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1
Introduction
In RAN4 #58, many simulation results were presented in order to study typical signal and interference levels [1-4] and the following working assumptions were agreed [5], although there was not enough time to review the simulation results in details:

· RAN4 should first agree on the definition of Es/Iot before discussing the actual values of the side conditions.
· Side conditions
· Measuring cell SNR for RRM requirements with restricted measurements for eICIC is [-4] dB, subject to further verification.
This contribution further discusses typical signal and interference level in order to complete the system level simulation work for e-ICIC.

2
Discussion
Definition of Es/Iot

As proposed in our previous document [2], we propose the following definition for Es/Iot:

Propose #1: Iot for the protected sub-frames should not include any interference from the ABS macro cell.
It is noted that the reason for this definition is just simplicity. If there is another better definition, it would also be acceptable.

How to review simulation results
In general, we need to first gather simulation results in order to check the alignment of them. Therefore, it is proposed that interested parties should add their results into the following spreadsheet, which is basically aligned with the current simulation assumptions [6]. It is noted that 9 dB cell reselection offset is added in the spreadsheet, because it would also be a good candidate for cell range expansion offset. 
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Propose #2: Interested parties should add their simulation results into the spreadsheet to review the results.

Side conditions
The simulation assumptions are summarized in Annex A, which are almost the same as [6]. Our results are included in the above spreadsheet, and the 5%-ile CRS Es/Iot is extracted in Table 1. In the table, the values are coloured by the following rule:

· Blue: Much higher than the current working assumptions (Es/Iot = -4 dB)

· Black: Comparable to the current working assumptions (Es/Iot = -4 dB)

· Red: Much lower than the current working assumptions (Es/Iot = -4 dB)

Findings from the results are shown below:
· The 5%-ile Es/Iot in Configuration #4b is higher than that in Configuration #1, because UE is distributed near Pico cells in Configuration #4b.
· As the number of Pico cell increases, the 5%-ile CRS Es/Iot decreases because the interference between Pico cells increases.

· As ISD increase, the 5%-ile CRS Es/Iot decreases because the thermal noise is dominant in a large cell.
· It is felt that the current working assumptions (Es/Iot = -4 dB) would be reasonable so that it would cover most of typical scenarios for e-ICIC, from a system level simulation point of view.

· It is noted that the feasibility of Es/Iot = -4 dB should also be taken into account from a UE implementation point of view, i.e. the side conditions should be studied together with other aspects, such as the RSRP/ RSRQ measurement period and the aggressor Es/Iot for RLM.

Observation #1: The side condition of Es/Iot = -4 dB would be reasonable.
Table 1: 5%-ile CRS Es/Iot (ABS, Pico UE)

	
	5%-ile CRS Es/Iot (ABS, Pico UE)

	
	Offset: 0 dB
	Offset: 6 dB
	Offset: 9 dB

	Configuration #1, ISD: 500 m, 4 pico, 24 dBm
	2.8 dB
	-0.2 dB
	-1.1 dB

	Configuration #4b, ISD: 500 m, 4 pico, 24 dBm
	3.5 dB
	1.2 dB
	0.3 dB

	Configuration #1, ISD: 1732 m, 10 pico, 30 dBm
	-2.1 dB
	-5.2 dB
	-6.9 dB

	Configuration #4b, ISD: 1732 m, 10 pico, 30 dBm
	2 dB
	-0.7 dB
	-2.2 dB

	Configuration #1, ISD: 500 m, 10 pico, 30 dBm
	-1.9 dB
	-3.4 dB
	-3.9 dB

	Configuration #4b, ISD: 500 m, 10 pico, 30 dBm
	-1.2 dB
	-2.5 dB
	-2.9 dB

	Configuration #1, ISD: 1732 m, 4 pico, 24 dBm
	-0.4 dB
	-5.2 dB
	-8 dB

	Configuration #4b, ISD: 1732 m, 4 pico, 24 dBm
	5.5 dB
	2.6 dB
	1 dB


4
Conclusions

In this contribution, we further discussed typical signal and interference level in order to complete the system level simulation work for e-ICIC. Our proposals and observation are summarized below:
Propose #1: Iot for the protected sub-frames should not include any interference from the ABS macro cell.
Propose #2: Interested parties should add their simulation results into the spreadsheet to review the results.

