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1. Introduction
In RAN4 #74 meeting, inter-cell interference modeling for BS MMSE-IRC receiver was discussed and the following agreements were reached [1]:

· The following outputs from the system simulation evaluations should be considered for deciding interference modelling
· Interference power level;
· Number of explicitly modelled interference
· Methodologies and statistical measurements
· Use DIP value for evaluation of interference profile.
· Provide the distribution of DIPs considering the following ways:
· Baseline: Unconditional DIP values
· Optional: conditional DIP values
· FFS how to determine DIP values for link level evaluation
In this contribution, system level simulations are conducted to obtain both unconditional and conditional DIP values, and our views on how to determine DIP values for link level evaluation are presented.
2. Interference modeling for BS MMSE-IRC receiver
Based on the agreements in RAN4 #74 meeting, we consider the following two methods for determining DIP values for BS MMSE-IRC performance gain tests. In both methods, the DIP values for the first two dominant interferences are collected.
Method 1: Interference profile based on unconditional DIP values
· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at x%-tile of the DIP1 distribution is taken, where x% is proposed to be 80%, 85%, 90%, or 95% for performance gain tests.
· Step 2 : Decide DIP2. For each of the four DIP1 values at 80/85/90/95%-tile, both the mean and median of the conditioned DIP2 are obtained and compared, where the mean/median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 80/85/90/95%-tile (i.e., 75~85%, 80~90%, 85~95%, 90~100%).
Method 2: Interference profile based on conditional median DIP values
· Step 1: For performance gain tests, identify the SINR value at 5%-tile of UL wideband SINR distribution as the SINR of interest. 

· Setp 2: For each simulated sample, if the UL wideband SINR fall within +/- 0.2 dB of 5%-tile UL wideband SINR, the DIP1/2 values are saved for this sample. 
· Step 3: After saving all the conditional DIP1/2 values, the median values of DIP1/DIP2 distribution are taken.
3. Simulation results for interference profile
Using the two methods described in section 2, system level simulations are conducted to generate DIP values. In this section, we provide system simulation results for PUSCH interference profile under synchronous homogeneous and heterogeneous configuration #4b scenarios. The simulation assumptions proposed in Table A-1 and Table A-2 of our companion contribution [2] are used. For heterogeneous configuration 4b, the two cases for UE dropping, i.e., 100% outdoor case and 20% outdoor + 80% indoor case are simulated for comparison.
3.1. Results for homogenous scenario
For homogenous scenario, figure 1 shows the UL wideband SINR distribution, and figure 2 shows the unconditional DIP distribution. The DIP1/2 values obtained by method 1 and method 2 are given in Table 1 and Table 2 respectively.
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Figure 1. UL wideband SINR distribution
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Figure 2. Unconditional DIP distribution
Table 1. DIP values with method 1
	
	80%-tile
	85%-tile
	90%-tile
	95%-tile

	DIP1 (dB)
	-1.40
	-1.11
	-0.81
	-0.51

	DIP2 (dB)
	Mean
	-9.91
	-10.94
	-12.31
	-14.79

	
	Median
	-9.50
	-10.50
	-11.86
	-14.13


Table 2. DIP values with method 2
	
	Low SINR UEs (5%-tile)

	UL wideband SINR range (dB)
	-2.778 +/- 0.2

	DIP1 (dB)
	-1.14

	DIP2 (dB)
	-9.17


3.2. Results for heterogeneous configuration #4b (100% outdoor UEs)
For heterogeneous configuration #4b with 100% outdoor UEs, figure 3 shows the UL wideband SINR distribution for all macro and LPN UEs, and figure 4 shows the unconditional DIP distribution for all macro and LPN UEs. The DIP1/2 values obtained by method 1 and method 2 are given in Table 3 and Table 4 respectively.
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Figure 3. UL wideband SINR distribution (all UEs)
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Figure 4. Unconditional DIP distribution (all UEs)
Table 3. DIP values with method 1
	
	80%-tile
	85%-tile
	90%-tile
	95%-tile

	DIP1 (dB)
	-0.51
	-0.35
	-0.21
	-0.09

	DIP2 (dB) 
	Mean
	-12.65
	-14.38
	-16.89
	-20.81

	
	Medium
	-12.32
	-13.99
	-16.25
	-19.77


Table 4. DIP values with method 2
	
	Low SINR UEs (5%-tile)

