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1. Introduction
The way forward for downlink carrier demodulation requirements has been provided in [1] and further details for the simulation assumptions were agreed in [2] for FDD and [3][4] for TDD. In this contribution, the alignment simulation results are collected according to the results provided in the past meetings. The details of the results are captured in the attached excel file.
In particular, the performance metric to be used in the performance requirement is clarified for CA cases.

2. Clarification of the performance metric

According to the discussion in the last meeting, the throughput collected in the alignment results is the throughput averaged over two component carriers.
Accordingly, the reference value for the fraction of maximum throughput to be specified in the performance requirement is calculated by averaging the fraction of maximum throughput per component carrier.

The text proposal to clarify the performance metric in the performance requirements for CA cases is presented in Annex A.
Proposal 1: the text proposal in Annex B can be considered to clarify the performance metric in CA test cases.
3. Collection of the alignment results for FDD
In [2], it has been agreed that only 20MHz related simulations would be required. The existing 10MHz requirements can be applied with no need of any new simulations.
Proposal 2: As the way forward, all interested companies are invited to provide the FDD impairment results so that the CA requirements can be finalized in RAN4#61 as the FDD alignment results collected in this contribution are sufficiently well aligned.
3.1. FDD SIMO Case: TM1 for 20+20MHz, EVA5.
The simulation assumption is defined in Test 20 of Table 1. The reference channel R.42 FDD is described in Table 6 of Annex B.

Table 1: Test cases for LTE CA SIMO performance
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capability

	
	
	
	
	
	
	Fraction of maximum
throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-8
	none

	
	2x10 MHz
	R.2 FDD
	[TBD]
	EVA5
	1x2 Low
	70
	[TBD]
	3-8
	A-A

	20
	2x20 MHz
	R.42 FDD
	[TBD]
	EVA5
	1x2 Low
	70
	[TBD]
	5-8
	A-A,C


The simulation results are presented in Figure 1.
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Figure 1: Performance results for SIMO (TM1) with FRC R.42 FDD

3.2. FDD MIMO Case: 2Tx+TM3 for 20+20MHz, EVA70.
The simulation assumption is defined in Test 2 in Table 2. The reference channel R.42 FDD is described in Table 7 of Annex B.

Table 2: Test cases for LTE CA MIMO performance
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capability

	
	
	
	
	
	
	Fraction of maximum
throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	None

	
	2x10 MHz
	R.11 FDD
	[TBD]
	EVA70
	2x2 Low
	70
	[TBD]
	3-8
	A-A

	2
	2x20 MHz
	R.30 FDD
	[TBD]
	EVA70
	2x2 Low
	70
	[TBD]
	5-8
	A-A,C


The simulation results are presented in Figure 2.
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Figure 2: Performance results for MIMO (TM3) with FRC R.30 FDD

4. Collection of the alignment results for TDD

In [2], it has been agreed that only 20MHz related simulations would be required. The legacy 10MHz requirements can be applied with no need of any new simulations.

Proposal 3: As the way forward, all interested companies are invited to provide the TDD impairment results so that the CA requirements can be finalized in RAN4#61 as the TDD alignment results collected in this contribution are sufficiently well aligned.
4.1. TDD SIMO Case: TM1 for 20+20MHz, EVA5.
The simulation assumption is defined in Test 20 of Table 3. The reference channel R.42 TDD is described in Table 8 of Annex B.

Table 3: Test cases for LTE TDD CA SIMO performance
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capability

	
	
	
	
	
	
	Fraction of maximum
throughput (%)
	SNR (dB)
	
	

	20
	2x20MHz
	R.42 TDD
	[TBD]
	EVA5
	1x2 Low
	70
	[TBD]
	5-8
	C


The simulation results are presented in Figure 1.
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Figure 1: Performance results for SIMO (TM1) with FRC R.42 TDD

4.2. TDD MIMO Case: 2Tx+TM3 for 20+20MHz, EVA70.
The simulation assumption is defined in Test 2 in Table 4. The reference channel R.30-1 TDD is described in Table 9 of Annex B.

Table 4: Test cases for LTE TDD CA MIMO performance
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capability

	
	
	
	
	
	
	Fraction of maximum
throughput (%)
	SNR (dB)
	
	

	2
	2x20 MHz
	R.30-1 TDD
	[TBD]
	EVA70
	2x2 Low
	70
	[TBD]
	5-8
	C


The simulation results are presented in Figure 2.
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Figure 2: Performance results for MIMO (TM3) with FRC R.30-1 TDD

4.3. TDD MIMO Case: 4Tx+TM4 for 20+20MHz, EVA5.
The simulation assumption is defined in Test 2 in Table 5. The reference channel R.43 TDD is described in Table 10 of Annex B.
Table 5: Test cases for LTE TDD CA MIMO performance
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	2
	2x20 MHz
	R.43 TDD
	[TBD]
	EVA5
	4x2 Low
	70
	[TBD]
	5-8
	C


The simulation results are presented in Figure 3.
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Figure 3: Performance results for MIMO (TM4) with FRC R.43 TDD

5. Conclusion 

In this contribution the performance metric in the simulation results and the performance requirement for CA cases are clarified. The alignment simulation results for carrier aggregation have been collected for both FDD and TDD cases. These results can be used as input to determine the demodulation requirements for dual carrier operation. 
There are following proposals in this contribution:
Proposal 1: the text proposal in Annex B can be adopted to clarify the performance metric in CA test cases.

