3GPP TSG-RAN WG4 Meeting #66
R4-130209
St. Julian’s, Malta, 28 January – 1 February, 2013
Agenda item:

5.4
Source:
Intel Corporation
Title:
Discussions and proposals on CA demodulation tests for Rel 11 CA band and band combinations
Document for:

Discussion
1
Introduction
Many new intra-band and inter-band CA configurations were introduced in Rel 11 as shown in the appendix. New configurations include bandwidth combinations which were not considered in the development of CA demodulation tests. Therefore it is essential to examine the existing demodulation tests and identify if any change is required given new CA configurations. In this paper, we provide our views and proposals on issues discussed in RAN4#65.
2
Discussion
The existing CA demodulation tests are listed in the following tables for FDD and TDD tests respectively [1]. The demodulation tests can be divided into five categories: normal Ca demodulation test, soft buffer test, power imbalance test, sustained data rate test, and CQI test. In the following we will discuss potential issues and solutions for each category based on the agreements outlined in [2].
Table 1: FDD CA demodulation tests
	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

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_A-A, CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_A-A, CL_C

	Power imbalance test

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate test

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_A-A, CL_C

	CA CQI periodic reporting test

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


Test 2: TDD CA demodulation tests

	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

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_C

	Power imbalance test

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate test

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_C

	CA CQI periodic reporting test

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


Normal CA demodulation tests
Normal demodulation tests only have bandwidth combinations of either 2x20 Mhz or 2x10 MHz. A UE may support multiple CA configurations and each configuration may also support different bandwidth combinations depending on the value of bandwidth combination set. To reduce testing complexity while maintain the testing purpose, we have the following views to select band, band combinations, and bandwidth combinations.
1. From tables in the appendix, it’s clear that a CA configuration supports either 2x20 MHz or 2x10 MHz, including different values of bandwidth combination sets when applicable. Therefore we propose to use either 2x20 MHz or 2x10 MHz for normal demodulation tests for simplicity. If the maximal aggregated bandwidth is 40 Mhz, 2x20 MHz should be used. Otherwise 2x10 Mhz should be used. One CA configuration supporting the selected bandwidth combination can be selected for these tests for FDD and TDD separately.
2. Test set 3 has only 2x10 MHz. This creates a test coverage hole for intra-band CA or when the maximal aggregated bandwidth is 40 MHz. we think a new configuration with 2x20 Mhz of the existing 2x10 Mhz test should be added to FDD Test set 3.
3. We notice that CA_1A_7A WI has been modified to support 2x10 Mhz [3], so previous concerns about CA_1A_7A supporting neither 2x10 MHz nor 2x20 MHz do not exist anymore.
Soft buffer management tests

In Rel 10, the soft buffer management test was designed for 2x20 Mhz only because performance difference due to different implementations of soft buffer management methods is not very significant for 2x10 MHz. It is our understanding that impact of soft buffer implementation is most evident when the allocated resource is large and the MCS level is high. Therefore it would make sense to configure the maximal aggregated bandwidth for soft buffer management test.
Considering all CA configurations, the maximal aggregated bandwidth can be 20 MHz (2x10, e.g. CA_1A-5A or CA_3A-5A with bandwidth combination set equal to 1), 25 MHz (10+15, e.g. CA_11A-18A), 30 MHz (10+20, e.g., CA_3A-5A), 35 MHz (15+20, e.g., CA_1A-18A), or 40 MHz (20+20, e.g., CA_1C). The cases of 2x10 and 2x20 have been studied before. We should study 10+15, 10+20, and 15+20 to see if soft buffer implementations can create significant performance difference. Our investigation results are captured in [4] and significant performance difference due to different soft buffer implementation is found for 10+15, 10+20, and 15+20 Mhz cases. Therefore we propose to add new soft buffer tests to cover 10+15, 10+20, and 15+20 Mhz. UE, however, only needs to be tested against the soft buffer test with its maximal aggregated bandwidth. 
Power imbalance test
The power imbalance test is to verify the image rejection capability of UE Rx for intra-band CA. The test is configured to be 2x20 MHz as all intra-band CA configurations support 2x20 MHz. It is not necessary to add new tests or modify existing test at this moment with the following exceptions:
1. if new bandwidth combination set values are introduced so that 2x20 MHz is not support
2. if new intra-band CA configurations, like CA_25B which supports only up to 2x10 Mhz, is introduced
When the above two scenarios happen, a new power imbalance test should be introduced to cover new bandwidth combinations. Although IRR can vary from band to band, the fluctuation is not large enough to change the testing results. Therefore we think the power imbalance test can also be quasi band agnostic. For UE supporting multiple CA configurations, only one configuration supporting the maximal aggregated bandwidth needs to be tested.
Sustained data rate test