	UL wideband SINR range (dB)
	-3.586 +/- 0.2

	DIP1 (dB)
	-0.42

	DIP2 (dB)
	-12.35


3.3. Results for heterogeneous configuration #4b (20% outdoor and 80% indoor UEs)
For heterogeneous configuration #4b with 20% outdoor and 80% indoor UEs, figure 5 shows the UL wideband SINR distribution for all macro and LPN UEs, and figure 6 shows the unconditional DIP distribution for all macro and LPN UEs. The DIP1/2 values obtained by method 1 and method 2 are given in Table 5 and Table 6 respectively.
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Figure 5. UL wideband SINR distribution (all UEs)
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Figure 6. Unconditional DIP distribution (all UEs)
Table 5. DIP values with method 1
	
	80%-tile
	85%-tile
	90%-tile
	95%-tile

	DIP1 (dB)
	-0.57
	-0.39
	-0.24
	-0.11

	DIP2 (dB)
	Mean
	-12.42
	-14.10
	-16.49
	-20.42

	
	Medium
	-12.07
	-13.68
	-15.88
	-19.31


Table 6. DIP values with method 2
	
	Low SINR UEs (5%-tile)

	UL wideband SINR range (dB)
	-4.301 +/- 0.2

	DIP1 (dB)
	-0.42

	DIP2 (dB)
	-12.20


3.4. Observations and proposals
Based on the system simulation results in section 3.1 to 3.3, we have the following observations and proposals:
Observation 1: In heterogeneous configuration #4b scenario, the DIP difference between the two UE dropping methods (i.e., 100% outdoor UEs, 20% outdoor and 80% indoor UEs) is very small. 
Observation 2: Based on the derived statistics for DIP values in all the considered scenarios, it is seen that a very large percentage of interference is produced by the first two dominant interferers, so it is sufficient to model up to two explicit interferers. 
Proposal 1: Model up to two explicit interferers at link level.

Observation 3: When using method 1 for determining DIP values, the mean and median values of DIP2 are close, and the median DIP2 values can be chosen for simplicity. 
Given that unconditional DIP values were agreed as the baseline in the last meeting, we propose to use the method 1, i.e., interference profile based on unconditional DIP values.
Proposal 2: Use the following two steps to obtain DIP values for link level evaluation. Down select the value of x from {80, 85, 90, 95} if less than 4 sets of DIP values are needed at link level.

· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at x%-tile of the DIP1 distribution is taken, where x% is proposed to be 80%, 85%, 90%, or 95% for performance gain tests.
· Step 2: Decide DIP2. For each of the four DIP1 values at 80/85/90/95%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 80/85/90/95%-tile (i.e., 75~85%, 80~90%, 85~95%, 90~100%).
4. Conclusions
In this contribution, we discussed the interference modeling methodologies for BS MMSE-IRC, and provided our simulation results of PUSCH interference profile for both synchronous homogeneous and heterogeneous scenario. Following proposals were made:

Proposal 1: Model up to two explicit interferers at link level.
Proposal 2: Use the following two steps to obtain DIP values for link level evaluation. Down select the value of x from {80, 85, 90, 95} if less than 4 sets of DIP values are needed at link level.

· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at x%-tile of the DIP1 distribution is taken, where x% is proposed to be 80%, 85%, 90%, or 95% for performance gain tests.
· Step 2: Decide DIP2. For each of the four DIP1 values at 80/85/90/95%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 80/85/90/95%-tile (i.e., 75~85%, 80~90%, 85~95%, 90~100%).
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Annex: Simulation results for conditional DIP
[image: image7.png]Homogeneous scenario

——DIP1

———DIP2

——DIP3

Conditional DIP (dB). 5%-tile UL wideband SINR +/-0.2dB




Figure A-1. Conditional DIP for homogeneous scenario
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Figure A-2. Conditional DIP for heterogeneous configuration #4b (100% outdoor UEs)
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Figure A-3. Conditional DIP for heterogeneous configuration #4b (20% outdoor and 80% indoor UEs)
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