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1 Introduction

In RAN4 #59H, the impacts of eICIC on RRM and demodulation performances are discussed widely.  In [1], the related side conditions for cell identifications are proposed as following.

· Cell Identification side condition

· Current requirements: Target cell SNR = -4 dB; interfering cell SNR = [1] dB

· Propose to further evaluate cell identification performance until RAN4 #60 on following settings:

· Interfering cell SNR = [1,2,3,4,5] dB

· Target latency [800, 1200, TBD] ms for acquisition.

· Sensitivity to following parameters could be further investigated: X = # of PSS/5ms, Y = # of SSS/PSS,  Z = # of peaks kept/5ms

 In [2-9], the side condition for cell identification was discussed only by the means of link level simulation.  In this contribution, the user experiences with the SINR changes are investigated by the means of system level simulation.  Based on the simulation results, the corresponding conclusions are obtained. 
2 Simulation level simulation assumptions 
All parameters are from 36.814 [10].  Only no ABS is considered in order to simulate the worst case. I.e. whole collision occurs. Furthermore, full load full buffer traffic is assumed.

   Table1. Macro-pico deployment simulation assumptions [10]
	Parameter
	Setting

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

	PCI
	· Random, i.e. no planning (baseline)

	ISD
	· 500 m

· 1732 m

	Cell selection offset
	· 6 dB
· 10 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm 

	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 1:

 Macro to UE:

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

 L= 140.71+36.7log10(R) 
for 2GHz, R in km

	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



   Table2. Macro cell antenna model [10]
	Antenna pattern (horizontal)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)
	
[image: image3.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image4.wmf]dB

3

q

 = 10,  SLAv = 20 dB

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 studied:

· Received energy per CRS RE over the received power spectral density of the total noise and interference for the certain CRS RE (Ês/Iot) of UEs in pico cells.
· Downlink throughput of UEs in pico cells whose Ês/Iot are below -7.5dB, i.e., target cell SNR is -4dB, interfering cell SNR is changed from 1dB to 5dB.
It’s worth noting that the measurements are only taken on normal sub-frames because in that case the UEs in pico cells may suffer more severe interference.
4 System level simulation results 
In this section, heterogeneous deployments, the configuration #4b (4) is assumed [10]. Full buffer traffic model and non PCI optimization is assumed. The distribution of Ês/Iot of UEs in pico cells are shown in figure 1. The results of downlink throughput of different cases are presented in figure 2, figure 3, figure 4 and figure 5 respectively.  In figure 2 and figure 3, inter-site distance of 500m is assumed. In figure 4 and figure 5, inter-site distance of 1732m is assumed. Cell selection RE offsets are assumed as 6dB in Figure 2 and figure 4, and 10dB in figure 3 and figure 5 respectively.
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Figure 1 CDF of Ês/Iot of UEs in pico cells
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Figure 2 UE throughput (ISD=500m RE=6dB)
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Figure 3 UE throughput (ISD=500m RE=10dB)
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Figure 4 UE throughput (ISD=1732m RE=6dB)
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Figure 5 UE throughput (ISD=1732m RE=10dB)

From the figures, the following observations can be obtained.

· For distribution of Ês/Iot in Figure 1

· In case of ISD=500m and RE =6dB, 2% of measurement results of Ês/Iot are below -10dB,
· In case of ISD=500m and RE=10dB, 14% of measurement results of Ês/Iot are below -10dB,
· In case of ISD=1732m and RE=6dB, 1% of measurement results of Ês/Iot are below -10dB,
· In case of ISD=1732m and RE=10dB, 4% of measurement results of Ês/Iot are below -10dB,
· For ISD=500m and RE=6dB in Figure 2
· The UE throughput varies from about 48kbps to 28kbps, corresponding to variation of Ês/Iot from -7.48dB to -9.37dB,
· For ISD=500m and RE=10dB in Figure 3
· The UE throughput varies from about 51kbps to 6kbps, corresponding to variation of Ês/Iot from -7.51dB to -11.2dB, 
· For ISD=1732m and RE=6dB in Figure 4
· The UE throughput varies from about 56kbps to 27kbps, corresponding to variation of Ês/Iot from -7.46dB to -9.41dB,
· For ISD=1732m and RE=10dB in Figure 5
· The UE throughput varies from about 60kbps to 8kbps, corresponding to variation of Ês/Iot from -7.59dB to -10.61dB.
5 Summary
Based on the above analysis, the following proposal can be obtained.
Observation 1: In case of large RE (10dB), UEs at edge of pico cells may suffer severe interference from macro cell which results in the decline of Ês/Iot more (below -10dB).
Observation 2: The UE experience is changed worse obviously when its Ês/Iot is below -10dB, the traffic rate is reduced to 10kbps below, which is unsuitable for most of the traffic models.
Proposal 1: When the target cell SNR = -4 dB, the interfering cell SNR should be smaller than 4dB.  The actual value is decided more by our link level simulation in [11]. 
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