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1 Introduction
In RAN4#73 meeting CRs are approved for 3DL CCs with single carrier simulation assumptions. In this contribution we provide the alignment and impairment results for single carrier as input for DL CA with 3 CCs and TDD-FDD CA.
2 Alignment results for all possible bandwidths
Figure 1~3 show relative TP results with all bandwidths for TM1, 3, 4 tests for FDD and Figure 4~6 show the relative TP results for TM1, 3, 4 tests for TDD. Here the simulations results are based on practical channel estimation and 6% Tx EVM and without RF impairments.
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Figure 1 Relative TP for single carrier for FDD TM1
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Figure 2 Relative TP for single carrier for FDD TM3
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Figure 3 Relative TP for single carrier for FDD TM4
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Figure 4 Relative TP for single carrier for TDD TM1
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Figure 5 Relative TP for single carrier for TDD TM3
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Figure 6 Relative TP for single carrier for TDD TM4
3 Impairments results
Table 1 gives all the impairment results for all tests at test point of  70% of maximum throughput.
Table 1 Impairment results in SNR (dB) for single carrier

	
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	TM1 FDD
	-2.63
	-2.65
	-2.77
	-3.09
	-3.33
	-3.21

	TM1 TDD
	-1.61
	-2.19
	-2.45
	-2.81
	-2.47
	-2.56

	TM3 FDD
	12.80
	11.11
	11.12
	11.56
	11.36
	11.35

	TM3 TDD
	12.84
	11.45
	11.17
	11.57
	11.49
	11.55

	TM4 FDD
	7.77
	7.36
	7.49
	8.08
	8.30
	8.25

	TM4 TDD
	8.46
	7.64
	7.86
	8.59
	8.71
	8.82


4 Conclusions

In this contribution we provide the alignment and impairment results for single carrier for both FDD and TDD tests in order to define requirements for 3 DL CA and TDD-FDD CA. 
5 Appendix

5.1 CA Normal test
5.1.1 TM1 test

5.1.1.1 FDD

The test parameters are provided in Table 2.1-1 and the related FRC-s are provided in Table 2.1-2. The other parameters are referred to Clause 8.2.1.1.1 in TS36.101. 

The simulation results for 3MHz, 5MHz and 15MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.
Table 2.1-1: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.4 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[0.0]

	2
	3 MHz
	R.42-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	TBD

	3
	5 MHz
	R.42-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	TBD

	4
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[-1.1]

	5
	15 MHz
	R.42-3 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	TBD

	6
	20 MHz
	R.42 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[-1.3]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-2: Fixed Reference Channel QPSK R=1/3

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD
	R.42

FDD
	R.42-1 FDD
	R.42-2 FDD
	R.42-3 FDD
	R.2 FDD

	Channel bandwidth
	MHz
	1.4
	20
	3
	5
	15
	10

	Allocated resource blocks (Note 4)
	
	6
	100
	15
	25
	75
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9
	9

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	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
	1320
	2216
	6712
	4392

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

	  For Sub-Frame 0
	Bits
	152
	8760
	1064
	1800
	6712
	4392

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	
	1
	2
	1
	1
	2
	1

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368
	27600
	3780
	6300
	20700
	13800

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

	  For Sub-Frame 0
	Bits
	528
	26760
	2940
	5460
	19860
	12960

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	0.342
	7.884
	1.162
	1.953
	6.041
	3.953

	UE Category
	
	≥ 1
	≥ 1
	≥ 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.


5.1.1.2 TDD

The test parameters are provided in Table 2.1-3 and the related FRC-s are provided in Table 2.1-4. The other parameters are referred to Clause 8.2.2.1.1 in TS36.101. 

