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1 Introduction
In RAN4 meeting #69, we discuss the impact of introduction of Band 23 intra-band non-contiguous CA on the demodulation performance requirements [1]. It was identified that the new UE CA TM1, TM3 and TM4, CQI test and new sustained data rate test should be specified based on 5MHz+10MHz aggregated bandwidth (at least for the UE only supporting band 23 intra-band non-contiguous CA). And it was concluded that no new BS demodulation performance requirements are needed.
In this contribution, we will further progress the work by providing the concrete test setup.

2 Aggregated bandwidth for Band 23 intra-band non-contiguous CA
The aggregated bandwidths supported by CA_23A-23A are listed below. Table 2 summarizes the new CA demodulation performance requirements needed.
Table 1: Supported bandwidths for CA_23A-23A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_23A-23A
	23
	
	
	Yes
	Yes
	
	


Table 2: Summary of the new test cases needed for Band 23

	Test cases
	New tests for CA_23A-23A

	Regular test and CQI
	New TM1, TM3, TM4 and CQI test needed

	Soft buffer test
	Not needed

	Sustained data rate test
	Needed

	Power imbalance test
	Not needed to verify image rejection


3 New CA demodulation performance requirements based on 5MHz+10MHz
To speed up the work, we propose to use the same test metric as that for the legacy performance requirements, although the test metric utilizing the relative throughput per CC. The remaining issues are:
· Define the new reference channel with 5MHz bandwidth;

· Specify the new TM1, TM3, TM4, CQI test and sustained data rate test with 5MHz+10MHz in details;
· Run the simulations to decide the values of demodulation performance requirements.
3.1 TM1 test 
The new CA test is added to the existing TM1 test cases. The PDCCH symbol number for 5MHz FRC is 3 while it is 2 for 10MHz. We prefer to reuse the existing FRC as much as possible and to make the new one be aligned with the existing ones. Thus we propose to define the new 5MHz FRC with 3 PDCCH symbol if needed.
Table 8.2.1.1.1-2: Minimum performance (FRC)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-8
	-

(Note 3)

	1A
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.1
	3-8
	CL_A-A, CL_B
(Note 2)

	1B
	5MHz+10MHz
	R.2-1 FDD for 5MHz CC, R.2 FDD for 10MHz CC
	OP. 1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	3-8
	CL_A-A

	2
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	-0.4
	1-8
	-

	3
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU300
	1x2 Low
	70
	0.0
	1-8
	-

	4
	10 MHz
	R.2 FDD
	OP.1 FDD
	HST
	1x2
	70
	-2.4
	1-8
	-

	5
	1.4 MHz
	R.4 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	0.0
	1-8
	-

	6
	10 MHz
	R.3 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	1
	-

	
	5 MHz
(Note 4)
	R.3-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	2-8
	-

	7
	10 MHz
	R.3 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	1
	-

	
	5 MHz
(Note 4)
	R.3-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	2-8
	-

	8
	10 MHz
	R.3 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	1
	-

	
	5 MHz
(Note 4)
	R.3-1 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	2-8 
	-

	9
	3 MHz
	R.5 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6
	1-8
	-

	10
	5 MHz
	R.6 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.4
	2-8
	-

	
	5 MHz
	R.6-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.5
	1
	-

	11
	10 MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	-

	12
	10 MHz
	R.7 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	19.0
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	18.1
	1
	-

	13
	10 MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 High
	70
	19.1
	2-8
	-

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 High
	70
	17.8
	1
	-

	14
	15 MHz
	R.8 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7
	2-8
	-

	
	15 MHz
	R.8-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.8
	1
	-

	15
	20 MHz
	R.9 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6
	3-8
	-

	
	20 MHz
	R.9-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.3
	2
	-

	
	20 MHz
	R.9-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	-

	16
	3 MHz
	R.0 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	17
	10 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	18
	20 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	-

	19
	10 MHz
	R.41 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-5.4
	1-8
	-

	20
	2x20 MHz
	R.42 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.3
	5-8
	CL_C

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.

Note 3:
Test 1 may not be executed for UE-s for which Test 1A is applicable.

Note 4:
Test case applicability is defined in 8.1.2.1.


