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1. Introduction
In [1], it evaluated the coverage of the existing CA demodulation requirements for Rel-11 from bandwidth combination aspects due to the fact that in Rel-11 many new CA band configurations are specified which may not be covered by the existing CA tests. 
Furthermore, the problematic cases for the band combinations to be studied are summarized in [2], and captured as below.

FDD: the bandwidth combination coverage analysis

Case 1: Neither 2x10MHz nor 2x20MHz can apply, e.g., CA_1A-7A;

Case 2: 2x10MHz requirements can apply but 2x20MHz ones cannot;
      Case 2.1: the maximum capability is verified, e.g., CA_1A-5A, CA_4A-12A, CA_4A-17A, CA_5A-12A, CA_2A-17A;

      Case 2.2: the maximum capability is not verified, e.g., CA_1A-19A, CA_4A-13A, CA_7A-20A, CA_20A-3A, CA_3A-5A, CA_1A-18A, CA_3A-8A, CA_11A-18A, CA_1A-19A;

Case 3: 2x20MHz requirements can be applied while 2x10MHz ones cannot be applied for them, e.g., CA_1C, CA_7C;

Case 4: Both 2x10MHz and 2x20MHz requirements can apply for them, e.g., CA_3A-7A, CA_1A-21A, CA_3A-7A.

In this contribution, we will discuss how to perform CA tests for different band combinations. 
2. Discussion
Even though the proposed problematic cases are more relevant to R’11 band combinations, it would be useful to consider the future-proof testing methodology as the similar issues may arise in the future with some new band combination. So in this contribution, we more focus on the general methodology to solve the problems rather than a specific method.
Case 1: Neither 2x10MHz nor 2x20MHz can apply, e.g., CA_1A-7A;

In this case, the band combination (e.g., CA_1A-7A) can’t have the same CA configuration as one of the test configuration (2x10MHz or 2x20MHz). However, it can be noted that CA capability for this band combination can be larger than 2x10MHz which is one of the test configuration. 
Thus, the CA test can be performed as such, 

· The CA test is configured based on the maximum CA capability, e.g., 15MHz+20MHz in CA_1A-7A for the UE.
· However, use 2x10MHz for PDSCH reception, i.e., 50PRB PDSCH allocated in the central part of each CC and OCNG would be filled in the un-allocated RPBs on each CC
· The existing CA requirements for 2x10MHz cases would be applied.

With this approach, there can be the following benefits:

· The maximum receiving capability for UE can be verified since PDCCH would be transmitted over the whole bandwidth based on the maximum capability of CA configuration. In addition, the correct reception of PDSCH also verifies the maximum receiving capability.

· There is no need of any new test cases dependent on the band combination (in the future) to verify the maximum receiving capability. So far, there are 3 test cases for 2x10MHz and 2 test cases for 2x20MHz in the normal CA demodulation FDD test, and 3 test cases for 2x20Mhz for TDD test. Thus, any new CA test configuration would likely require 2 or 3 test cases for FDD and 3 test cases for TDD, which may result in heavy work load in RAN4 in the future. 

Additionally, it should be noted that the configuration of the subband size for PMI report in 4Tx TM4 CA tests can be different dependent on the system bandwidth. According to the current specification, 6PRB is specified for the case with 10MHz bandwidth and 8PRB for the case with more than 10MHz. Thus it might cause some performance difference between the existing 2x10MHz requirements based on 6PRB PMI report in each CC and the practical performance based on 8PRB PMI report corresponding to the case with CA test configuration having more than 10MHz system bandwidth in one CC or both CCs. Essentially, the potential performance loss with the new CA band combination in the test due to the larger PMI reporting granularity might affect the applicability of the existing 2x10MHz requirements. To check the effect of different PMI granularity on the performance, the simulations with 6PRB and 8PRB PMI report for 2x10MHz TM4 test case are executed and the results are presented in Figure 1. It can be noted that there is less than 0.2dB performance difference at 70% test point, which actually can be ignored. So it can conclude that the existing 2x10MHz requirements can be reused and applied with the proposed testing methodology.   
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Figure 1. PMI reporting granularity (6PRB vs. 8PRB)
Proposal 1: For band combinations not supporting either 2x10MHz or 2x20MHz but supporting the bandwidth larger than 2x10MHz, the CA test can be performed as such:

· The CA test is configured based on the maximum CA capability

· However, use 2x10MHz for PDSCH reception, i.e., 50PRB PDSCH allocated in the central part of each CC and OCNG would be filled in the un-allocated RPBs on each CC

· The existing CA requirements for 2x10MHz cases are applied. 

