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1 
Introduction
In RAN4 #63 meeting the issue of image correlation across Rx antennas in the CA power imbalance test [1] was noted by most companies and some effective solutions to resolve this problem were also addressed [2-4]. But the final conclusion, e.g. consistent and clear simulation assumptions including the more accurate image interference modeling method, were not achieved yet. In this contribution, further considerations about the image interference modeling method for CA power imbalance test and some necessary clarifications for the simulation assumption [5] are provided. Simulation results for FDD and TDD based on the proposed simulation assumptions are presented also.    
2 
Clarification of the image interference modelling
In last meeting, results for CA demodulation test with power imbalance were summarized [6]. However, the deviation from the different results was too high (>2dB) to be aligned due to the ambiguity of image interference modeling method for CA power imbalance test. Hence a unified modeling methodology for the image interference should be specified firstly.

Proposal 1:   As part of simulation assumptions for CA power imbalance test, a unified modeling methodology for the image interference shall be specified. 

Generally there are two alternatives for modeling image interference from the baseband simulation perspective [1].  

· Co-channel interference

· White noise

However since the image interference is mainly caused by amplitude- and phase-impairments between local oscillator paths and mismatches between I/Q branches after down-conversion [7]. That is the image interference includes no-linear operations of the input random process
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, e.g. RF/IF filters and mixers when DCR architecture is applied. So independent image interference across two Rx antennas same as AWGN can be not guaranteed. 
Additionally as shown in the figure below, the image interference has a frequency selective characteristic also especially when PRB data allocation for Pcc and Scc are not symmetric.
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Fig 1. Image interference selectivity

On the other hand, in case of the white noise modeling the following aspects are assumed: 

· The full statistical independency between the wanted signal and image interference and between two Rx antennas
· Without frequency selectivity over the whole bandwidth of the target data
These assumptions are not true from the viewpoints mention above. Therefore, it is more appropriate to model the SCell image interference by the co-channel interference model.
Proposal 2: The intra-frequency co-channel interference modeling is more accurate to be adopted as the unified image interference model for performance alignment of the CA power imbalance test.
3 Channel configuration for CA power imbalance test 
3.1. Channel configuration between SCell and UE
In [8], the rank 2 transmission from SCell was agreed. But we need more evaluations on the channel models between SCell and UE.
· New 2x2 orthogonal AWGN channel denoted as 
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As an interference cell, the transmitted symbols in SCell can be independent OCNG in both Tx. These two interference symbols in the two RXs are perfectly independent as we showed in [2]. Meanwhile, the simulation results based this configuration can be found in [2] which shows the image interference correlation problem can be resolved by this option completely.
· Static 2x2 AWGN channel in 36.101 [9] denoted as 
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It is important to ensure the independency of the interference signal to avoid the performance degradation due to the high correlation between RXs. From this view point, OCNG partern 5 with TM3 can be applied as demonstrated in the interference modeling for eICIC test [10]. 
Out of these two options, option 2 has clear advantage because no new channel model and OCNG pattern is needed.
3.2. Channel configuration between PCell and UE
In R4 #63 meeting the channel between PCell and UE for CA power imbalance test is not specified yet [8] and 2 options for this configuration are still under evaluation: 

· 1x2 channel for Pcell [2] 
· 2x2 channel for PCell [4]
The setup of 2x2 channel for PCell requires the duplicate data transmitted in the two TXs in PCell [4]. This is problematic because there is no such transmission mode defined in [12].
Proposal 3: The channel model between PCell and UE can specified as static 1x2 AWGN channel with TM1. 
4 Simulation Results 

The simulation assumptions are given in the table below [5].
Table 1 Simulation assumptions for FDD power imbalance test

	Parameter
	Unit
	Value

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode of the transmitted symbols in PCell
	
	1

	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]

	Symbols for the interference SCell
	
	[OCNG5]
TM3

	Image interference modelling
	
	Co-channel interference

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




Firstly the simulation results to ensure the feasibility of PCell channel model [1 j; 1 –j] is given in the figure below. 
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Fig 2. Simulation results of two options for the channel between SCell and UE
From the results above, we can see:

Observation 1:  The test configuration for SCell with propagation model [1 j; 1 –j] , OCNG pattern 5 and TM3 can provide independent interference between the two RX branches. Therefore, there is not any performance degradation due the image correlation between two RX antennas. 
Proposal 4: In order to avoid new additional test channel model introduced in the current RAN4 specification, the 2x2 static propagation model 
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 in 36.101 [9] can be applied for SCell in this CA power imbalance test. And the symbols transmitted in SCell can be OCNG pattern 5 with TM3.  
Then the simulation results of FDD and TDD cases [5] are given in Fig 3(a) and Fig 3(b) below respectively. 
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  (b)TDD
Fig 3. Simulation results of FDD and TDD 

From the results above, we can see:
Observation 2: The performance requirement for the 70% max throughput can be obtained below SINR = 19dB based on the target 
[image: image14.wmf]fund

IRR

 and 
[image: image15.wmf]P

D

for both FDD and TDD.
Proposal 5:  70% max throughput point is feasible as the requirement for CA power imbalance test case for both FDD and TDD.
5 
Conclusion
In this contribution further considerations and proposals on CA power imbalance test setup are presented. And the simulation results based these proposed methods are provided also.  
Proposal 1:   As part of simulation assumption for CA power imbalance test, a unified modeling methodology for the image interference shall be specified. 

Proposal 2: The intra-frequency co-channel interference modeling is more accurate to be adopted as the unified image interference model for CA power imbalance test in the baseband. 

Proposal 3: The channel model between PCell and UE can specified as static 1x2 AWGN channel withTM1.
Proposal 4: In order to avoid new additional test channel model introduced in the current RAN4 specification, the 2x2 static propagation model 
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 in 36.101 [9] can be applied for SCell in this CA power imbalance test. And the symbols transmitted in SCell can be OCNG pattern 5 with TM3.
Proposal 5:  70% max throughput point is feasible as the requirement for CA power imbalance test case for both FDD and TDD.
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