The sustained data rate test for CA is intended to test the highest data rate provided by lower layers in CA. Therefore it is essential to test the maximal aggregated bandwidth in this test. As shown in the discussion of soft buffer management test, the maximal aggregated bandwidth can be 20 MHz (2x10), 25 MHz (10+15), 30 MHz (10+20), 35 MHz (15+20), or 40 MHz (20+20). It was agreed in RAN4#65 to introduce new sustained data rate tests to verify UE maximal receiving capability for CA. To achieve this for all CA configurations, we think new sustained data rate tests for 2x10, 10+15, 10+20, and 15+20 MHz are needed. A particular UE only need to pass one of the CA sustained data rate test that has the maximal aggregated bandwidth the UE supports.
CA CQI periodic reporting test
The purpose of CA CQI test is to ensure separate CQI estimation for each component carrier. Therefore we don’t think new tests or test modifications are necessary as long as UE can be tested against a CA CQI test with one of the supported CA configurations. 
For FDD, the existing CA CQI test uses 2x10 MHz, which is supported by all inter-band CA configurations but not supported by intra-band CA configurations. Therefore for FDD intra-band CA, the CA CQI test should be modified to support 2x20 MHz while the existing requirement can be reuse. 
For TDD, the existing CA CQI test uses 2x20 MHz, which is supported by all TDD CA configurations, so there is no need of new test or test modification.
3
Summary

To conclude our views in the above discussion, we have the following proposals:
Proposal 1: Use either 2x20 MHz or 2x10 MHz for normal demodulation tests. If the maximal aggregated bandwidth of the UE is 40 Mhz, 2x20 MHz is used. Otherwise 2x10 Mhz is used.
Proposal 2: A new test with 2x20 MHz for FDD Test set 3 is needed.
Proposal 3: Any CA configuration supporting the selected bandwidth combination in Proposal 1 can be selected for these tests for FDD and TDD separately. 
Proposal 4: New soft buffer tests should be added for 10+15, 10+20 and 15+20 MHz. UE is only tested using a CA configuration with the maximal aggregated bandwidth that the UE can support.
Proposal 5: There is no need to add or change power imbalance tests for now. The test can be band agnostic because testing results are insensitive to IRR variation over different bands.
Proposal 6: New sustained data rate tests for 10+10, 10+15, 10+20, and 15+20 MHz are needed. A UE only needs to pass one of the CA sustained data rate tests which has the maximal aggregated bandwidth the UE supports.
Proposal 7: For UE supporting FDD intra-band CA but not FDD inter-band CA, a new CA CQI test with 2x20 MHz configuration is needed to fill the test coverage gap.
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Appendix

Table 3: Rel 11 supported CC combinations per CA configuration for intra-band contiguous CA. New configurations in Rel 11 are marked in red
	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 4: Rel 11 supported E-UTRA bandwidths per CA configuration for inter-band CA. New configurations in Rel 11 are marked in red
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-29A
	2
	
	
	Yes
	Yes
	
	
	
	

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-29A
	4
	
	
	Yes
	Yes
	
	
	
	

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_5-12
	5
	
	
	Yes
	Yes
	
	
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	
	

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	
	

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of 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 each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


