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1
Introduction
In RAN4 #62bis, it was agreed that i) CQI difference is introduced for eICIC CQI test metric; ii) Alternative 1 (ES,I/Noc1, ES,I/Noc2)= (10, 6) dB is baseline for the interference model; and iii) TM2 2x2 is baseline for serving cell [1]. In this contribution, the behavior and performance of eICIC static CQI tests in TM2 are provided. Proposals for the eICIC static CQI tests are made based on the evaluation results.
2
Simulation assumptions
The evaluation frame work is provided in Table 1.

Table 1: eICIC CQI test parameters
	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	2

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	2x2, low correlation

	Propagation channel
	Option 1: Static propagation condition in B.1 in TS36.101 for both serving cell and interference cell
Option 2: Static propagation condition in B.1 in TS36.101 for serving cell and 
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 for interference cell

	Power allocation (ρA,  ρB)
	-3 dB

	Serving cell SNR measured at CRS
	To be simulated for 1 to 15dB [2dB step]

(SNR = Es/Noc2)

	Feedback mode
	PUCCH 1-0

	Physical channel for CQI reporting
	PUCCH Format 2

	PUCCH Report Type
	4

	Reporting periodicity
	NP = 5

	cqi-pmi-ConfigurationIndex
	6

	Frequency error
	0 Hz

	EVM error
	6%

	Maximal number of HARQ transmission
	1

	Pattern for CSI1 measurements
	[10101010]

	Pattern for CSI2 measurements
	[01010101]

	ABS pattern in interfering cell
	[10101010]

	Interfering cell configuration
	Non-MBFSN ABS with non-colliding RS

	Interference model
	Alternative 1 (Es_int/Noc2=6 dB and Es_int/Noc1 = 10 dB in ABS, and Es_int/Noc3=2.8 dB in non-ABS) 
Es_int is the dominant interferer power.


3
Simulation results with 2x2 static channel
We provide simulation results for eICIC static CQI reporting tests. In this contribution, we consider antenna configuration of 2x2 with AWGN channel. 
For propagation channel model, we have 2 options. Option 1 uses the same static channel models for both serving cell (pico cell) and interference cell (macro cell), while Option 2 uses different models.
· Option1: 
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· Option2: 
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The transmission mode for serving cell is TM2. For interference cell, both TM2 and independent OCNG will be considered for the transmission mode in the non-ABS data region.
3.1
Channel model: Option 1
For channel model option 1, both TM2 and OCNG are considered for transmission mode in the interference cell. Simulation results are provided in 3.1.1 and 3.1.2, respectively.
3.1.1
TM2 used in the interference cell
Table 2 ~ Table 5 show the evaluation results when interference cell selects TM2 as a transmission mode.
Table 2: eICIC CQI simulation results with channel model option 1, TM2 from interference cell, and baseline receiver in non-ABS subframes
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	1
	1
	-

	3
	2
	100%
	0
	0
	1
	Pass

	5
	4
	100%
	0
	1
	1
	Pass

	7
	5
	100%
	0
	1
	1
	Pass

	9
	6
	100%
	0
	0.6844
	1
	Pass

	11
	7
	100%
	0
	0.9969
	1
	Pass

	13
	8
	100%
	0
	0.8969
	1
	Pass

	15
	10
	100%
	0.0094
	1
	1
	Pass


Table 3: eICIC CQI simulation results with channel model option 1, TM2 from interference cell, and MMSE-IRC receiver in non-ABS subframes
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	1
	1
	-

	3
	2
	100%
	0
	0.0031
	1
	Pass

	5
	4
	100%
	0
	1
	1
	Pass

	7
	5
	100%
	0
	1
	1
	Pass

	9
	6
	100%
	0
	1
	1
	Pass

	11
	7
	100%
	0
	1
	1
	Pass

	13
	8
	100%
	0
	1
	1
	Pass

	15
	10
	100%
	0.7344
	1
	1
	Fail


Table 4: eICIC CQI simulation results with channel model option 1, TM2 from interference cell, and baseline receiver in ABS subframes
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	6
	100%
	0
	0
	1
	Pass

	3
	7
	100%
	0
	0
	1
	Pass

	5
	8
	100%
	0
	0.0031
	1
	Pass

	7
	9
	100%
	0
	0
	1
	Pass

	9
	10
	100%
	0
	0
	1
	Pass

	11
	11
	100%
	0
	0
	1
	Pass

	13
	12
	100%
	0
	0
	1
	Pass

	15
	13
	100%
	0
	0.0281
	1
	Pass


Table 5: eICIC CQI simulation results with channel model option 1, TM2 from interference cell, and MMSE-IRC receiver in ABS subframes
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	6
	100%
	0
	0.4219
	1
	Pass

