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[bookmark: _Ref298777854]Introduction
In RAN4#74 meeting, the group agreed one WF [1] to encourage companies provide input on the interference modelling for TM10. In this paper, we provide our analysis on the interference modelling for TM10 based on system level simulation. 
System level simulation parameters and methodology for interference modelling
System level simulation parameters
According to the agreements [1], both scenario 1 and scenario 3 are considered for TM10 interference modelling extraction. Some key system parameters are shown in Table 1. 

[bookmark: _Ref416556066]Table 1: System parameters for TM10
	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 1 and Scenario 3

	Number of low power node per macro-cell
	N = 4

	Marco TX power
	46 dBm

	Low power node TX power (Ptotal)
	30 dBm

	System bandwidth
	10 MHz

	Transmission schemes in DL
	DPS

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	2 Tx

	Number of antennas at UE
	2 Rx

	Antenna configuration
	Cross polarized

	Antenna pattern
	Follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814

	Antenna gain + connector loss
	For macro eNB and high-power RRH: 17 dBi in ITU, 14 dBi in 3GPP Case 1
For low power node: 5 dBi

	Placing of UEs
	Uniform distribution for homogeneous networks
For heterogeneous networks, placement according to the configuration.

	Traffic model
	non-full buffer traffic model 1



Methodology for interference modelling extraction
The methodology defined in 36.863 [2] are reused. Network interference statistics are computed using the following defined measures.  is defined as 
,

where  is the received power spectral density of the j-th strongest base station measured at serving cell CRS REs (average power obtained within the RE and normalized to the subcarrier spacing),  is the number of dominant interfering cell(s) which interference can be mitigated by the UE. Here,  in this simulation. Specifically,  denotes the received power spectral density of the instantaneous transmission point (TP),  denotes the received power spectral density of the  dominant interfering cells other than the instantaneous TP. The instantaneous TP may be serving cell (e.g, with the strongest RSRP), it may be other cells (e.g, with weaker RSRP). is the power spectral density of thermal noise (average power per RE normalised), and NBS is the total number of base stations considered including the serving cell, The quantity  models the interference from all cells, excluding the contribution of the M dominant interfering cell(s) which interference is mitigated.
The interference profiles for the dominant TP are defined by , and instantaneous TP signal profiles are characterized by . 
Geometry G is defined as 

Here, all the interfering TPs are assumed with full load.
The development of a method to derive  based on the following steps:
Step 1: Decide envisioned  value () based on the 5% of  distribution assuming full load for all the dominant interfering TPs.
Step 2: Select UEs. From a sample of randomly dropped UEs, select those UEs with  close to  with a tolerance of +/- 0.5 dB.  values are logged for those UEs, and multiple realizations are performed in order to obtain a significant number of samples. 
Step 3: Decide : After saving the condition  values from all samples, the  values are sorted in ascending order. The data set is binned in 5-percentile bands; and a mean of  inside each 5-percentile band is taken, yielding one characteristic set of  values per each 5-percentile band. At the end of the process, 20 characteristic set of  values are obtained.
Note 1:	The “mean” of  inside each 5-percentile band is performed in the linear domain.
To account for the partial loading on the non-dominant interferers,  is obtained as 
,
where  is the resource utilization factor in the interfering cells.
Remark: Compared with the non-TM10 case, for TM10, the main difference is the TP selection. In non-TM10 case, the RSRP-based selection scheme is used for cell selection. Hence, the TP is always with the strongest signal. However, in DPS, the UE may select one transmission point with weaker received signal due to scheduler. 
In the next sections, the detail system level simulation results for Scenario 1 and Scenario 3 are provided. 
System level simulation results
Scenario 1
For scenario 1, the distribution of  is shown in Figure 1 when resource utilization is 30%. The selection probability for different strongest cells is shown in Figure 2. From Figure 2, we can see that about 70% UE will select the strongest cell, and about 20% UE will select the second strongest cell and another about 10% UE even select the third strongest cells. Hence, it will lead   to be much lower than non-TM10 case. As indicated in Figure 1, the  ( value @5%) is about -11.3 dB. It means the interference would be much stronger then the desired signal. The main reason is   will be lower if the second strongest or the third strongest cell is selected as instantaneous TP. For the UE with  , the distribution of   and  are shown in Table 2. 
In Figure 3, () for all UEs (denoted by blue circle) and ( for selected UEs are plotted (Note: For the selected UE,  is the average value for each bin with 5-percentile band, they are tabulated in Table 2). They are denoted by blue circle and red circle, respectively. Figure 3 is aligned with previous analysis. 
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[bookmark: _Ref416559508]Figure 1: The  distribution for Scenario 1 when RU=30%
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[bookmark: _Ref416561219]Figure 2: The selection probability for different strongest cells

