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1 Introduction
In this contribution, we will discuss the methodology of intra-cell interference modeling for link level simulation. Firstly the system level simulation is captured to investigate the principle of MU-MIMO pairing, and then several methodologies of intra-cell interference modeling are provided.
2 Evaluation

In this section, we will provide the probability distributions of target PMI and paired PMI based on system level simulation together with different antenna configuration, and then give an analysis of the principle of MU-MIMO pairing, which is helpful to determine the methodology of intra-cell interference modelling. 
Table 5 shows the simulation assumptions which are mainly based on the assumptions defined by RAN1:
Table 1: simulation assumptions for intra-cell interference modelling 
	Parameter
	Assumptions

	Scenarios
	NAICS scenarios 1 – homogeneous

	Bandwidth
	10 MHz

	Antenna configuration
	1) 2x2 ||, 0.5 wavelength
2) 2x2 |   |, 4 wavelength

	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

	Traffic model
	Full buffer with 10 active UE per sectors

	Receiver
	· MMSE-IRC for inter-cell interference

· Enhanced MMSE-IRC for intra-cell interference, assuming the ideal-known interference channel


In the system level simulation, we record the PMI pairs of paired UEs which come from UE CSI feedback, the PMI of target UE is named as “target PMI” and the PMI of paired UE is “paired PMI”.
Table 2 shows the probability distribution of paired-PMI obtained from the proposed methodology. 
Table 2: Probability distribution of target PMI and conditional probability distribution of paired PMI

	
	Probability of Target PMI
	Conditional Probability of Paired PMI 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%
	-


The PMI index for 2TX is defined in TS36.211, and table 3 shows the mapping of PMI index and pre-coding matrix. It could be observed from the feature of pre-coding matrix that:
· For low correlation antenna configuration, each PMI index is equal likely to be selected. While for median and high correlation antenna configuration, prob(PMI_0)> prob(PMI_2/3)> prob(PMI_1)
· From the MU-MIMO pairing algorithm point of view, it’s better to pair the UEs with orthogonal target PMIs, e.g. PMI_0/PMI_1 and PMI_2/PMI_3.
Table 3: mapping of PMI index and pre-coding matrix
	PMI index
	0
	1
	2
	3

	Pre-coding matrix
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For the above results and analysis, we could further observe that:

· The probability distribution of target PMI and paired PMI is affected by different antenna configurations, e.g. in the target PMI selection with 2x2 || antenna configuration , PMI index 0 and 1 are selected less frequently than PMI index 2 and 3. 
· For antenna configuration of 2x2 ||, there is relatively less chance for PMI index 1 to be reported in the UE CSI feedback because of the high antenna correlation. Thus a UE reporting PMI index 0 is not always easily to be paired with UE reporting PMI index 1, sometimes it has to be paired with UE reporting PMI index 2 or 3. As a result, there are fairly large chances (20%) for the un-orthogonal PMI index 2 and 3 to be selected to pair with target PMI index 0.
· For antenna configuration of 2x2 |    |, the antenna correlation is much lower, each PMI index is equal likely to be reported in CSI feedback. Hence for a UE with a given target PMI, it’s easy to find a paring UE with orthogonal PMI. 
Observation 1: With sufficient active UEs in a cell, orthogonal PMIs are usually paired for UEs in low antenna correlation case and still there is 20% chance un-orthogonal PMIs to be paired for UEs in high antenna correlation case. 

It should be mentioned that, the above results and analysis are based on 2TX antenna, more evaluation and analysis might be needed for 4TX configuration.
3 Methodology for interference modelling
In RAN4 #67 meeting, several contributions [1] [2] [3] [4] had discussed how to model the interference for intra-cell scenarios, the proposed candidate steps to model intra-cell interference could be summarized as following:

Table 4: candidate steps to model intra-cell interference
	Steps
	Options

	PMI selection for target UE
	Option a-1: based on CSI feedback

	PMI selection for paired UE
	Option b-1: 

random selected from the PMIs which are orthogonal with the target PMI

Option b-2: 

random selected from the PMIs which are not identical with the target PMI

Option b-3: 
 selected from the PMIs according to the conditional probability with given target PMI, which is collected from system level simulation

	ZF algorithm in link level simulation
	Option c-1: 
Don’t need paring algorithm in link level simulation 
Option c-2:

Introduce ZF algorithm in link level simulation to deal with un-orthogonal Paired PMI.


From the above summary, there are several candidate options

· Option 1: a-1 + b-1 + c-1  select orthogonal paired PMI with given target PMI, and don’t need pairing algorithm
· Option 2: a-1 + b-2/b-3 + c-1 select non-identical paired PMI with given target PMI, and don’t need pairing algorithm
· Option 3: a-1 + b-2/b-3 + c-2 select non-identical paired PMI with given target PMI, and apply ZF algorithm in link level simulation
Option 1 is a simple way to model intra-cell interference, and reasonable in certain scenarios such as sufficient active UEs in a cell and low antenna correlation deployment. While the option 2 could cover realistic deployment with different antenna configuration, amount of active UEs in a cell, and etc. Considering the system evaluation results and analysis in section 2, the orthogonal paired PMI seem to be common cases. So, to reduce the complexity of intra-cell interference modelling, we propose to agree on that:
Proposal 1: Considering low complexity intra-cell interference modeling  for NAICS SI: 
· The PMI for target UE is based on CSI feedback

· The PMI for paired UE is randomly selected from the PMIs which are sufficiently orthogonal to the target PMI

· ZF algorithm isn’t needed in link level simulation
4 Conclusion
This contribution provides the analysis of methodology of intra-cell interference modeling, and the following observations and proposals are given:
Observation 1: With sufficient active UEs in a cell, orthogonal PMIs are usually paired for UEs in low antenna correlation case and still there is 20% chance un-orthogonal PMIs to be paired for UEs in high antenna correlation case.

Proposal 1: Considering low complexity intra-cell interference modeling for NAICS SI: 
· The PMI for target UE is based on CSI feedback

· The PMI for paired UE is randomly selected from the PMIs which are sufficiently orthogonal to the target PMI

· ZF algorithm isn’t needed in link level simulation
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