Case 2: 2x10MHz requirements can apply but 2x20MHz ones cannot;

      Case 2.1: the maximum capability is verified, e.g., CA_1A-5A, CA_4A-12A, CA_4A-17A, CA_5A-12A, CA_2A-17A;

      Case 2.2: the maximum capability is not verified, e.g., CA_1A-19A, CA_4A-13A, CA_7A-20A, CA_20A-3A, CA_3A-5A, CA_1A-18A, CA_3A-8A, CA_11A-18A, CA_1A-19A;
Regarding to case 2, it is better to reuse the existing 2x10MHz requirement much as possible. In addition, the maximum capability has been somehow verified by the single carrier test. It may not be necessary to cover all band combination cases to verify the maximum CA capability. 
Proposal 2: For band combinations supporting 2x10MHz but not 2x20MHz, the existing test configuration and requirement for 2x10Mhz cases are applied.  
Case 3: 2x20MHz requirements can be applied while 2x10MHz ones cannot be applied for them, e.g., CA_1C, CA_7C;

Case 4: Both 2x10MHz and 2x20MHz requirements can apply for them, e.g., CA_3A-7A, CA_1A-21A, CA_3A-7A.
Based on the same thoughts above, it would be nature to consider reusing 2x20MHz for these tests. And for case 4, it seems no need of 2x10MHz tests if 2x20MHz tests are applied.

Proposal 3: For band combinations supporting 2x20MHz, the existing test configuration and requirement for 2x20Mhz cases are applied.   
3. Conclusions

This contribution discussed the general methodology for the CA tests with the new band combinations. The following proposals are presented for approval:
Proposal 1: For band combinations not supporting either 2x10MHz or 2x20MHz but supporting the bandwidth larger than 2x10MHz, the CA test can be performed as such:

· The CA test is configured based on the maximum CA capability

· However, use 2x10MHz for PDSCH reception, i.e., 50PRB PDSCH allocated in the central part of each CC and OCNG would be filled in the un-allocated RPBs on each CC

Proposal 2: For band combinations supporting 2x10MHz but not 2x20MHz, the existing test configuration and requirement for 2x10Mhz cases are applied.  

Proposal 3: For band combinations supporting 2x20MHz, the existing test configuration and requirement for 2x20Mhz cases are applied.   
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Annex

Table 1: Supported CC combinations per CA configuration for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	75RB+100RB

(15 MHz + 20 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Supported bandwidth by CA tests

	CA_1C
	
	Yes
	
	Yes
	40
	20+20

	CA_7C
	
	Yes
	
	Yes
	40
	20+20

	CA_38C
	
	Yes
	
	Yes
	40
	20+20

	CA_40C
	Yes
	Yes
	
	Yes
	40
	20+20

	CA_41C
	Yes
	Yes
	Yes
	Yes
	40
	20+20

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 2: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Supported  bandwidth by CA tests

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	
	Yes
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	10+10

	
	19
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	10+10,20+20

	
	7
	
	
	
	Yes
	Yes
	Yes
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	10+10

	
	13
	
	
	
	Yes
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	10+10

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	10+10

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_20A-3A
	20
	
	
	Yes
	Yes
	
	
	10+10,20+20

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	10+10

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	10+10,20+20

	
	21
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_3A-8A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	10+10

	
	8
	
	
	Yes
	Yes
	
	
	

	CA_5A-12A
	5
	
	
	
	Yes
	
	
	10+10

	
	12
	
	
	
	Yes
	
	
	

	CA_1A-7A
	1
	
	
	
	
	Yes
	
	None

	
	7
	
	
	
	
	Yes
	Yes
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	10+10

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	


Table 3: Summary of Rel-10 FDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×10 MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	3-8
	CL_A-A

	
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_A-A, CL_C

	2
	2×10 MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3-8
	CL_A-A

	
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_A-A, CL_C

	3
	2×10 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	3-8
	CL_A-A

	CA CQI periodic reporting test

	8
	2×10 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_A-A


Table 4: Summary of Rel-10 TDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_C

	2
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_C

	3
	2×20 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	5-8
	CL_C

	CA CQI periodic reporting test

	8
	2×20 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_C