The simulation results for 3MHz, 5MHz and 15MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.
Table 2.1-3: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.4 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[0.0]

	2
	3 MHz
	R.42-1 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	TBD

	3
	5 MHz
	R.42-2 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	TBD

	4
	10 MHz
	R.2 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[-1.2]

	5
	15 MHz
	R.42-3 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	TBD

	6
	20 MHz
	R.42 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[-1.2]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-4: Fixed Reference Channel QPSK R=1/3

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 TDD
	R.42 TDD
	R.42-1 TDD
	R.42-2 TDD
	R.42-3 TDD
	
	R.2 TDD

	Channel bandwidth
	MHz
	1.4
	20
	3
	5
	15
	
	10

	Allocated resource blocks (Note 6)
	
	6
	100
	15
	25
	75
	
	50

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

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

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	
	QPSK

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

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	408
	8760
	1320
	2216
	6712
	
	4392

	  For Sub-Frames 1,6
	Bits
	N/A
	7736
	1128
	1864
	5992
	
	3240

	  For Sub-Frames 3,8
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	
	N/A

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

	  For Sub-Frame 0
	Bits
	208
	8760
	1064
	1800
	6712
	
	4392

	Number of Code Blocks
(Notes 5 and 6)
	
	
	
	
	
	
	
	

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

	  For Sub-Frames 1,6
	
	N/A
	2
	1
	1
	1
	
	1

	  For Sub-Frames 3,8
	
	N/A
	N/A
	N/A
	N/A
	N/A
	
	N/A

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

	  For Sub-Frame 0
	
	1
	2
	1
	1
	2
	
	1

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	1368
	27600
	3780
	6300
	20700
	
	13800

	  For Sub-Frames 1,6
	Bits
	N/A
	22656
	3276
	5556
	16956
	
	11256

	  For Sub-Frames 3,8
	
	N/A
	N/A
	N/A
	N/A
	N/A
	
	N/A

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

	  For Sub-Frame 0
	Bits
	672
	26904
	3084
	5604
	20004
	
	13104

	Max. Throughput averaged over 1 frame (Note 6)
	Mbps
	0.102
	4.175
	0.596
	0.996
	3.212
	
	1.966

	UE Category
	
	≥ 1
	≥ 1
	≥ 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. 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.


5.1.2 TM3 test
5.1.2.1 FDD

The test parameters are provided in Table 2.1-5 and the related FRC-s are provided in Table 2.1-6. The other parameters are referred to Clause 8.2.1.3.1 in TS36.101. 

The simulation results for 1.4MHz, 3MHz and 5MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.
Table 2.1-5: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.11-5 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	TBD

	2
	3 MHz
	R.11-6 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	TBD

	3
	5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	TBD

	4
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	[13.0]

	5
	15 MHz
	R.11-7 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	[13.5]

	6
	20 MHz
	R.30 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	[13.2]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-6: Fixed Reference Channel two antenna ports

	Parameter
	Unit
	Value

	Reference channel
	
	R.11-2 FDD
	R.11 FDD
	R.30 FDD
	R.11-5 FDD
	R.11-6 FDD
	R.11-7 FDD
	
	

	Channel bandwidth
	MHz
	5
	10
	20
	1.4
	3
	15
	
	

	Allocated resource blocks (Note 4)
	
	25
	50
	100
	6
	15
	75
	
	

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9
	9
	
	

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	
	

	Target Coding Rate
	
	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
	5736
	12960
	25456
	1352
	3368
	19080
	
	

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

	  For Sub-Frame 0
	Bits
	4968
	12960
	25456
	N/A
	2664
	19080
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

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

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12000
	26400
	52800
	2592
	7200
	39600
	
	

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

	  For Sub-Frame 0
	Bits
	10368
	24768
	51168
	N/A
	5568
	37968
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	5.086
	11.664
	22.910
	1.082
	2.961
	17.172
	
	

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


5.1.2.2 TDD

The test parameters are provided in Table 2.1-7 and the related FRC-s are provided in Table 2.1-8. The other parameters are referred to Clause 8.2.2.3.1 in TS36.101. PUCCH format 3 is used for ACK/NACK feedback.

The simulation results for 1.4MHz, 3MHz, 5MHz and 15MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.

