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1
Introduction
This paper addresses the interference modeling for the UL MMSE-IRC WI [1].  In the last RAN4 meeting (RAN4 #74bis), companies have provided system simulation results to capture UL interference profiles for both agreed homogeneous and heterogeneous networks [2]-[8].  Among the simulation results from the five companies, there is a certain level of alignments on the DIP profiles for both homogeneous and het-net networks.  Based on the system level simulation results, a WF [9] is agreed to address the methodology for DIP profiles, based on the system level simulation results.  
According to the WF, there are two methods to determine DIPs from system level simulation.  Method 1 picks “unconditional” DIP1 to determine profiles; while Method 2 picks UE interference profiles based on wideband SINR.  It is also agreed in the WF [9] that companies are encouraged to provide results, using both methods.
This paper provides some analysis on the UE selection process for DIP profile generation.  Part of the analysis was discussed during the UL MMSE-IRC ad-hoc meeting in RAN4 #74bis.  More details are provided in a formal fashion in order to enable RAN4 make a decision on the selection of DIP profile derivation method.

2
DIP profiles and the selection of relevant DIPs
Through the system simulation campaign, the UL interference profiles are captured in terms of UL SINR distribution and DIP distributions in [2]-[8] from various companies.    
Based on our system simulation results of homogeneous networks presented in [2], the SINR, DIP1 and DIP2 distributions of raw UE samples can be illustrated in Figure 1.
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Figure 1    Illustration of SINR, DIP1, DIP2 distributions of UE samples: Homogeneous Networks

One dot in the left figure of Figure 1 indicates one UE sample with corresponding (SINR, DIP1) dB values.  One dot in the right figure is related to one UE sample with (DIP1, DIP2) values.  Each dot is just one UE sample from our system level simulation, indicating the UE experienced SINR, and interference DIP1, DIP2 at one TTI level.  Since full buffer model is assumed in the system simulation, the SINR, DIP1 and DIP2 are derived over system bandwidth.  No fast fading is assumed during the system-level simulation.

From the distribution, it can be noted that there are strong correlation among SINR, DIP1, and DIP2.  Among all these samples, we are more interested in those UE samples that could demonstrate potential gain from IRC receiver.
2.1
Criterion of DIP profile selection

Over all possible experienced interference profiles, we shall select a subset of interference profiles to best illustrate the relevant benefits of MMSE-IRC receiver.  Although it should able to provide gain over MMSE receiver under all interference scenarios, MMSE IRC receiver shall demonstrate its best IRC gain at certain interference levels.

What is the criterion to select DIP profiles over all interfering UE samples?  There are at least two important aspects that should be considered for the DIP selection criterion:
1. The DIP profiles should be “typical”, indicating that the chosen DIP profiles shall reflect a certain portion of UEs in the network.

2. The DIP profiles should be able to demonstrate significant IRC gain, so that the IRC performance could be adequately evaluated and specified. 

Rule 1 of the criterion indicates that we shall select the DIPs based on our system simulation results, and the selected DIP profiles shall represent a “typical” subset of interfering UE.  “Corner” cases should be avoided for DIP selection.

Rule 2 indicates that we shall select those DIPs that could be the best to demonstrate IRC gain.  The ultimate purpose of the WI is the specification of UL IRC performance, which shall demonstrate significant IRC gain to justify the specification.
We shall use these two criteria to determine the methodology for DIP selection.
2.2
Methodologies to determine DIPs

Current RAN4 discussion leads to two methods for DIP derivation.  The two methods, based on the WF [2], are listed below:
· Methodologies to determine DIPs for performance gain tests 
· Methodology 1 
· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. The DIP1 value at 85%-tile of the DIP1 distribution is taken.
· Step 2: Decide DIP2. For the DIP1 value at 85%-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 85-tile (i.e., 80~90%).
· Methodology 2 
· Step 1: Identify the SINR value at 5%-tile of UL wideband SINR distribution as the SINR of interest. 
· Step 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.
Let’s use the DIP sample distribution to illustrate the UE sample selection for both methods.  The selections of DIP samples of Method-1 are shown in Figure 2, with 80%~90% unconditional selection of DIP1.  The red dot indicated the selected UE samples that meet the selection criterion, where their DIP1 values fall into the range of 80% to 90% of DIP1 distribution.  That is, the selected samples have DIP1 in the range of (-1.35dB, -0.68dB), corresponding to 80%~90% of DIP1 distribution.
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Figure 2    Method 1: Selection of UE samples, “unconditional” DIP1

The DIP selection based on Method-2 is shown in Figure 3, with 2.5%~12.5% unconditional selection of SINR, with SINR in the range of (-6.25dB, -0.82dB).  Each red dot in the figure is one selected UE sample.
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Figure 3    Method 2: Selection of UE samples, “conditional” DIR1 on SINR

