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1. Introduction
In RAN4 #69, there was a discussion on how to define CA performance requirements for CA_27B that does not support either 2x10MHz or 2x20MHz. Detailed analyses of the problem and proposal for work plan were provided in [1]. In this contribution, we provide our view on performance requirements for CA_27B and test set up for newly required test cases. 
2. CA performance requirements
In [1], list of existing FDD CA demodulation and CSI performance requirements were provided, which is reproduced in table 1 for reference. CA_27B supports bandwidth combination defined in table 2. If UE supports CA configuration other than CA_27B that supports 2x10MHz or 2x20MHz, CA performance requirements can be tested in that band and there is no test coverage issue. However, if UE supports only CA_27B, UE CA performance requirements cannot be tested. In order to allow CA performance test for CA_27B only UE, we need to duplicate CA performance requirements for smaller bandwidth combination. 
Table 1. List of CA demodulation performance and CSI requirements (Rel-11/12)

	Description
	Bandwidth combination
	UE Category
	Applicability rule

	Regular test
	TM1
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_A-A, CL_C (Max aggregated bandwidth)

	
	
	20MHz+15MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	15MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	20MHz+15MHz
	4
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	4
	CL_A-A (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	10MHz+10MHz (3-3B)
	3
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	10MHz+10MHz (4A)
	4
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (6A)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+15MHz (6B)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+20MHz (6C)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	15MHz+20MHz (6D)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	10MHz+10MHz (Test 1)
	3-8
	CL-A-A (inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


Table 2. Bandwidth combination for CA_27B

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_27B
	1.4, 3, 5
	5
	13
	0

	
	1.4, 3
	10
	
	

	
	5, 10
	1.4, 3
	
	

	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


2.1. Normal demodulation and CQI test
For normal demodulation and CQI test, we would like to propose to define tests for 2x5MHz. In [1], it was proposed to select 3MHz+10MHz since it is the maximum aggregated bandwidth for CA_27B. According to applicability rule for CA demodulation and CSI tests, bandwidth combination with maximum aggregated bandwidth was not prioritized over bandwidth combination with smaller aggregated bandwidth. 2x5MHz seems to be more natural extension to existing CA demodulation and CSI tests. Also, at least for TM3, we can reuse 5MHz FRC and performance requirements introduced to support band 31. 
Proposal 1. Define normal demodulation and CQI test for CA 27B with 2x5MHz bandwidth combination. 
For normal demodulation test, we have tests for TM1, TM3 and TM4. Duplication of each of these tests requires FRC definition and simulation alignment to determine CINR requirements. We would like to propose to defer full duplication of these tests to generic work to define CA performance requirements in a scalable way. Instead, we can define only TM3 requirements for 2x5MHz and close WI. If we choose to do that, we can leverage the work from band 31 by reusing FRC and CINR requirement for TM3 5MHz test, which will further expedite the progress of work. 
Proposal 2. Introduce 2x5MHz normal demodulation test for only TM3 and defer the work for TM1 and TM4 to generic work to define CA performance requirements in a scalable way.
Proposal 3. Reuse FRC and CINR requirement for TM3 5MHz test for TM3 2x5MHz test. 

Extension of CA CQI test to 2x5MHz would require 5MHz CSI FRC definition in table A.4.1. We would be able to reuse test set up and delta CQI metric without modification. 
Proposal 4. Introduce 2x5MHz CQI test by reusing test set up and delta CQI metric of existing CA CQI tests. 
2.2. Soft buffer management test
There is no soft buffer issue for 10MHz or smaller bandwidth. Thus, there is no need to define soft buffer management test for CA_27B.
Proposal 5. No new soft buffer management test is required for CA_27B. 

2.3. Sustained data rate test

Maximum aggregated bandwidth of CA_27B is 13MHz with bandwidth combination of 3MHz+10MHz. Maximum throughput achievable with this bandwidth combination is well below maximum throughput even for category 3 UE. We don’t see significant benefit of introducing additional sustained data rate test for 3MHz+10MHz. Instead, we can apply single carrier sustained data rate tests with 10MHz bandwidth in this case. 
Proposal 6. No new sustained data rate test is required for CA_27B. 