Table 2.1-7: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.11-5 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	TBD

	2
	3 MHz
	R.11-6 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	TBD

	3
	5 MHz
	R.11-7 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	TBD

	4
	10 MHz
	R.11-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[13.1]

	5
	15 MHz
	R.11-8 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	TBD

	6
	20 MHz
	R.30-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[13.7]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-8: Fixed Reference Channel two antenna ports (Continue)

	Parameter
	Unit
	Value

	Reference channel
	
	R.11-5 TDD
	R.11-6 TDD
	R.11-7 TDD
	R.11-8 TDD
	R.11-1 TDD
	R.30-1 TDD
	

	Channel bandwidth
	MHz
	1.4
	3
	5
	15
	10
	20
	

	Allocated resource blocks (Note 5)
	
	6
	15
	25
	75
	50
	100
	

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

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

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	

	Target Coding Rate
	
	1/2
	1/2
	1/2
	½
	1/2
	1/2
	

	Information Bit Payload (Note 5)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	1352
	3368
	5736
	19080
	12960
	25456
	

	  For Sub-Frames 1,6
	Bits
	1128
	3112
	5160
	15840
	10680
	21384
	

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

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	

	Number of Code Blocks
(Notes 4 and 5)
	
	
	
	
	
	
	
	

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

	  For Sub-Frames 1,6
	
	1
	1
	1
	3
	2
	4
	

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

	  For Sub-Frame 0
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	

	Binary Channel Bits (Note 5)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	2592
	7200
	12000
	39600
	26400
	52800
	

	  For Sub-Frames 1,6
	Bits
	2304
	6192
	10512
	32112
	21312
	42912
	

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

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	0.496
	1.296
	2.179
	6.984
	4.498
	9.368
	

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

Note 6:
For R.11-3 resource blocks of RB6–RB45 are allocated.


5.1.3 TM4 test
5.1.3.1 FDD

The test parameters are provided in Table 2.1-9 and the related FRC-s are provided in Table 2.1-10. The other parameters are referred to Clause 8.2.1.4.3 in TS36.101. PUCCH format 3 is used for ACK/NACK feedback. For pre-coding granularity, 4 PRBs for 3MHz and 5MHz CCs, 6 PRBs for 10MHz CCs and 8 PRBs for 15MHz and 20MHz CCs are assumed.

The simulation results for 1.4MHz, 3MHz, 5MHz and 15MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.

Table 2.1-9: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.14-4 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD

	2
	3 MHz
	R.14-5 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD

	3
	5 MHz
	R.14-6 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD

	4
	10 MHz
	R.14 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[10.8]

	5
	15 MHz
	R.14-7 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	TBD

	6
	20 MHz
	R.14-3 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[10.9]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-10: Fixed Reference Channel four antenna ports
	Parameter
	Unit
	Value

	Reference channel
	
	R.14-4 FDD
	R.14-5 FDD
	R.14-6 FDD
	R.14-7 FDD
	R.14 FDD
	R.14-3 FDD
	

	Channel bandwidth
	MHz
	1.4
	3
	5
	15
	10
	20
	

	Allocated resource blocks (Note 4)
	
	6
	15
	25
	75
	50
	100
	

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9
	9
	

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	

	Target Coding Rate
	
	1/2
	1/2
	½
	½
	1/2
	1/2
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1192
	3368
	5736
	19080
	12960
	25456
	

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

	  For Sub-Frame 0
	Bits
	N/A
	2664
	4968
	19080
	11448
	22920
	

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	
	
	
	
	

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

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

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

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2496
	6960
	11600
	38400
	25600
	51200
	

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

	  For Sub-Frame 0
	Bits
	N/A
	5424
	10064
	36864
	24064
	49664
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	0.954
	2.961
	5.086
	17.172
	11.513
	22.656
	

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


5.1.3.2 TDD

The test parameters are provided in Table 2.1-11 and the related FRC-s are provided in Table 2.1-12. The other parameters are referred to Clause 8.2.2.4.3 in TS36.101. PUCCH format 3 is used for ACK/NACK feedback. For pre-coding granularity, 4 PRBs for 3MHz and 5MHz CCs, 6 PRBs for 10MHz CCs and 8 PRBs for 15MHz and 20MHz CCs are assumed.

The simulation results for 1.4MHz, 3MHz, 5MHz and 15MHz will be provided for alignment. The simulations results for other bandwidth would be needed to confirm the existing single carrier requirements and the feasibility to apply them to CA.

