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1 Introduction
Performance evaluations for the NAICS study item in RAN4 will be based on three different scenarios recommended by RAN1. In this paper, we present system level simulations and discuss the implications of the observed results on the interference levels to be used in RAN4 performance evaluations. 
2 Scenarios for NAICS
To recap, three scenarios were recommended by RAN1 for RAN4 performance evaluations by way of LS [1] - 1) Homogeneous network with only macro cells, 2) HetNet with non-ideal backhaul and 3) HetNet with quasi-ideal backhaul. Some key aspects of each scenario are listed below:
Scenarios and Interference Modeling:

· Scenario 1: Homogeneous networks with only macro-cell, ISD = 500m 
· Intra-site coordination is possible 
· Inter-site coordination is limited due to non-ideal backhaul constraints

· Scenario 2: HetNet with non-ideal backhaul

· Small cells are deployed within the macro-cell coverage 
· Non-ideal backhaul between macro-cells and small cells within a macro-cell’s coverage 

· Inter-cell coordination is limited, except the intra-site coordination

· Scenario 3: HetNet with quasi-ideal backhaul

· Small cells are deployed within the macro-cell coverage 
· Quasi-ideal backhaul between macro-cell and small cells within its coverage and non-ideal backhaul among macro cells

· Intra-site macro cells coordination

· Coordination between a macro-cell and a small cell within its coverage 
· Coordination among small cells within the coverage of the same macro cell 
· Inter-site coordination between macro-cells 

· Coordination between a  macro-cell and a small cell outside its coverage 
· Coordination among small cells within the coverage of different macro cells 
3 System Level Simulation Considerations
Before RAN4 can proceed with performance evaluations, it is important to determine the appropriate number and geometries of the interferers to be used based on system level simulations for each NAICS deployment scenario. The following are some general considerations before we describe the simulation methodology.
Handoff Hysteresis: In practical situations, there is typically a hysteresis encountered in handoff of the UE. In order to account for this, it is important to consider an A3 event bias when modeling the geometries of interferers.

Proposal 1: Consider A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
· Propagation Channels:

· RAN1 has recommended the use of the ITU-Channel model. Considering the fact that RAN4 has used 3GPP model for several prior studies, we propose the following:
Proposal 2: Evaluate system level simulation results for both 3GPP and ITU propagation channel models to arrive at suitable serving and interferer strengths for each NAICS scenario.
· UE types: A UE could be a low or high SINR UE. Given the fact that low SINR UEs could benefit the most from an advanced receiver, our proposal is to focus on low SINR UEs.

Proposal 3: Evaluate NAICS performance for low SINR UEs. This characterization is made on the basis of SINR calculations. UEs with SINR in the bottom 5%-25% should be the main focus of the study.
The following is the high level description of the methodology used to arrive at serving and interferer signal strengths for each scenario.
3.1 Simulation Methodology

NAICS Scenario 1:

· Step 1: Consider a homogeneous deployment of macro cells with an ISD of 500 m. 
NAICS Scenario 2 (a & b):
· Step 1(a): Consider a heterogeneous deployment of macro cells with an ISD of 500 m. 
· Step 1(b): Within each macro region, 4 pico cells are dropped at random locations uniformly distributed in space.
Steps Common to All NAICS Scenarios:

