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1. Introduction 
As part of the NAICS study, discussion of interference models for link level simulation is part of the agenda in RAN 4 Meeting #67.  We investigate dominant interferer proportion (DIP) statistics from an FTP model and full buffer traffic, finding that the strongest interferer is significantly less dominant for full buffer traffic compared to FTP model 1.  Consequently, we recommend that DIP values for link level simulation should be derived using FTP models rather than assuming full buffer traffic.
2. Evaluation Assumptions
The simulation assumptions for the results presented in this contribution are summarized in this section.  The NAICS scenario 2 is modelled as per the agreements in [1].  However, for the purpose of DIP analysis, fast fading channel between eNB and UE is not modeled.  Additionally, for the sake of simplicity, network synchronization error and CRS interference are not modeled.
Evaluation of DIP ratios under FTP traffic model 1 requires a way to model how the UEs drain their buffers without the need to run full blown system level simulations.  To this end, we use a simplistic approach that makes use of the attenuated and truncated Shannon bound analysis in Appendix A of [3].  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).
d) Determine the number of bits transmitted in the given subframe as
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where [image: image9.png]Thr



 is the throughput value determined in step c) and [image: image11.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.

f) Periodically sample the DIP and SINR values associated with UEs that are active.

Detailed evaluation assumptions are provided in Appendix B.

3. Simulation Results
The user arrival rates were determined through simulations using evaluation assumptions described in Section 2.  For NAICS scenario 2 with 4 or 10 small cells per macro cell, the user arrival rates per macro cell area that resulted in resource utilizations (RUs) of [image: image13.png]10%



 and [image: image15.png]30 %



 are shown in Table 1 for reference.
Table 1.  FTP model 1 arrival rates for different RUs for NAICS scenario 2
	Scenario
	30% RU
	10% RU

	4 Small Cells per Macro
	7 Users/sec
	3.5 Users/sec

	10 Small Cells per Macro
	14 Users/sec
	7 Users/sec


To assess the interference conditions associated with 4 or 10 small cells per macro cell in the NAICS scenario 2, we next present both unconditional and conditional median DIP results.  As per the definition in [2], DIP is defined as the ratio of received power from a given interference eNodeB over the total interference plus noise power.  Given that the traffic is defined by FTP model 1, the DIP associated with the [image: image17.png]th



 dominant interferer can be defined as
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where [image: image21.png]


 denotes the average received power from the [image: image23.png]th



 dominant interferer.  The denominator [image: image25.png]lioral



 can be defined as follows:
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.
In the above equation, [image: image29.png]


 denotes the [image: image31.png]R



 strongest interferer’s average received power, [image: image33.png]


 denotes the thermal noise power, and [image: image35.png]Nasactive



 represents the number of eNodeBs that are actively transmitting at the instance of DIP calculation.
We first present the unconditional DIP cumulative distribution functions (CDFs) for NAICS scenario 2 in Figure 1 and Figure 2 below.  The DIP CDFs in Figure 1 correspond to the case with 4 small cells per macro, and those in Figure 2 correspond to the case with 10 small cells per macro.  From these figures it can be seen that the strongest interferer is significantly less dominant for full buffer traffic compared to FTP model 1.   Table 2 shows the median DIP difference (in dB) from FTP model 1 to full buffer for the first and second strongest interferers (DIP1 and DIP2, respectively).
Table 2.  Difference in DIP values from FTP model 1 to full buffer
	Scenario
	DIP1
	DIP 2

	
	30% RU
	10% RU
	30% RU
	10% RU

	4 Small Cells per Macro
	0.8 dB
	1.0 dB
	-1.0 dB
	-5.5 dB

	10 Small Cells per Macro
	1.0 dB
	1.6 dB
	-1.0 dB
	-3.5 dB


As can be seen from the table, the full buffer DIP ratios for DIP1 are 0.8 to 1.6 dB less than the corresponding DIP1 ratios from FTP model 1.  Since the SINR gain from ideally cancelling the dominant interferer is [image: image37.png]1/(1 - DIP1)



, even relatively small differences at high DIP values such as these will result in significantly different amounts of SINR gain.  We further observe that the full buffer model overestimates DIP2 by 1.0 to 5.5 dB, which is consistent with the larger values of DIP1 in the FTP model.  Therefore, we conclude that the DIP values calculated assuming full buffer are significantly different than those assuming FTP model 1.
The conditional median DIP ratios have similar behaviour.  Results are provided in Appendix A in Figure 4 through Figure 7, covering 4 and 10 small cells per macro at RUs of [image: image39.png]10%



 and [image: image41.png]30 %



.  The mean differences in conditional median DIP (in dB) from FTP model 1 to full buffer for DIP1 and DIP2 are provided below in Table 3.  We see quite similar behaviour to that in Table 2: full buffer under estimates DIP1 by 0.8 to 1.9 dB, and over estimates DIP2 by 0.7 to 3.8 dB.  From these results, we make the following proposal:
Proposal 1: DIP values for link level simulations should be derived using FTP models rather than assuming full buffer traffic.

