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1
Introduction
In RAN4 #57AH, it was suggested that interested parties should study typical signal and interference levels utilizing system-level simulations in order to define side conditions in e-ICIC-related UE requirements [1]. This contribution provides system simulation results based on the proposed simulation assumptions.
2
Simulation parameters

Table 1 presents simulation parameters which were used in our evaluations. They are basically aligned with the proposed simulation assumptions [1].
Table 1: Simulation parameters

	Parameters
	Values

	Scenario
	· #4b(4) – configuration #4b with N=4 pico nodes per macro area,

· #4b(10)–configuration #4b with N=10 pico nodes per macro area

	ISD
	· 500 m

· 1732 m

	Cell reselection offset (HO offset)
	· 0, 2.5, 5, 7.5, 10 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm (with conf #4b(4)) and 30 dBm (with conf #4b(10))

	Network synchronization
	Frame-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Number of TX ( RX antennas  
	2 ( 2 (macro and pico)

	Antenna gains & configuration

· Macro

· Pico

· UE
	· three-cell, 14 dBi incl. connector loss, 3D pattern (see [1])

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer, full load

	Path loss
	Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: 
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	Penetration loss (for all UEs)
	20 dB

	Shadow fading
	Lognormal, std. deviation=10 dB, shadowing correlation between cells=0.5

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	> 10m 


	Minimum distance among pico nodes
	40 m

	UE distribution
	Uniform (macro UEs), 

clustered (pico UEs) , 

Nusers=60, Photspot=2/3


In the simulations, we utilized the following definition of Es/Iot.

For Protected sub-frames (ABS applies to Macro)
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S: Signal level of the serving cell
N: Thermal noise level + Signal level of the neighbour cell (other picos)
Note: In real operations, some interference caused by CRS, PSS/ SSS, P-BCH and so on would exist even when ABS applies to the macro cell, but such interference is not taken into account in the simulations.

For Non-protected sub-frames (ABS does not apply to Macro)


[image: image3.wmf]N

I

S

I

E

ot

s

+

=

ˆ


S: Signal level of the serving cell
I: Signal level of the neighbour cell (macro)

N: Thermal noise level + Signal level of the neighbour cell (other picos)
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Figure 1: Definition of Es/Iot
3
Simulation results
Figure 2-5 present CDF data of Es/Iot for the following scenarios:
· Figure 2: 4 pico nodes with 24 dBm Tx power, ISD: 500 m

· Figure 3: 10 pico nodes with 30 dBm Tx power, ISD: 500 m

· Figure 4: 4 pico nodes with 24 dBm Tx power, ISD: 1732 m

· Figure 5: 10 pico nodes with 30 dBm Tx power, ISD: 1732 m

In the figures, the CDF data are derived from UEs, to which cell range expansion actually applies using each cell reselection offset. For example, the CDF data of “CRE 5 – 7.5 dB” means the one for UEs, to which 5 – 7.5 dB cell range expansion applies, and does not include any data for the other UEs, such as 7.5 – 10 dB cell range expansion UEs, 0 – 5 dB cell range expansion UEs, or no cell range expansion UEs. The 5%-ile Es/Iot are summarized in Table 2.
Findings from the results are summarized below:

· The 5%-ile Es/Iot for the 10 pico node scenario would be lower than that for the 4 pico node scenario, because the interference from the other pico nodes would increase as the number of pico nodes increase.
· As the macro cell radius increases, the 5%-ile Es/Iot would increase. The reason for this is that the thermal noise would play a big role in such large cell scenarios, i.e. even if the macro cell interference does not exist in the protected sub-frames, the serving cell SINR could not be improved due to the thermal noise. 

· In the cases of 500 m ISD, the 5%-ile Es/Iot would not be sensitive to the cell reselection offsets, especially in the 10 pico node scenarios. The 5%-ile Es/Iot for “CRE 7.5 – 10 dB” would be almost the same as that for “CRE 5 – 7.5 dB”.
· From the results, it is proposed that the side conditions of Es/Iot for e-ICIC-related UE requirements should be –4 dB. (Proposal 1)
· It is derived from Figure 3 (10 pico nodes with 30 dBm Tx power, ISD: 500 m), which would be the most typical and demanding scenario for e-ICIC. 
Table 2: Summary of 5%-ile Es/Iot

	
	CRE 0 – 2.5 dB
	CRE 2.5 – 5 dB
	CRE 5 – 7.5 dB
	CRE 7.5 -10 dB

	4 pico nodes with 24 dBm Tx power, ISD: 500 m
	0.4 dB
	-0.3 dB
	-1.5 dB
	-2.2 dB

	10 pico nodes with 30 dBm Tx power, ISD: 500 m
	-3.6 dB
	-4.1 dB
	-4.6 dB
	-4.9 dB

	10 pico nodes with 30 dBm Tx power, ISD: 500 m
	-1.9 dB
	-3.6 dB
	-7.2 dB
	-10 dB

	10 pico nodes with 30 dBm Tx power, ISD: 1732 m
	-5 dB
	-6.8 dB
	-8.8 dB
	-12.5 dB
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Figure 2: 
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Figure 3: 
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Figure 4: 

[image: image8.emf]0

0.2

0.4

0.6

0.8

1

-20 -10 0 10 20 30

CDF

Geometry (dB)

Configuration #4b with 10 pico nodes

Pico transmit power: 30 dBm

ISD: 1732 m

Protected

Non-protected

Es/Iot (dB)

CRE 0 dB

CRE 0 – 2.5 dB

CRE 2.5 –5 dB

CRE 5 – 7.5 dB

CRE 7.5 – 10 dB

0

0.2

0.4

0.6

0.8

1

-20 -10 0 10 20 30

CDF

Geometry (dB)

Configuration #4b with 10 pico nodes

Pico transmit power: 30 dBm

ISD: 1732 m

Protected

Non-protected

Protected

Non-protected

Es/Iot (dB)

CRE 0 dB

CRE 0 – 2.5 dB

CRE 2.5 –5 dB

CRE 5 – 7.5 dB

CRE 7.5 – 10 dB


Figure 5: 
It is noted that it is quite important to have a clear definition of Es/Iot in the protected sub-frames, because it would depend on whether or not interference of CRS, PSS/ SSS, P-BCH and so on from ABS macro should be taken into account. Therefore, it would be wise for RAN4 to agree on the definition of Es/Iot for the protected sub-frame before discussing the actual values of the side conditions. For simplicity, it is proposed that Iot for the protected sub-frames should not include any interference from the macro cell, as shown in the previous section (See Figure 1).
Proposal 2: RAN4 should first agree on the definition of Es/Iot before discussing the actual values of the side conditions.

Proposal 3: Iot for the protected sub-frames should not include any interference from the ABS macro cell. 

4
Conclusions

In this contribution, we provided system level simulation results in order to derive the side conditions in e-ICIC related UE requirements. From the results, we provided the following proposals:

Proposal 1: The side conditions of Es/Iot for e-ICIC-related UE requirements should be -4 dB. 
Proposal 2: RAN4 should first agree on the definition of Es/Iot before discussing the actual values of the side conditions.

Proposal 3: Iot for the protected sub-frames should not include any interference from the ABS macro cell. 
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