Table A.3.3.1-1: Fixed Reference Channel QPSK R=1/3

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD
	R.42

FDD
	
	R.2 FDD
	R.2-1 FDD
	

	Channel bandwidth
	MHz
	1.4
	20
	
	10
	5
	

	Allocated resource blocks (Note 4)
	
	6
	100
	
	50
	25
	

	Allocated subframes per Radio Frame
	
	9
	9
	
	9
	9
	

	Modulation
	
	QPSK
	QPSK
	
	QPSK
	QPSK
	

	Target Coding Rate
	
	1/3
	1/3
	
	1/3
	1/3
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408
	8760
	
	4392
	2216
	

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

	  For Sub-Frame 0
	Bits
	152
	8760
	
	4392
	1800
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	
	1
	2
	
	1
	1
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368
	27600
	
	13800
	6300
	

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

	  For Sub-Frame 0
	Bits
	528
	26760
	
	12960
	5460
	

	Max. Throughput averaged over 1 frame

(Note 4)
	Mbps
	0.342
	7.884
	
	3.953
	1.953
	

	UE Category
	
	≥ 1
	≥ 1
	
	≥ 1
	≥ 1
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
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).

Note 4: 
Given per component carrier per codeword.


3.2 TM3 test 
The new CA test is added to the existing TM3 test cases (based on 36.101c.2.0)
Table 8.2.1.3.1-2: Minimum performance Large Delay CDD (FRC)

	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	-



	1A (Note 2)
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A, 
CL_B

	1B (Note 2)
	5MHz+10MHz
	R.11-2 FDD for 5MHz CC, R.11 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3-8
	CL_A-A

	2 (Note 2)
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	5-8
	CL_C

	3
	10 MHz
	R.35 FDD
	OP.1 FDD
	EVA200
	2x2 Low
	70
	[20.2] 
	2-8
	-

	4
	15MHz + 10 MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.1]
	3
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	[15.1]
	
	

	5
	20MHz + 15 MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)


	EVA70
	2x2 Low
	70
	[13.5] 
	3
	CL_A-A

	
	
	R.30-1 FDD for 15MHz CC
	
	
	
	70
	[13.5]
	
	

	5A
	20MHz + 10MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	[13.5]
	3
	CL_A-A

	
	
	R.11-1 FDD for 10MHz CC
	
	
	
	70
	[13.5]
	
	

	6
	20MHz + 15 MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)

)
	EVA5
	2x2 Low
	70
	[15.9]
	4
	CL_A-A

	
	
	R.35-2 FDD for 15MHz CC
	
	
	
	70
	[15.9]
	
	

	6A
	20MHz + 10MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.9]
	4
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	
	
	
	70
	[15.9]
	
	

	8
	10 MHz
	R.35-4 FDD
	OP.1 FDD
	ETU300
	2x2 Low
	70
	19.7
	2-8
	-

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.

Note 2:     For CA UE, if CA configuration under test is CL_C, test 2 is applied. Otherwise, test 1A is applied. Test 1 may not be executed for UE-s for which Test 1A or 2 is applicable.

Note 3:
For UE category 5-8 test CA capability is CL_C; for UE category 3 test CA capability is CL_A-A and CL_C. 

Note 4:     For Test 4, 5, 5A, 6, 6A the Fraction of maximum Throughput applies to each CC.

Note 6:     Test case applicability is defined in 8.1.2.1.


3.3 TM4 test 
The new CA test is added to the existing TM4 test cases. 
Table 8.2.1.4.3-1: Test Parameters for Multi-Layer Spatial Multiplexing (FRC)

	Parameter
	Unit
	Test 1-2
	Test 3
	Test 2A

	Downlink power allocation
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	dB
	-6
	-6
	-6
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	dB
	-6 (Note 1)
	-6 (Note 1)
	-6 (Note 1)

	
	(
	dB
	3
	3
	3
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at antenna port
	dBm/15kHz
	-98
	-98
	-98

	Precoding granularity
	PRB
	6
	8
	4 for 5MHz CC and 6 for 10MHz CC

	PMI delay (Note 2)
	ms
	8
	8
	8

	Reporting interval
	ms
	1
	1
	1

	Reporting mode
	
	PUSCH 1-2
	PUSCH 1-2
	PUSCH 1-2

	CodeBookSubsetRestriction bitmap
	
	0000000000000000000000000000000011111111111111110000000000000000
	0000000000000000000000000000000011111111111111110000000000000000
	0000000000000000000000000000000011111111111111110000000000000000

	CSI request field (Note 3)
	
	‘10’

	PDSCH transmission mode 
	
	4

	Note 1:
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Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
CSI request field applies for CA demodulation requirement only. Multiple CC-s under test are configured as the 1st set of serving cells by higher layers.
Note 4:
For CA test cases, ACK/NACK bits are transmitted using PUSCH with PUCCH format 1b with channel selection configured.
Note 5:
For CA test cases, the same PDSCH transmission mode is applied to each component carrier.


