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1. Introduction
In RAN #59, the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The objective of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. One of the main RAN4 WG tasks is to agree on the methodology and parameters for further link-level simulations of IS/IC receivers, including the definition of co-channel inter- and intra-cell interference models. The models should be defined with respect to the deployment scenarios and system-level simulation assumptions agreed by the RAN1 WG [2].

The methodology for interference power profiles analysis was agreed in [3, 4]. However, several details of Scenario 2a/b modeling were not finalized. Furthermore, the interference geometry settings (i.e. I1/Noc and I2/Noc profiles) for LTE NAICS Scenario #1 were agreed by the companies [4] and already used for Phase 1 link-level studies. At the same time, the interference profiles for the LTE NAICS Scenario #2a/b have not been calibrated and agreed so far. In this contribution we provide discussion on the remaining details of interference modeling methodology for LTE NAICS Scenario #2a/b and provide the corresponding simulation results for interference geometry conditions.
2. Discussion
2.1 Non-dominant interferers modeling

For Scenario #2a/b, Macro and Small cells layers may have different RUs and additional study on the appropriate non-dominant interferers power scaling approach may be needed [3, 4]. For instance, several approaches for residual interference and noise scaling may be considered:
Option 1:
Given a fixed partial loading level (α) which is equal for Macro and Small cells layers, non-dominant interferer level will be re-scaled using:
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Pros: 
Using this approach allows easier alignment among companies without using full system-level analysis.
Cons: 
Less accurate interference modeling.
Option 2:

Given partial loading levels for Macro (αMacro) and Small (αSmall) cells, non-dominant interferer level will be re-scaled using
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Pros: 
More realistic interference power profiles.
Cons: 
More difficult to align results among companies.
To decide on the preferable option we suggest comparing the resulting interference profiles distributions (i.e. I1/Noc and I2/Noc) and check the accuracy of the Option 1 approach. To analyze the Option 2, the Macro and Small cell layers RU was evaluated using full system level analysis. The respective RU factor are summarized in Table 1 for the case of using 2x2 antenna configurations and for 40% and 60% target RU values. Note. that in accordance to the RAN1 WG agreements the target RUs is defined as follows: Resource utilization factors: 40% and 60% mandatory. 20% and 70% optional average resource utilization across all cells in the most loaded “layer” (i.e. macros or small cells). So, in application to Scenario #2a/b, the target 40% RU means that Macro layer has 40% RU. while small cells have lower RU.

Table 1. Scenario #2a/b Macro and Small cells layers RU
	Scenario
	Macro layer (Target RU)
	Small cell layer

	Scenario #2a/b
4 Small cells (2x2)
	40 %
	28 %

	
	60 %
	41 %


Observation 1:
For the LTE NAICS Scenario 2a/b with 4 small cells the RU ratios of Macro and Small cell layers is substantially different.
The resulting serving and interference cells geometry distributions (Es/Noc, I1/Noc and I2/Noc) for the 40% and 60% RU points and unconditional SINR is illustrated in Figure 1. The simulation results indicate that using Option 1 leads to 0.6-1.0 dB difference in I1/Noc and I2/Noc values comparing with the Option 2. 
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	(a) RU = 40% RU
	(b) RU = 60%

	Figure 1. Non-dominant interferers modeling


Observation 2:
Using Option 1 non-dominant interferers modeling approach results in 0.6 - 1.0 dB dominant interference underestimation comparing to Option 2 approach.
This difference may be meaningful in case if low I1/Noc regions are analysed and for I2/Noc analysis. So, based on these result Option 2 modeling approach is proposed to be adopted.
Proposal 1:
Use different Macro and Small cell layers RU values for non-dominant interferers modeling for Scenario #2a/b. Consider to perform calibration of Macro and Small cell layer resource utilization factors before proceeding with Scenario #2a/b interference conditions calibration.
2.2 Macro and Small cell dominant interference probability
For the LTE NAICS studies the HetNet deployment with 4 Small cells per Macro cell area is considered. So, the average Macro to Small cell proportion is 1:4. However, in terms of the dominant interference statistics this distribution does not hold true due to different equipment models and deployment assumptions for Macro and Small cells. The evaluated probability that the dominant interferer is the Macro or Small cell is provided in Table 2. The results show that for Scenario #2a/b the averaging of interference characteristics (e.g. MCS and MIMO rank distributions) should be done with respect to the interference probability rather that with respect to the general geographical cell distribution.
Table 2. Macro and Small cells dominant interference probability
	Cell type
	Dominant interferer probability
	General probability

