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1 Introduction
In RAN4#70 meeting the UE performance tests for DL CA with 2/3 CCs in Rel-12 were discussed [1]. In this contribution we further provide our view on the test scope, including an additional test for verifying performance for 2 or 3 DL CA with minimum carrier spacing. The methodology is discussed in a separated paper in [2].
2 Discussion on test scope
Test scope of Rel-11 CA performance tests

For Rel-11 the CA performance tests were defined in a band agnostic way with the following scope.

· Normal performance tests with a commonly supported bandwidth resulting in FDD in 10+10MHz and TDD in 20+20MHz.

· TM1 1x2

· TM3 2x2

· TM4 4x2

· Soft buffer tests depending on the UE category and maximum bandwidth combinations the performance was checked and defined case by case.

· Power imbalance tests are only defined with intra-band contiguous CA with 20+20MHz for both FDD and TDD.

· CQI tests are defined in 10+10MHz, 20+20MHz in FDD and 20+20MHz in TDD. 
· SDR tests with all possible maximum bandwidth combinations were defined.

Normal performance test scope in Rel-12 CA with 2 or 3DL CCs

As seen the number of approved WI for DL CA with 2 or 3 CCs in Rel-12 is boosting comparing to Rel-11 and Rel-10 CA tests, it’s crutial to limit the test scope as much as possible. The main reasons are the following.
1. The bandwidth combinations for 2 or 3 DL CCs are a lot and to define all the test set for each bandwidth combination in Rel-11 will be too many tests for testing cost.

2. The number of faders supported by the test equipment is limited and for 3 DL CCs eg. the TM4 CA test as 4x2 will need to have 4x2x3=24 faders to be tested which beyond the afforded number.

3. It has been agreed for Band 23 and Band 27 performance test [3][4] it’s good enough to only focus on one TM3 as normal performance test.

With the oberservations above we propose the test scope for the normal performance test in Rel-12 to only have one TM3 performance test, also with the reason to test the HARQ retranmissions under fading channel, as with SDR test the test is conducted in an AWGN channel with 95% or 85% at high SNR range so the HARQ retranmissions are not guaranteed.
Proposal 1: For normal performance test define only one TM3 test under fading channel with 70% as test point for CA with 2 or 3 DL CCs in Rel-12.
Soft buffer, power imbalance and CQI tests in Rel-12 CA with 2 or 3DL CCs

As we know the purpose of the soft buffer test is to guarantee proper UE implementation and the purpose of power imbalance test is to make sure the RF impelementation with good image rejection and the purpose of the CQI test is to make sure the CQI reporting from each CC actually reports its own CQI. In summary all 3 type of tests are more functional wise to check the UE implementations which we think it’s enough to test it with legacy 2 CCs tests defined in Rel-12. For Rel-12 CA with 3 DL CCs capable UEs it’s natural to assume they can support the legacy Rel-11 tests to test such functional implementation so we think it’s no need to introduce new tests in Rel-12. For Rel-12 CA with 2 DL CCs capable UEs the same assumption can be made unless there is any exceptional bandwidth combinations that are not covered by the legacy Rel-11 tests, then we can revisit the test for such exceptions.
Proposal 2: No need to introduce new functional test for soft buffer, power imbalance and CQI tests in Rel-12 CA with 2 or 3 DL CCs, instead to verify such tests using legacy Rel-11 tests.