Table 8.2.1.4.3-2: Minimum performance Multi-Layer Spatial Multiplexing (FRC)

	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	14.7
	2-8
	-

	2
	2x10 MHz
	R.14 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.8
	3-8
	CL_A-A, CL_B

	2A
	5MHz+10MHz
	R.14-4 FDD for 5MHz CC, R.14 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	TBD
	3-8
	CL_A-A

	3
	2x20 MHz
	R.14-3 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.9
	5-8
	CL_C

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.


Table A.3.3.2.2-1: Fixed Reference Channel four antenna ports

	Parameter
	Unit
	Value

	Reference channel
	
	R.12 FDD
	R.13 FDD
	R.14 FDD
	R.14-1 FDD
	R.14-2 FDD
	R.14-3 FDD
	R.14-4 FDD
	R.36 FDD

	Channel bandwidth
	MHz
	1.4
	10
	10
	10
	10
	20
	5
	10

	Allocated resource blocks (Note 4)
	
	6
	50
	50
	6
	3
	100
	25
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9
	8
	8
	9
	9
	9

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	64QAM

	Target Coding Rate
	
	1/3
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408
	4392
	12960
	1544
	744
	[25456]
	5736
	18336

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

	  For Sub-Frame 0
	Bits
	152
	3624
	11448
	N/A
	N/A
	[22920]
	4968
	18336

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1
	1
	3
	1
	1
	5
	1
	3

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

	  For Sub-Frame 0
	
	1
	1
	2
	N/A
	N/A
	4
	1
	3

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1248
	12800
	25600
	3072
	1536
	51200
	11600
	38400

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

	  For Sub-Frame 0
	Bits
	480
	12032
	24064
	N/A
	N/A
	49664
	10064
	36096

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	0.342
	3.876
	11.513
	1.235
	0.595
	[22.656]
	5.086
	16.502

	UE Category
	
	≥ 1
	≥ 1
	≥ 2
	≥ 1
	≥ 1
	≥ 2
	≥ 1
	≥ 2

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
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).

Note 4:
Given per component carrier per codeword.


3.4 CQI test 
The new CA test is added to the existing CA CQI test cases. The open issue is which bandwidth should be used as PCell. We propose to configure 5MHz CC as SCell.
Table 9.6.1.1-1: Parameters for PUCCH 1-0 static test on multiple cells (FDD)

	Parameter
	Unit
	Pcell
	Scell

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB
	0
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	10
	4
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	dB[mW/15kHz] 
	-88
	-94
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	dB[mW/15kHz]
	-98
	-98

	Physical channel for CQI reporting
	
	PUCCH

	PUCCH Report Type
	
	PUCCH Format 2

	Reporting periodicity 
	ms
	Npd = 10

	cqi-pmi-ConfigurationIndex
	
	11
	16 [shift of 5 ms relative to Pcell]

	Note 1:
Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.


Table 9.6.1.1-2: PUCCH 1-0 static test (FDD)
	Test number
	Bandwidth combination
	CA capability

	1
	10MHz for both cells
	CL_A-A, CL_B

	2
	20MHz for both cells
	CL_C

	3
	10MHz for PCell and 5MHz for SCell
	CL_A-A


3.5 Sustained data rate test
There would be two options to introduce the sustained data rate tests:
· Option 1: Introduce the new 5MHz+10MHz sustained data rate test to verify the peak data rate under the limitation of RF channel for UE category 3, 4, 6 and 7.
· Option 2: Do not introduce the new 5MHz+10MHz sustained data rate test, and verify the performance against the single carrier sustained data rate test.
These two options would be acceptable to us.
4 Conclusions

In this paper, we discuss how to specify the demodulation performance requirements for Band 23 intra-band non-contiguous CA. We propose that
· Proposal 1: for Band 23 intra-band non-contiguous CA, the new CA TM1, TM3, TM4 and CQI performance requirements based on 5MHz+10MHz should be introduced in Rel-12.
· Proposal 2: for the sustained data rate test, there would be two options:

· Option 1: Introduce the new 5MHz+10MHz sustained data rate test to verify the peak data rate under the limitation of RF channel for UE category 3, 4, 6 and 7.

· Option 2: Do not introduce the new 5MHz+10MHz sustained data rate test, and verify the performance against the single carrier sustained data rate test.

We provide the accompanied way forward and CR to capture the agreement.
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