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1 Introduction
The scalability issue on CA performance requirements was identified in [1, 2]. Because the existing requirements are specified mainly based on 10MHz+10MHz and 20MHz+20MHz bandwidth combinations, it would be difficult to scale the requirements to accommodate the 2-DL CA bands supporting neither 10MHz+10MHz nor 20MHz+20MHz and 3-DL CA bands.
In the future more and more CA band combinations would be introduced, including 3-DL CA, inter-band CA + intra-band CA, intra-band CA + intra-band CA and etc with diverse bandwidth combinations. Traditionally the separate WI was created and the work was done in a release independent way for each CA band combination.
Although the performance part could be completed per WI, the work in such way seems tedious, repetitive and inefficient. And the most troublesome would be that the RF experts might be prone to check the performance part and realize the problem until the last minute, which would seriously delay the completion of WI.
What we proposed [1] is to try to solve the potential problem once for all in a generic way and make the life easier in the future. In other words, the intention is to make performance requirements more scalable from Rel-12. The key point is to replace the existing test metric of sum of throughput by the throughput per component carrier.
2 Overview of the existing CA demodulation and CSI requirements
2.1 Existing BS CA demodulation requirements

In Table 1, we list the existing FDD CA demodulation performance requirements for BS according to TS36.104 c.1.0 and TS36.141 c.1.0.

The PUCCH format 1b with channel selection and PUCCH format 3 were introduced in Rel-10 to support downlink CA up to 5 CCs. Although the corresponding demodulation performance requirements were introduced as CA feature, the test will be conducted based on the single carrier transmission mode.

For PUSCH CA performance requirements, the test is conducted with the multiple carrier transmission and the performance is verified per CC, which would be concise and scalable way to specify CA performance requirements thanks to the truth that all the bandwidths are covered by PUSCH tests.

Table 1: List of CA demodulation performance and CSI requirements (Rel-11/12)

	Description
	Bandwidth combination
	Note

	PUSCH requirements in multi-path fading
	All the possible bandwidth combinations
	Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements. (TS36.104)

For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. For test CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs. (TS36.141)

	PUCCH format 1b with channel selection
	Single carrier based: 10MHz ~20MHz
	The test is conducted on single carrier transmission mode.

	PUCCH format 3
	Single carrier based:

10MHz~20MHz
	The test is conducted on single carrier transmission mode.


2.2 Existing UE CA demodulation and CSI requirements
2.2.1 Requirements
In Table 2 and Table 3, we list all the existing CA demodulation performance and CSI requirements according to TS36.101 c.1.0 and the reference [3], which was technically endorsed by the group. 
Table 2: List of CA FDD demodulation performance and CSI requirements (Rel-11/12)

	Description
	Bandwidth combination
	UE Category
	Applicability rule

	Regular test
	TM1
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_A-A, CL_C (Max aggregated bandwidth)

	
	
	20MHz+15MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	15MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	20MHz+15MHz
	4
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	4
	CL_A-A (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	10MHz+10MHz (3-3B)
	3
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	10MHz+10MHz (4A)
	4
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (6A)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+15MHz (6B)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+20MHz (6C)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	15MHz+20MHz (6D)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	10MHz+10MHz (Test 1)
	3-8
	CL-A-A (inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


Table 3: List of CA TDD demodulation performance and CSI requirements (Rel-11/12)
	Description
	Bandwidth combination
	UE Category
	Applicability rule

	
	TM1
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_C (Max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_C (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	20MHz+20MHz (6A)
	6, 7
	CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


2.2.2 Existing application rules
The applicability rule for CA performance tests was captured in [4, 5].
Firstly if UE support multiple CA configurations, e.g., CA_23A-29A and CA_23A-23A, then one of them could be chosen for the test, which was captured in [3] as the same handling as for legacy single carrier test can be reused to select a band combination signalled by UE. For legacy single carrier test, it is specified in RAN5 TS36.521-1, i.e., The UE performance in this section is considered to be operating band independent. Therefore, the required performance in the respective test cases can be verified in one of the operating bands supported by the UE under test. All the test points supported by the bands of the multiband UE (based on channel bandwidth, DL and UL configuration) need to be tested.
Secondly for a chosen CA configuration the applicability rules are: 
· For the regular CA tests and CQI tests, 10MHz+10MHz tests are applicable only to inter-band CA and intra-band non-contiguous CA, and 20MHz+20MHz tests are applicable only to intra-band contiguous CA. 
· For the soft buffer test and sustained data rate test, the maximum aggregated bandwidth configuration will be used during the test. For example, the maximum aggregated bandwidth for CA_1A-8A with bandwidth combination set 0 is 30MHz, and so only 20MHz+10MHz will be chosen for the soft buffer and sustained data rate test (do not need to test against other aggregation bandwidth configurations).
· The power imbalance tests would be applied for the lowest and highest intra-band CA bands supported by the UE under test.
3 Issues and analysis of CA performance
According to Section 2.1, the existing BS demodulation performance requirements would be scalable to cover future CA band combinations.