Proposal 2: As the way forward, all interested companies are invited to provide the FDD impairment results so that the CA requirements can be finalized in RAN4#61 as the FDD alignment results collected in this contribution are sufficiently well aligned.
Proposal 3: As the way forward, all interested companies are invited to provide the TDD impairment results so that the CA requirements can be finalized in RAN4#61 as the TDD alignment results collected in this contribution are sufficiently well aligned.
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Annex A: Text Proposal in 36.101
<< Start of Changes >>
8
Performance requirement

This clause contains performance requirements for the physical channels specified in TS 36.211 [4]. The performance requirements for the UE in this clause are specified for the measurement channels specified in Annex A.3, the propagation conditions in Annex B and the downlink channels in Annex C.3.2. 
8.1
General

8.1.1
Dual-antenna receiver capability

The performance requirements are based on UE(s) that utilize a dual-antenna receiver. 

For all test cases, the SNR is defined as
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where the superscript indicates the receiver antenna connector. The SNR requirement applies for the UE categories and CA capabilities given for each test. 
The applicability of the requirements with respect to CA capabilities is given as in Table 8.1.1-1. In case the CA capability is omitted, the requirement is applicable to a UE regardless of its CA capability.
The reference value for the fraction of maximum throughput specified in the performance requirement is calculated by averaging the fraction of maximum throughput per component carrier.
Table 8.1.1-1: Applicability of the requirement with respect to the CA capability
	CA Capability
	CA Capability Description

	CL_X
	The requirement is applicable to a UE that indicates a CA bandwidth class X on at least one E-UTRA band.

	CL_X-Y
	The requirement is applicable to a UE that indicates CA bandwidth classes X and Y on at least one E-UTRA band combination.

	non-CA
	The requirement is applicable to a UE that indicates the CA bandwidth class A (one component carrier) on all supported E-UTRA bands.

	Note: The CA bandwidth classes are defined in Table 5.6A-1


<< End of Changes >>
Annex B: Fixed Reference Channels
Table 6: FDD Fixed Reference Channel for Test 20
	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD
	R.42 FDD
	
	R.2 FDD
	
	

	Channel bandwidth
	MHz
	1.4
	20
	
	10
	
	

	Allocated resource blocks (Note 4)
	
	6
	100
	
	50
	
	

	Allocated subframes per Radio Frame
	
	10
	10
	
	10
	
	

	Modulation
	
	QPSK
	QPSK
	
	QPSK
	
	

	Target Coding Rate
	
	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
	
	

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

	  For Sub-Frame 0
	Bits
	152
	8760
	
	4392
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	
	1
	2
	
	1
	
	

	Binary Channel Bits  (Note 4)
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	Bits
	528
	26760
	
	12960
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	0.342
	7.884
	
	3.953
	
	

	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



Table 7: FDD Fixed Reference Channel for Test 2
	Parameter
	Unit
	Value

	Reference channel
	
	
	R.10 FDD
	R.11 FDD
	R.11-2 FDD
	R.11-3 FDD
	R.30 FDD
	R.35 FDD

	Channel bandwidth
	MHz
	
	10
	10
	5
	10
	20
	10

	Allocated resource blocks (Note 4)
	
	
	50
	50
	25
	40
	100
	50

	Allocated subframes per Radio Frame
	
	
	10
	10
	10
	10
	10
	10

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

	Target Coding Rate
	
	
	1/3
	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
	
	4392
	12960
	5736
	10296
	25456
	19848

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

	  For Sub-Frame 0
	Bits
	
	4392
	12960
	4968
	10296
	25456
	18336

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	Bits
	
	1
	3
	1
	2
	5
	3

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	13200
	26400
	12000
	21120
	52800
	39600

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

	  For Sub-Frame 0
	Bits
	
	12384
	24768
	10368
	19488
	51168
	37152

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	
	3.953
	11.664
	5.086
	9.266
	22.910
	17.712

	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



Table 8: TDD Fixed Reference Channel for Test 20 with TM1

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 TDD
	R.42 TDD
	
	R.2 TDD
	
	

	Channel bandwidth
	MHz
	1.4
	20
	
	10
	
	

	Allocated resource blocks (Note 6)
	
	6
	100
	
	50
	
	

	Uplink-Downlink Configuration (Note 4)
	
	1
	1
	
	1
	
	

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	
	4+2
	
	

	Modulation
	
	QPSK
	QPSK
	
	QPSK
	
	

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

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	408
	[8760]
	
