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1 Introduction

In RAN4 meeting #64bis, the bandwidth coverage issues for Rel-11 CA demodulation performance requirements were raised [1, 2]. The main comment was that RAN4 should provide the general solution for these issues. This contribution further elaborates issues and discusses the potential ways to solve the problems.
2 Bandwidth coverage issues
Table 1 and Table 2 provide all the supported aggregated bandwidth combination for CA bandwidth combinations in Rel-11 after RAN4 meeting #64bis [3~8] for the intra-band CA and inter-band CA configurations.
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]
	Bandwidth Combination Set

	CA_1C
	
	Yes
	
	Yes
	40
	0

	CA_7C
	
	Yes
	
	Yes
	40
	

	CA_38C
	
	Yes
	
	Yes
	40
	

	CA_40C
	Yes
	Yes
	
	Yes
	40
	0

	CA_41C
	Yes
	Yes
	Yes
	Yes
	40
	0

	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
	Max bandwidth

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	
	Yes
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-19A


	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15



	
	19
	
	
	Yes
	Yes
	Yes
	
	

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

	
	21
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A (0)
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A (1)
	3
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

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

	
	7
	
	
	
	Yes
	Yes
	Yes
	

	CA_3A-8A (0)
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	8
	
	
	Yes
	Yes
	
	
	

	CA_3A-8A (1)
	3
	
	
	
	Yes
	
	
	10+10

	
	8
	
	
	Yes
	Yes
	
	
	

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

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

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

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	20+10

	
	13
	
	
	
	Yes
	
	
	

	CA_4A-17A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_5A-12A
	5
	
	
	Yes
	Yes
	
	
	10+10

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_1A-7A
	1
	
	
	
	
	Yes
	
	20+15

	
	7
	
	
	
	
	Yes
	Yes
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	15+10

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	10+10

	
	20
	
	
	Yes
	Yes
	
	
	


Based on the work in [1, 2], we further elaborate the bandwidth coverage issues for Rel-11 in the following.

· Issues for the normal demodulation performance requirements:

· Imbalance test coverage: UEs supporting some band configurations, e.g., CA_3A-7A can be tested against both 10MHz+10MHz and 20MHz+20MHz requirements, while UEs supporting some band configurations, e.g., CA_1A-19A can only be tested against 10MHz+10MHz which means that the maximum CA receiving capability is not verified;
· Coverage hole for CA_1A-7A: CA_1A-7A does not support either 10MHz+10MHz or 20MHz+20MHz;

· Coverage issue of TM4 test for FDD intra-band CA: the bandwidth combination of TM4 FDD demodulation requirement is 10MHz+10MHz, which are not applicable for intra-band FDD CA configuration, e.g., CA_7C;
· Issues for soft management testing: the corresponding requirements are based on 20MHz+20MHz, which are not applicable to the band configurations not supporting 20MHz+20MHz, e.g., CA_1A-19A;
· Issues for sustained data rate testing: the corresponding requirements for CA capable UE are based on 20MHz+20MHz, but the UEs supporting some band configurations, e.g., CA_1A-19A, may not support 20MHz+20MHz;
· Issues for CA CSI testing: the FDD CSI requirement are based on 10MHz+10MHz, which is not applicable to FDD intra-band CA and CA_1A-7A;
· Applicability of CA demodulation and CSI requirements 
· For UE supporting both 10MHz+10MHz and 20MHz+20MHz, should the CA capable UE be tested against all the possible demodulation performance and CSI requirements?

· For UE supporting multiple CA band configurations, should the CA capable UE be tested against all the possible demodulation performance and CSI requirements?
3 Discussion and proposals
In the previous meeting, there are two options providing the general solution for the CA bandwidth coverage issue:
· Option 1: Use 10MHz+10MHz requirements with 50PRB PDSCH allocated on each CC and OCNG filling the rest PRBs on each CC;
· Option 2: Add new requirements with 20MHz+15MHz, 20MHz+10MHz, 15MHz+15MHz and15MHz+10MHz, and test UE against one of them.