	3
	7
	100%
	0
	0.1688
	1
	Pass

	5
	8
	100%
	0
	0.0344
	1
	Pass

	7
	9
	100%
	0
	0
	1
	Pass

	9
	10
	100%
	0
	0
	1
	Pass

	11
	11
	100%
	0
	0.0063
	1
	Pass

	13
	12
	100%
	0
	0
	1
	Pass

	15
	13
	100%
	0
	0.9094
	1
	Pass


The reported median CQI difference between non-ABS and ABS subframes are summarized in Table 6.
Table 6: reported median CQI difference with option 1 and TM2 in the interference cell
	SNR
	Median CQI difference

	
	Baseline receiver
	MMSE-IRC receiver

	1
	5
	5

	3
	5
	5

	5
	4
	4

	7
	4
	4

	9
	4
	4

	11
	4
	4

	13
	4
	4

	15
	3
	3


Observation 1: With channel model option 1 and TM2 used in the interference cell, MMSE-IRC receiver is penalized in non-ABS subframes. 

Observation 2: With channel model option 1 and TM2 used in the interference cell, both baseline and MMSE-IRC receivers satisfy Rel 8/9 requirements for ABS subframes. 

Observation 3: With channel model option 1 and TM2 used in the interference cell, 
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 is satisfied in all SNR test points for both baseline and MMSE-IRC receivers.
3.1.2
Independent OCNG transmitted from the interference cell
Table 7 and Table 8 show the evaluation results when interference cell transmits independent OCNG in the non-ABS data region.
Table 7: eICIC CQI simulation results with channel model option 1, independent OCNG from interference cell, and baseline receiver in non-ABS subframes
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	0.7031
	1
	-

	3
	2
	100%
	0
	0
	0.05
	Fail

	5
	4
	100%
	0
	0
	1
	Pass

	7
	5
	100%
	0
	0
	1
	Pass

	9
	6
	100%
	0
	0
	1
	Pass

	11
	7
	100%
	0
	0
	1
	Pass

	13
	8
	100%
	0
	0
	0.9938
	Pass

	15
	10
	100%
	0
	1
	1
	Pass


Table 8: eICIC CQI simulation results with channel model option 1, independent OCNG from interference cell, and MMSE-IRC receiver in non-ABS subframes

	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	1
	1
	-

	3
	2
	100%
	0
	0
	0.8250
	Pass

	5
	4
	100%
	0
	0.2156
	1
	Pass

	7
	5
	100%
	0
	0
	1
	Pass

	9
	6
	100%
	0
	0
	1
	Pass

	11
	7
	100%
	0
	0
	1
	Pass

	13
	8
	100%
	0
	0
	1
	Pass

	15
	10
	100%
	0
	1
	1
	Pass


The reported median CQI difference between non-ABS and ABS subframes are summarized in Table 9.

Table 9: reported median CQI difference with option 1 and OCNG in the interference cell
	SNR
	Median CQI difference

	
	Baseline receiver
	MMSE-IRC receiver

	1
	5
	5

	3
	5
	5

	5
	4
	4

	7
	4
	4

	9
	4
	4

	11
	4
	4

	13
	4
	4

	15
	3
	3


Observation 4: With channel model option 1 and OCNG transmitted from the interference cell, both baseline and MMSE-IRC satisfy Rel 8/9 requirements when SNR>3dB. 

Observation 5: With channel model option 1 and OCNG transmitted from the interference cell, BLER using the median of reported CQI is similar to the case with AWGN only and no interference, which is different from the case when TM2 is used in the interference cell. More discussions are in Section 3.3.2.
Observation 6: With channel model option 1 and OCNG transmitted from the interference cell, 
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 is satisfied in all SNR test points for both baseline and MMSE-IRC receivers.

From Table 6 and Table 9, we observe that the median reported CQIs are not changed for different receiver types, i.e., receiver agnostic. For CQI calculated based the capacity of the link, which is 
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, if static propagation condition in B.1 in TS36.101 is adopted it can be shown that 
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 is a diagonal matrix regardless of the transmission mode in the interference cell. 

Suppose x1 and x2 are transmitted from Tx1 and Tx2. Then, we have
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Observation 7: With channel model option 1, the tests are receiver agnostic in terms of CQI estimation.
From the simulation results in 3.1.1 and 3.1.2, we propose that, with channel model option 1, TM2 is applied in the serving cell and independent OCNG is transmitted from the interference cell. Also, we propose to define BLER criterion for non-ABS. 

