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1. Introduction 
As part of the NAICS study, link level interference models were discussed in an email discussion [1].  One of the items left for further study in [1] is whether more than two interferers need to be explicitly modelled or not for NAICS scenario 2a/2b.  In addition, whether or not we need different resource utilization factors for macro cells and small cells is another open issue to be studied.  In this contribution, we present simulation results pertaining to these issues. Observations of these simulations lead us to make proposals on the number of dominant interferers to model and how to account for different macro and small cell resource utilization factors when determining the power of non-dominant interferers for NAICS scenario 2 link level simulations. 
2. Simulation Methodology and Resource Utilization Factors
In order to compute the geometry statistics, we model NAICS scenario 2 as per the agreements in [2] with 4 small cells per macro cell geographical area.
These evaluations use FTP traffic model 1, and so require a way to model how the UEs drain their buffers.   In order to avoid the need for full blown system simulation, we use a simplistic approach that makes use of the attenuated and truncated Shannon bound analysis in Appendix A of [3].  However, for the purpose of resource utilization factor calculations, fast fading channel between eNB and UE is not modeled.  Additionally, for the sake of simplicity, impairments such as channel estimation, network synchronization error, etc., as well as CRS interference are not modeled.  The steps involved in the simplistic approach are as follows:
a) All UEs with data in their buffer are scheduled in each subframe.  If an eNB serves multiple UEs in a subframe, the downlink RBs are shared equally among UEs.

b) Calculate average received SINR for a given UE taking into account the cells that are actively transmitting in a given subframe.
c) Map the average received SINR calculated in step b) to a throughput value [image: image2.png]Thr



 (in unit bits/sec/Hz) as in Appendix A of [3].
d) Determine the number of bits transmitted in the given subframe as

[image: image4.png]Thr x 0.001 x 180 x 10% X ngg



,
where [image: image6.png]Thr



 is the throughput value determined in step c) and [image: image8.png]Neg



 is the number of resource blocks allocated to the UE in the given subframe.
e) Remove the number of bits transmitted determined in step d) from the UE’s buffer.
The resource utilization factors determined through simulations with the above evaluation assumptions are given in Table 1.  
Table 1.  Resource utilization factors obtained from simulations
	User Arrival Rate
	Resource Utilization Factor

	
	Small Cells
	Macro Cells

	9 Users/Sec/Macro
	41.86 %
	74.54 %

	11 Users/Sec/Macro
	59.13 %
	81.80 %


From these results, it is clearly evident that the small cells and the macro cells have different resource utilization factors.  

Observation 1: Resource utilization factors can be substantially higher on the macro cell layer than the small cell layer.
Different values of macro and small cell resource utilization factors can lead to different average SINRs.  Therefore, macro and small cell utilization factors should be similar between different companies’ simulations used to determine link level assumptions for NAICS scenario 2.

Proposal 1: Align resource utilization factors associated with macro cells and small cells when deriving link level interference models for NAICS scenario 2.
3. Number of Explicitly Modelled Interferers
In this section, we present results on the serving cell received power to non-dominant interference plus noise power ratios and the dominant interfering cell received power to non-dominant interference under different load conditions.  Throughout the section, we consider the case where 3 dominant interferers are explicitly modelled.
We first determine values of 
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using the simulation methodology of section 2, except that full buffer traffic is used, in order to align with the approach of [1]. Then, the re-scaled non-dominant interference plus noise term under partial loading is determined from the following equation, where the loading factor associated with small cells and macro cells by [image: image11.png]Agc



 and [image: image13.png]Aptacro



, respectively.
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Proposal 2: If full buffer traffic is used to collect 
[image: image15.wmf]oc

k

N

I

statistics for parameters of NAICS scenario 2 link level simulations, the equation above should be used to determine Noc.

Following an approach similar to the one given in [1], we first consider 3 SINR ranges (i.e., 5-25 %, 40-60 %, and 75-95 %).  Next, 3 values of [image: image17.png]I,/N,.



 (i.e., [image: image19.png]x@20th, y@50th z@80th



) for each SINR range are defined.  Having defined [image: image21.png]I,/N,.



 values, we obtain the following values conditioned on each of the three [image: image23.png]I,/N,.



 (i.e., within +/- 5% of  [image: image25.png]x/y/z



 dB of [image: image27.png]I,/N,.



