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1 Introduction
In RAN4#69 meeting discussions on how to define UE performance requirement for Rel-12 CA with 2 or 3 DL CCs were triggered [1]. In this contribution we further analyse the methodology and provide our proposals. We also discuss an additional test for verifying performance for 2 or 3 DL CA at minimum carrier spacing.

2 Discussion on methodology
Methodology and scope of Rel-11 CA performance tests

For previous releases CA performance tests were defined in a band agnostic way as the following scope. This general methodology keeps a good balance between the test coverage and the number of tests.

· Normal performance tests are defined 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.

· SDR tests with all possible maximum bandwidth combinations were defined.
· 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. 

Problems on applying single carrier based requirement for CA

In RAN4#69 meeting in [2] there was another methodology proposed using single carrier based performance requirements.“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.”
A general understanding for this methodology is to save some time by only defining single carrier requirements and applying to all possible bandiwidth combinations to test both CCs with each single carrier requirement at the same time. However, there are some major problems foreseen on this methodology as listed below which make it impossible to define a proper single carrier requirement valid for all possible bandwidth combinations.
Problem 1: Shared soft buffer among multiple CCs brings different performance in CA than single carrier case.

The total soft buffer size is limited for each UE Category [3]. Under CA deployment the number of maximum stored soft bits for each carrier is further limited by equally spliting the total buffer size by the number of CCs [4]. In RAN4 specification [5] there are soft buffer tests defined to make sure a proper instantaneous buffer is implemented. But even with a correct implementation of intsantenous buffer when the soft buffer is limited as specified for CA, where the soft buffer is equally split among multiple CCs, the performance is hit quite much with multiple CCs comparing to a single carrier case, especially under low SNR region with more HARQ retransmission. The simulation results can be found in Figure 1 where a bandwidth combination as 20+20MHz with TM3 is simulated comparing to a single carrier 20MHz case with UE Category 3 under EVA70. And Figure 2 gives the UE Category 4 results under EVA5. The FRC table is listed in Table 1.
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Figure 1 TP on CA 20+20MHz and 20MHz single carrier with UE Category 3
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Figure 2 TP on CA 20+20MHz and 20MHz single carrier with UE Category 4
It can be seen the SNR requirement obtained from single carrier can be very optimistic due to the fact that the soft buffer can be taken as unlimited in single carrier comparing to CA configuration. Under low SNR range the difference around 30% maximum TP the difference can be 2~3dB. It can be predicted that  it will become triple worse when it comes to 3 DL CCs and/or TDD configuration with HARQ process number as 15. This means the single carrier performance is not valid to represent the CA requirement. It would be also tedious work to check each CA bandwidth combination with the same effort to define each CA test separately.

Table 1 FRC table for Figure 1 and 2
	UE Category
	Mod
	Code rate
	Tx mode
	Cell BW
[MHz]
	Allocation size [RB]
	PDCCH symbols
	Calculated channel bits
	Info bits (TBS)
	No. Of code Block
	I_MCS
	Sub-frames

	Cat 3
	16QAM
	0,48
	2x2 OLSM
	20
	100
	2
	52800
	25456
	5
	14
	1,2,3,4,6,7,8,9

	Cat 3
	16QAM
	0,50
	2x2 OLSM
	20
	100
	2
	51168
	25456
	5
	14
	0

	Cat 4
	64QAM
	0,39
	2x2 OLSM
	20
	100
	2
	79200
	30576
	5
	17
	1,2,3,4,6,7,8,9


Problem 2: Different ACKNACK feedback modes for single carrier and CA give different impact on performance.
The ACKNACK feedback modes defined for UE performance tests are listed as in Table 2 including single carrier , CA with 2DL CCs and CA with 3DL CCs. Though for 3DL CCs the performance tests are not defined yet but the only possible ACKNACK feedback mode is to use PUCCH format 3 as the number of ACKNACK bits for 3DL CCs will beyond the number which PUCCH 1b with channel selection can handle.
Table 2 ACKNACK feedback modes for single carrier and CA 2DL CCs and 3DL CCs
	ACKNACK feedback mode
	FDD
	TDD

	Single Carrier
	PUCCH 1, 1a, 1b, 2, 2a, 2b
	Bundling or Multiplexing

	CA with 2 DL CCs
	PUCCH 1b with channel selection
	PUCCH 1b with channel selection