Table 3.  Mean difference in conditional median DIP values from FTP model 1 to full buffer
	Scenario
	DIP1
	DIP 2

	
	30% RU
	10% RU
	30% RU
	10% RU

	4 Small Cells per Macro
	0.8 dB
	1.5 dB
	-0.9 dB
	-3.5 dB

	10 Small Cells per Macro
	1.0 dB
	1.9 dB
	-0.7 dB
	-3.8 dB


We next present the CDFs of SINRs associated with 4 or 10 small cells per macro cell in the NAICS scenario 2.  Figure 3 shows the SINR CDF curves for both full buffer and FTP traffic (with RUs of [image: image43.png]10%



 and [image: image45.png]30 %



).  The CDF values corresponding to different SINR values associated with various scenarios is summarized in Table 4.  It can be seen from Table 4 that with FTP traffic and RU of [image: image47.png]10%



 and [image: image49.png]30 %



, SINR values less than or equal to [image: image51.png]—3dB



 are observed with approximate probabilities of [image: image53.png]0.05 %



 and [image: image55.png]1%



.  In contrast, with full buffer traffic, SINR values less than or equal to [image: image57.png]—3dB



 are observed with probabilities of [image: image59.png]2.81 %



 (for case with 4 small cells per macro) and [image: image61.png]3.95 %



 (for case with 10 small cells per macro).  Hence we make the following observation and proposal:
Observation: In link level simulations assuming FTP models, the SINRs in which the DIP values are to be conditioned should be chosen such that those SINRs are observed with a notable probability for a given deployment scenario.
Proposal 2: SINR points of interest for link level simulation for small cell deployments scenarios need further study.
Table 4.  Cumulative distribution function values corresponding to different SINR values
	SINR (dB)
	4 Small Cells per Macro
	10 Small Cells per Macro

	
	Full Buffer
	30% RU
	10% RU
	Full Buffer
	30% RU
	10% RU

	-3
	2.81 %
	1.08 %
	0.05 %
	3.95 %
	1.01 %
	0.05 %

	0
	14.21 %
	9.77 %
	1.89 %
	20.40 %
	10.04 %
	2.47 %

	3
	31.68 %
	26.35 %
	7.97 %
	42.17 %
	27.47 %
	10.17 %

	6
	47.70 %
	40.75 %
	14.45 %
	60.07 %
	42.91 %
	18.26 %

	9
	60.84 %
	52.17 %
	20.84 %
	73.66 %
	55.60 %
	26.43 %

	12
	72.35 %
	61.97 %
	27.41 %
	83.50 %
	66.58 %
	34.01 %
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Figure 1: CDFs of unconditional DIPs for the case with 4 small cells per macro
[image: image63.emf]-35 -30 -25 -20 -15 -10 -5 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIP (dB)

CDF

CDF of Unconditional DIP for NAICS Scenario 2 with 10 Small Cells per Macro

 

 

DIP 1, Full Buffer (RU = 100%)

DIP 2, Full Buffer (RU = 100%)

DIP 3, Full Buffer (RU = 100%)

DIP 1, FTP (RU = 10%)

DIP 2, FTP (RU = 10%)

DIP 3, FTP (RU = 10%)

DIP 1, FTP (RU = 30%)

DIP 2, FTP (RU = 30%)

DIP 3, FTP (RU = 30%)


Figure 2: CDFs of unconditional DIPs for the case with 10 small cells per macro
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Figure 3: CDFs of SINR with full buffer and FTP traffic types
4. Conclusions

In this contribution, we provided conditional median and unconditional DIP results for NAICS scenario 2 with 4 and 10 small cells per macro cell.  Based on these results, we made the following proposal and observation:
Proposal 1: DIP values for link level simulations should be derived using FTP models rather than assuming full buffer traffic.
Proposal 2: SINR points of interest for link level simulation for small cell deployments scenarios need further study.

Observation: In link level simulations assuming FTP models, the SINRs in which the DIP values are to be conditioned should be chosen such that those SINRs are observed with a notable probability for a given scenario.
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Appendix A: Simulation Results
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Figure 4: Conditional Median DIPs for the case with 4 small cells per macro at 10 % RU
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Figure 5: Conditional Median DIPs for the case with 10 small cells per macro at 10 % RU
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Figure 6: Conditional Median DIPs for the case with 4 Small Cells per macro at 30 % RU
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Figure 7: Conditional Median DIPs for the case with 10 small cells per macro at 30 % RU
Appendix B: Simulation Assumptions

Table 5.  Summary of Simulation Assumptions
	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	System bandwidth per carrier
	10MHz

	Carrier frequency
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm (for macro), 30 dBm (for small-cell)

	Distance-dependent path loss
	Same as scenario #1 in SCE SI

	Penetration loss
	Same as scenario #1 in SCE SI

	Shadowing
	Same as scenario #1 in SCE SI

	Antenna pattern
	Same as scenario #1 in SCE SI

	eNB Antenna Height
	Same as scenario #1 in SCE SI

	UE Antenna Height
	Same as scenario #1 in SCE SI

	Antenna gain + connector loss
	Same as scenario #1 in SCE SI

	Antenna gain of UE
	Same as scenario #1 in SCE SI

	Fast fading channel between eNB and UE
	Not modeled

	Number of small cells per macro cell geographical area
	4 or 10

	Number of UEs 
	Variable per FTP model 1 

	UE dropping
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance
	Same as CoMP Scenario #3/4 in TR36.819 
• Macro – Small Cell: >75m
• Macro – UE : >35m
• Small Cell – Small Cell: >40m
• Small Cell – UE : >10m

	Traffic model
	FTP model 1 as in TR 36.814

	Resource utilization factors
	0.10 and 0.30

	UE noise figure
	9dB

	Cell selection criteria
	Baseline: RSRP for intra-frequency and no CRE

1 dB handover hysteresis

	Network synchronization error
	Not modeled

	CRS interference modeling
	Not modeled
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