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1 Introduction
Interference level is an important parameter for FeICIC demodulation performance and CSI testing. To facilitate the discussion, this contribution focuses on the methodology to determine the interference levels. Accordingly the initial values of interference levels are provided for different physical channel tests based on the system simulation.
2 Methodology to determine interference levels for CRS-IC
There might be a lot of procedures to determine the interference levels. This contribution will discuss two alternatives, which are described as follows:

· Alternative1: x%-ile of CDF for a set of UE → Es/Iot → Es/Noc2 → EI,1/Noc2 + (Noc1, Noc2, Noc3) → EI,2/Noc2 → obtain all the parameters, i.e., Es/Noc2, EI,1/Noc2, EI,2/Noc2, Noc1/Noc2, Noc3/Noc2;

· Alternative 2: x%-ile of CDF for a set of UE → Es/Iot → (EI,1/Noc2, EI,2/Noc2) + (Noc1, Noc2, Noc3) → Es/Noc2 → obtain all the parameters, i.e., Es/Noc2, EI,1/Noc2, EI,2/Noc2, Noc1/Noc2, Noc3/Noc2;

Where Es/Iot is the serving cell SINR, Es/Noc2 is the serving cell SNR, EI,x/Noc2 corresponds to the x-th aggressor cell interference levels and the definitions of Noc are the same as Rel-10.
By using Alternative 1 the serving cell SNR is firstly determined and then the first strong interference is selected and finally the second interference is calculated, while by using Alternative 2 the joint interference levels for the aggressor cells are chosen firstly and then the serving cell SNR is calculated.
In this paper, we firstly elaborate Alternative 1 and then compare Alternative 1 and Alternative 2. Alternative 1 can be divided into three big steps:
· Step 1: Log Es/Iot for an interested UE set and pick out the UEs based on a certain percentile of Es/Iot CDF, e.g., 50%-ile Pico CRE UE Es/Iot for PDSCH TM2 test (which follows the same way in Rel-10). And then obtain corresponding Es/Iot.
· Step 2: Select Es/Noc2, EI,1/Noc2 from UEs picked out in Step 1.
· Step 2.1: From the UEs picked up in Step 1, select the serving cell Es/Noc2 by observing the 50%-ile of conditional Es/Noc2 CDF. And pick out UEs within a certain window around obtained Es/Noc2.
· Step 2.2: From the UEs picked up in Step 2.1, select the first strong aggressor cell interference level EI,1/Noc2 by averaging the available EI,1/Noc2 values or observing 50%-ile of conditional EI,1/Noc2 CDF.
· Step 3: Calculate the second aggressor cell interference level EI,2/Noc2.

· Step 3.1: Obtain the CDF-s for Noc1, Noc2, Noc3 with respect to all UEs and find the relations between them.

· Step 3.2: Calculate the second aggressor cell interference level by using the equation as follows
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Following the methodology used in Rel-10, three typical UE sets of interest could be evaluated as a starting point:

· Set 1: 10% Pico UE (for control channels)

· Set 2: 50%-ile Pico CRE UE (for PDSCH TM-2 test cases)

· Set 3: 50%-ile Pico non-CRE UE (for PDSCH rank-2 test cases)
The detailed examples for each step are given in the follow subsections. We mainly take Set 2 for an example.
2.1 Step1: select the typical UE sets and get Es/Iot
The CDFs of Es/Iot for the different UE sets of interest are given in Figure 1. The system simulation assumptions are given in Appendix 5.1. From Figure 1, it can be observed that the Es/Iot for Set 2 is about -6.5dB.
[image: image2.png]Probability

CDF

0gf-

08f-

07f-

06

05

04

03f-

02f-

01

0
A5

—— AllUE
Pica CRE UE
Pica non-CRE UE |{
Pico all UE
T T

5 10 15 Eil ]
Esflot (46)





Figure 1: CDFs of Es/Iot for Set2
The Es/Iot values for the other UE sets are given in Appendix 5.2. But the obtained Es/Iot values for the other UE sets are given in Table 1.
Table 1: Summary of Es/Iot for different UE sets

	UE set
	Descriptions
	Es/Iot (dB)