Observation #1: The side condition of Es/Iot = -4 dB would be reasonable.
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Annex A. System level simulation assumptions
Table A.1 presents simulation parameters which were used in our evaluations. They are basically aligned with the proposed simulation assumptions [6].
Table A.2: 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,
· #1 (4) – configuration #4b with N=4 pico nodes per macro area,
· #1 (10) – configuration #4b with N=10 pico nodes per macro area

	ISD
	· 500 m

· 1732 m

	Cell reselection offset (HO offset)
	· 0, 6, 9 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm (with conf #4b(4)/ #1(4)) and 30 dBm (with conf #4b(10)/ #1(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)
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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 A.1: Definition of Es/Iot
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Scenarios

		

		#		Scenario		Note

		1		Configuration #1, ISD: 500 m, 4 pico, 24 dBm

		2		Configuration #4b, ISD: 500 m, 4 pico, 24 dBm

		3		Configuration #1, ISD: 1732 m, 10 pico, 30 dBm

		4		Configuration #4b, ISD: 1732 m, 10 pico, 30 dBm

		5		Configuration #1, ISD: 500 m, 10 pico, 30 dBm

		6		Configuration #4b, ISD: 500 m, 10 pico, 30 dBm

		7		Configuration #1, ISD: 1732 m, 4 pico, 24 dBm

		8		Configuration #4b, ISD: 1732 m, 4 pico, 24 dBm





Conf#1,ISD500,4pico,24dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-108.7

				6 dB		-110.4

				9 dB		-112.5

		5%-ile CRS Es [dBm] Macro		0 dB		-108.8

				6 dB		-108.1

				9 dB		-107.6

		5%-ile CRS Es [dBm] Pico		0 dB		-108.2

				6 dB		-113.5

				9 dB		-115.7

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-2.7

				6 dB		-5.3

				9 dB		-8.5

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-2.8

				6 dB		-2

				9 dB		-1.8

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-3.3

				6 dB		-8.6

				9 dB		-11.3

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		2.8

				6 dB		-0.2

				9 dB		-1.1

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		19.9

				6 dB		20.6

				9 dB		21.2

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		15.6

				6 dB		16.1

				9 dB		16.3



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#4b,ISD500,4pico,24dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-107.3

				6 dB		-109.2

				9 dB		-110.9

		5%-ile CRS Es [dBm] Macro		0 dB		-108.0

				6 dB		-107.2

				9 dB		-106.1

		5%-ile CRS Es [dBm] Pico		0 dB		-106.3

				6 dB		-110.2

				9 dB		-112.1

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-2.3

				6 dB		-5.3

				9 dB		-8.2

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-2.7

				6 dB		-1.4

				9 dB		-1

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-2.5

				6 dB		-7.6

				9 dB		-10

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		3.5

				6 dB		1.2

				9 dB		0.3

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		20.4

				6 dB		22

				9 dB		23

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		15.4

				6 dB		15.8

				9 dB		16



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#1,ISD1732,10pico,30dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-122.6

				6 dB		-124.7

				9 dB		-126.8

		5%-ile CRS Es [dBm] Macro		0 dB		-123.3

				6 dB		-122.3

				9 dB		-121.2

		5%-ile CRS Es [dBm] Pico		0 dB		-121.3

				6 dB		-125.9

				9 dB		-128.1

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-5.2

				6 dB		-7.9

				9 dB		-10.4

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-5.6

				6 dB		-4

				9 dB		-3.3

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-5.3

				6 dB		-9.9

				9 dB		-12.2

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		-2.1

				6 dB		-5.2

				9 dB		-6.9

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		10.7

				6 dB		11.5

				9 dB		12

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		7.9

				6 dB		7.9

				9 dB		7.9



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#4b,ISD1732,10pico,30dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-117.0