	CA with 3 DL CCs
	PUCCH 3
	PUCCH 3


The ACKNACK feedback modes are very different between single carrier and CA. Especially with 3DL CCs only possible mode is PUCCH format3. When the number of ACKNACK bits are beyond the required one some multiplexing are applied to which are different than the other PUCCH formats or Bundling/Multiplexing for single carrier TDD. To use a single carrier requirement to define CA violates the 3GPP RAN1 specification and the performance can’t be guaranteed either.
Proposal on the scope and methodology of Rel-12 CA 2 or 3DL CCs

The princinple on the methodology for performance requirement of 3DL CCs is to gurantee the performance. It’s not logical to compromise the performance of CA due to the purpose of reusing the single carrier requirement. In case there are too many tests to deal with within Rel-12 timeframe we can consider to reduce the test number by limiting the test coverage, in the meanwhile still need to make sure the performance requirement set for each test is properly defined.
From the analysis above we think in Rel-12 we should at least keep the same scope and methodology from Rel-11 to define further CA performance tests in Rel-12 timeframe including both 2DL CCs and 3DL CCs.
Proposal 1: Keep the same scope and methodology from Rel-11 to define further CA performance tests in Rel-12 timeframe including both 2 and 3DL CCs in a band agnostic way.
Proposal on additinal performance tests for Rel-12 CA
With CA in 3DL CCs on Band 41 a minimum channel spacing is proposed in [7]. 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 comformance 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 crutial 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 2: Define extra performance tests applied to CA configuration with minimum channel spacing for 2 and 3 DL CCs eg. TM1 FRC test with 64QAM and code rate ¾.
3 Overview for 3DL CC bandwidth combination
In RAN4#69 meeting we have discussed and agreed to finalize the 2DL CCs first before 3DL CCs in Rel-12 timeframe. This should include all the possible 2DL CC bandwidth combinations, either as new 2DL CCs band or any 2 of the 3 DL CCs. 

Proposal 3: Finalize performance test for 2DL CCs bandwidth combination before 3DL CCs in Rel-12 timeframe.

In Table 3 all the band combinations with 3DL CCs defined in Rel-12 are listed together with the CA configuration, CA capability and CA configuration. In summary, all different bandwidth combinations are listed in Table 4.
Table 3 Band combinations with 3DL CCs

	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


Table 4 All possible maximum bandwidth combinations
	Maximum bandwidth combination (MHz)
	Number of supported band combinations 
	CA capability

	20+10+10
	14
	Inter-band CA

	20+20+10
	7
	Inter-band CA

	15+20+10
	3
	Inter-band CA

	20+10+10
	2
	Inter-and intra-band contiguous CA

	15+15+10
	1
	Inter-band CA

	20+20+20
	1
	Intra-band contiguous CA


From Table 4 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 4: Start to define UE performance tests with Inter-band CA with maximum bandwidth combinations as 20+10+10MHz.
From the results in [10] and [11] we can see even with same code rates on each CC the performance still can differ due to the reason 1) turbo decoding works best for if the code block (CB) are long and larger BW can give larger code blocks, 2) large BW gives many code blocks in a code word (CW) and the BLER for CW should be 10% which require lower BLER on each of the CBs (works in opposite direction of 1) ), 3) for larger BW the edge effect of channel estimation becomes relatively smaller. So we should set the requirement separately for all unequal bandwidth combination cases with CA deployments. We propose the following.
Proposal 5: For unequal bandwidth combination set up requirement separately for each CC. For equal bandwidth combination same average requirement can be used as before.
4 Conclusions

In this contribution we listed all the issues for UE performance tests with 3DL CCs as below.
And in order to trigger the work we provide our proposals.

Proposal 1: Keep the same scope and methodology from Rel-11 to define further CA performance tests in Rel-12 timeframe including both 2 and 3DL CCs in a band agnostic way.
Proposal 2: Define extra performance tests applied to CA configuration with minimum channel spacing for 2 and 3 DL CCs eg. TM1 FRC test with 64QAM and code rate ¾.
Proposal 3: Finalize performance test for 2DL CCs bandwidth combination before 3DL CCs in Rel-12 timeframe.

Proposal 4: Start to define UE performance tests with Inter-band CA with maximum bandwidth combinations as 20+10+10MHz.
Proposal 5: For unequal bandwidth combination set up requirement separately for each CC. For equal bandwidth combination same average requirement can be used as before.
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