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1. Introduction
In RAN4#60, updated simulation assumptions [1] were proposed for simulations of CA demodulation with power imbalance. This contribution provides results for FDD and TDD carrier aggregation. 25dB image rejection ratio is assumed as specified as the minimum performance requirement in [2].
2. Proposed simulation assumptions
Table 1 Simulation assumptions for FDD power imbalance test

	Parameter
	Unit
	Value

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode
	
	1

	Antenna configuration
	
	1x2 low

	Propagation condition
	
	Static propagation condition (Note1)

	CodeBookSubsetRestriction bitmap
	
	n/a

	Downlink power allocation
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	Symbols for unused PRBs of PCell
	
	OCNG

	Cyclic prefix
	
	Normal

	Number of HARQ process
	Process
	8

	Maximum number of HARQ
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8

	Measurement channel for PCell
	
	[R.xx FDD]

	Measurement channel for SCell
	
	[OCNG] (FDD Pattern is FFS Note 3)

	Test Metric
	
	Relative Throughput ([TBD])

	Note 1:
No external noise sources are applied
Note 2:   Unless stated otherwise, all the parameters applies for both PCell and SCell

Note 3:   The certain OCNG pattern is used to fill the SCell control channel and PDSCH. 


Table 2 Simulation assumptions for TDD power imbalance test

	Parameter
	Unit
	Value

	Uplink downlink configuration
	
	[1]

	Special subframe configuration
	
	4

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode
	
	1

	Antenna configuration
	
	1x2 low

	Propagation condition
	
	Static propagation condition (Note1)

	CodeBookSubsetRestriction bitmap
	
	n/a

	Downlink power allocation
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	Symbols for unused PRBs of PCell
	
	OCNG 

	Cyclic prefix
	
	Normal

	Number of HARQ process
	Process
	[7]

	Maximum number of HARQ
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8

	Measurement channel for PCell
	
	[R.yy TDD]

	Measurement channel for SCell
	
	[OCNG] (TDD Pattern is FFS Note 3)

	Test Metric
	
	Relative Throughput ([TBD])

	Note 1:
No external noise sources are applied
Note 2:   Unless stated otherwise, all the parameters applies for both PCell and SCell

Note 3:   The certain OCNG pattern is used to fill the SCell control channel and PDSCH. And the OCNG pattern is used only for downlink subframes.


Table 3 Fixed Reference Channel for CA PDSCH performance with power imbalance (FDD)
	Parameter
	Unit
	Value

	Reference channel
	
	
	
	R.xx FDD
	
	

	Channel bandwidth
	MHz
	
	
	20
	
	

	Allocated resource blocks
	
	
	
	
	
	

	Allocated subframes per Radio Frame
	
	
	
	10
	
	

	Modulation
	
	
	
	64QAM
	
	

	Coding Rate
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	
	
	0.91
	
	

	  For Sub-Frame 5
	
	
	
	0.90
	
	

	  For Sub-Frame 0
	
	
	
	0.79
	
	

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	75376
	
	

	  For Sub-Frame 5
	Bits
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	63776
	
	

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

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	13
	
	

	  For Sub-Frame 5
	Bits
	
	
	12
	
	

	  For Sub-Frame 0
	Bits
	
	
	11
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	82800
	
	

	  For Sub-Frame 5
	Bits
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	80280
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	66.678
	
	

	UE Category
	
	
	
	5-8
	
	

	Note 1:
2 symbol allocated to PDCCH for all tests
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]


Table 4 Fixed Reference Channel for CA PDSCH performance with power imbalance (TDD)
	Parameter
	Unit
	Value

	Reference channel
	
	
	
	R.yyTDD
	
	

	Channel bandwidth
	MHz
	
	
	20
	
	

	Uplink-Downlink Configuration (Note 3)
	
	
	
	1
	
	

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

	Modulation
	
	
	
	64QAM
	
	

	Target Coding Rate
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	
	
	0.91
	
	

	  For Sub-Frames 1,6
	
	
	
	0.81
	
	

	  For Sub-Frames 5
	
	
	
	n/a
	
	

	  For Sub-Frames 0
	
	
	
	0.79
	
	

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	
	
	75376
	
	

	  For Sub-Frame 1,6
	Bits
	
	
	55056
	
	

	  For Sub-Frame 5
	Bits
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	63776
	
	

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	
	
	13
	
	

	  For Sub-Frame 1,6
	
	
	
	9
	
	

	  For Sub-Frame 5
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	11
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	
	82800
	
	

	  For Sub-Frame 1,6
	Bits
	
	
	67968
	
	

	  For Sub-Frame 5
	Bits
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	80712
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	32.464
	
	

	UE Category
	
	
	
	5-8
	
	

	Note 1:
2 symbol allocated to PDCCH for all tests
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]


3. Results
While simulation assumptions provided the exact PCell and SCell power settings, we simulated additionally other power differences to verify the sensitivity of the requirement to discriminate between good and bad UE implementation. Results are provided in figure 1 (FDD) and figure 2 (TDD) 
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Figure 1 : Relative throughput for different SCell-PCell power difference for E-UTRA FDD carrier aggregation
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Figure 2 : Relative throughput for different SCell-PCell power difference for E-UTRA FDD carrier aggregation

It should be noted that the results do not consider RF impairments other than the assumed 25dB image rejection ratio. Considering practical implementation, it is proposed that the relative throughput requirement is 70% for both FDD and TDD, with 6dB imbalance.

4. Conclusions

Simulation results are provided for CA demodulation with power imbalance. Based on the results, it is proposed that a relative throughput requirement of 70% would be suitable for both FDD and TDD.
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Annex A – Numerical results
	Imbalance (dB)
	Relative Throughput (FDD)
	Relative Throughput (TDD)

	20
	24.9%
	25.7%

	19
	25.5%
	30.9%

	18
	33.3%
	30.5%

	17
	33.3%
	32.9%

	16
	33.4%
	33.0%

	15
	33.8%
	33.0%

	14
	33.8%
	39.0%

	13
	33.8%
	42.6%

	12
	33.9%
	43.3%

	11
	46.4%
	44.2%

	10
	52.8%
	69.3%

	9
	54.2%
	75.9%

	8
	54.6%
	76.7%

	7
	71.8%
	81.5%

	6
	88.0%
	93.8%

	5
	95.3%
	97.4%

	4
	98.8%
	99.1%

	3
	99.5%
	99.5%

	2
	99.6%
	99.9%

	1
	100.0%
	99.9%

	0
	99.9%
	99.9%

	-1
	100.0%
	99.9%
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