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1 Introduction
Scenarios and requirements for small cell enhancement were discussed in [1][2]. ICIC among small cells is one of the schemes that can be used for improving the UE throughput performance. We propose to discuss cell association criteria relating to ICIC schemes since the impact of ICIC strategies depends on cell association statistics.
In this contribution, we discuss therefore the cell association and traffic offloading in small cell scenarios in detail. 
2 Discussion
2.1 Cell Association in Small Cell Scenarios
In order to improve the UE throughput performance, offloading data traffic from the cells with large numbers of associated UEs to the cells with reduced numbers of associated UEs is useful. In case of deployments with both macro cells and small cells, the cells with larger number of UEs are most likely macro cells while and the cells with reduced numbers of UEs are expected to be the small cells. In order to perform a reasonable cell association for the sake of data traffic offloading, the cell association has to take into account not only RSRP/RSRQ measurements, but cell traffic load as well.
During Rel-10 and Rel-11, cell range expansion (CRE) has been discussed and adopted as a means for traffic offloading in co-channel HetNet scenarios with interference limited operation. In order to protect UEs that make use of CRE, certain interference coordination schemes had to be applied.

Small Cell Scenario 1 of the currently discussed small cell deployments assumes a co-channel deployment of macro cells and small cells as well. However, one important difference compared to previous Rel-10 and Rel-11 performance studies is that the small cells are now deployed in clusters which yields an significantly increased local small cell density compared to previous scenarios. The effect is that neighbouring small cells can be now dominant interfering cells for other co-channel small cells. During Rel-10/11, the small cells were basically victims of interference from macro cells. Interference between small cells could be neglected more or less.
In Small Cell Scenario 2a and 2b, macro cells and small cells are operated on different frequency. In Small Cell Scenario 3, there is no macro cell at all. In all of these scenarios, macro cells are not causing any interference to small cells. Therefore, the interference among small cells prevails and should be considered thoroughly. For Scenario 2a and 2b, measurement result of macro cell carrier and small cell carrier should be compared. This is also an important difference compared to Rel-10/11 HetNet scenarios. 
2.2 Simulation Results
In the following, we show simulation results in terms of UE attachment statistics, typical UE and small cell location distributions deployment and geometry (SINR) distributions for Scenario 1, Scenario 2a and 2b. In Scenario 1, only RSRP based cell selection has been simulated. In the Scenario 2a and 2b, both RSRP and RSRQ based cell sections have been simulated. The RSRQ based association has been performed under the assumption of 100% resource utilization in all cells. Further simulation assumptions are given in Appendix.
UE attachment statistics
The UE attachment statistics are shown in Table 1. It can be seen that Scenario 2b with RSRQ based association results in the largest fraction of macro UEs. In this simulation, RSRQ has been obtained under the assumption of full resource utilization. Figure 1and Figure 2 show the corresponding UE deployments in Scenario 2a and 2b with RSRP and RSRQ. When comparing RSRP with RSRQ based association, sector (cell) edge UE in macro cells move to small cells and UEs in the center of small cell clusters move to macro cells as shown exemplarily in the figures below. As a result show in Table 1, the number of macro UEs in Scenario 2a and 2b increases when the cell association strategy is changed from RSRP to RSRQ. In addition, detailed distance dependent SINR evaluations of macro UEs have shown that they experience very high SINR values at around 100m distance from the macro eNB due to the used antenna downtilt configuration. Such macro UEs with very high SINR tend to connect to the macro cells when relative RSRQ comparison is used cell association even if the UEs would experience sufficiently high SINR levels in small cells. In Scenario 2b with RSRP, indoor UE do not connect to macro cells since the penetration loss is large. In Scenario 2b with RSRQ, outdoor UE connect to indoor small cells as well since both signal and interference experience the same penetration loss.
Table 1  UE attachment statistics
	Evaluation Scenario
	Association
	Macro UE
	Small cell UE

