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1 Introduction

In RAN1 #72bis meeting [1], the ICIC mechanisms for small cells have been discussed, it is agreed that the candidate techniques for further study are as follows, but not limited to
· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

· Continue study in RAN1#73; can be transferred into a new WI if one is approved at RAN#60.
In this contribution, the UE geometry for small cell scenario 2a is analyzed, and the performance of the power control based ICIC mechanism on densely deployed small cell edge UE is discussed.
2 UE geometry
The UE geometry for small cell scenario 2a is shown in Figure 1. The RSRQ with full buffer traffic is used for cell association to avoid frequent handover. The sparsely and densely deployed scenarios are both evaluated, i.e. 1 or 2 clusters with 4 small cells per cluster, and 1 or 2 clusters with 10 small cells per cluster.  
From the Figure 1 we can see that for sparsely deployed scenario, the geometry is generally very good. Around 50%-60% percent of the geometry is larger than 10 dB, and more than 95% of the UE geometry is larger than 0 dB. Increasing the number of cluster gives less than 5 dB degradation of the UE geometry. 
In densely deployed scenario with 10 small cells per cluster, the UE geometry decreases dramatically compared with the 4 small cells per cluster case. The 50% UE geometry decreases around 6 dB and the 95% UE geometry decreases around 10 dB. Approximately 6% - 10% UE geometry is less than 0 dB and only 20%-30% UE geometry is larger than 10 dB.  Increasing the number of cluster gives an additional degradation of the UE geometry for less than 5 dB. 

From the above we can conclude that the small cell UE geometry is more affected by the density of the small cells within the cluster than the density of the clusters within macro area. The ICIC mechanism should be prioritized for scenario with 10 small cells per cluster.
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Figure 1. Geometry of UEs
For densely deployed scenario with 10 small cells per cluster, it is noted that the UE association rate is relatively low for small cells. It is known that range extension (CRE) can be applied to offload UEs to small cells.  However, the offloading will cause small cell UE geometry degradation as shown in Figure 2.  The UE geometry decreases as the CRE bias value increases. The newly offloaded UEs become the edge UEs of small cells and experience more inter-cell interference within the cluster. In order to improve the edge UEs’ performance, ICIC mechanisms should be applied.
Observation 1: When CRE is applied for small cell UE offloading, the offloaded UEs will suffer more inter-cell interference.
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Figure 2. UE geometry with CRE
3 Interference avoidance and coordination
In scenario 2a, the small cell UE may have multiple major downlink interferers. One possible way to mitigate the inter-cell interference  is to adjust the transmit power of small cells within the cluster in time domain as in [2]. The difference is that power control can be made in any downlink subframe. The small cell eNB reduces its transmit power when causing severe interference to the UEs in other small cells.

 In this section, we show the simulation results for UE packet throughput for various CRE bias values. For small cell UE, the results without and with ICIC mechanism are compared. Different traffic arrival rates are simulated. The TDD UL-DL configuration is set to 1. Detailed parameter description can be found in Table 4 in the annex. The small cell DL UE performance evaluations are listed in Table 1 and Table 2.
Table 1: DL UE packet throughput, 1 cluster, 10 small cells ( λ = 2 )

	
	5% Macro UE (Mbps) w/o ICIC
	Macro UE Average throughput (Mbps) w/o ICIC
	5% SC UE (Mbps) w/o ICIC
	SC UE Average throughput (Mbps) w/o ICIC
	5% SC UE (Mbps) w/ ICIC
	SC UE Average throughput (Mbps)

w/ ICIC

	w/o CRE
	3.50
	12.96
	16.53
	26.63
	17.17 (+3.97%)
	27.09 (+1.73%)

	w/ CRE 3 dB
	4.27
	13.30
	15.81
	26.48
	16.19 (+2.40%)
	26.55 (+0.26%)

	w/ CRE 6 dB
	5.90
	15.34
	14.92
	26.15
	15.81 (+5.97%)
	26.31 (+0.61%)

	w/ CRE 9 dB
	8.20
	19.03
	12.82
	25.57
	14.13 (+10.22%)
	25.74 (+0.66%)

	w/ CRE 12 dB
	9.95
	21.54
	9.35
	25.17
	11.36 (+21.50%)
	25.63 (+1.83%)


Table 2: DL UE packet throughput, 1 cluster, 10 small cells ( λ = 10 )

