth, i.e., 3×20MHz.

Table 1: Summary of supported bandwidth combinations lager than 3×10MHz for FDD 3-DL CA
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10+10+10MHz 10+10+15MHz10+10+20MHz10+15+15MHz10+15+20 MHz 10+20+20 MHz 15+15+15 MHz 15+15+20 MHz 15+20+20 MHz 20+20+20 MHz

CA_2A-5A-30A 0 Yes Yes Yes

CA_2A-29A-30A 0 Yes Yes Yes

CA_4A-5A-30A 0 Yes Yes Yes

CA_4A-29A-30A 0 Yes Yes Yes

0 Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes Yes

2 Yes Yes Yes

3 Yes Yes Yes

0 Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes

2 Yes Yes Yes

3 Yes Yes Yes

0 Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes

2 Yes Yes Yes

3 Yes Yes Yes

0 Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes Yes

0 Yes Yes Yes

1 Yes Yes Yes Yes Yes Yes

CA_2A-4A-5A 0 Yes Yes Yes Yes Yes Yes

CA_2A-4A-12A 0 Yes Yes Yes Yes Yes Yes

CA_2A-5A-12A 0 Yes Yes Yes

CA_2A-12A-12A 0 Yes Yes Yes

CA_2A-12A-30A 0 Yes Yes Yes

CA_3A-7A-20A 0 Yes Yes Yes Yes Yes Yes

CA_3A-8A-27A 0 Yes Yes Yes

CA_4A-5A-12A 0 Yes Yes Yes

CA_4A-12A-12A 0 Yes Yes Yes

CA_4A-12A-30A 0 Yes Yes Yes

0 Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes

CA_1A-3A-20A 0 Yes Yes Yes Yes Yes

CA_1A-7A-20A 0 Yes Yes Yes Yes Yes

CA_7A-8A-20A 0 Yes Yes Yes

CA_1A-3A-26A 0 Yes Yes Yes Yes Yes Yes

0 Yes Yes Yes Yes Yes

1 Yes Yes Yes

CA_1A-19A-21A 0 Yes Yes Yes Yes Yes Yes Yes Yes

CA_2A-2A-5A 0 Yes Yes Yes Yes Yes Yes

CA_2A-4A-4A 0 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CA_2A-5A-13A 0 Yes Yes Yes

CA_3C-7A 0 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CA_3A-7C 0 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CA_4A-4A-5A 0 Yes Yes Yes Yes Yes Yes

CA_4A-4A-12A 0 Yes Yes Yes Yes Yes Yes

CA_4A-5A-13A 0 Yes Yes Yes

CA_2A-4A-13A

CA_2A-2A-13A

CA_4A-4A-13A

CA_1A-3A-8A

CA_1A-5A-7A

CA_1A-3A-5A

CA-1A-18A-28A


Table 2: Summary of supported bandwidth combinations lager than 3×10MHz for TDD 3-DL intra-band contiguous CA
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10+10+10MHz 10+10+15MHz 10+10+20MHz 10+15+15MHz 10+15+20 MHz 10+20+20 MHz 15+15+15 MHz 15+15+20 MHz 15+20+20 MHz 20+20+20 MHz

CA_41D Yes Yes Yes Yes Yes

CA_40D Yes Yes


Table 3: Summary of supported bandwidth combinations lager than 3×10MHz for TDD 3-DL intra-band non-contiguous CA 
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10+10+10MHz 10+10+15MHz 10+10+20MHz 10+15+15MHz 10+15+20 MHz 10+20+20 MHz 15+15+15 MHz 15+15+20 MHz 15+20+20 MHz 20+20+20 MHz

CA_41A-41C Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

CA_41C-41A Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes


Table 4: Summary of supported bandwidth combinations (where totally there are 47 FDD 3-DL CA band configurations and )
	
	FDD (MHz)
	TDD (MHz)

	Statistics of supported bandwidth

(bandwidth combinations: the number of CA configurations which support this bandwidth combinations)
	· 10+10+10: 46 CA configurations;

· 10+10+15: 46 CA configurations;

· 10+10+20: 44 CA configurations;

· 10+15+15: 24 CA configurations;

· 10+15+20: 21 CA configurations;

· 10+20+20: 17 CA configurations;

· 15+15+15: 5 CA configurations 

· 15+15+20: 5 CA configurations

· 15+20+20: 3 CA configurations

· 20+20+20: 3 CA configurations
	· 10+10+10: 2 CA configurations;

· 10+10+15: 2 CA configurations;

· 10+10+20: 2 CA configurations;

· 10+15+15: 2 CA configurations;

· 10+15+20: 3 CA configurations;

· 10+20+20: 4 CA configurations;

· 15+15+15: 2 CA configurations 

· 15+15+20: 3 CA configurations

· 15+20+20: 3 CA configurations

· 20+20+20: 4 CA configurations

	Maximum bandwidth
(bandwidth combinations: the number of CA configurations with this bandwidth combinations as the maximum aggregated bandwidth)
	· 10+10+20 (40): 23 CA configurations;

· 10+15+15 (40): 3 CA configurations;

· 10+15+20 (45): 3 CA configurations;

· 10+20+20 (50): 13 CA configurations;

· 15+15+20 (50): 2 CA configurations;

· 20+20+20 (60): 3 CA configurations;
	· 20+20+20 (60): 4 CA configurations;


3 Necessity to improve the specification structure
The reasons why the specification of CA performance requirements becomes complicated are that 

· So many CA configurations with different bandwidth combinations will be introduced and more will be introduced in the near future ;

· When designing the requirements, we tend to provide the good test coverage for all the CA configurations;

· When designing the requirements, we assume the worst case, i.e., UE only supports a certain CA configuration.