SDR test in Rel-12 CA with 2 or 3DL CCs

The SDR tests are to test the UE capability to achieve the peak throughput and for each different bandwidth combinations. In Rel-12 CA with 2 or 3 DL CCs it makes sense to define the tests for each different bandwidth combination. The new UE category 9 and 10 were agreed in [5] to added to [6] in order to support the 3DL CA capable UEs as listed in the tables below. Depending on different UE category the peak throughputs are different. When it comes to 3DL CCs it’s also good to set up some regulations so the number of tests is limited.
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)


	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)


	5481216
	2 or 4

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No


It can be seen even in Rel-11 [7] when the bandwidth combination is equal or bigger than 20MHz the SDR test is conducted either in single carrier or in 10+10MHz combination so it can be expected in Rel-12 the 3DL CA capable UE with UE category 3 or 4 with CA bandwidth combination equal or bigger than 20MHz the SDR test can be tested in the same way – either through single carrier or CA 10+10MHz case. So the SDR test in Rel-12 with CA in 3 DL CCs should focus on the UE category 6~10. The SDR test in Rel-12 with CA in 2 DL CCs should be covered by the current bandwidth combination so no need to define new tests unless exceptional bandwidth combination happens in future, then we can also revisit them when necessary. In case there are other requirements for CA with 2 DL CCs eg. inter-band TDD CA and TDD-FDD CA like analysized in [8][9] with possible maximum bandwidth combination as 20+20MHz then the UE category for the SDR test should focus on UE category 6 and 7.
Proposal 3: For SDR tests only define new test with different maximum bandwidth combinations with CA in 3 DL CCs, focusing on UE category 6~10. UE category 3 or 4 will be tested either through single carrier or CA 10+10MHz case from legacy Rel-11 tests.
Proposal on additinal performance tests for Rel-12 CA
With CA in 3DL CCs on Band 41 a minimum channel spacing is proposed in [10]. Instead of the nominal channel spacing a minimum spacing as 18.3MHz will be used in intra-band contiguous CA on Band 41 to match operator allocations. In order to make proper conformance test with this minimum spacing configuration some extra performance tests would be needed to verify functionality at minimum carrier spacing. Rather than specifying an RF test with a wanted signal near the sensitivity level and with a low code rate, we propose to verify functionality by a performance test with the standard external interference level. As with smaller channel spacing the ACI (adjacent channel interference) could be more crucial under high SNR conditions so the tests should use a high code rate like 64QAM to end up at a SNR level in 18~20dB. And the test should be band agnostic but only apply to CA configuration with minimum channel spacing. 
Proposal 4: Define extra performance tests applied to CA configuration with minimum channel spacing for 2 or 3 DL CCs eg. TM1 FRC test with 64QAM and code rate ¾.
3 Overview for 3DL CC bandwidth combination
In Table 1 all the band combinations with 3DL CCs defined in Rel-12 are listed together with the CA configuration, CA capability and CA configuration [11~24]. 
Table 1 Band combinations with 3DL CCs in Rel-12
	WI code
	Title
	CA configuration
	Maximum BW combination (MHz)
	CA capability

	LTE_CA_B2_B2_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 13
	CA_2A-2A-13A
	20+20+10
	Inter- and Intra-band NC CA

	LTE_CA_B2_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4 and Band 13
	CA_2A-4A-13A


	20+20+10
	Inter-band CA

	
	
	
	15+15+10
	

	
	
	
	10+20+10
	

	
	
	
	20+10+10
	

	LTE_CA_B2_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30
	CA_2A-5A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B2_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30
	CA_2A-12A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B2_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30
	CA_2A-29A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13
	CA_4A-4A-13A
	20+20+10
	Inter- and Intra-band NC CA

	LTE_CA_B4_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30
	CA_4A-5A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 30
	CA_4A-12A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30
	CA_4A-29A-30A
	20+10+10
	Inter-band CA

	LTE_CA_B1_B3_B8
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 8
	CA_1A-3A-8A
	20+20+10
	Inter-band CA

	
	
	
	10+20+10
	

	LTE_CA_B1_B5_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 5 and Band 7
	CA_1A-5A-7A
	10+10+20
	Inter-band CA

	
	
	
	20+10+20
	

	LTE_CA_B2_B4_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 5
	CA_2A-4A-5A
	20+15+10
	Inter-band CA

	LTE_CA_B2_B4_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 12
	CA_2A-4A-12A
	20+20+10
	Inter-band CA