	4392
	
	

	  For Sub-Frames 1,6
	Bits
	n/a
	[7736]
	
	3240
	
	

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

	  For Sub-Frame 0
	Bits
	208
	[8760]
	
	4392
	
	

	Number of Code Blocks 
(Notes 5 and 6)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	1
	[2]
	
	1
	
	

	  For Sub-Frames 1,6
	
	n/a
	[2]
	
	1
	
	

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

	  For Sub-Frame 0
	
	1
	[2]
	
	1
	
	

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	1368
	[27600]
	
	13800
	
	

	  For Sub-Frames 1,6
	Bits
	n/a
	[22656]
	
	11256
	
	

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

	  For Sub-Frame 0
	Bits
	672
	[26904]
	
	13104
	
	

	Max. Throughput averaged over 1 frame  (Note 6)
	Mbps
	0.102
	[4.175]
	
	1.966
	
	

	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. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
For BW=1.4 MHz, the information bit payloads of special subframes are set to zero (no scheduling) to avoid problems with insufficient PDCCH performance at the test point. 

Note 3:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 4:
As per Table 4.2-2 in TS 36.211 [4]

Note 5:      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 6:
Given per component carrier per codeword




Table 9: TDD Fixed Reference Channel for Test 2 with TM3

	Parameter
	Unit
	Value

	Reference channel
	
	R.10 TDD
	R.11 TDD
	R.11-1 TDD
	R.11-2 TDD
	R.11-3 TDD
	R.30 TDD
	R.30-1 TDD
	R.35 TDD

	Channel bandwidth
	MHz
	10
	10
	10
	5
	10
	20
	20
	10

	Allocated resource blocks (Note 5)
	
	50
	50
	50
	25
	40
	100
	100
	50

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	1
	1
	1
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2

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

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

	Information Bit Payload (Note 5)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	4392
	12960
	12960
	5736
	10296
	25456
	25456
	19848

	  For Sub-Frames 1,6
	
	3240
	9528
	9528
	5160
	9144
	22920
	21384
	15840

	  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
	4392
	12960
	n/a
	4968
	10296
	25456
	n/a
	n/a

	Number of Code Blocks 
(Notes 4 and 5)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	3
	3
	1
	2
	5
	5
	4

	  For Sub-Frames 1,6
	
	1
	2
	2
	1
	2
	4
	4
	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
	3
	n/a
	1
	2
	5
	n/a
	n/a

	Binary Channel Bits (Note 5)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	13200
	26400
	26400
	12000
	21120
	52800
	52800
	39600

	  For Sub-Frames 1,6
	
	10656
	21312
	21312
	10512
	16992
	42912
	42912
	31968

	  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
	12528
	25056
	n/a
	10656
	19776
	51456
	n/a
	n/a

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	1.966
	5.794
	4.498
	2.676
	4.918
	12.221
	9.368
	7.138

	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. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:      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 5:
Given per component carrier per codeword


Table 10: TDD Fixed Reference Channel for Test 2 with TM4

	Parameter
	Unit
	Value

	Reference channel
	
	R.12 TDD
	R.13 TDD
	R.14 TDD
	R.14-1 TDD
	R.14-2 TDD
	R.43 TDD
	R.36 TDD

	Channel bandwidth
	MHz
	1.4
	10
	10
	10
	10
	20
	10

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

	Uplink-Downlink Configuration (Note 4)
	
	1
	1
	1
	1
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2
	4+2

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

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

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	408
	4392
	12960
	[1544]
	[744]
	[25456]
	18336

	  For Sub-Frames 1,6
	Bits
	n/a
	3240
	9528
	n/a
	n/a
	[21384]
	15840

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

	  For Sub-Frame 0
	Bits
	208
	4392
	 n/a
	n/a
	n/a
	n/a
	n/a

	Number of Code Blocks 
(Notes 5 and 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	1
	3
	1
	1
	[5]
	4

	  For Sub-Frames 1,6
	
	n/a
	1
	2
	n/a
	n/a
	[4]
	3

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

	  For Sub-Frame 0
	
	1
	1
	 n/a
	n/a
	n/a
	n/a
	n/a

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	1248
	12800
	25600
	[3072]
	[1536]
	[51200]
	38400

	  For Sub-Frames 1,6
	
	n/a
	10256
	20512
	n/a
	n/a
	[41312]
	30768

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

	  For Sub-Frame 0
	Bits
	624
	12176
	 n/a
	n/a
	n/a
	n/a
	n/a

	Max. Throughput averaged over 1 frame (Note 6)
	Mbps
	0.102
	1.966
	4.498
	[0.309]
	[0.149]
	[9.368]
	6.835

	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. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2: 
For BW=1.4 MHz, the information bit payloads of special subframes are set to zero (no scheduling) to avoid problems with insufficient PDCCH performance at the test point.

Note 3:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 4:
As per Table 4.2-2 in TS 36.211 [4]

Note 5:      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 6:
Given per component carrier per codeword
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