· Step 2: Drop UEs uniformly distributed in space over the cell area. For each trial in the simulations, a total of 60 UEs are dropped uniformly over 21 sectors.
· Step 3: Handoff Hysteresis Offset (H dB): Consider all UEs with a received power within H dB of the strongest cell and choose the serving cell with uniform probability amongst this set. This would model the hysteresis that is present in the handoff process due to inherent dynamically varying power and handoff delays.
· Step 4: Once the UE is associated with a serving cell, the top two strongest interferers are identified as I1 and I2. Note that the UE could be connected to a macro-cell or pico-cell. When connected to a pico-cell it could be a pico-center UE or a pico-CRE UE.
· Step 5: Calculate SINR for all the UEs. Identify the UEs with SINR in the bottom 5%-25% for performance evaluations. For the above UEs which correspond to the SINR of interest, calculate the corresponding Es/Noc, I1/Noc, I2/Noc values for interference modeling. 
· Noc is defined as the thermal noise power + total received power all the non-dominant interferers i.e., other than the strongest two interferers which will be explicitly modeled.
· Step 6: Conditioned on the SINR, identify the following operating points:
· Obtain 20th percentile of I1/Noc. Conditioned on this I1/Noc, obtain
· 20th percentile of I2/Noc
· 50th percentile of I2/Noc
· 80th percentile of I2/Noc
· Obtain 50th percentile of I1/Noc. Conditioned on this I1/Noc, obtain
· 20th percentile of I2/Noc
· 50th percentile of I2/Noc
· 80th percentile of I2/Noc
· Obtain 80th percentile of I1/Noc. Conditioned on this I1/Noc, obtain
· 20th percentile of I2/Noc
· 50th percentile of I2/Noc
· 80th percentile of I2/Noc 
· Step 7: For the operating points identified above, sweep the Es/Noc levels across a range provided that the geometry is that of the 5th to 25th percentile UEs for link level throughput evaluations.
In the next section, system level simulation results using the above methodology are presented in detail.
4 System Simulation Results
In this section, we present system level simulation results for NAICS scenario 1 obtained using the above methodology. 
Results for NAICS Scenario 1 with ITU Model:
SINR: Shown in Figure 1 is the CDF of the observed SINR for NAICS Scenario 1 with the ITU propagation model. Of specific interest in this plot is the set of UEs with geometries in the 5th to 25th percentile, as these represent cell edge UEs which could benefit the most from advanced receivers to cancel or suppress interference. In this case, SINR for the 5th to 25th percentile of UEs is [-6, -2) dB.
[image: image1.emf]-15 -10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR (dB)

Probability

CDF of SINR for NAICS Scenario 1: ITU Model

 

 

5% to 25% of UEs

SINR ~ [-6, -2) dB


Figure 1: Distribution of SINR
Dominant Interferer Level: Shown in Figure 2 is the CDF of the dominant interferer level for the same scenario, conditioned on the geometry being [-6,-2) dB. Conditioned on the SINR, the following are the 20th, 50th and 80th percentile of the level of the dominant interferer relative to the background noise and interference: 1.47 dB, 4.68 dB and 14.69 dB. These represent weak, median and strong interferers in the low SINR regime.
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Figure 2: Distribution of I1/Noc conditioned on SINR
Second Dominant Interferer Level: In Figure 3, the CDF of the second dominant interferer level conditioned on the geometry being [-6,-2) dB and further conditioned on the strength of the dominant interferer is shown. The three curves correspond to the 20th, 50th and 80th percentile levels of the dominant interferer. 
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Figure 3: Distribution of I2/Noc conditioned on SINR and on different I1/Noc values
Desired Signal Level: Shown in Figure 4 is the CDF of the serving cell strength for different levels of the dominant interference conditioned on the geometry being [-6,-2) dB. As stated above, we propose to sweep the Es/Noc levels across a range given that the geometry is that of the 5th to 25th percentile UEs which in this case is [-6,-2) dB.
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Figure 4: Distribution of Es/Noc conditioned on SINR and on different I1/Noc values

Proposal 4: For link level simulations in RAN4, we propose to use the 20th, 50th and 80th percentile levels of the dominant interferer along with the corresponding 20th, 50th and 80th percentile levels of interference from the second strongest interferer (9 different combinations) for several different levels of the serving cell Es/Noc spanning a range. The values of the interference levels are summarized below.
· Conditioned on the geometry range of interest for 5th to 25th percentile of the UEs,