	LTE_CA_B2_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 12
	CA_2A-5A-12A
	20+10+10
	Inter-band CA

	LTE_CA_B2_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 12
	CA_2A-12B
	20+10+10
	Inter-and intra-band contiguous CA

	LTE_CA_B3_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 7 and Band 20
	CA_3A-7A-20A
	20+20+10
	Inter-band CA

	LTE_CA_B3_B8_B27
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 8 and Band 27
	CA_3A-8A-27A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 12
	CA_4A-5A-12A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 12
	CA_4A-12B
	20+10+10
	Inter-and intra-band contiguous CA

	LTE_CA_B1_B3_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 5
	CA_1A-3A-5A
	20+20+10
	Inter-band CA

	
	
	
	10+20+10
	

	LTE_CA_B1_B3_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 20
	CA_1A-3A-20A
	15+20+10
	Inter-band CA

	LTE_CA_B1_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 7 and Band 20
	CA_1A-7A-20A
	15+20+10
	Inter-band CA

	LTE_CA_B7_B8_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 7, Band 8 and Band 20
	CA_7A-8A-20A
	20+10+10
	Inter-band CA

	LTE_CA_C_B41_3DL
	LTE Advanced intra-band contiguous Carrier Aggregation in Band 41 for 3DL
	CA_41C
	20+20+20
	Intra-band contiguous CA

	LTE_CA_B3_B7_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3, Band 7 and Band 7
	CA_3A-7C
	20+20+20
	Inter- and Intra-band contiguous CA

	LTE_CA_B1_B19_B21
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 19 and Band 21
	CA_1A-19A-21A
	20+15+15
	Inter-band CA

	LTE_CA_B2_B4_B12
	LTE-Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 12
	CA_2A-4A-12A
	20+20+10
	Inter- and Intra-band contiguous CA

	LTE_CA_B2_B4_B4
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4, and Band 4
	CA_2A-4A-4A
	20+20+20
	Inter- and Intra-band contiguous CA

	LTE_CA_B2_B2_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 5
	CA_2A-2A-5A
	20+20+10
	Inter- and Intra-band contiguous CA

	LTE_CA_B4_B4_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 5
	CA_4A-4A-5A
	20+20+10
	Inter- and Intra-band contiguous CA

	LTE_CA_B2_B5_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 5 and Band 13
	CA_2A-5A-13A
	20+10+10
	Inter-band CA

	LTE_CA_B4_B5_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 5 and Band 13
	CA_4A-5A-13A
	20+10+10
	Inter-band CA

	LTE_CA_B2_B5_B12
	LTE Advanced inter-band Carrier Aggregation of Band 2, Band 5, and Band 12
	CA_2A-5A-12A
	20+10+10
	Inter-band CA

	LTE_CA_B1_B3_B26
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 3 and Band 26
	CA_1A-3A-26A
	20+20+10
	Inter-band CA

	LTE_CA_B1_B18_B28
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 18 and Band 28
	CA_1A-18A-28A
	20+15+10
	Inter-band CA

	LTE_CA_C_B40_3DL
	LTE Advanced intra-band contiguous Carrier Aggregation in Band 40 for 3DL
	CA_40D
	20+20+20
	Intra-band contiguous CA


If we follow the test scope proposed in section 2 then only one TM3 test and one SDR test with UE category 6~10 are needed for each maximum bandwidth combination. Then the CA capability doesn’t matter with the same maximum bandwidth combination. So as summary in Table 2 all possible maximum bandwidth combinations are listed, together with the number of supported band combination and CA capability.
Table 4 All possible maximum bandwidth combinations

	Maximum bandwidth combination (MHz)
	Number of supported band combinations 
	CA capability

	20+10+10
	19
	Inter-band CA or Inter- and intra-band contiguous CA 

	20+20+10
	12
	Inter-band CA

	15+20+10
	4
	Inter-band CA

	20+20+20
	3
	Intra-band contiguous CA or Inter- and Intra-band contiguous CA

	15+15+10
	1
	Inter-band CA

	20+15+15
	1
	Inter-band CA


From Table 2 with the number of band combinations where the maximum bandwidth combinations are supported we can get a list of priority as an order to specify the tests. 

