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1 Introduction

During the #57AH meeting, typical interference variation was investigated by system level simulation in [1]. However, in that contribution, only ETU channel model was used and only reference signal received power (RP), 
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 were simulated. In this contribution, in the case of ITU channel model, the typical interference variation is also investigated based on the performances of reference signal received power (RP), 
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 and cell detection failure. 
2 System-level simulation assumptions
In the following assumptions, except the channel model and pass loss are different, the other assumptions are the same as in [1]. All parameters come from in [2]. Furthermore, 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.
Table1. 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

	PCI
	· Random, i.e. no planning (baseline)
· Inter-layer cell planning, i.e., no CRS collision between macro and pico cells (macro PCIs: mod(PCI,3)=0 or mod(PCI,3)=1; pico PCIs: mod(PCI,3)=2)

	ISD
	· 500 m
· 1732 m

	Cell selection offset
	· 0 dB (i.e. unbiased RSRP-based cell selection)
· 6 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

	Channel model, UE speed
	ITU, 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
	Model 2 in Ref[2]

	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) - see below,
Nusers=60, Photspot=2/3


Table 2. Macro cell antenna model [2]

	Antenna pattern (horizontal)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)
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The parameter 
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is the electrical antenna downtilt. 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 
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= 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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Clustered UE placement for pico cells: 
-
Fix the total number of users, Nusers, dropped within each macro geographical area.

-
Randomly and uniformly drop the configured number of pico nodes, N, within each macro geographical area (the same number N for every macro geographical area).

-
Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each pico node, where 
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 with Photspot, where Photspot is the fraction of all hotspot users over the total number of users in the network.
-
Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the pico node user dropping area).

3 Performance metrics
The following performance metrics are to be studied:
●Received energy per CRS RE (Ês),
●Received energy per CRS RE over the received power spectral density of the total noise and interference for the certain CRS RE (Ês/Iot)
● Cell detection failure ratio [Annex ]
The 5%-ile of the CRS Ês CDFs and CRS Ês/Iot CDFs as well as the 90%-ile of the absolute difference between 
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 in ABS and non-ABS subframes and Cell detection failure ratio shall be presented separately for 
· each scenario and ISD,

· each offset,

· all, macro, and pico UEs,
· non-ABS and ABS subframes.
4 System-level simulation results

In this section, heterogeneous deployments, configuration #4b with 4 and 10 pico nodes are assumed, which further are referred to as #4b(4) and #4b(10), respectively[2]. The simulation assumptions are aligned with [1]. Some details on the assumptions are presented in the Appendix of this contribution. 
The results for configuration #4b (4) and #4b (10) are shown in Figures 1-6 and 7-12, respectively. Figures 1-3 and 7-9 are for inter-site distance among macro eNodeBs of 500 m, whilst the rest of the figures are for inter-site distance of 1732 m. In each of the figures, results for the cell selection offsets of 0 dB (unbiased RSRP-based cell selection), 6 dB and 10 dB are presented, separately for all macro UEs, pico UEs and all UEs. The 5%-ile results from the presented results are summarized in Table 2. All the presented results are for the serving-cell CRS-based measurement. Only no multi-layer cell planning is referred. 
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Figure 1 CRS received power, conf #4b (4), ISD=500 m.
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Figure 2 CRS signal quality, conf #4b (4), ISD=500 m, non-ABS subframes.
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Figure 3 CRS signal quality, conf #4b (4), ISD=500 m, ABS subframes
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Figure 4 CRS received power, conf #4b (4), ISD=1732 m.
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Figure 5 CRS signal quality, conf #4b (4), ISD=1732 m, non-ABS subframes.
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Figure 6 CRS signal quality, conf #4b (4), ISD=1732 m, ABS subframes
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Figure 7 CRS received power, conf #4b (10), ISD=500 m.
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Figure 8 CRS signal quality, conf #4b(10), ISD=500 m, non-ABS subframes.
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Figure 9 CRS signal quality, conf #4b(10), ISD=500 m, ABS subframes
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Figure 10 CRS received power, conf #4b(10), ISD=1732 m
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Figure 11 CRS signal quality, conf #4b(10), ISD=1732 m
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Figure 12 CRS signal quality, conf #4b(10), ISD=1732 m, ABS subframes