· 20th percentile of I1/Noc = 1.47 dB

· I2/Noc (20th percentile) = -4.0447 dB

· I2/Noc (50th percentile) = -2.2646 dB

· I2/Noc (80th percentile) = -0.1879 dB
· 50th percentile of I1/Noc = 4.68 dB

· I2/Noc (20th percentile) = -3.3964 dB

· I2/Noc (50th percentile) = -0.7594 dB

· I2/Noc (80th percentile) =  2.2543 dB

· 80th percentile of I1/Noc = 14.69 dB

· I2/Noc (20th percentile) = -2.1782 dB

· I2/Noc (50th percentile) =  3.1893 dB

· I2/Noc (80th percentile) = 11.2407 dB
Results for NAICS Scenario 2a & 2b with ITU Model:
SINR: Figure 5 shows the CDF of the observed SINR for NAICS Scenario 2 with 4 picos per macro region, using the ITU propagation model. No CRE bias is considered even though this is a HetNet deployment. Here too, the set of UEs with geometries in the 5th to 25th percentile are examined and the conditioned for these UEs is [-6, -1.5) dB.
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Figure 5: Distribution of SINR
Dominant Interferer Level: Shown in Figure 6 is the CDF of the dominant interferer level for NAICS scenario 2 conditioned on the geometry being [-6,-1.5) dB. Considering just one value of the interferer level may not be sufficient to truly represent all interference scenarios. In the MMSE-IRC study, RAN4 considered DIP values at every 5th percentile to capture most system level interference scenarios with fidelity. However, this increases the number of link level simulations to run. We list here the 20th, 50th and 80th percentile level of the dominant interferer relative to the background noise and interference to capture different range of interference levels: 0.7340 dB, 5.9799 dB and 12.8004 dB.
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Figure 6: Distribution of I1/Noc conditioned on SINR
Second Dominant Interferer Level: In Figure 7, the CDF of the second dominant interferer level conditioned on a) the geometry being [-6,-1.5) dB and b) strength of the dominant interferer is shown. The three curves of I2/Noc correspond to the 20th, 50th and 80th percentile levels of the dominant interferer respy.
[image: image7.emf]-10 -5 0 5 10 15

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Conditional I

2

/Noc for NAICS Scenario 2: ITU Model, SINR = [-6,-1.5)

SNR (dB)

Probability

 

 

I

2

/Noc for 20th percentile of I

1

/Noc

I

2

/Noc for 50th percentile of I

1

/Noc

I

2

/Noc for 80th percentile of I

1

/Noc


Figure 7: Distribution of I2/Noc conditioned on SINR and on different I1/Noc values
Desired Signal Level: Lastly, Figure 8 shows the CDF of serving cell strengths for different levels of the dominant interference once again conditioned on the geometry being [-6,-1.5) dB. We propose to sweep the Es/Noc levels across a range given that the geometry is that of the 5th to 25th percentile UEs which in this case is [-6,-1.5) dB to generate link level curves. This approach will capture different scenarios of the top 2 dominant interferers and gains of NAICS schemes could be observed for 20th, 50th and 80th percentile of both dominant interferers, creating a good overall representation of interferer levels for link simulations evaluations.
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Figure 8: Distribution of Es/Noc conditioned on SINR and on different I1/Noc values
Largely, in the absence of any CRE bias for this heterogeneous scenario, the dominant interferer levels are similar to NAICS scenario 1. 
5 Conclusions
Aspects of interference modeling for performance evaluation of Rel12 UEs with interference mitigation capability were discussed. The following proposals were made:
Proposal 1: Consider A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.
Proposal 2: Evaluate system level simulation results for both 3GPP and ITU propagation channel models to arrive at suitable serving and interferer strengths for each NAICS scenario.
Proposal 3: Evaluate NAICS performance for cell edge UEs. This characterization is made on the basis of SINR calculations. UEs with SINR in the bottom 5%-25% should be the main focus of the study.

Proposal 4: Based on system level simulations presented in this paper, we propose the following values for Es/Noc, I1/Noc, I2/Noc for NAICS Scenario 1.

· Conditioned on the geometry range of interest for 5th to 25th percentile of the UEs,
· 20th percentile of I1/Noc = 1.47 dB
· I2/Noc (20th percentile) = -4.0447 dB
· I2/Noc (50th percentile) = -2.2646 dB

· I2/Noc (80th percentile) = -0.1879 dB

· 50th percentile of I1/Noc = 4.68 dB
· I2/Noc (20th percentile) = -3.3964 dB

· I2/Noc (50th percentile) = -0.7594 dB

· I2/Noc (80th percentile) =  2.2543 dB

· 80th percentile of I1/Noc = 14.69 dB
· I2/Noc (20th percentile) = -2.1782 dB

· I2/Noc (50th percentile) =  3.1893 dB

· I2/Noc (80th percentile) = 11.2407 dB
Proposal 5: Based on system level simulations presented in this paper, we propose the following values for Es/Noc, I1/Noc, I2/Noc for NAICS Scenario 2a & 2b.
· Conditioned on the geometry range of interest for 5th to 25th percentile of the UEs,

· 20th percentile of I1/Noc = 0.7340 dB
· I2/Noc (20th percentile) = -4.2973 dB
· I2/Noc (50th percentile) = -2.3277 dB
· I2/Noc (80th percentile) = -0.6044 dB
· 50th percentile of I1/Noc = 5.9799 dB
· I2/Noc (20th percentile) = -2.7017 dB
· I2/Noc (50th percentile) =  0.1539 dB
· I2/Noc (80th percentile) =  3.0095 dB
· 80th percentile of I1/Noc = 12.8004 dB
· I2/Noc (20th percentile) = -0.8976 dB
· I2/Noc (50th percentile) =  3.4902 dB
· I2/Noc (80th percentile) =  8.4265 dB
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