· Observation 1: The existing BS demodulation performance requirements could be scalable to cover future CA band combinations.
According to Section 2.2, the existing UE demodulation performance requirements are based on the fixed bandwidth combinations and less scalable.

· Observation 2: The existing UE demodulation performance requirements would be less scalable, which could not cover all the future CA band combinations.
4 Proposal of generic work on UE CA performance requirements
4.1 Proposal of a new work
As can be observed, the existing CA performance requirements are based on the fixed bandwidth configuration. When the new CA bands are introduced, the CA performance requirements would need to be updated with new bandwidth combinations.
The main offline comment for our proposal from companies in the last meeting was to firstly focus on 2-DL CA and then on 3-DL. To capture the comment, we proposed a staged work:
· Proposal 1: have an independent work to systematically solve the scalability issue of UE performance requirements and tests, and provide a generic method in two stages:
· Stage 1: focus on 2-DL CA;
· Stage 2: focus on 3-DL CA and beyond 3-DL CA.

Since there were the stringent deadlines for some existing WIs, e.g., Band 23 and Band 27 CA, we suggest finalizing the existing WIs in the performance part of separate WI by specify part of the most important requirements (what is the most important is FFS) in parallel to the above proposed work.
· Proposal 2: finalize the existing WIs in the performance part of separate WI by specifying part of the most important requirement in parallel to the proposed work in the previous proposal.
4.2 Scope of the work
The scope of the work should include:
· Find a scalable way to specify the CA performance requirement and CQI requirement
· Easily be scaled to cover the CA band configurations with different CC numbers, e.g., 3-DL;
· Easily be scaled to cover the CA band configurations with different bandwidth combinations;

· Easily be scaled to cover the more complicated CA band configurations, e.g., mixture of inter-band CA and intra-band CA combinations.
· Clearly specify the applicability rule to avoid the duplication of tests
· The applicability rule should be aligned with the legacy applicability rule.
4.3 Potential solution — Tool kit of performance requirement based on single carrier
In [2] the potential solutions were discussed. One of the keys is to replace the existing test metric using sum of the throughput across CC-s by the throughput per CC.
4.3.1 Example of TM1 regular test case

Table 4 and Table 5 provide an example of how to specify the CA TM1 requirements in a scalable way. During the test the multiple CCs are scheduled for data transmission and the performance would be verified for each CC individually. For the case where the reference SNR-s may be different on the different CC-s for 70% TP, the power per CC could be adjusted separately during the test.
In a sum, the proposed method is to build up a tool kit with the single carrier based performance requirements, and the rest of work is to update the Table 5 (Test applicability) to accommodate the new CA configurations for the future CA band combinations.
Table 4: Minimum performance per component carrier for CA (FRC)

	Num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	2
	3MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	3
	5MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	4
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.1

	5
	15MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	6
	20MHz
	R.42 FDD
	OP. 1 FDD
	EVA5
	1x2 Low
	70
	-1.3


Table 5: Minimum performance requirements CA (FRC)

	Test num.
	Bandwidth
	CA applicability
	CA configuration applicability
	Requirement

	1
	2x10 MHz
	CL_A-A
	CA supporting 2x10 MHz
	As specified in Table2 per CC

	2
	2x20 MHz
	CL_C
	CA supporting 2x20 MHz
	As specified in Table2 per CC

	3
	10MHz+5MHz
	[CL_A-A, CL_B]
	CA supporting 10MHz+5MHz only
	As specified in Table2 per CC

	4
	…
	…
	…
	…


4.3.2 Issues for further discussion
Firstly the group should reach the agreement on the method to scale the CA regular tests. And for the regular test case, a new simulation campaign to provide the requirement for each bandwidth in Table 4 would be needed. 
Secondly how to define the scalable CA CQI test would need to be discussed.

Thirdly the further discussion on how to scale the soft buffer tests and sustained data rate tests would be needed, which are more complicated than the regular tests.
Fourthly, more discussion on power imbalance tests would be needed. One option would be only to transmit part of CC-s to verify the image rejection instead of transmit all the CCs.

Moreover, the scalability issue for RRM/RLM tests might also be included in this work.

5 Conclusions

In this paper, we discuss the scalability issue for CA demodulation performance requirements. The analysis and solutions are provided.
· Observation 1: The existing BS demodulation performance requirements could be scalable to cover future CA band combinations.
· Observation 2: The existing UE demodulation performance requirements would be less scalable, which could not cover all the future CA band combinations.
· Proposal 1: have an independent work to systematically solve the scalability issue of UE performance requirements and tests, and provide a generic method in two stages:

· Stage 1: focus on 2-DL CA;

· Stage 2: focus on 3-DL CA and beyond 3-DL CA.

· Proposal 2: finalize the existing WIs in the performance part of separate WI by specifying part of the most important requirement in parallel to the proposed work in the previous proposal.

Moreover, the scalability issue for RRM/RLM tests might also be included in this work.
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