):
· Conditional median value of [image: image29.png]E./N,,




· Conditional median value of [image: image31.png]I,/ N,




· Conditional median value of [image: image33.png]I3/ N,




Summaries of results corresponding to the cases with 40 % and 60 % load on the small cell layer are given in Table 3 and Table 4 below.  Here, we make the assumption that [image: image35.png]asc = 0.4 0r 0.6



, and from Table 1 the corresponding [image: image37.png]Aptacro



 value is set to either [image: image39.png]0.75 or 0.8



 (note here that we have rounded the resource utilization factors to the nearest 5 percent).  Detailed results are provided in the Appendix section in Figure 1 through Figure 13.
From Table 2, we first note that the conditional median [image: image41.png]I3/ N,



 values are in the range [image: image43.png][-0.02 dB, 2.85dB]



 for the case of 40% load on the small cell layer.  From Table 3, the corresponding range for the case of 60% load is slightly lower and is given as [image: image45.png][-0.86 dB,1.80dB)]



.  From these results, we make the following observations for NAICS scenario 2:
Observation 2: [image: image47.png]


 is often within a dB or two of [image: image49.png]


.
Observation 3: The significance of [image: image51.png]


 with respect to [image: image53.png]


 decreases with increasing load.
Table 2.  Summary of results for the case with 40 % load on the small cell layer
	SINR Range 
	I1/Noc Percentile 
	I1/Noc  (dB) 
	Es/Noc Median (dB) 
	I2/Noc Median (dB) 
	I3/Noc Median (dB) 

	-3.29 dB to 1.78 dB 
	20 % 
	6.60
	9.77
	3.35
	-0.02

	
	50 % 
	13.58
	14.74
	7.55
	1.35

	
	80 % 
	21.30
	21.30
	9.60
	2.65

	4.60 dB to 8.91 dB 
	20 % 
	7.31
	17.09
	3.92
	0.38

	
	50 % 
	13.40
	21.83
	6.71
	1.52

	
	80 % 
	20.10
	27.60
	9.27
	2.85

	13.07 dB to 23.21 dB 
	20 % 
	5.65
	26.67
	2.90
	-0.33

	
	50 % 
	10.69
	29.80
	5.79
	0.73

	
	80 % 
	16.52
	34.49
	9.14
	1.85


Table 3.  Summary of results for the case with 60 % load on the small cell layer
	SINR Range 
	I1/Noc Percentile 
	I1/Noc  (dB) 
	Es/Noc Median (dB) 
	I2/Noc Median (dB) 
	I3/Noc Median (dB) 

	-3.29 dB to 1.78 dB 
	20 % 
	5.69
	8.87
	2.52
	-0.85

	
	50 % 
	12.74
	13.86
	6.60
	0.49

	
	80 % 
	20.37
	20.40
	8.83
	1.70

	4.60 dB to 8.91 dB 
	20 % 
	6.41
	16.22
	3.02
	-0.43

	
	50 % 
	12.50
	20.82
	5.63
	0.68

	
	80 % 
	19.08
	26.60
	8.32
	1.80

	13.07 dB to 23.21 dB 
	20 % 
	4.73
	25.63
	2.01
	-1.15

	
	50 % 
	9.69
	28.84
	4.89
	-0.21

	
	80 % 
	15.48
	33.54
	8.17
	0.79


While  [image: image55.png]I3/ N,



 is significantly less than  [image: image57.png]I,/N,.



 and  [image: image59.png]I,/ N,



 , it may not be negligible.  We might better estimate its impact by comparing the incremental gains in SINR from removing each of the dominant interferers.   The average SINR when the strongest M interferers are ideally removed may be roughly approximated by
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The gains from removing the strongest, strongest two, and strongest three interferers are calculated using the values from the tables above, and shown in Table 4 and Table 5.  From the last column of the tables, we can see that removing 
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provides less gain than removing the two more dominant interferers, but the gain is still in the range of 3 to 5 dB. Therefore, it is hard to conclude that the third dominant interferer has insufficient relative power to significantly impact SINR.
Observation 4: For NAICS scenario 2, ideally removing the third dominant interferer can provide substantial SINR gains.

Table 4.  Ideal SINR gains from removing interferers (40% small cell load)
	SINR Range 
	I1/Noc Percentile 
	SINR 3→2 Interferers (dB)
	SINR 2→1 Interferers (dB)
	SINR 1→0 Interferers (dB)

	-3.29 dB to 1.78 dB 
	20%
	3.2
	3.2
	3.0

	
	50%
	5.8
	5.3
	3.7

	
	80%
	10.9
	6.2
	4.5

	4.60 dB to 8.91 dB 
	20%
	3.4
	3.4
	3.2

	
	50%
	6.1
	4.7
	3.8

	
	80%
	10.0
	5.9
	4.7

	13.07 dB to 23.21 dB 
	20%
	2.9
	3.0
	2.9

	
	50%
	4.7
	4.4
	3.4

	
	80%
	7.1
	6.3
	4.0


Table 5.  Ideal SINR gains from removing interferers (60% small cell load)
	SINR Range 
	I1/Noc Percentile 
	SINR 3→2 Interferers (dB)
	SINR 2→1 Interferers (dB)
	SINR 1→0 Interferers (dB)