				6 dB		-119.1

				9 dB		-120.7

		5%-ile CRS Es [dBm] Macro		0 dB		-122.8

				6 dB		-121.9

				9 dB		-121.5

		5%-ile CRS Es [dBm] Pico		0 dB		-113.7

				6 dB		-118.3

				9 dB		-120.6

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-2.4

				6 dB		-5.2

				9 dB		-1.4

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-4.6

				6 dB		-3.8

				9 dB		-6.5

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-6.7

				6 dB		-3.3

				9 dB		-9.1

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		2

				6 dB		-0.7

				9 dB		-2.2

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		14.4

				6 dB		15.2

				9 dB		15.6

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		7.6

				6 dB		7.9

				9 dB		7.9



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#1,ISD500,10pico,30dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-105.6

				6 dB		-107.8

				9 dB		-109.3

		5%-ile CRS Es [dBm] Macro		0 dB		-106.3

				6 dB		-103.5

				9 dB		-101.6

		5%-ile CRS Es [dBm] Pico		0 dB		-105.1

				6 dB		-108.8

				9 dB		-110.1

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-3.7

				6 dB		-6.3

				9 dB		-8.4

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-3.9

				6 dB		-1.8

				9 dB		-1

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-4.3

				6 dB		-7.8

				9 dB		-9.9

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		-1.9

				6 dB		-3.4

				9 dB		-3.9

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		10.6

				6 dB		12.1

				9 dB		13.1

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		7.1

				6 dB		7.3

				9 dB		7.3



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#4b,ISD500,10pico,30dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-104.4

				6 dB		-106.2

				9 dB		-107.2

		5%-ile CRS Es [dBm] Macro		0 dB		-105.1

				6 dB		-102.4

				9 dB		-100.7

		5%-ile CRS Es [dBm] Pico		0 dB		-104.0

				6 dB		-106.8

				9 dB		-107.7

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-3.1

				6 dB		-5.4

				9 dB		-7.5

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-3.6

				6 dB		-0.9

				9 dB		-0.3

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-3.6

				6 dB		-7

				9 dB		-9.1

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		-1.2

				6 dB		-2.5

				9 dB		-2.9

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		10.7

				6 dB		12.7

				9 dB		13.7

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		6.8

				6 dB		7

				9 dB		7.1



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#1,ISD1732,4pico,24dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-124.2

				6 dB		-125.1

				9 dB		-126.8

		5%-ile CRS Es [dBm] Macro		0 dB		-124.4

				6 dB		-124.2

				9 dB		-123.9

		5%-ile CRS Es [dBm] Pico		0 dB		-122.2

				6 dB		-127.7

				9 dB		-130.5

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-5.1

				6 dB		-6.7

				9 dB		-9.5

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-5.3

				6 dB		-4.9

				9 dB		-4.8

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-4.8

				6 dB		-10.6

				9 dB		-13.4

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		-0.4

				6 dB		-5.2

				9 dB		-8

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		16.7

				6 dB		17

				9 dB		17

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		12.6

				6 dB		13.3

				9 dB		13.3



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.



Conf#4b,ISD1732,4pico,24dBm

		

		Results		Offset		DOCOMO [R4-11XXXX]		YYYY [R4-11YYYY]

		5%-ile CRS Es [dBm] ALL		0 dB		-119.2

				6 dB		-120.2

				9 dB		-121.2

		5%-ile CRS Es [dBm] Macro		0 dB		-123.2

				6 dB		-123.4

				9 dB		-123.3

		5%-ile CRS Es [dBm] Pico		0 dB		-114.9

				6 dB		-118.3

				9 dB		-120.1

		5%-ile CRS Es/Iot, Non ABS, ALL		0 dB		-2.5

				6 dB		-4.2

				9 dB		-5.9

		5%-ile CRS Es/Iot, Non ABS, Macro		0 dB		-4.7

				6 dB		-4.6

				9 dB		-4.5

		5%-ile CRS Es/Iot, Non ABS, Pico		0 dB		-0.8

				6 dB		-5.8

				9 dB		-8.4

		5%-ile CRS Es/Iot, ABS, Pico		0 dB		5.5

				6 dB		2.6

				9 dB		1

		90%-ile absolute difference between non-ABS and ABS Es/Iot (per UE)		0 dB		19.8

				6 dB		21.2

				9 dB		21.7

		Difference between 90%-ile non-ABS and 90%-ile ABS Es/Iot		0 dB		12.9

				6 dB		12.8

				9 dB		12.8



NTT DOCOMO1:
Based on the agreements in the last meeting, 9 dB should be verified.
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