	Scenario 1
	RSRP
	28.7 %
	71.3 %

	Scenario 2a
	RSRP
	35.6 %
	64.4%

	Scenario 2a
	RSRQ
	48.6 %
	51.4 %

	Scenario 2b (dense)
	RSRP
	30.5 %
	69.5 %

	Scenario 2b (dense)
	RSRQ
	55.6 %
	44.4 %


 [image: image1.emf]
Figure 1 Typical Scenario 2a deployment 
and corresponding cell associations
[image: image2.emf]
Figure 2 Typical Scenario 2b (dense) deployment 
and corresponding cell associations
Figure 3 shows the distribution of the number of UEs associated to a small cell in Scenario 2b with RSRP based association and 60UEs per macro area (40UEs per a small cell cluster). It can be seen that the variance is quite large which means that there are typically both crowded and rather empty small cells in such a deployment scenario. Therefore, we expect the cell range expansion (CRE) could provide throughput gains in terms of advanced load balancing.
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Figure 3 Distribution of the number of UEs associated to a small cell 
Geometry
Figure 4 and Figure 5 show the geometry CDFs of Scenario 1, 2a and 2b. In the figures, solid and dotted lines present the CDFs of macro UE and small cell UE, respectively. It can be seen that there are UEs with very high SINR levels. 
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Figure 4 Geometry distributions of Scenario 1 and Scenario 2a
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Figure 5 Geometry distributions of Scenario 2b (dense)
User throughput with FTP Model 3
Table 2 Table 3, Figure 6 and Figure 7 show UE throughput evaluations for macro UEs and only small cell UEs with FTP Model 3.Solid lines in Figure 6 and Figure 7 represent the CDFs for macro UEs, and dotted lines represent CDFs for small cell UEs. The offered traffic load has in all evaluations been configured in a way that results in resource utilizations of approximately 20% (low utilization) and 45% (medium utilization) in Scenario 2a. The same offered traffics loads were used for Scenario 1 and Scenario 2b. The throughput results of all UEs are show in annex. 
The simulation results show that small cell UEs in Scenario 2a and Scenario 2b have higher throughput than macro UEs. These gains come from the number of associated UEs per cell. It can be seen that the number of UEs in a small cell is lower than in a macro cell as shown in Table 1. The resource utilization in the small cells is therefore smaller than in the macro cells. Based on this observation, we draw the conclusion that further offloading of traffic from macro to small cells could be used to improve the UE throughput.  

Table 2  Throughput results on FTP model 3 with medium resource utilization 

	Scenario
	Resource utilization
	Macro UE throughput [Mbps]
	Small cell UE throughput [Mbps]

	
	
	Average
	5%
	50%
	95%
	Average
	5%
	50%
	95%

	Scenario 1
	0.73
	2.08
	0.13
	1.20
	6.95
	9.36
	0.89
	6.55
	28.61

	Scenario   2a with RSRP
	0.45
	2.61
	0.16
	1.50
	8.83
	24.66
	5.08
	21.98
	52.90

	Scenario 2b (dense) with RSRP
	0.43
	2.04
	0.12
	1.17
	6.59
	27.50
	5.25
	25.37
	56.64


Table 3  Throughput results on FTP model 3 with low resource utilization 
	Scenario
	Resource utilization
	Macro UE throughput [Mbps]
	Small cell UE throughput [Mbps]

	
	
	Average
	5%
	50%
	95%
	Average
	5%
	50%
	95%

	Scenario 1
	0.31
	14.35
	1.95
	11.03
	38.63
	26.33
	5.68
	22.76
	59.74

	Scenario   2a with RSRP
	0.21
	14.93
	1.95
	11.16
	40.37
	43.97
	16.48
	44.16
	69.40

