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1. Introduction

Due to the recognized importance of system simulation results for defining eICIC-related requirements, it has been agreed during the #57AH meeting discussions that

· In parallel to link level studies, the group should also evaluate the system performance,
· The interference levels agreed as working assumptions for link simulations can be revisited depending on further system/link level simulations.
Since we have presented “4 pico nodes per macro area” system simulation results for macro-pico deployment in [2], this contribution provides “10 pico nodes per macro area”system-level simulation results for macro-pico deployment with the methodology and assumptions in [1]. We investigate the TDM eICIC scheme (a.k.a. almost blank subframe) and define requirements for RRM/RLM measurements under resource restrictions by comparing the simulation results with/without ABS subframe.
2. Summary of simulation methodogy and assumptions

The simulation setup follows the assumptions in [1] which are summarized in the following Table, while a quasi-static system level simulator is used in this study. The time resolution in this simulator is TTIs. Subframes with ABS transmission from the Macro-eNB are therefore modelled as follows:

· ABS subframes with no PDSCH transmissions are configured at the macro layer only, in all macro cells simultaneously, which is a straightforward network configuration. Full load full buffer traffic is assumed in non-ABS subframes.
· Besides, in these simulations, we assume PCI with inter-layer cell planning, i.e., no CRS collision between macro and pico cells.
Table 1. Macro-pico deployment simulation assumptions

	Parameter
	Setting

	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 – configuration #1

	ISD
	· 500 m

· 1732 m

	Cell selection offset
	· 0 dB (i.e. unbiased RSRP-based cell selection)

· 3 dB

· 6 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm, 30 dBm

Baseline: 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

	Channel model, UE speed
	ETU, 3 km/h

	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 Table 2)

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer, full load

	Path loss
	· Baseline: Model 1 [1]

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

Pico to UE: 
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· Model 2 [1]



	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) - see below,

Nusers=60, Photspot=2/3


Table 2. Macro cell antenna model [1]

	Antenna pattern (horizontal) 
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	Antenna pattern (vertical) 
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The parameter 
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is the electrical antenna down tilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
[image: image8.wmf]etilt

q

= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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3. Basic signal level statistics
Two types of signal level statistics are presented in the following:
· Serving cell received power: The received power at the UE antenna from the users serving cell. We present this metric in terms of total wideband received power in dBm. This metric can of course be converted to energy per resource element via appropriate scaling with number of subcarriers and OFDMA symbol duration.

· G-factor: Standard definition of UE experienced wideband G-factor at the antenna connector at the UE. Hence, the G-factor is independent from the possible antenna combining schemes used by the UE.
In this section, we present simulation results for 4 picos deployment scenario and related figures could be found in the appendix. 
Table 3: Summary of results from all cases
	
	Offset, [dB]
	UEs
	5%-ile total serving cell Rx power [dBm]
	5%-ile G-factor
	90%-ile of the un​signed difference between non-ABS and ABS G-factors (per UE) [dB]

	
	
	
	
	Non-ABS
	ABS
	

	Photspot = 2/3

Case1
N=10
	0
	All
	-100.95
	-4.36
	
	

	
	
	Macro
	-98.91
	-3.64
	
	

	
	
	Pico
	-101.93
	-4.77
	-3.03
	5.10

	
	3
	All
	-100.93
	-4.81
	
	

	
	
	Macro
	-96.51
	-1.47
	
	

	
	
	Pico
	-102.06
	-5.54
	-3.34
	5.07

	
	6
	All
	-101.63
	-6.27
	
	

	
	
	Macro
	-94.27
	0.30
	
	

	
	
	Pico
	-102.66
	-6.81
	-3.57
	5.31

	Uniform

Case1
N=10

	0
	All
	-102.05
	-4.98
	
	

	
	
	Macro
	-99.99
	-4.19
	
	

	
	
	Pico
	-103.13
	-5.41
	-3.85
	4.94

	
	3
	All
	-102.34
	-5.49
	
	

	
	
	Macro
	-97.72
	-2.18
	
	

	
	
	Pico
	-103.65
	-6.32
	-4.10
	4.73

	
	6
	All
	-102.61
	-6.74
	
	

	
	
	Macro
	-95.03
	-0.39
	
	

	
	
	Pico
	-103.70
	-7.39
	-4.18
	5.00

	Photspot = 2/3

Case3

N=10
	0
	All
	-121.77
	-5.71
	
	

	
	
	Macro
	-124.16
	-7.77
	
	

	
	
	Pico
	-121.37
	-5.15
	-3.70
	2.25

	
	3
	All
	-122.07
	-6.14
	
	

	
	
	Macro
	-122.10
	-6.11
	
	

	
	
	Pico
	-122.07
	-6.15
	-4.33
	2.42

	
	6
	All
	-123.07
	-7.19
	
	

	
	
	Macro
	-120.13
	-4.88
	
	

	
	
	Pico
	-123.20
	-7.30
	-4.84
	2.05

	Uniform

Case3

N=10



	0


	All
	-124.39
	-7.43
	
	

	
	
	Macro
	-124.42
	-7.97
	
	

	
	
	Pico
	-124.38
	-7.29
	-6.09
	1.77

	
	3


	All
	-124.72
	-8.05
	
	

	
	
	Macro
	-122.33
	-6.34
	
	

	
	
	Pico
	-125.02
	-8.27
	-6.62
	1.82

	
	6


	All
	-126.24
	-9.49
	
	

	
	
	Macro
	-120.18
	-5.05
	
	

	
	
	Pico
	-126.48
	-9.68
	-7.29
	2.06


From Tables 3 and the table in [2], the following general observations can be made.

Observation 1: There is a relative smaller variation in CRS Ês/Iot levels among non-ABS and ABS subframes in the “10 pico nodes per macro area” scenario comparing to the “4 pico nodes per macro area” scenario.

Observation 2: CRS Ês/Iot among ABS subframes in the “10 pico nodes per macro area” scenario generally has a decrease comparaing with the “4 pico nodes per macro area” scenario.

Observation 3: With large macro cells, the 6 dB cell offset approaches the minimum required signal strength, which is further limiting the possibility of increaseing the cell selection offset.

4. Conclusion
In this contribution we present simulation results of ABS deployment for macro-pico scenario. With different Tx power in normal subframe and ABS subframe, the pico-UE G-factor are collected and the following observations have been made.
Observation 1: There is a relative smaller variation in CRS Ês/Iot levels among non-ABS and ABS subframes in the “10 pico nodes per macro area” scenario comparing to the “4 pico nodes per macro area” scenario.

Observation 2: CRS Ês/Iot among ABS subframes in the “10 pico nodes per macro area” scenario generally has a distinct decrease comparaing with the “4 pico nodes per macro area” scenario.

Observation 3: With large macro cells, the 6 dB cell offset approaches the minimum required signal strength, which is further limiting the possibility of increaseing the cell selection offset.
It is expected these simulation results are taken into account when defining the RRM side conditions for eICIC.
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