	
	5% Macro UE (Mbps) w/o ICIC
	Macro UE Average throughput (Mbps) w/o ICIC
	5% SC UE (Mbps) w/o ICIC
	SC UE Average throughput (Mbps) w/o ICIC
	5% SC UE (Mbps) w/ ICIC
	SC UE Average throughput (Mbps)

w/ ICIC

	w/o CRE
	0.108
	0.62
	13.47
	24.78
	14.71 (+9.21%)
	24.93 (+0.62%)

	w/ CRE 3 dB
	0.158
	0.77
	12.9
	24.40
	16.13 (+25.04%)
	25.07 (+2.75%)

	w/ CRE 6 dB
	0.217
	1.61
	9.04
	22.53
	10.20 (+12.83%)
	22.58 (+0.22%)

	w/ CRE 9 dB
	0.309
	2.29
	6.33
	20.27
	7.52 (+18.80%)
	21.22 (+4.69%)

	w/ CRE 12 dB
	0.705
	4.32
	5.24
	18.68
	6.54 (+24.81%)
	19.00 (+1.71%)


From the above tables we can observe that using CRE will increase the macro cell UE throughput. However, increasing the CRE value decreases the 5% SC UE performance and the average SC UE packet throughput, especially for traffic with λ = 10. By applying the power control within the small cell cluster, the edge UE performance is greatly improved. The average UE packet throughput also increases, but with relatively smaller gain. The reason for this is that the improvement of the edge UE is achieved by sacrificing the other UEs. The degradation of the other UEs will even out the gain of the edge UE. Furthermore, the performance improvement of the ICIC mechanism is more obvious for λ = 10 than that for λ = 2.
In our simulation, although RSRQ with full buffer traffic load with CRE is assumed for cell association, the benefits of ICIC can also be expected if RSRQ with real traffic load is assumed.
Observation 2: Power control based interference mitigation scheme can be applied to improve the small cell edge UE performance.
4 Conclusion

In this contribution, we provided some preliminary simulation results for small cell UE offloading and power control based ICIC scheme for scenario 2a. From these results we observe that: 
Observation 1: When CRE is applied for small cell UE offloading, the offloaded UEs will suffer more inter-cell interference.
Observation 2: Power control based interference mitigation scheme can be applied to improve the small cell edge UE performance.
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6 Annex

Table 4: Simulation assumptions for small cell scenario 2a evaluations

	
	Macro
	Small Cell (SC)

	Layout 
	Hexagonal grid, 7 cell sties, 3 sectors per site 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Carrier Frequency 
	2.0 GHz 
	3.5 GHz

	Transmission Bandwidth 
	10 MHz 
	10 MHz 

	Carrier number 
	1 or 2

	Total BS Tx Power 
	46dBm 
	30dBm  

	UE dropping 
	1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor. 

	Radius of small cell cluster 
	50 m

	Radius of UE dropping in a cluster 
	70 m

	Minimum distance 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro-small cell cluster center: 105m 

	
	Small cell cluster-small cell cluster: 2* Radius of small cell cluster 

	
	Macro cell-UE: 35m 

	Distance-dependent path loss 
	ITU UMa [Referring to  Table B.1.2.1-1 in TR 36.814] 
	ITU UMi [Referring to Table B.1.2.1-1 in TR 36.814] with 3D distance between an eNB and a UE applied

	Penetration loss 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 

	Shadowing loss 
	ITU UMa according to Table A.1-1 of 36.819 
	ITU UMi [Referring to  Table B.1.2.1-1 in TR 36.814] 

	Antenna pattern 
	3D,  referring to TR36.819 
	2D Omni-directional 

	Antenna Height 
	25m 
	10m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17dBi 
	5dBi 

	Antenna gain of UE 
	0dBi 

	Number of clusters per macro area 
	1, 2 

	Number of small cells per cluster 
	4, 10 

	Fast fading loss 
	ITU UMa according to Table A.1-1 of 36.819 
	ITU UMi 

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Cell selection criteria 
	RSRQ with full buffer traffic, with cell common bias if CRE is applied. 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Traffic model 
	FTP Model 1

	UE receiver 
	MMSE-IRC as baseline 

	Network synchronization 
	synchronization 

	Backhaul assumptions 
	ideal 



































































































