Table 3  Simulation results summary
	
	Offset, [dB]
	UEs
	5%-ile

CRS RP [dBm]
	5%-ile CRS 
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	0%

	
	6
	All
	-111.9
	-3.9
	-0.2
	2.5
	1.9%
	0.8%

	
	
	Macro
	-116.3
	-2.0
	2.3
	2.8
	0.9%
	0.9%

	
	
	Pico
	-108.2
	-4.8
	-1.0
	2.5
	2.4%
	0.7%

	Conf #4b(10), ISD=500 m
	0
	All
	-95.9
	-2.6
	-1.5
	2.4
	0%
	0%

	
	
	Macro
	-97.8
	-3.1
	-1.9
	1.1
	0%
	0%

	
	
	Pico
	-94.6
	-2.5
	-1.2
	2.2
	0%
	0%

	
	6
	All
	-96.7
	-5.2
	-2.6
	1.4
	2.9%
	0.8%

	
	
	Macro
	-95.2
	-1.9
	1.8
	2.3
	0%
	0%

	
	
	Pico
	-97.0
	-5.4
	-2.9
	0.7
	3.4%
	0.9%

	Conf #4b(10), ISD=1732 m
	0
	All
	-105.7
	-1.7
	-0.2
	2.0
	0.2%
	0%

	
	
	Macro
	-110.2
	-2.9
	-1.0
	2.1
	0.2%
	0%

	
	
	Pico
	-101.4
	-1.0
	0.3
	2.6
	0.2%
	0%

	
	6
	All
	-106.2
	-4.1
	-1.3
	2.0
	1.0%
	0.5%

	
	
	Macro
	-109.7
	-0.6
	3.2
	2.5
	0.4%
	0.2%

	
	
	Pico
	-105.6
	-4.3
	-1.5
	2.3
	1.8%
	0.6%


From Table 3, the following ovservations can be obtained.
·  for the 0 dB offset
· the 5%-ile of all CRS RP varies from -111.9 dBm to -95.9 dBm,

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -3.1 dB to -0.5dB,

· the 5%-ile of CRS 
[image: image27.wmf]Iot

/

E

ˆ

s

 in ABS subframes varies from -1.9 dB to 2.5 dB;
· Cell detection failure ratio in non-ABS subframes varies from  0.9% to 0
· Cell detection failure ratio in  ABS subframes varies from  0.9% to 0 

· for the 6 dB offset
· the 5%-ile of all CRS RP varies from -111.9 dBm to -96.7 dBm,

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -6.6 dB to -0.6 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -2.9 dB to 3.2 dB.
· Cell detection failure ratio in non-ABS subframes varies from  7.3% to 0

· Cell detection failure ratio in  ABS subframes varies from  1.9% to 0 

5 Conclusions
Based on the above analysis, the following observations and proposal can be obtained.  

Observation 1: Under the case of ABS/no ABS and 6dB offset, the impacts on RP and 
[image: image30.wmf]Iot

/

E

ˆ

s

are not obvious for Macro UE and Pico UE.
Observation 2: Under the case of non ABS and 6 dB offset, the impacts on Cell detection failure ratio of Pico UE can not be ignored.
Proposal 1: -6dB side condition for 
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 in R8/9 can be re-used in the scenario of eICIC.
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Annex: 

A cell shall be considered detectable when (intra frequency) 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21 and SCH  Ês/Iot > - 6 dB.

-
SCH_RP|dBm -126 dBm for Band 9 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm -125 dBm for Bands 2, 5, 7, 17 and SCH Ês/Iot >  - 6 dB,

-
SCH_RP |dBm -124 dBm for Bands 3, 8, 12, 13, 14, 20 and SCH Ês/Iot > - 6 dB.
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