Regarding the applicability of CA demodulation and CSI requirements:
· For UE supporting both 10MHz+10MHz and 20MHz+20MHz, test UE only against 20MHz+20MHz demodulation performance requirement;

· For UE supporting multiple CA band configurations:

· For all CA demodulation tests except for CA power imbalance test, test UE on one band combination with the maximum aggregated bandwidth supported by UE;

· For CA power imbalance test, test UE in all supported intra-band contiguous CA band configuration to verify the proper image rejection capability;
· For CA CSI test, test UE in one FDD band configuration with bandwidth equal to or larger than 2x10MHz and in one TDD band configuration with 2x20MHz bandwidth.
For Option 1, it would be a good idea from reducing the test case number perspective. But it can not solve the issue for soft buffer management testing and sustained data rate testing. For Option 2, the comments were that it would introduce quite a number of new test cases.
For normal demodulation performance testing, Option 1 could be used as the starting point. But one more bandwidth combination is expected to be introduced for TM2, TM3 and TM4 test cases. The candidate bandwidth combinations are 20MHz+10MHz or 15MHz+15MHz (according to offline discussion with companies). During the test, UE will select one suitable case for test among 10MHz+10MHz, 20MHz+10MHz (or 15MHz+15MHz) and 20MHz+20MHz test cases. The criterion for selecting the case would be to select the case whose bandwidth combination is less than and closet to the maximum aggregated bandwidth.
In details, three new FDD demodulation performance requirements with 20MHz+10MHz are introduced for TM2, TM3 and TM4 respectively. For CA_1A-19A, the requirements with 20MHz+10MHz should be selected and used for the test among 10MHz+10MHz, 20MHz+10MHz and 20MHz+20MHz.

The alternative way would be use Option 1 for TM3 and TM4 testing. But for TM2, add a new FDD requirement with 20MHz+10MHz (for example) and the application principle is the same as above, or a number of test cases with the potential bandwidth combinations of 20MHz+15MHz, 20MHz+10MHz, 15MHz+15MHz and 15MHz+10MHz. The purpose is to use 10MHz+10MHz cases to test the basic performance for different transmission modes and use TM2 with additional bandwidth combinations as the stress tests.
· Proposal 1: for the normal demodulation performance requirements, there are two alternative solutions:
· Alternative 1: Add three FDD demodulation requirements with bandwidth 20MHz+10MHz for TM2, TM3 and TM4 respectively, and select the case with the bandwidth less than and closest to the maximum aggregated bandwidth for the test, where the 100PRBs and 50PRBs are allocated for two CCs respectively and the rest ones are filled by OCNG;
· Alternative 2: Add new TM2 test cases with new bandwidth combination and select the case with the bandwidth less than and closest to the maximum aggregated bandwidth for TM2 test, and use 10MHz+10MHz requirements with 50PRB PDSCH allocated on each CC and OCNG filling the rest PRBs on each CC.
For TM4 intra-band FDD CA test, we propose that

· Proposal 2: introduce the CA FDD TM4 test with 20MHz+20MHz to cover FDD intra-band CA configurations.
For soft buffer management tests, the different bandwidth combination will lead to the different performances for either with instantaneous buffering or without instantaneous buffering. There would be a risk that the certain CA capable UE does not support 20MHz+20MHz. So the current test cases could not cover all the UEs being in the market.
Therefore for soft buffer management tests, we propose

· Proposal 3: for soft buffer management test, the requirements with new MCS and bandwidth combinations (e.g., 20MHz +15MHz and etc) should be introduced, among which only one requirement should be selected and tested against.