2.3
Comparison of the two methods

Let use the two rules discussed in Section 2.1 to compare the two methods.  On Rule-1, both methods select about 10% UE samples to determine DIP profiles.  These 10% indicates a “typical” UL interference scenario over all possible UE experienced UL interference.  Therefore, it can be claimed that both method can meet Rule-1 for DIP profile section.
On Rule-2, we shall investigate which method could provide “significant” IRC gain.  From Figure 2, the SINR of selected UE samples can change between -5dB to 15dB, while the DIP1 is in the range of (-1.35dB, -0.68dB), and the DIP2 is in the range of (-17dB, -7dB).  Based on these SINR, DIP1, and DIP2 levels, with some general background on IRC performance, it can be observed that:

1. the IRC gain at SINR>10dB could be quite marginal given that DIP1 is in (-1.35dB, -0.68dB).  The difference between IRC and MRC at the high SINR region will be quite small; and
2. given that DIP2 is quite dependent on DIP1, and DIP2 is related quite small compared to DIP1, these UE samples could only experience single dominant interferer.
With Method 2 from Figure 3, the DIP1 is in the range of (-6dB, 0dB), while SINR is selected in (-6.25dB, -0.82dB).  The DIP2 distribution is scattering between ~(-27dB, -4dB).  Among all these UE samples, we can observe that:
1. IRC gain can be visualized for almost all UE samples under selection; and
2. some of two-interferer scenarios are preserved in the selected UE samples.

Based on the analysis, we may conclude that Method 2 could be able to demonstrate IRC gain better than Method 1.  Besides, Method 2 includes UE samples under two interferers, while the UE samples with Method 1 are mostly under single interferer.  With this analysis, we propose to use Method 2 as the baseline for DIP profile generation.
Proposal: 
Use Method-2 to generate DIP profiles for UL MMSE-IRC study.

3
DIP profiles

Based on the WF [9], we provided DIP profiles for both Method 1 and Method 2.  Different side conditions are also applied and listed in our results.
3.1
DIP based on Method 1

Table 1    DIP profiles based on Method 1

	x%-tile
	DIP1 (dB)
	DIP2 Mean (dB)
	DIP2 median (dB)

	80%
	-1.35
	-10.38
	-10.31

	85%
	-1.06
	-11.47
	-11.65

	90%
	-0.68
	-13.23
	-13.06

	95%
	-0.34
	-16.87
	-16.36


The DIP1 are selected as “unconditionally” based on the DIP profile at various percentiles.  With conditioned DIP1, DIP2 are provided with mean and median values.
3.2
DIP based on Method 2

Figure 4 shows the DIP profiles with “conditioned” on SINR.  The SINR is selected as 2.5%~12.5% range in the wideband SINR cdf.  Given the SINR, the DIP1 and DIP2 distributions are provided in the figure independently.
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Figure 4    DIP1 and DIP2 profiles based on wideband SINR at 2.5%~12.5%

With the DIP profiles shown in Figure 4, we select DIP1 in 20 tiles, similar to the approached applied in DL MMSE-IRC.  For each tile, mean of DIP1 and mean of conditioned DIP2 are calculated from UE samples.  The results are shown in Table 2.  
Table 2    DIP1 and DIP2 profiles with SINR at 2.5%~12.5%

	x-tile
	DIP1 (dB)
	DIP2 (dB)

	5%
	-4.6
	-6.3

	10%
	-3.3
	-5.5

	15%
	-2.6
	-5.5

	20%
	-2.3
	-6.5

	25%
	-2.0
	-6.8

	30%
	-1.6
	-7.8

	35%
	-1.4
	-7.3

	40%
	-1.2
	-8.4

	45%
	-1.1
	-10.3

	50%
	-0.9
	-11.5

	55%
	-0.8
	-10.8

	60%
	-0.7
	-12.1

	65%
	-0.5
	-13.7

	70%
	-0.5
	-14.4

	75%
	-0.4
	-15.0

	80%
	-0.3
	-16.5

	85%
	-0.3
	-16.6

	90%
	-0.2
	-17.9

	95%
	-0.2
	-19.9

	100%
	-0.1
	-22.7


3
Conclusion
This contribution follows the WF [9] and continues the discussion on the DIP profile selection for BS MMSE-IRC WI.  Analysis and comparison for the two methods in the WF [9] are provided to illustrate merits and difference.  Based on our analysis, it is indicated that Method 2 could be able to demonstrate IRC gain better than Method 1, and 2-interferer scenarios are also kept with Method 2 approach.  Therefore, we propose to use Method-2 for DIP profile derivation.
Proposal: 
Use Method-2 to generate DIP profiles for UL MMSE-IRC study.
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