	1
	10% Pico UE
	-10.3

	2
	50%-ile Pico CRE UE
	-6.5

	3
	50%-ile Pico non-CRE UE
	3.7


2.2 Step2: determine Es/Noc2 and EI,1/Noc2 
In this step, firstly all the UEs falling in the ± 0.5dB window around Es/Iot = -6.5dB were picked out. The 2-D figures was plotted to show the relations between Es/Noc2 and EI,1/Noc2 in Figure 2. It can be observed that the values of Es/Noc2 is distributed in the range from 0dB to 20dB and EI,1/Noc2 is also distributed widely. But given the value of Es/Noc2, the conditional distribution of EI,1/Noc2 is tight.
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Figure 2: Distribution of EI,1/Noc2 conditioned on 50%-ile of Es/Iot of the Set 2 UEs
Firstly from the distribution in Figure 2, the conditional Es/Noc2 CDF is obtained. The reference Es/Noc2 corresponding to 50%-ile is 5.5dB. And the UEs falling in the ± 0.5dB window around Es/Noc2 = 5.5dB are picked out. Secondly based on the picked out UE, the averaged interference level of EI,1/Noc2 is calculated, i.e., EI,1/Noc2 = 10.0dB.
Similarly the values of Es/Noc2 and EI,1/Noc2 for Set 1 and Set 3 UEs can be obtained. All the values are summarized in Table 2.
Table 2: Summary of Es/Noc2 and EI,1/Noc2 for different UE sets
	UE Set
	Descriptions
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)

	1
	10% Pico UE
	-10.3
	0.0
	7.5

	2
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0

	3
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0


2.3 Step3: determine EI,2/Noc2 
If removing the stronger aggressor cells, the remaining noise floors from the other macro cells and/or pico cells are whitened well under the assumption of full buffer traffic and common ABS. In Figure 3, the CDFs of Es/Noc1, Es/Noc2 and Es/Noc3 are given. All the UEs are taken into account when calculating CDFs. 
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Figure 3: CDF of Es /Noc2, Es /Noc2 and Es /Noc2 of all UEs
It is observed that the three curves are almost parallel. And it can be derived that the averaged ratio of Noc3/Noc2 is about 2.4dB and the averaged ratio of Noc1/Noc2 is about -2.5dB. Then by using equation (1), it can be calculated that EI,2/Noc2 is 5.4dB.
In Figure 4, the 2-D distributions for EI,2/Noc2 versus Es /Noc2 and EI,2/Noc2 versus EI,1/Noc2 are plotted. Both distributions fall in the wide range. It would be difficult to determine EI,2/Noc2 from those widely distributed values. So it may be of saving effort by using the equation (1) to determine the interference levels.
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Figure 4: Distributions of EI,2/Noc2 versus Es /Noc2 and EI,2/Noc2 versus EI,1/Noc2 conditioned on 50%-ile Es/Iot for Set 2
Similarly the values of EI,2/Noc2 for Set 1 and Set 3 UEs can be obtained. All the values are summarized in Table 3.
Table 3: Summary of Es/Noc2, EI,1/Noc2, and EI,2/Noc2 for different UE sets

	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)
	EI,2/Noc2 (dB)

	1
	10% Pico UE
	-10.3
	0.0
	7.5
	5.3

	2
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0
	6.1

	3
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0
	4.6


3 Comparison of Alternative 1 and Alternative 2
In this section, we will compare Alternative 1 and Alternative 2. If the equation (1) is used, the relation between EI,1/Noc2 and EI,2/Noc2 can be described as a set of curves with respect to different values of Es/Noc2 given an Es/Iot. Figure 5 ~ Figure 6 show the joint distribution of (EI,1/Noc2, EI,2/Noc2), and theoretical relation between EI,1/Noc2 and EI,2/Noc2 given a certain Es/Iot. For the theoretical curves on the right, only the points below the line of EI,1/Noc2 =EI,2/Noc2, which is the green orthogonal line, are available.
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Figure 5: Joint distribution of (EI,1/Noc2, EI,2/Noc2), and theoretical relation between EI,1/Noc2 and EI,2/Noc2 given Es/Iot = -10.3dB
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Figure 6: Joint distribution of (EI,1/Noc2, EI,2/Noc2), and theoretical relation between EI,1/Noc2 and EI,2/Noc2 given Es/Iot = -6.5dB
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Figure 7: Joint distribution of (EI,1/Noc2, EI,2/Noc2), and theoretical relation between EI,1/Noc2 and EI,2/Noc2 given Es/Iot =3.7dB

A lot of criteria can be applied to obtain the side conditions. We do not want to deeply look into all the potential criteria. We just use a simple way. If looking at the densest part of the distribution of (EI,1/Noc2, EI,2/Noc2), the values of (EI,1/Noc2, EI,2/Noc2) can be obtained. Then from the theoretical relation curves between EI,1/Noc2 and EI,2/Noc2, the Es/Noc2 can be calculated. In that way, it can be calculated that

· Set 1: (Es/Noc2, EI,1/Noc2, EI,2/Noc2) ≈ (-1.4dB, 6dB, 3dB);
· Set 2: (Es/Noc2, EI,1/Noc2, EI,2/Noc2) ≈ (4dB, 8dB, 5dB);
· Set 3: (Es/Noc2, EI,1/Noc2, EI,2/Noc2) ≈ (13.3dB, 7.5dB, 2.5dB).