Proposal 1: With channel model option 1, TM2 is applied in the serving cell and independent OCNG is transmitted from the interference cell in the non-ABS data region. BLER criterion can be defined for non-ABS.

3.2
Channel model: Option 2
For channel model option 2, independent OCNG is transmitted in the interference cell. Simulation results are provided in Table 10 and Table 11.
Table 10: eICIC CQI simulation results with channel model option 2, independent OCNG from interference cell, and baseline receiver in non-ABS subframes

	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	0
	0
	Fail

	3
	3
	100%
	0
	0
	0.0031
	Fail

	5
	5
	100%
	0
	0
	1
	Pass

	7
	6
	100%
	0
	0
	1
	Pass

	9
	7
	100%
	0
	0
	1
	Pass

	11
	8
	100%
	0
	0
	1
	Pass

	13
	9
	100%
	0
	0
	1
	Pass

	15
	10
	100%
	0
	0
	1
	Pass


Table 11: eICIC CQI simulation results with channel model option 2, independent OCNG from interference cell, and MMSE-IRC receiver in non-ABS subframes

	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI-1
	BLER using median CQI
	BLER using median CQI+1
	Rel 8/9 requirement

	1
	1
	100%
	-
	0
	0
	Fail

	3
	3
	100%
	0
	0
	0.8344
	Pass

	5
	5
	100%
	0
	0.0313
	1
	Pass

	7
	6
	100%
	0
	0.0031
	1
	Pass

	9
	7
	100%
	0
	0
	1
	Pass

	11
	8
	100%
	0
	0
	1
	Pass

	13
	9
	100%
	0
	0
	1
	Pass

	15
	10
	100%
	0
	0
	1
	Pass


Observation 8: With channel model option 2 and OCNG transmitted from the interference cell, both baseline and MMSE-IRC satisfy Rel 8/9 requirements when SNR>3dB. 

Observation 9: With channel model option 2 and OCNG transmitted from the interference cell, median of reported CQI is matched in most SNR test points, which is different from the case when TM2 is used in the interference cell.

From above observations, we have the following proposal:
Proposal 2: With channel model option 2, TM2 is applied in the serving cell and independent OCNG is transmitted from the interference cell in the non-ABS data region. BLER criterion can be defined for non-ABS.

3.3
Dominant interference analysis in non-ABS subframes
Comparing test results in 3.1.1 (TM2 used in the interference cell) and 3.1.2 (OCNG transmitted from the interference cell), transmitting OCNG from the interference cell shows better BLER performance. Through the dominant interference analysis in non-ABS subframes, we will show that OCNG interference power is less than TM2 interference power to verify the results. 

For (2 Tx) X (2 Rx) SFBC transmit diversity, transmitted symbols and received symbols are as follows:
	
	Tx1
	Tx2

	f0
	s1
	-s2*

	f0+∆f
	s2
	s1*


	
	Rx1
	Rx2

	f0
	r1
	r3

	f0+∆f
	r2
	r4


r1 = h11 s1 - h12 s2* + I1 + n1,
r2 = h11 s2 + h12 s1* + I2 + n2,
r3 = h21 s1 - h22 s2* + I3 + n3,
r4 = h21 s2 + h22 s1* + I4 + n4,
where 
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 is the channel propagation from both serving cell and interference cell, Ii is the dominant macro interference with 
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where 
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 are post-combining dominant macro interferences, and 
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 are post-combining noises. The variances of these parameters will be used later for the BLER comparison between various test cases.
3.3.1
Comparing dominant interference power
We assume dominant interference macro cell transmits as follows:
For TM2,

	
	Tx1
	Tx2

	f0
	sI,1
	-sI,2*

	f0+∆f
	sI,2
	sI,1*


For OCNG,

	
	Tx1
	Tx2

	f0
	sOCNG,1
	sOCNG,3

	f0+∆f
	sOCNG,2
	sOCNG,4


Dominant interferences 
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	TM2
	OCNG
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	h11 sI,1 - h12 sI,2*
	h11 sOCNG,1 + h12 sOCNG,3
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	h11 sI,2 + h12 sI,1*
	h11 sOCNG,2 + h12 sOCNG,4
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	h21 sI,1 - h22 sI,2*
	h21 sOCNG,1 + h22 sOCNG,3
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	h21 sI,2 + h22 sI,1*
	h21 sOCNG,2 + h22 sOCNG,4


With static propagation condition in B.1 in TS36.101, i.e.,
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and using the definition of post-combining dominant macro interferences 
[image: image28.wmf]*