For sustained data rate test, we propose that 
· Proposal 4: for CA capable UE who does not support 2×20MHz, apply the sustained data rate Test 6 which is the single carrier based test.
For CA CSI test, we propose that

· Proposal 5: introduce 20MHz+20MHz FDD CA CSI test to cover FDD intra-band CA configurations, and use  10MHz+10MHz requirements with 50PRB PDSCH allocated on each CC and OCNG filling the rest PRBs on each CC for the CA configurations who does not support either 10MHz+10MHz or 20MHz+20MHz.
For the applicability of CA demodulation and CSI requirements, we follow the previous proposals that:

· Proposal 6: Regarding the applicability of CA demodulation and CSI requirements, it is proposed that
· When UE supports both 20MHz+20MHz and 10MHz+10MHz, test UE only against 20MHz+20MHz demodulation performance requirements;
· When UE supporting multiple CA band configurations,
·  for all CA demodulation tests except for CA power imbalance test, test UE on one band combination with the maximum aggregated bandwidth supported by UE;
· for CA power imbalance test, test UE in all supported intra-band contiguous CA band configuration to verify the proper image rejection capability
· for CA CSI test, test UE in one FDD band configuration with bandwidth equal to or larger than 2x10MHz and in one TDD band configuration with 2x20MHz bandwidth.
4 UE certification
The other comment is related to UE certification. In our opinion, GCF would take charge of the UE certification. In RAN5 meeting #49 in Shanghai, there was an LS sent to GCF and CC to RAN4 [9]. In the LS, some RRM test cases are recommended to only be run once in one of the bands supported by the UE, while some other test cases should be run on all the bands supported by the UE.
We think that whether the new demodulation and CSI requirements are needed or not should depend on RAN4 decision. RAN4 should provide the test cases to ensure the good test coverage. RAN5 will define the tests correspondingly. And maybe it is up to GCF and operators to choose the test cases for testing.
5 Conclusions
We summarize our proposals below.

· Proposal 1: for the normal demodulation performance requirements, there are two alternative solutions:

· Alternative 1: Add three FDD demodulation requirements with bandwidth 20MHz+10MHz for TM2, TM3 and TM4 respectively, and select the case with the bandwidth less than and closest to the maximum aggregated bandwidth for the test, where the 100PRBs and 50PRBs are allocated for two CCs respectively and the rest ones are filled by OCNG;

· Alternative 2: Add new TM2 test cases with new bandwidth combination and select the case with the bandwidth less than and closest to the maximum aggregated bandwidth for TM2 test, and use 10MHz+10MHz requirements with 50PRB PDSCH allocated on each CC and OCNG filling the rest PRBs on each CC.
· Proposal 2: introduce the CA FDD TM4 test with 20MHz+20MHz to cover FDD intra-band CA configurations.
· Proposal 3: for soft buffer management test, the requirements with new MCS and bandwidth combinations (e.g., 20MHz +15MHz and etc) should be introduced, among which only one requirement should be selected and tested against.

· Proposal 4: for CA capable UE who does not support 2×20MHz, apply the sustained data rate Test 6 which is the single carrier based test.
· Proposal 5: introduce 20MHz+20MHz FDD CA CSI test to cover FDD intra-band CA configurations, and use  10MHz+10MHz requirements with 50PRB PDSCH allocated on each CC and OCNG filling the rest PRBs on each CC for the CA configurations who does not support either 10MHz+10MHz or 20MHz+20MHz.
· Proposal 6: Regarding the applicability of CA demodulation and CSI requirements, it is proposed that
· When UE supports both 20MHz+20MHz and 10MHz+10MHz, test UE only against 20MHz+20MHz demodulation performance requirements;
· When UE supporting multiple CA band configurations,
·  for all CA demodulation tests except for CA power imbalance test, test UE on one band combination with the maximum aggregated bandwidth supported by UE;
· for CA power imbalance test, test UE in all supported intra-band contiguous CA band configuration to verify the proper image rejection capability
· for CA CSI test, test UE in one FDD band configuration with bandwidth equal to or larger than 2x10MHz and in one TDD band configuration with 2x20MHz bandwidth.
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