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1 Introduction

The importance of system simulation results for defining eICIC-related requirements has been recognized in earlier RAN4 discussions and it has also been agreed [4] 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.
The system-level results for macro-pico scenarios have been presented, e.g., in [2,3] based on the assumptions in [1].
In this contribution, we present further system simulation results for eICIC, in particular, 

· the additional input necessary for deriving interference levels as discussed in the methodology paper [5],

· the number of neighbour cells that the UE may potentially hear in heterogeneous deployments.

2 System simulation results
2.1 Interference levels

Following the assumptions in [1], in this contribution we present additional results for configuration #4b with 4 pico cells per macro area with 24 dBm pico nodes, assuming offset 6 dB. The results presented in this contribution are for full-load normal subframes. The system results for the restricted measurement subframes (for non-MBSFN ABS subframes with colliding CRS) have been presented earlier in [2], but shown also in Table 1 below.
Table 1. Selected system-level results for conf#4b(4), non-MBSFN ABS with colliding CRS [2]
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	500
	0
	All
	-108,7758
	-3,0376
	1,2122
	22,4064

	
	
	Macro
	-108,3181
	-2,9301
	1,6227
	23,7297

	
	
	Pico
	-110,2045
	-3,2639
	0,5674
	15,2330

	
	3
	All
	-109,2700
	-3,8899
	0,5316
	21,0171

	
	
	Macro
	-107,4915
	-2,0603
	3,0392
	23,4789

	
	
	Pico
	-111,2811
	-5,4535
	-2,4734
	16,0128

	
	6
	All
	-109,7121
	-6,5866
	-2,6756
	20,3752

	
	
	Macro
	-106,5888
	-1,1133
	4,0775
	23,3136

	
	
	Pico
	-112,3403
	-8,1616
	-4,3872
	17,2028


As discussed in [5], it is critical for eICIC to look at the performance of cell edge UEs. In the studied scenarios, e.g. that with conf#4b(4), pico UEs suffer more from the aggressor interference, due to the assumptions [1]. So, it is reasonable to decide the interference level conditions based on the pico UE performance statistics and in particular select the pico UEs at the pico cell edge. This is because the pico cell edge UEs are subject to the most of the aggressor interference. The following definition of pico cell edge UEs have been proposed in [5]:
Define pico cell edge UEs as the UEs for which CRS Ês/Iot of measured cell does not exceed the k%-ile (e.g. k=15%) of CRS Ês/Iot over all pico UEs.
For the results presented in this contribution, we assume k=15%.
Fig. 1 shows the Ês/Noc of the interfering cell (denoted SNR1) versus Ês/Noc of the measured cell (denoted SNR0), where Noc includes all the interference and noise to the measured signal except for the strongest interferer received signal, i.e. the following relation holds,
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where SINR corresponds to Ês/Iot. 

In Fig. 1, the results are presented for pico UEs (black markers) and macro UEs (red markers). The 15%-iles have been selected separately for pico and macro UEs to define the corresponding pico cell edge UEs and macro cell edge UEs. For pico cell edge UEs, the 15%-ile Ês/Iot approximately corresponds to -6 dB.
Since the 6 dB offset has been assumed, it is reasonable and also can easily be seen from the figures that the following holds for most of UEs,


[image: image4.wmf]dB

SNR

SNR

abs

SIR

abs

6

)

(

)

(

1

0

<

-

=

.

For pico cell edge UEs, SIR between -5 dB and -4 dB seems to be most common in Fig. 1. For macro cell edge UEs the measured cell is typically stronger than the interfering cell (red markers are below the green line), whilst most of the shown pico cell edge UEs have the interfering cell stronger than the measured cell, which is reasonable when an offset applies for pico UEs.
We further note that the pico UEs with the worst performance are in the left part of the figure. The circle denotes a statistically representative area for such pico cell edge UEs, and the large magenta marker denotes the area with highest SNR1, i.e., the strongest interferer (a pessimistic assumption), within the representative area. The marker corresponds to the following combination of SNR levels,
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In Fig. 2, we show the interfering cell Ês/Iot (SINR1) vs. the measured cell Ês/Iot (SINR0), for the cell edge UEs (not all UEs!) which have been selected as the 15%-ile of the worst measured cell Ês/Iot. The results are shown for the pico cell edge UEs (black markers) and macro cell edge UEs (red markers), separately. The measured cell quality is obviously worse for the pico cell edge UEs for which the measured cell Ês/Iot does not exceed -6 dB.
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Figure 1. The relation between the measured and the interfering cell SNR levels in system simulations.
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Figure 2. The relation between the measured and the interfering cell Ês/Iot in system simulations.

Proposal 1: Based on the presented system results, the following interference scenario including the CRS Ês/Iot, Ês/Noc and SIR values is proposed for defining and testing RRM requirements:

· ABS subframes (with colliding CRS) Ês/Iot = -4 dB [2], 

· Normal subframes Ês/Iot ( -6 dB, 

· abs(SIR) = 5 dB,

· Ês/Noc for measured cell = -4 dB,

· Ês/Noc for interfering cell = 1 dB;
As of the received signal power levels for CRS and SCH, we propose to keep the Rel-8 levels, i.e.
· RSRP: same as in Rel-8,

· SCH_RP: same as in Rel-8;
Since the presented results are for the full load subframes, then the normal subframe Ês/Iot results under full load also apply for SCH, i.e. for the presented scenario the measured cell for pico cell edge UEs is 
· SCH Ês/Iot ( -6 dB.
2.2 Number of neighbour cells

For the simulated scenario, Fig. 3 shows the CDFs of the number of cells for which the Ês/Iot in the restricted measurement subframes is -4 dB or above, under the assumption of non-MBSFN ABS with colliding CRS [2]. The statistics is shown over all pico UEs and all macro UEs, i.e. not for the cell edge UEs only. The total number of cells as well as the number of pico cells and macro cells are shown.

From the figure, it can be seen that the total number of cells, including pico and macro cells, with Ês/Iot above -4 dB is up to 8 for more than 95% of UEs. The same minimum number of cells for performing intra-frequency measurements is specified also in the current requirements: the UE shall perform measurements of at least 8 identified intra-frequency cells. This implies that the minimum number of cells for intra-frequency measurements with eICIC may be kept at the same level as for Rel-8/9.
Proposal 2: The minimum number of identified intra-frequency cells that the UE shall be able to measure is the same as in Rel-8/9.
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Figure 3. Statistics on the number of hearable cells.
3 Summary

Proposal 1: Based on the presented system results, the following interference scenario is proposed for RRM requirements and test cases:
· Measured cell

· ABS subframes (with colliding CRS) CRS Ês/Iot = -4 dB, 

· Normal subframes Ês/Iot ( -6 dB, 
· Ês/Noc = -4 dB,
· RSRP: same as in Rel-8,

· SCH_RP: same as in Rel-8,

· SCH Ês/Iot = [-6] dB,
· Interfering cell

· Ês/Noc = 1 dB,

· abs(SIR) = 5 dB.
Proposal 2: The minimum number of identified intra-frequency cells that the UE shall be able to measure is the same as in Rel-8/9.
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