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1 Introduction
During RAN4#74, a CR was agreed introducing new power imbalance tests relating to 3CC bandwidth combinations [1]. The CR is assumes the following basic methodology:

· For 3DL intra-band contiguous power imbalance test, fall back to 2DL power imbalance test.

· For TDD FDD CA capable UE which can support FDD or TDD intra-band contiguous CA configurations, the intra-band contiguous CA power imbalance tests for 2CC can be applied. 
· Introduce new requirements for 10+10 and 5+5 FDD and 15+15TDD

· For the new requirements, existing FRCs are re-used

· For the new requirements, throughput is measured on Scell. The power imbalance of Pcell is increased slightly from 6dB, based on the difference in link level performance between the used FRC and R.49 FRC used for the 20MHz test.

The CR did not include values for the PCell power offset.

In this paper we provide evaluation results for R.49-1 FDD, R.49-2 FDD and R.49-1 TDD in order to progress to agreeing the PCell power offset values for the specification.
2 Evaluation results
Figure 1 illustrates the link level performances of the 20, 10 and 5MHz FDD cases
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Figure 2 illustrates the link level performance of the 20 and 15MHz TDD cases
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Table 1 illustrates the SNR difference in dB between the 15, 10 and 5MHz results and the respective 20MHz results and the 85% throughput point
	Bandwidth
	Difference to 20MHz 85% throughput point (dB)

	10MHz FDD
	0.97

	5MHz FDD
	1.11

	15MHz TDD
	1.15


3 Conclusions

Based on these observations, the PCell offsets in the CR should be set as follows:
· FDD 10MHz: 6.97

· FDD 5MHz: 7.11

· TDD 15MHz: 7.15
4 References

[1] R4-151086, “CR on power imbalance test for 3DL CA”, RAN4#74
5 Appendix

5.1 Intra-band contiguous CA power imbalance test

5.1.1 FDD

The test parameters are provided in Table 1, the test cases are provided in Table 2 and the related FRC-s are provided in Table 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.

Table 1: Test Parameters for CA

	Parameter
	Unit
	Test 1
	Test 2-3

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	0
	0
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at antenna port
	dBm/15kHz
	Off (Note 2)
	Off (Note 2)

	Symbols for unused PRBs
	
	OCNG (Note 3)
	OCNG (Note 3,4)

	Modulation
	
	64 QAM
	64 QAM

	Maximum number of HARQ transmission
	
	1
	1

	Redundancy version coding sequence
	
	{0}
	{0}

	PDSCH transmission mode of PCell
	
	1
	3

	PDSCH tramsmission mode of SCell
	
	3
	1

	OCNG Pattern
	PCell
	
	OP.1 TDD
	OP.5 TDD

	
	SCell
	
	OP.5 TDD
	OP.1 TDD

	Propagation Conditions
	PCell
	
	AWGN
	Clause B.1

	
	SCell
	
	Clause B.1
	AWGN

	Correlation Matrix and Antenna
	PCell
	
	1x2
	2x2

	
	SCell
	
	2x2
	1x2

	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: 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
	OCNG
	R.49-1 FDD
	-79
	TBD
	N/A
	85
	≥3

	3
	5
	5
	OCNG
	R.49-2 FDD
	-79
	TBD
	N/A
	85
	≥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 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).


5.1.2 TDD

The test parameters are provided in Table 4 the test cases are provided in Table 5 and the related FRC-s are provided in Table 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. 

Table 4: Test Parameters for CA

	Parameter
	Unit
	Test 1
	Test 2

	Downlink power allocation
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	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	0
	0
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at antenna port
	dBm/15kHz
	Off (Note 2)
	Off (Note 2)

	Symbols for unused PRBs
	
	OCNG (Note 3,4)
	OCNG (Note 3,4)

	Modulation
	
	64 QAM
	64 QAM

	Maximum number of HARQ transmission
	
	1
	1

	Redundancy version coding sequence
	
	{0}
	{0}

	PDSCH transmission mode of PCell
	
	1
	3

	PDSCH transmission mode of SCell
	
	3
	1

	OCNG Pattern
	PCell
	
	OP.1 TDD
	OP.5 TDD

	
	SCell
	
	OP.5 TDD
	OP.1 TDD

	Propagation Conditions
	PCell
	
	AWGN
	Clause B.1

	
	SCell
	
	Clause B.1
	AWGN

	Correlation Matrix and Antenna
	PCell
	
	1x2
	2x2

	
	SCell
	
	2x2
	1x2

	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 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
	20
	15
	OCNG
	R.49-1 TDD
	-79
	TBD
	N/A
	85
	≥5


Table 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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