2.4. Power imbalance test

Power imbalance test is defined to verify I/Q mismatch performance of single RF UE implementation for intraband contiguous CA. Since power imbalance test is defined only for 2x20MHz, there is no power imbalance test applicable to CA_27B. We need to define 2x5MHz power imbalance test to verify performance of single RF implementation for CA_27B UE. 
For 2x5MHz power imbalance test, we can reuse test set up for existing 2x20MHz power imbalance test except for FRC. In table 3 and table 4, candidate FRC for 2x10MHz and 2x5MHz power imbalance tests are shown along with 2x20MHz FRC. Note that MCSs for 10MHz and 5MHz FRCs are chosen to achieve similar coding rate as 20MHz FRC. Reference throughput and CINR requirement need to be determined by simulation alignment. 
Proposal 7. Introduce power imbalance test for 2x5MHz based on 5MHz FRC in table 3 and 4. 
Table 3. PCell FRC for power imbalance test (FDD)
	Parameter
	Unit
	Value

	Reference channel
	
	R.49 FDD
	R.49-1 FDD
	R.49-2 FDD

	Channel bandwidth
	MHz
	20
	10
	5

	Allocated resource blocks
	
	
	
	

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM

	Coding Rate
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.84
	0.84
	0.84

	  For Sub-Frame 5
	
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	
	0.87
	0.87
	0.86

	Information Bit Payload
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	63776
	31704
	15840

	  For Sub-Frame 5
	
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	63776
	30576
	14112

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	

	  For Sub-Frames 0,1,2,3,4,6,7,8,9
	Code Blocks
	11
	6
	3

	  For Sub-Frame 5
	
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Code Blocks
	11
	5
	3

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	75600
	37800
	18900

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	73080
	35280
	16380

	Max. Throughput averaged over 1 frame
	Mbps
	57.398
	28.421
	14.083

	UE Category
	
	5-8
	3-8
	3-8

	Note 1:
3 symbols allocated to PDCCH.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


Table 4. PCell FRC for power imbalance test (TDD)

	Parameter
	Unit
	Value

	Reference channel
	
	R.49 TDD
	R.49-1 TDD
	R.49-2 TDD

	Channel bandwidth
	MHz
	20
	10
	5

	Uplink-Downlink Configuration (Note 1)
	
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	3+2
	3+2
	3+2

	Modulation
	
	64QAM
	64QAM
	64QAM

	Number of OFDM symbols for PDCCH per component carrier
	
	
	
	

	For Sub-Frames 0,4,5,9
	OFDM symbols
	3
	3
	3

	For Sub-Frames 1,6
	OFDM symbols
	2
	2
	2

	Target Coding Rate
	
	
	
	

	  For Sub-Frames 4,9
	
	0.84
	0.84
	0.84

	  For Sub-Frames 1,6
	
	0.81
	0.84
	0.88

	  For Sub-Frames 5
	
	N/A
	N/A
	N/A

	  For Sub-Frames 0
	
	0.87
	0.86
	0.84

	Information Bit Payload
	
	
	
	

	  For Sub-Frames 4, 9
	Bits
	63776
	31704
	15840

	  For Sub-Frame 1,6
	Bits
	55056
	27376
	13536

	  For Sub-Frame 5
	
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	63776
	30576
	14112

	Number of Code Blocks per Sub-Frame
(Note 2)
	
	
	
	

	  For Sub-Frames 4, 9
	Code Blocks
	11
	6
	3

	  For Sub-Frame 1,6
	Code Blocks
	9
	5
	3

	  For Sub-Frame 5
	Code Blocks
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	
	11
	5
	3

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	75600
	37800
	18900

	  For Sub-Frame 1,6
	Bits
	67968
	32544
	15444

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	73512
	35712
	16812

	Max. Throughput averaged over 1 frame
	Mbps
	30.144
	14.874
	7.286

	UE Category
	
	5-8
	3-8
	3-8

	Note 1:
Reference signal, synchronization signals and PBC allocated as per TS 36.211 [4].

Note 2:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


3. Conclusion 
In this contribution, we provided our view on how CA performance requirements can be defined for CA_27B UE. Based on our analyses, we proposed following. 
Proposal 1. Define normal demodulation and CQI test for CA 27B with 2x5MHz bandwidth combination. 
Proposal 2. Introduce 2x5MHz normal demodulation test for only TM3 and defer the work for TM1 and TM4 to generic work to define CA performance requirements in a scalable way.

Proposal 3. Reuse FRC and CINR requirement for TM3 5MHz test for TM3 2x5MHz test. 

Proposal 4. Introduce 2x5MHz CQI test by reusing test set up and delta CQI metric of existing CA CQI tests. 

Proposal 5. No new soft buffer management test is required for CA_27B. 

Proposal 6. No new sustained data rate test is required for CA_27B. 

Proposal 7. Introduce power imbalance test for 2x5MHz based on 5MHz FRC in table 3 and 4. 

We would like to recommend considering our proposals in defining CA performance requirements for CA_27B UE. 
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