4

22

3

*

21

*

2

12

1

*

11

1

I

h

I

h

I

h

I

h

I

r

+

+

+

=

 and 
[image: image29.wmf]*

4

21

3

*

22

*

2

11

1

*

12

2

I

h

I

h

I

h

I

h

I

r

-

+

-

=

, 
[image: image30.wmf]1

r

I

 and 
[image: image31.wmf]2

r

I

 are derived as follows:
	
	TM2
	OCNG
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	4sI,1
	2sOCNG,1-2sOCNG,4*
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	-4sI,2*
	-2sOCNG,2*-2sOCNG,3


Comparing 
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  for TM2 and OCNG, we see that OCNG setup has less interference power, verifying that transmitting OCNG in the interference cell outperforms TM2 in terms of BLER.
3.3.2
Dominant OCNG interference as an AWGN
For the test case in 3.1.2, we look dominant OCNG interference as an AWGN noise, and run another eICIC CQI test. We will compare the result with that in 3.1.2 to see if they are the same.

In the new test, interferences are removed and the new noise ni’ is modeled as 
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dB, so that the received symbols are
r1 = h11 s1 - h12 s2* + n1’,
r2 = h11 s2 + h12 s1* + n2’,
r3 = h21 s1 - h22 s2* + n3’,
r4 = h21 s2 + h22 s1* + n4’.
Post-combining noise variance for the AWGN model is 
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which is the same as the post-combining interference-and-noise variance for OCNG case,
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.
For the reference, the post-combining interference-and-noise variance for TM2 case is given as
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which is larger than the previous two cases.

The BLER results for AWGN model are shown in Table 10 for comparison with the baseline interference model. Noise power of the AWGN only model is set to be the same as the noise plus interference power in the baseline interference model. Due to very similar BLER performance, OCNG interference is a good choice for eICIC CQI tests.
Table 10: BLER Comparison of AWGN only model and the baseline interference model (in parenthesis) with channel model option 1 and baseline receiver in non-ABS subframes
	SNR
	Median CQI
	BLER 
using median CQI-1
	BLER 
using median CQI
	BLER 
using median CQI+1

	1
	1
	-
	0.6813 (0.7031)
	1 (1)

	3
	2
	0 (0)
	0 (0)
	0.05 (0.00187)

	5
	4
	0 (0)
	0 (0)
	1 (1)

	7
	5
	0 (0)
	0 (0)
	1 (1)

	9
	6
	0 (0)
	0 (0)
	1 (1)

	11
	7
	0 (0)
	0 (0)
	1 (1)

	13
	8
	0 (0)
	0 (0)
	0.9938 (0.9969)

	15
	10
	0 (0)
	1 (1)
	1 (1)


4
Summary

This contribution provides simulation results for eICIC static CQI tests with 2x2 antenna configurations as well as dominant interference analysis in non-ABS to verify our results. Based on the evaluation results, we observe 

Observation 1: With channel model option 1 and TM2 used in the interference cell, MMSE-IRC receiver is penalized in non-ABS subframes. 

Observation 2: With channel model option 1 and TM2 used in the interference cell, both baseline and MMSE-IRC receivers satisfy Rel 8/9 requirements for ABS subframes. 

Observation 3: With channel model option 1 and TM2 used in the interference cell, 
[image: image40.wmf]3
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 is satisfied in all SNR test points for both baseline and MMSE-IRC receivers.

Observation 4: With channel model option 1 and OCNG transmitted from the interference cell, both baseline and MMSE-IRC satisfy Rel 8/9 requirements when SNR>3dB. 

Observation 5: With channel model option 1 and OCNG transmitted from the interference cell, median of reported CQI is matched in most SNR test points, which is different from the case when TM2 is used in the interference cell.

Observation 6: With channel model option 1 and OCNG transmitted from the interference cell, 
[image: image41.wmf]3
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 is satisfied in all SNR test points for both baseline and MMSE-IRC receivers.
Observation 7: With channel model option 1, the tests are receiver agnostic.
Observation 8: With channel model option 2 and OCNG transmitted from the interference cell, both baseline and MMSE-IRC satisfy Rel 8/9 requirements when SNR>3dB. 

Observation 9: With channel model option 2 and OCNG transmitted from the interference cell, median of reported CQI is matched in most SNR test points, which is different from the case when TM2 is used in the interference cell.

Based on the observations, we propose 

Proposal 1: With channel model option 1, TM2 is applied in the serving cell and independent OCNG is transmitted from the interference cell in the non-ABS data region. BLER criterion can be defined for non-ABS.

Proposal 2: With channel model option 2, TM2 is applied in the serving cell and independent OCNG is transmitted from the interference cell in the non-ABS data region. BLER criterion can be defined for non-ABS.
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