Table 2.1-11: Single carrier performance with different bandwidths for multiple CA configurations (FRC)

	Number
	Bandwidth
	Reference Channel
	OCNG Pattern (Note 1)
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	1.4 MHz
	R.43-1 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	TBD

	2
	3 MHz
	R.43-2 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	TBD

	3
	5 MHz
	R.43-3 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	TBD

	4
	10 MHz
	R.43-4 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	TBD

	5
	15 MHz
	R.43-5 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	TBD

	6
	20 MHz
	R.43 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[11.1]

	Note 1:
The OCNG pattern applies for each CC.


Table 2.1-12: Fixed Reference Channel four antenna ports
	Parameter
	Unit
	Value

	Reference channel
	
	R.43-1 TDD
	R.43-2 TDD
	R.43-3 TDD
	R.43-4 TDD
	R.43-5 TDD
	R.43 TDD
	

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20
	

	Allocated resource blocks (Note 6)
	
	6
	15
	25
	50
	75
	100
	

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

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

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	

	Target Coding Rate
	
	1/2
	1/2
	1/2
	½
	½
	1/2
	

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	1192
	3368
	5736
	12960
	19080
	25456
	

	  For Sub-Frames 1,6
	Bits
	N/A
	2856
	5160
	10680
	15840
	21384
	

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

	  For Sub-Frame 0
	Bits
	N/A
	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
	1
	3
	4
	5
	

	  For Sub-Frames 1,6
	
	N/A
	1
	1
	2
	3
	4
	

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

	  For Sub-Frame 0
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	

	Binary Channel Bits (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	2496
	6960
	11600
	25600
	38400
	51200
	

	  For Sub-Frames 1,6
	Bits
	N/A
	5952
	10112
	20512
	30912
	41312
	

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

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	

	Max. Throughput averaged over 1 frame (Note 6)
	Mbps
	0.238
	1.245
	2.179
	4.728
	6.984
	9.368
	

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


5.2 Intra-band contiguous CA power imbalance test

5.2.1 FDD

The test parameters are provided in Table 2.2-1, the test cases are provided in Table 2.2-2 and the related FRC-s are provided in Table 2.2-3. The other parameters are referred to Clause 8.2.1.7 in TS36.101. PUCCH format 3 is used for ACK/NACK feedback. Throughput is measured on the PCell or SCell only.
The simulation results are provided to evaluate the feasible power imbalance values for different bandwidth setup.

The test setup given here is not for the final requirements and just for evaluation. And companies can also have new proposals.
Table 2.2-1: Test Parameters for CA

	Parameter
	Unit
	Test 1-4
	

	Downlink power allocation
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	dB
	0 (Note 1)
	

	
	(
	dB
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	dBm/15kHz
	Off (Note 2)
	

	Symbols for unused PRBs
	
	OCNG (Note 3)
	

	Modulation
	
	64 QAM
	

	Maximum number of HARQ transmission
	
	1
	

	Redundancy version coding sequence
	
	{0}
	

	PDSCH transmission mode of PCell
	
	1
	

	PDSCH tramsmission mode of SCell
	
	3
	

	OCNG Pattern
	PCell
	
	OP.1 TDD
	

	
	SCell
	
	OP.5 TDD
	

	Propagation Conditions
	PCell
	
	AWGN
	

	
	SCell
	
	Clause B.1
	

	Correlation Matrix and Antenna
	PCell
	
	1x2
	

	
	SCell
	
	2x2
	

	Note 1:
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Note 2: 
No external noise sources are applied

Note 3:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated. pseudo random data, which is QPSK modulated.

Note 4:
Void


Table 2.2-2: Minimum performance (FRC) for CA

	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port

(dBm/15KHz)
	Reference value

Fraction of Maximum

Throughput (%)
	UE Category

	
	PCell
	SCell
	PCell
	SCell
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at SCell
	PCell
	SCell
	

	1
	20
	20
	R.49FDD
	OCNG
	-85
	-79
	85
	N/A
	≥5

	2
	10
	10
	R.49-1 FDD
	OCNG
	-85
	TBD
	85
	N/A
	≥3

	3
	5
	5
	R.49-2 FDD
	OCNG
	-85
	TBD
	85
	N/A
	≥3

	Note 1: 
The OCNG pattern for PCell is used to fill the control channel. The OCNG pattern for SCell is used to fill the control channel and PDSCH.

