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1 Introduction
In the previous RAN4 meetings, there was an extensive discussion on CA PDSCH performance requirements with power imbalance [1~11]. Unfortunately there was no consensus on whether or not it should be tested, although it was agreed that UE demodulation requirements are expected be developed for imbalanced PCC and SCC. This defines the minimum requirement for supporting imbalance power between CC in rel10 UE based on existing image rejection ratio in R4-112280 and R4-113007 in RAN4 meeting #59. The conclusion in the last meeting was Seek operator inputs on the scenarios where this requirement is needed. Come back next meeting.
The concerns were 1) the proposed test working assumptions leads to high SNR(s) which was thought unrealistic; 2) sustained data rate test could implicitly verify the -25dBc image rejection. 
Regarding the first concern, RAN4 had already quite extensively discussion in RRM area and companies provided quite large number of system simulation results. And accordingly it was also agreed that 6dB power imbalance would happen for intra-band CA as you can read in [4], i.e., An image rejection ratio of 25dB which would allow demodulation of a carrier in the presence of approximately 6dB stronger image carrier has been defined, after the system simulation campaign. This LS was sent to RAN2 already.
In this contribution, we try to answer the second concern. In our opinion, the existing sustained data rate (sustained data rate) test could not verify the image rejection, because 1) UEs with poor image rejection implementation could pass sustained data rate test with the same power level on both CCs; 2) there would be other RF impairments, e.g., phase noise that could affect the test of image rejection. So we need a dedicated test for image rejection and power imbalance.
2 Simulation results and discussions
Simulation results

In this session, we compare the performance of proposed power imbalance test with that of sustained data rate test under the different image rejection ratios. The basic working assumptions for power imbalance test are in [1], and those of sustained data rate are in TS36.101. And the additional assumption is as follows:
· Assume that -38dB SNR because the noise floor is -123dBm/15KHz (with 9dB noise figure) and signal level is -85dBm/15KHz.
As shown in Figure 1, it would be difficult for sustained data rate test to distinguish between the image rejection ratio -25dBc and -23dBc by using 85% relative throughput. But the proposed power imbalance test with proper MCS setting could distinguish between -25dBc and -24dBc. The reason behind is that the power imbalance decreases the achievable SNR point, which would be put on the slope of the throughput curve. On the contrary, the achievable SNR point of sustained data rate test is not, because the power levels on PCC and SCC are the same. So the performance of sustained data rate tests is not sensitive to the change of image rejection ratios.
Therefore we think that the sustained data rate test would be not feasible to verify the image rejection capability and RAN4 should define the test as proposed in [1,2]. But as a compromise, maybe we need further study on the power imbalance value for this demodulation test. So we put square brackets on the power level for SCC.

Soft buffer limitation issue

Originally, the common understanding according to RAN1 LS R4-103767 was that UE category 5-8 would be primarily designed for 2x20MHz, while UE category 3,4 for 2x10MHz. Accordingly the proposed power imbalance test cases are defined for 2x20MHz. But the situation would change in RAN4, e.g., in the discussion related to the soft buffer limitation test.
For UE category 5-8, there would be no soft buffer limitation problem for the proposed power imbalance test. For UE category 3 and 4, there would be soft buffer limitation problem if using 20MHz+20MHz for test cases. But since there was no clear agreement on whether UE category 3 and 4 support 20MHz+20MHz, we suggest focusing on UE category 5-8 first for the power imbalance test, and then leaving UE category 3 and 4 FFS.
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Figure 1 Comparison of performance of power imbalance with sustained data rate under different image rejection ratios
3 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 

	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 processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

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

	Number of OFDM symbols for PDCCH per component carrier
	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 on PCell([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 

	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 per component carrier
	Processes
	[7]

	Maximum number of HARQ per component carrier
	
	4

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

	Number of OFDM symbols for PDCCH per component carrier
	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 on PCell ([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]


4 Summary
In this contribution, we analyze both the sustained data rate test and proposed power imbalance test under different image rejection ratios. The sustained data rate test would be insufficient to verify the -25dBc image rejection ratio. So we propose to define the requirements for power imbalance. If the group agreed that, we further propose to the formal approval of the working assumption in Section 3 for UE category 5-8.
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