	-3.29 dB to 1.78 dB 
	20%
	3.1
	3.0
	2.6

	
	50%
	5.8
	5.0
	3.3

	
	80%
	10.7
	6.1
	3.9

	4.60 dB to 8.91 dB 
	20%
	3.3
	3.1
	2.8

	
	50%
	6.1
	4.3
	3.4

	
	80%
	9.9
	5.7
	4.0

	13.07 dB to 23.21 dB 
	20%
	2.8
	2.8
	2.5

	
	50%
	4.5
	4.1
	2.9

	
	80%
	7.0
	6.0
	3.4


While the SINR gains from ideal cancellation could be significant, the ability to cancel interferers is a function of the receiver used and the information or signals it uses for the cancelation.  Modelling a third interferer may not have as much impact if the UE is only attempting to cancel or suppress up to two interferers. Furthermore, it is increasingly difficult to get good channel estimates of interferers as the number of interferers grows. 
Therefore, if the UE receiver does not support cancelling or suppressing a third interferer, the need for modelling the third interferer would seem to depend on if the receiver is more sensitive to explicitly modelled excess interference than to AWGN.  This would need to be studied in link level simulations for the different receiver types.  For the sake of progress, however, it is desirable to limit the number of simulations.
One way forward might be to have a working assumption that at most two interferers need to be modelled, based on the understanding that receiver capabilities target at most two interferers for cancellation/suppression.  This working assumption would be revisited in October, after link level behaviour with a third interferer could be checked.
Proposal 3: Adopt a working assumption that two dominant interferers are used to derive link level interference modelling parameters representative of NAICS scenario 2.  Check to see if 42lative he g zation models for erence power, including terference they provide.  Therefore, we propose:

ary to use different cathe working assumption can be confirmed in RAN4#68bis.
4. Conclusions
In this contribution, we studied the behaviour of desired and interference power in NAICS scenario 2, including results on the number of explicitly modelled interferers and the resource utilization factors corresponding to macro cells and small cells.  Based on these results, we made the following observations and proposals:
Observations for NAICS scenario 2:
1. Resource utilization factors can be substantially higher on the macro cell layer than the small cell layer.
2. The third dominant interferer’s power ([image: image63.png]I3)



 is often within a dB or two of the non-dominant interferers’ power ([image: image65.png]N,c)



.
3. The significance of [image: image67.png]


 with respect to [image: image69.png]


 decreases with increasing load.
4. Ideally removing the third dominant interferer can provide substantial SINR gains.
Proposals for NAICS scenario 2:
1. Align resource utilization factors associated with macro cells and small cells when deriving link level interference models. 
2. If full buffer traffic is used to determine 
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statistics and for parameters of link level simulations, use the following equation:
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Where:
The loading factor associated with small cells and macro cells are [image: image73.png]Qe



 and [image: image75.png]ApMacro



, respectively, and 
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 is the power of the interferer if it is always active.
3. Adopt a working assumption that two dominant interferers are used to derive link level interference modelling parameters representative of NAICS scenario 2.  Check to see if the working assumption can be confirmed in RAN4#68bis.
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Appendix: Simulation Results
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Figure 1: Full Buffer SINR for NAICS scenario 2
[image: image78.emf]-10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

X: 23.03

Y: 0.85

I

1

/N

oc

 (dB)

CDF

CDF of I

1

/N

oc

 @ 40% Loading

X: 19.81

Y: 0.75

X: 14.7

Y: 0.55

X: 12.45

Y: 0.45

X: 7.817

Y: 0.25

X: 5.228

Y: 0.15


Figure 2: CDF of I1/Noc for low SINR case with 40 % load on small cell layer
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Figure 3: CDF of I1/Noc for Medium SINR case with 40 % load on small cell layer
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Figure 4: CDF of I1/Noc for high SINR case with 40 % load on small cell layer
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Figure 5: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for low SINR case with 40 % load on small cell layer
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Figure 6: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for medium SINR case with 40 % load on small cell layer
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Figure 7: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for high SINR case with 40 % load on small cell layer

[image: image84.emf]-10 -5 0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

X: 22.09

Y: 0.85

I

1

/N

oc

 (dB)

CDF

CDF of I

1

/N

oc

 @ 60% Loading

X: 18.94

Y: 0.75

X: 13.85

Y: 0.55

X: 11.56

Y: 0.45

X: 6.915

Y: 0.25

X: 4.366

Y: 0.15


Figure 8: CDF of I1/Noc for low SINR case with 60 % load on small cell layer
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Figure 9: CDF of I1/Noc for medium SINR case with 60 % load on small cell layer
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Figure 10: CDF of I1/Noc for high SINR case with 60 % load on small cell layer
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Figure 11: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for low SINR case with 60 % load on small cell layer
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Figure 12: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for medium SINR case with 60 % load on small cell layer
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Figure 13: Conditional CDFs of Es/Noc, I2/Noc and I3/Noc for high SINR case with 60 % load on small cell layer
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