Note 2: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


Table 2.2-3: PCell Fixed Reference Channel for CA demodulation with power imbalance

	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
	
	100
	50
	25
	

	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
	Bits
	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 1,2,3,4,6,7,8,9
	Code Blocks
	11
	6
	3
	

	  For Sub-Frame 5
	Code Blocks
	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
	
	≥3
	≥2
	≥1
	

	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).


5.2.2 TDD

The test parameters are provided in Table 2.2-4 the test cases are provided in Table 2.2-5 and the related FRC-s are provided in Table 2.2-6. The other parameters are referred to Clause 8.2.2.7 in TS36.101. PUCCH format 3 is used for ACK/NACK feedback. Throughput is measured on the PCell or SCell only.
The simulation results are provided to evaluate the feasible power imbalance values for different bandwidth setup.

The test setup given here is not for the final requirements and just for evaluation. And companies can also have new proposals.Table 2.2-4: Test Parameters for CA

	Parameter
	Unit
	Test 1-2
	

	Downlink power allocation
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	dB
	0 (Note 1)
	

	
	(
	dB
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at antenna port
	dBm/15kHz
	Off (Note 2)
	

	Symbols for unused PRBs
	
	OCNG (Note 3,4)
	

	Modulation
	
	64 QAM
	

	Maximum number of HARQ transmission
	
	1
	

	Redundancy version coding sequence
	
	{0}
	

	PDSCH transmission mode of PCell
	
	1
	

	PDSCH transmission mode of SCell
	
	3
	

	OCNG Pattern
	PCell
	
	OP.1 TDD
	

	
	SCell
	
	OP.5 TDD
	

	Propagation Conditions
	PCell
	
	AWGN
	

	
	SCell
	
	Clause B.1
	

	Correlation Matrix and Antenna
	PCell
	
	1x2
	

	
	SCell
	
	2x2
	

	Note 1:
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Note 2: 
No external noise sources are applied.

Note 3:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data.

Note 4:
The OCNG pattern is used to fill the SCell control channel and PDSCH for Test 1, and OCNG pattern is used to fill the PCell control channel and PDSCH for Test2.


Table 2.2-5: Minimum performance (FRC) for CA

	Test Number
	Bandwidth (MHz)
	Reference Channel
	Power at antenna port

(dBm/15KHz)
	Reference value

Fraction of Maximum

Throughput (%)
	UE Category

	
	PCell
	SCell
	PCell
	SCell
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at SCell
	PCell
	SCell
	

	1
	20
	20
	R.49TDD
	OCNG
	-85
	-79
	85
	N/A
	≥5

	2
	15
	20
	R.49-1 TDD
	OCNG
	-85
	TBD
	85
	N/A
	≥5


Table 2.2-6: PCell Fixed Reference Channel for CA demodulation with power imbalance 

	Parameter
	Unit
	Value

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

	Channel bandwidth
	MHz
	20
	15

	Number of CRS ports
	
	1
	1

	Allocated resource blocks
	
	100
	75

	Uplink-Downlink Configuration (Note 2)
	
	1
	1

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

	Modulation
	
	64QAM
	64QAM

	Coding Rate
	
	
	

	  For Sub-Frames 4,9
	
	0.84
	0.83

	  For Sub-Frames 1,6
	
	0.81
	0.80

	  For Sub-Frames 5
	
	N/A
	N/A

	  For Sub-Frames 0
	
	0.87
	0.86

	Information Bit Payload
	
	
	

	  For Sub-Frames 4,9
	Bits
	63776
	46888

	  For Sub-Frame 1,6
	Bits
	55056
	40576

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

	  For Sub-Frames 0
	Bits
	63776
	46888

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

	  For Sub-Frames 4,9
	Code Blocks
	11
	8

	  For Sub-Frame 1,6
	Code Blocks
	9
	7

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

	  For Sub-Frames 0
	Code Blocks
	N/A
	8

	Binary Channel Bits Per Sub-Frame
	
	
	

	  For Sub-Frames 4,9 
	Bits
	75600
	56700

	  For Sub-Frame 1,6
	Bits
	67968
	50868

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

	  For Sub-Frame 0
	Bits
	73512
	54612

	Max. Throughput averaged over 1 frame
	Mbps
	30.144
	22.182

	UE Category
	
	≥ 5
	≥ 3

	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).
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