Proposal 5: Prioritize UE performance tests with maximum bandwidth combinations as 20+10+10MHz and/or 20+20+10MHz as a starting point.
4 Conclusions

In this contribution we analysize the test scope for Rel-12 CA with 2 or 3 DL CCs and propose the following.
Proposal 1: For normal performance test define only one TM3 test under fading channel with 70% as test point for CA with 2 or 3 DL CCs in Rel-12.
Proposal 2: No need to introduce new functional test for soft buffer, power imbalance and CQI tests in Rel-12 CA with 2 or 3 DL CCs, instead to verify such tests using legacy Rel-11 tests.
Proposal 3: For SDR tests only define new test with different maximum bandwidth combinations with CA in 3 DL CCs, focusing on UE category 6~10. UE category 3 or 4 will be tested either through single carrier or CA 10+10MHz case from legacy Rel-11 tests.
Proposal 4: Define extra performance tests applied to CA configuration with minimum channel spacing for 2 or 3 DL CCs eg. TM1 FRC test with 64QAM and code rate ¾.

Proposal 5: Prioritize UE performance tests with maximum bandwidth combinations as 20+10+10MHz and/or 20+20+10MHz as a starting point.
5 References

[1] R4-140549, “Methodology on performance requirement for CA 2/3DL CCs in Rel-12”, Ericsson

[2] R4-141433, “Methodology on performance requirement for DL CA with 2 or 3DL CCs in Rel-12”, Ericsson

[3] R4-141088, “Way forward for Band 23 performance requirements”, Huawei, HiSilicon, Qualcomm, Ericsson, DISH Network, TSG RAN WG4 #70, Prague, Czech Republic, February 2014.
[4] R4-141094, “Way Forward on CA demodulation tests for B27”, Qualcomm, NII, Huawei, HiSilicon, Ericsson
[5] R2-140983, “New UE categories for DL 450Mbps class”, Qualcomm Incorporated
[6] 3GPP TS 36.306 v11.6.0
[7] 3GPP TS 36.101 v11.8.0
[8] R4-141441, “Test proposal for CA_39A-41A UE performance requirement”, Ericsson
[9] R4-141428, “Test proposal for TDD-FDD CA UE performance requirement”, Ericsson
[10] R4-69AH-0095, “Way Forward for Contiguous CA Minimum Adjacent Channel Spacing”, Sprint
[11] R4-69AH-0103, “TP for TR 36.853: 3DL combinations and channel bandwidth configurations”, Ericsson

[12] RP-131244, “New WID - LTE Advanced intra-band contiguous Carrier Aggregation in Band 41 for 3DL”, Sprint

[13] Band 3, Band 7 and Band 7 (RP-140095, Orange)

[14] Band 1, Band 19 and Band 21 (RP-140106, DoCoMo)

[15] Band 4, Band 4, and Band 12 (RP-140116, TMO US)

[16] Band 2, Band 4, and Band 4 (RP-140117, TMO US)

[17] Band 2, Band 2 and Band 5 (RP-140165, Verizon)

[18] Band 4, Band 4 and Band 5 (RP-140166, Verizon)

[19] Band 2, Band 5 and Band 13 (RP-140167, Verizon)

[20] Band 4, Band 5 and Band 13 (RP-140168, Verizon)

[21] Band 1, Band 3 and Band 26 (RP-140194, China Telecom)

[22] Band 1, Band 18 and Band 28 (RP-140451, KDDI)

[23] Band 3, Band 3 and Band 7 (RP-140390, TeliaSonera)

[24] Band 40 (RP-140453, CMCC)
PAGE  
1