	Macro cell
	45 %
	20%

	Small cell
	55 %
	80%


Observation 3:
The probability that the dominant interferer is Macro or Small cell is not aligned with the general cell type probability.
2.3 Macro and Small cells dominant interference power profiles
The statistics of the dominant interference power profiles depends on the cell type. The corresponding simulation results are illustrated in Figure 2 for the case of 40% RU and unconditional SINR. The results indicate that typically the I1/Noc values in case of Macro cell interference are less comparing to Small cell I1/Noc. At the same time, the averaged statistics (i.e. All cells) rather well approximates both Macro and Small cell interference and the I1/Noc values difference is relatively small (<0.6 dB). 
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Figure 2. Macro and Small cell I1/Noc statistics
Proposal 2:
Use averaged dominant interference I1/Noc and I2/Noc power profiles for Macro and Small cells.
3. Interference Power Profiles Analysis
The interference conditions for LTE NAICS scenario #2a/b with 4 Small cells were analysed using both Option 1 and Option 2 approaches described in Section 2. The power profiles were analysed for two dominant interferers as agreed in RAN4 #68 meeting. The more detailed methodology is described in Section 3.1, results on the UE geometry distribution are provided in Section 3.2, while the summary of interference cells power profiles is presented in Section 3.3. The detailed simulation results in case of using Option 2 approach are given in the Annex A.
3.1 Methodology
The general steps to derive interference profiles are in accordance to the RAN4 WG approach adopted for the Scenario #1 analysis:
1) Select data from the following full buffer SINR percentile ranges: 

a. 5% - 25% (Low SINR);
b. 40% - 60% (Medium SINR);
c. 75% - 95% (High SINR).

2) For each SINR range. derive I1/Noc statistics and gather results corresponding to the following CDF points:
a. 20% of the I1/Noc;
b. 50% of the I1/Noc;
c. 80% of the I1/Noc.
3) Derive median I2/Noc values conditioned on the on the following I1/Noc percentile ranges:
a. 15% - 25% (for 20% I1/Noc);
b. 45% - 55% (for 50% I1/Noc);
c. 75% - 85% (for 80% I1/Noc).

4) Repeat (2) and (3) for 40% and 60% loading levels.
3.2 Full buffer geometry

In Figure 3 we illustrate the geometry distribution for the Scenario #2a/b with 4 Small cells under full buffer assumption.
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Figure 3. SINR (Full buffer)

In Table 3 we provide the maximum and minimum SINR values corresponding to the target SINR ranges.

Table 3. SINR ranges

	SINR region
	Minimum SINR. dB
	Maximum SINR. dB

	5% -25%
	-3.28
	1.83

	40% -60%
	4.52
	8.68

	75% -95%
	12.64
	22.04


3.3 Interfering cells geometry
In Table 4 we provide the summary of interference power profiles analysis for Scenario #2a/b with 4 Small cells in accordance to the Option 1 non-dominant interference modeling methodology described in Section 2.
Table 4. Summary of interference power settings for Scenario #2a/b with 4 Small cells (Option 1 non-dominant interference modeling)
	SINR region
	Loading
	I1/Noc Percentile
	I1/Noc, dB
	I2/Noc, dB (median)

	5-25%
	60%
	20%
	4.40
	1.68

	
	
	50%
	10.43
	4.05

	
	
	80%
	17.17
	4.83

	
	40%
	20%
	6.15
	3.42

	
	
	50%
	12.18
	5.81

	
	
	80%
	18.88
	6.59

	40-60%
	60%
	20%
	4.93
	1.65

	
	