Drawback of the legacy method:

For 3-DL CA, if we followed the same methodology as Rel-10/11, firstly we should choose a number of common bandwidth combinations and define the performance requirements only with those bandwidth combinations for the normal (or regular) CA demodulation performance requirements and CQI requirements. Secondly we should carefully design the soft buffer management and sustained data tests almost to cover all the bandwidth combinations with the maximum aggregated bandwidth and to cover all the CA configurations. 
In that way, for FDD 3-DL CA, the candidate bandwidth combinations would be 3×10MHz and 10MHz+10MHz+20MHz. And for TDD 3-DL CA, the candidate bandwidth combination would be 3×20MHz. 
But as we can see in Section 2, there are always some CA configurations which could not support the selected common bandwidth combinations (e.g., CA_1A-3A-8A), let alone that more new CA configurations will be added. Furthermore, like what we point out in Section 2.1, even if we have spent a lot of time and resource to improve the 2-DL CA test coverage, there are still a number of new CA band configurations which could not be covered (e.g., CA_39C), and more effort would be needed unless we do not want to provide the good test coverage or do not assume that UE only supports that CA band configuration. Besides, we have already spent several meetings to discuss Band 27 and Band 23 issues.
In the future, 4-DL CA would be introduced. Obviously what we do today for 3-DL should be done again for 4-DL CA, if we follow the same method as that in Rel-10. The key point is that if the legacy method was reused then the test metric is the sum of throughput across the aggregated bandwidth, and therefore when the bandwidth combinations are changed all the simulations should be run again.
And when 3-DL or 4-DL CA is used, the other drawback of using the sum of throughput is that it would be difficult to guarantee the performance on each CC since one or two CC-s with good performance could cover up one bad CC.
In sum, we think that the drawbacks of following the legacy methodology to design the new CA performance requirements are:

· Observation 1: there are drawbacks of following the legacy methodology to design the new CA performance requirements:

· Firstly, the performance on each CC could not be guaranteed: one or two CC-s with good performance could cover up one bad CC but UE still pass the test;
· Secondly, if the new 3-DL CA configurations that do not support the specified bandwidth combination, then the work should be done again, which make the specification unstable;
· Thirdly, the requirement structure is not future-proof: when 4-DL CA is introduced the simulation work should be done again. 

Advantages of scalable requirements:

In [1, 2] the “new” methodology to specify the performance requirements were provided. Actually as pointed out during the online discussion, the same way has already been used for the performance requirements for BS from Rel-10. The key is to change the test metric from the sum of throughput to throughput per CC, and during the test all the CC-s are transmitted simultaneously and the performance on each CC is verified individually.
The advantages of the proposed methods are that:
· Observation 2: the advantages of the proposed scalable performance requirements are:

· The good performance on each CC can be guaranteed;

· The structure of scalable performance requirements would be future-proof and more concise and stable.
Arguments on soft buffer limitation and feedback limitation
The arguments against the proposal are soft buffer limitation and feedback limitation. 
For the first one, in legacy requirements, the 2×10MHz regular requirements are applied to UE categories 3~8, and the 2×20MHz regular requirements are applied to UE categories 5~8. As a result, there is no soft buffer issue for the CA regular tests in Rel-10/11. 
But if UE category 3 was used to support 2×20MHz with the higher coding rate, e.g., 64QAM 3/4, definitely there will be soft buffer issue. Firstly it would not be the common use case. Secondly the dedicated soft buffer management tests are designed under such case to guarantee the acceptable performance with the instantaneous buffering.

We do not see that reason why we cannot follow the similar way in Rel-10/11 to handle the soft buffer issue for 3-DL CA. So the first argument is not reasonable.
For the second one, PUCCH format 3 could support up to 5CCs. We do not think that the second argument is reasonable.
4 Conclusions and proposals
In this paper, we provide the exhaustive analysis on all the bandwidth combinations for 3-DL CA. And we analyze the drawbacks of following the same methodology to define the 3-DL CA performance requirements as that used in Rel-10, and summarize the advantages of the scalable performance requirements. 
· Observation 1: there are drawbacks of following the legacy methodology to design the new CA performance requirements:

· Firstly, the performance on each CC could not be guaranteed: one or two CC-s with good performance could cover up one bad CC but UE still pass the test;

· Secondly, if the new 3-DL CA configurations that do not support the specified bandwidth combination, then the work should be done again, which make the specification unstable;

· Thirdly, the requirement structure is not future-proof: when 4-DL CA is introduced the simulation work should be done again. 

· Observation 2: the advantages of the proposed scalable performance requirements are:

· The good performance on each CC can be guaranteed;

· The structure of scalable performance requirements would be future-proof and more concise and stable.

Based on the analyses, we propose that:

· Proposal: it is proposed to improve the specification structure for CA demodulation performance and CSI requirements to make it future-proof and flexible;
· To guarantee the performance on each CC;

· To be easy extended to cover the future new 3-DL or more CA configurations with tedious re-simulation.
And we also propose to include TDD FDD CA into this work.
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