Comparing to Table 3, the differences of obtained values between Alternative 1 and Alternative 2 are ranging from 0.5dB to 2.3dB. Of course other ways can also be used. But since there is relation between Es/Noc2, EI,1/Noc2 and EI,2/Noc2, Alternative 1 and Alternative 2 are equivalent to some extent. Besides, the relatively challenging side condition can always be obtained by selecting the points near the orthogonal line (green) in theoretical relation curves.
On the other hand, if calculating the joint probability of the obtained interference levels, i.e., P{x<EI,1/Noc2, y<EI,2/Noc2}, we can find that the obtained values from both Alternative 1 and Alternative 2 could cover around 50% of UEs picked out.
4 Conclusion
This contribution provides two alternative methodologies to determine the interference levels based on system simulation. Actually two alternatives are equivalent to each other in our opinion. We prefer Alternative 1 since the joint distribution of (Es/Noc2, EI,1/Noc2) is relatively tight and it would be beneficial to align the proposals from companies. 
· Proposal: It is suggested to use Alternative 1 as the method to determine the side conditions for FeICIC demodulation and CSI report testing. The detailed procedure can be described in logogram:
· x%-ile of CDF for a set of UE → Es/Iot → Es/Noc2 → EI,1/Noc2 + (Noc1, Noc2, Noc3) → EI,2/Noc2 → obtain all the parameters, i.e., Es/Noc2, EI,1/Noc2, EI,2/Noc2, Noc1/Noc2, Noc3/Noc2;

The obtained values in Table 3 can be used as the reference.

Table 3: Summary of Es/Noc2, EI,1/Noc2, and EI,2/Noc2 for different UE sets

	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)
	EI,2/Noc2 (dB)

	1
	10% Pico UE
	-10.3
	0.0
	7.5
	5.3

	2
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0
	6.1

	3
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0
	4.6


The other issue that is not touched in the contribution is the deployment scenario used for system simulation. In this contribution, we just follow the same assumption for the study in Rel-10, i.e., using scenario #4b(4) with 24dBm. But we are open for other choices.
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6 Appendix
6.1 System simulation assumptions
Table 4: System simulation assumptions
	Parameter
	Setting

	Deployment scenario
	#4b(4) – configuration 
4Pico per section

60UE per Macro section, 2/3 hotspot UE

	PCI assignment
	Macro cells: 

Planned PCIs with 3-reuse per macro site 
Pico cells: 

Random PCIs for pico cells 

	ISD
	500 m

	Cell selection offset
	9 dB

	Maximum eNodeB transmit power
	Macro: 46 dBm

Pico: 24 dBm 

	Path loss
	Baseline: Model 1 [1]

Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: 
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	Pathloss
	Pathloss model 1 ( NLOS only)

	Antenna gains & configuration
	Macro: three-cell, 14 dBi incl. connector loss, 3D pattern (see Table 3)

Pico: omni, 5 dBi incl. connector loss

UE: omni, 0 dBi

	Shadow fading
	Lognormal, std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Penetration loss
	20 dB [1]

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	10m 


	Minimum distance among pico nodes
	40 m


6.2 Figures of interference level

6.2.1 Simulation results for Set 1 (10% Pico UE) 
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6.2.2 Simulation results for Set 2 (50%-ile Pico CRE UE) 
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6.2.3 Simulation results for Set 3 (50%-ile Pico non-CRE UE)
[image: image22.png]CDF

09

08

07

06

05

04

03

02

01

geometry distribution

all UE
—— Pico CRE UE
—— Pico non-CRE UE
— Picoall ue

E3




[image: image23.png]0

B

@) zoon'3

ok

15

15 Eil E3 0

EsfNoc2 (dE)

10





[image: image24.png]@) zoon”'3

EsfNoc2 (dE)




[image: image25.png]Eil

15

0

ok

sk

El
-5

5 10

E,,/MNoc2 (d8)

0





_1413276067.unknown

_1283185602.unknown

