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1 Introduction

In RAN1 meeting #72bis, agreements on NAICS evaluation scenarios and assumptions were reached [1] and RAN1 asked RAN4 to take into account the agreements when defining co-channel inter- and intra-cell interference models for link-level simulation.  In this contribution, we discuss the methodology of developing the interference profiles and provide the initial evaluation results of for both inter- and intra-cell interference models.

2 Inter-cell interference profiles
The inter-cell interference profiles should be defined in order to evaluate the link level performance of interference cancelation/ suppression receivers with/without network assistant. In previous research in RAN4 on enhanced performance requirement for MMSE-IRC receiver in R-11, the Dominant Interferer Proportion (DIP) ratio, which is defined as the ratio of the power of a given interfering cells over the total other cell interference power, is a key statistical measure for defining the interference profiles. Two methods are defined in [2] to develop the DIP ratio, one is only based on medium values and the other is based on weighted average throughput gain. The method for calculating DIP values based on weighted average throughput gain is presented in [2]: Run system simulation to obtain the DIP values for individual randomly placed UEs which are located in positions that yield certain geometries. The DIP table then could be developed by sorting the collected DIP values into 5th percentile bins according to DIP1 and averaging all of the DIPs in each bin to generate the multiple sets of representative DIP values. 
In this section, both of the two methods are used to develop the inter-cell interference models for the following four scenarios based on the agreed evaluation scenarios in [1]:

(a) NAICS Scenario 1, high loading, λ=2, the resource usage is 68.44%
(b) NAICS Scenario 1, medium loading, λ=1, the resource usage is 29.08%
(c) NAICS Scenario 2a/2b, high loading, λ=20, the resource usage is 74.04%
(d) NAICS Scenario 2a/2b, medium loading, λ=10, the resource usage is 31.55%
And the simulation results of geometry, conditional median DIPs, and averaged DIP table conditioned to 0dB geometry for each case are presented. 
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Figure 1: Geometry CDF
DIP based on medium values
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Figure 2: Conditional Median DIPs
DIP based on averaged 5th percentile bin
Table 1: (a) NAICS S1; λ=2; RU=68.44%; DIP values for Ior/Ioc = 0 dB
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Table 2: (b) NAICS S1; λ=1; RU=29.08%; DIP values for Ior/Ioc = 0 dB
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Table 3: (c) NAICS S2a/2b; λ=20; RU=74.04%; DIP values for Ior/Ioc = 0 dB
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Table 4: (d) NAICS S2a/2b; λ=10; RU=31.55%; DIP values for Ior/Ioc = 0 dB
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Based on the above simulation results, it is proposed: 

Proposal 1: Either DIP model based on medium values or DIP table based on averaged 5th percentile bin could be considered to develop the inter-cell interference profiles for NAICS link level simulation.
3 Methodology for Intra-cell interference
3.1 Methodology of determining intra-cell interference level
As mentioned in our previous contribution [3], it’s difficult to model paired-UE interference in link level simulation, because that: 

· In realistic network, the intra-cell interference of paired-UE is variable with different configuration. Because the interference level depends on lots of factors, such as CSI measurement and feedback, the scheduler algorithm of MU-MIMO, the polarization type and quantity of antennas, channel mode, traffic model and so on. Different algorithms and parameters will lead to different performance gain of MU-MIMO over SU-MIMO and different interference level of paired-UE. 

· The paring algorithm in the scheduler has an big impact on the modelling of intra-cell interference EI,paired-UE/Noc. Intra-cell interference EI,paired-UE/Noc between spatially separated UEs may be partially suppressed by employing proper PMI at the transmitter, resulting in near orthogonal UE received signal, and partially suppressed by MMSE-IRC at the UE receiver. How to model their ratio from paring algorithm plays an important role in intra-cell interference EI,paired-UE/Noc modelling. Then the important question to ask is how we can model the scheduler behaviour under various deployment scenarios. 
To progress this work, in this section we propose a methodology to model intra-cell interference for DMRS-based MU-MIMO, described in the following two stups:
1. Run system level simulation
· To record the PMI pair of paired UE and their probability distribution. The pairing is determined by the ZF algorithm based on UE CSI feedback.  
2. Run link level simulation
· Selected potential PMI pairs based on UE PMI feedback and probability distribution obtained from system level simulation
· Implement the ZF algorithm at the link level to generate the PMI pair for both targeting UE and MU UE
Note that in the above steps, the ZF algorithm should be implemented in both system level and link level simulations. Then it should be aligned not only between the simulations platforms, but also between different companies. 

3.2 Evaluation results of interference level

In this section, we provide the simulation results of probability distribution for different antenna configurations based on the evaluation assumptions defined by RAN1. Table 5 shows the simulation assumptions:
Table 5: simulation assumptions for intra-cell interference modelling 
	Parameter
	Assumptions

	Scenarios
	NAICS scenarios 1 – homogeneous

	Bandwidth
	10 MHz

	Antenna configuration
	1) 2x2 ||

2) 2x2 |    |

3) 2x2 X

4) 4x2 ||||

5) 4x2 |    |    |    |

6) 4x2 XX

7) 4x2 X    X

	MU-MIMO configuration
	TM9, max 2-paired UE

	Scheduler
	PF

	CSI feedback
	PUSCH 3-2

	Cell selection
	RSRP based with cell-common RE bias value

	PDCCH symbol
	2 symbols

	Baseline receiver
	MMSE


Table 6 shows the probability distribution of paired-PMI obtained from the proposed methodology. 
Table 6: Probability distribution of target PMI and conditional probability distribution of paired PMI
	
	Probability of Target PMI
	Probability of Paired PMI (conditional probability with given Target PMI)

	
	
	0
	1
	2
	3

	2x2 ||
	0
	20.9%
	-
	59.0%
	19.4%
	20.8%

	
	1
	12.2%
	92.2%
	-
	3.2%
	4.3%

	
	2
	33.3%
	7.3%
	0.6%
	-
	91.7%

	
	3
	33.3%
	6.5%
	0.5%
	92.5%
	-

	2x2 |    |
	0
	25%
	-
	92.8%
	3.3%
	3.5%

	
	1
	25%
	93.3%
	-
	3.2%
	3.0%

	
	2
	25%
	3.0%
	3.1%
	-
	93.6%

	
	3
	25%
	3.2%
	3.2%
	93.3%
	-

	2x2 x
	0
	33.3%
	-
	96.0%
	1.8%
	1.9%

	
	1
	33.4%
	95.7%
	-
	1.9%
	2.7%

	
	2
	16.6%
	5.1%
	5.4%
	-
	89.1%

	
	3
	16.7%
	5.1%
	5.8%
	88.7%
	-


It could be observed from the above results that the probability distributions of the paired PMIs are affected by different antenna configurations.
Proposal 2: Consider adopting the proposed methodology to determine the intra-cell interference model for NAICS link level simulation
4 Conclusion

In this paper, we discuss the methodology on how to determine interference models and provide the preliminary evaluation results  for both inter- and intra-cell scenarios, and the proposes are summarizes as following,
Proposal 1: Either DIP model based on medium values or DIP table based on averaged 5th percentile bin could be considered to develop the inter-cell interference profiles for NAICS link level simulation.
Proposal 2: Consider adopting the proposed methodology to determine the intra-cell interference model for NAICS link level simulation
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