	Scenario 2b (dense) with RSRP
	0.22
	9.93
	0.95
	6.82
	30.05
	50.06
	19.68
	52.06
	71.98
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Figure 6:  UE throughput CDF with approx. 45% resource utilization (FTP Model 3)
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Figure 7: UE throughput CDF with approx. 20% resource utilization (FTP Model 3)
2.3 Observations
Cell selection in inter frequency case (Scenario 2a and Scenario 2b)
The performance evaluation results presented in Section 2.2 reveal that using mere relative RSRQ comparison. The relative RSRQ comparison means that UE connects the cell with highest RSRQ. It is expected that it is not sufficiently beneficial in terms of traffic offloading, as shown in the UE attachment statistic results of Scenario 2a and 2b. There are more UEs with sufficiently high small cell SINR than actually associated to these cells due to the relative RSRQ comparison between macro and small cells. The effect if the restriction imposed by the relative RSRQ comparison is that the macro cells experience heavy traffic load while the small cells are still not sufficiently utilized in terms of traffic offloading. 
In this simulation, RSRQ is obtained with the condition of full resource utilization. In reality, RSRQ would reflect the resource utilization but it involves a "chicken and egg" problem; before UEs associate to cells, the RSRQ reflecting resource utilization cannot be calculated. With relative RSRQ comparison, some UEs that are associated to macro cells would actually experience sufficiently high SINR in small cells as well, which means that they could be candidates for further traffic offloading. This applies even in case of full resource utilization. 
We think therefore that RSRQ comparison with an absolute threshold X would be more beneficial for traffic offloading in the investigated small cell scenarios. UEs that measure higher small cell RSRQ levels than the absolute threshold X associate to these small cells regardless of the measured RSRQ levels of the macro cells. The threshold X would be chosen according to the aspired traffic offloading. If a large number of small cells are deployed per macro coverage area, and a large number of UEs are required to be associated to a macro cell, RSRQ comparison with an absolute threshold X should be used in order not to congest the macro cell.
Cell selection in intra-frequency case
The traffic load cannot be expected to be equal in all small cells when RSRP based cell selection is performed. As shown inFigure 3, the number of UEs per a small cell is not equal. The cell traffic load can be approximated by the number of UEs in FTP Model 3. If small cell A is crowded with UEs, cell range expansion (CRE) could provide throughput gains by reducing the traffic load of cell A as show in Figure 8.
The proper CRE magnitude should be selected according to small cell traffic load. Small cells with low traffic load could use large CRE values. 
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Figure 8: Cell range expansion in small cell
3 Summary

In this contribution, we discussed the cell association and traffic offloading in small cell scenarios. We observed following:
· For cell association in inter-frequency case, using mere relative RSRQ comparison (assuming full load) is not beneficial in terms of traffic offloading. The absolute threshold X of RSRQ to associate small cell is better criteria of cell association.
· For cell association in intra-frequency case, cell range expansion (CRE) could provide throughput gains by reducing the traffic load of small cell with heavy traffic load.
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Annex A – Simulation Assumptions
Table 4  Simulation Assumptions

	Simulation parameters
	Value

	Deployment 
	 Scenario 1 and 2a
Outdoor small cell cluster, 1 cluster per macro cell area
4 small cells per cluster

Scenario 2b (dense)
Indoor small cell cluster (ITU Indoor Hotspot), 1 cluster per macro cell
4 small cells per cluster 

For Non-full buffer(FTP model 3)
60 UEs per macro cell area(40UEs per cluster and 20UEs per macro cell area including cluster)

	Layout
	Full buffer:  19 cell sites – 57 macro cells (ISD 500m)

Non full buffer:  7 cell sites – 21 macro cells (ISD 500m)

	Channel model
	based on evaluation assumptions v12

	Carrier frequency
	Scenario 1:  2.0 GHz for both macro cell and small cell
Scenario 2a and 2b:  2.0 GHz for macro cell and 3.5 GHz for small cell

	Tx power
	Macro cell   46dBm for macro cell
Small cell   30dBm for small cell for Scenario 1 and 2a, 
24dBm for Scenario 2b

	Antenna configuration
	Cross polarized 2x2

	Tx scheme
	SU-MIMO with rank adaptation

	UE receiver
	MMSE


Annex B – Throughput results of all UEs with FTP model 3
Table 5  Throughput results on FTP model 3

	Scenario
	Resource utilization
	User Throughput of all UE [Mbps]

	
	
	Average
	5%
	50%
	95%

	Scenario 1
	0.31
	22.87
	3.72
	18.93
	56.37

	
	0.73
	7.26
	0.28
	4.33
	25.23

	Scenario   2a with RSRP
	0.21
	33.58
	3.72
	32.62
	67.83

	
	0.45
	16.78
	0.34
	12.25
	49.12

	Scenario 2b (dense) with RSRP
	0.22
	37.67
	2.13
	40.11
	71.05

	
	0.43
	19.65
	0.29
	16.04
	53.55
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Figure 9: Throughput CDF of all UEs with approx. 45% resource utilization (FTP Model 3)
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Figure 10: Throughput CDF of all UEs with approx. 20% resource utilization (FTP Model 3)
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