[bookmark: _Ref416561958]Table 2: Evaluation results on 5%-tile Geometry when RU=30%
	Set
	 (a.k.a)

	
	

	1
	-4.8722
	5.4454
	-2.2775

	2
	-2.0428
	7.9165
	-0.1307

	3
	1.4830
	10.8028
	8.2887

	4
	1.9596
	12.2536
	6.1547

	5
	2.6794
	13.3188
	6.6509

	6
	4.1467
	14.5658
	9.1613

	7
	4.6491
	15.7762
	7.9699

	8
	6.0105
	16.6951
	7.5045

	9
	6.9123
	17.5367
	9.6198

	10
	8.4546
	19.2403
	12.6606

	11
	11.6335
	22.3877
	16.5353

	12
	15.4665
	26.4932
	15.4923

	13
	19.6592
	31.1469
	18.1418

	14
	21.7081
	32.8575
	24.3303

	15
	24.3298
	34.8786
	27.5571

	16
	31.4508
	42.8873
	31.5810

	17
	34.5146
	46.1518
	32.8900

	18
	36.8322
	48.6274
	31.0735

	19
	38.6831
	49.7714
	37.3632

	20
	43.6624
	55.4326
	43.2946
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[bookmark: _Ref416562604]Figure 3: () for all UEs (denoted by blue circle) and ( for selected UEs 
Scenario3
In this section, system level simulations are given for scenario 3. Similar like Scenario 1, the  ( value @5%) is about -13.4 dB as shown in Figure 4.  More than 20% UE select the second strongest cell and another about 10% UE even select the third strongest cells. The distribution of  and  are shown in Table 3. Figure 6 plots () for all UEs and selected UEs. For selected UE,  is the average value for each bin with 5-percentile band, and they are tabulated in Table 3. 
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[bookmark: _Ref416564275]Figure 4: The  distribution for Scenario 3 when RU=30%
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Figure 5: The selection probability for different strongest cells
[bookmark: _Ref416564393]Table 3: Evaluation results on 5%-tile Geometry when RU=30%
	Set
	
	
	

	1
	-1.5861
	9.9957
	5.6224

	2
	-0.3691
	11.7585
	6.2033

	3
	0.7532
	13.289
	6.7534

	4
	2.6012
	14.481
	9.4442

	5
	3.1425
	15.5844
	9.6425

	6
	4.4689
	16.8618
	8.109

	7
	5.2076
	17.9787
	10.9073

	8
	5.8607
	19.1158
	5.6538

	9
	8.0243
	20.5376
	11.4747

	10
	8.1667
	21.5157
	9.1687

	11
	10.0317
	23.4173
	11.2776

	12
	12.2789
	24.8902
	16.039

	13
	14.028
	26.882
	17.2402

	14
	18.3936
	31.2032
	18.5516

	15
	21.7826
	34.528
	26.9571

	16
	23.0226
	36.1293
	21.3879

	17
	24.4377
	37.7105
	23.0591

	18
	27.4333
	40.4217
	29.6012

	19
	31.6901
	44.3919
	34.277

	20
	45.4645
	58.1786
	46.8596
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[bookmark: _Ref416564434]Figure 6: () for all UEs (denoted by blue circle) and ( for selected UEs

Conclusion
In this paper, interference modelling for TM10 is discussed. The interference levels for the UEs with severe interference are provided. 
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