	50%
	10.12
	3.36

	
	
	80%
	15.68
	3.98

	
	40%
	20%
	6.67
	3.35

	
	
	50%
	11.89
	5.06

	
	
	80%
	17.42
	5.77

	75-95%
	60%
	20%
	2.94
	0.93

	
	
	50%
	7.12
	2.13

	
	
	80%
	12.51
	3.79

	
	40%
	20%
	4.66
	2.68

	
	
	50%
	8.82
	3.88

	
	
	80%
	14.23
	5.50


In Table 5 we provide the summary of interference power profiles analysis for Scenario #2a/b with 4 Small cells in accordance to the Option 2 non-dominant interference modeling methodology described in Section 2.
Table 5. Summary of interference power settings for Scenario #2a/b with 4 Small cells (Option 2 non-dominant interference modeling)
	SINR region
	Loading
	I1/Noc Percentile
	I1/Noc, dB
	I2/Noc, dB (median)

	5-25%
	60%
	20%
	5.26
	2.28

	
	
	50%
	11.19
	5.05

	
	
	80%
	17.73
	5.67

	
	40%
	20%
	6.95
	4.00

	
	
	50%
	12.92
	6.73

	
	
	80%
	19.47
	7.32

	40-60%
	60%
	20%
	5.66
	2.29

	
	
	50%
	10.82
	4.12

	
	
	80%
	16.33
	4.58

	
	40%
	20%
	7.35
	4.00

	
	
	50%
	12.48
	5.87

	
	
	80%
	18.02
	6.31

	75-95%
	60%
	20%
	3.72
	1.46

	
	
	50%
	7.85
	2.92

	
	
	80%
	13.28
	4.87

	
	40%
	20%
	5.38
	3.16

	
	
	50%
	9.52
	4.56

	
	
	80%
	14.94
	6.53


4. Conclusions
In this contribution we address the interference power profiles for LTE NAICS Scenario #2a/b. In particular, we discuss on the remaining issues related to the definition of interference power profiles and provide detailed results of the interference conditions analysis. 

In summary we make the following observations and proposals:
Observation 1:
For the LTE NAICS Scenario 2a/b with 4 small cells the RU ratios of Macro and Small cell layers is substantially different.

Observation 2:
Using Option 1 non-dominant interferers modeling approach results in 0.6 - 1.0 dB dominant interference underestimation comparing to Option 2 approach.

Observation 3:
The probability that the dominant interferer is Macro or Small cell is not aligned with the general cell type probability.
Proposal 1:
Use different Macro and Small cell layers RU values for non-dominant interferers modeling for Scenario #2a/b. Consider to perform calibration of Macro and Small cell layer resource utilization factors before proceeding with Scenario #2a/b interference conditions calibration.
Proposal 2:
Use averaged dominant interference I1/Noc and I2/Noc power profiles for Macro and Small cells.
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Annex A – Interference profiles simulation results 
(Option 2 non-dominant interference modeling)
Low SINR (5%-25%). Partial Loading @ 60%
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	Figure 4. CDF for I1/Noc
	Figure 5. CDF for I2/Noc


Low SINR (5%-25%). Partial Loading @ 40%
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	Figure 6. CDF for I1/Noc
	Figure 7. CDF for I2/Noc


Medium SINR (40%-60%). Partial Loading @ 60%
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	Figure 8. CDF for I1/Noc
	Figure 9. CDF for I2/Noc


Medium SINR (40%-60%). Partial Loading @ 40%
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	Figure 10. CDF for I1/Noc
	Figure 11. CDF for I2/Noc


High SINR (75%-95%). Partial Loading @ 60%
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	Figure 12. CDF for I1/Noc
	Figure 13. CDF for I2/Noc


High SINR (75%-95%). Partial Loading @ 40%

	[image: image17.png]CDF

09f

08f

07t

06

05t

04f

03f

02f

01f

1/Noc, dB




	[image: image18.png]CDF

0
10 5 0 5 10 15 20 2%





	Figure 14. CDF for I1/Noc
	Figure 15. CDF for I2/Noc
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