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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.
This contribution presents system-level simulation results for CRS-based measurements for the serving and neighbor cells for a set of scenarios.
2 System results
The system level assumptions used in this contribution have been presented in [1], with ABS configured only in macro cells.
2.1 Serving cell performance
The results presented in this section reflect the serving cell performance in macro-pico scenarios for three configurations [1]:
· Configuration #4b(4) – 4 pico nodes per macro cell area, clustered UE distribution,
· Configuration #4b(10) – 10 pico nodes per macro cell area, clustered UE distribution,
· Configuration #1(4) – 4 pico nodes per macro cell area, non-clustered UE distribution, 
· Configuration #1(10) – 10 pico nodes per macro cell area, non-clustered UE distribution.
For each configuration, the results are shown for (macro) inter-site distance (ISD) of 500 m and 1732 m and three cell selection offset levels, 0 dB, 3 dB, and 6 dB. Further, to allow for characterizing performance statistics by layers, the results are presented separately for macro UEs (connected to macro) and pico UEs (connected to pico), and also for over all UEs in the network.
The following performance metrics are presented for CRS-based measurements:

· 5%-ile of received energy per CRS RE (Ês);
· 5%-ile of received energy per CRS RE over the received power spectral density of the total noise and interference for the certain CRS RE (Ês/Iot),
· on REs with full load (e.g., non-ABS subframes or CCH region),

· on REs in ABS, assuming random PCI planning;
· 90%-ile of absolute difference between Ês/Iot in non-ABS CRS and ABS CRS for the same UE.
The results are summarized in Tables 1-4.
Table 1. Serving-cell results for configuration #4b(4), 24 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or
CCH region
	ABS
	

	#4b(4)


	500
	0
	All
	-92.05
	-3.35
	-1.03
	12.87

	
	
	
	Macro
	-92.43
	-3.35
	-1.11
	12.19

	
	
	
	Pico
	-90.92
	-3.25
	-0.91
	14.07

	
	
	3
	All
	-92.61
	-4.54
	-1.04
	12.87

	
	
	
	Macro
	-92.64
	-3.04
	-0.02
	12.70

	
	
	
	Pico
	-93.43
	-5.96
	-2.43
	13.38

	
	
	6
	All
	-93.44
	-6.52
	-3.53
	14.46

	
	
	
	Macro
	-91.37
	-2.64
	0.57
	13.21

	
	
	
	Pico
	-95.49
	-8.11
	-5.19
	16.45

	
	1732
	0
	All
	-104.69
	-3.22
	-061
	14.46

	
	
	
	Macro
	-106.58
	-3.99
	-1.32
	14.46

	
	
	
	Pico
	-101.06
	-1.72
	0.92
	14.46

	
	
	3
	All
	-104.72
	-4.00
	-1.00
	15.97

	
	
	
	Macro
	-106.69
	-3.87
	-0.73
	11.42

	
	
	
	Pico
	-103.18
	-4.38
	-1.32
	19.02

	
	
	6
	All
	-105.46
	-5.41
	-2.14
	17.25

	
	
	
	Macro
	-106.69
	-3.74
	-0.52
	12.09

	
	
	
	Pico
	-104.44
	-6.31
	-3.49
	20.06


Table 2. Serving-cell results for configuration #4b(10), 30 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	Absolute difference between non-ABS and ABS (per UE), 90%-ile

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#4b(10)


	500
	0
	All
	-8817
	-4.16
	-2.85
	7.15

	
	
	
	Macro
	-88.80
	-4.07
	-2.86
	5.25

	
	
	
	Pico
	-87.77
	-4.35
	-2.85
	9.09

	
	
	3
	All
	-88.18
	-4.16
	-3.40
	8.53

	
	
	
	Macro
	-88.80
	-4.08
	-3.67
	7.81

	
	
	
	Pico
	-87.77
	-4.35
	-2.85
	9.09

	
	
	6
	All
	-89.82
	-7.22
	-4.91
	9.82

	
	
	
	Macro
	-85.54
	-1.52
	0.96
	7.07

	
	
	
	Pico
	-91.21
	-7.76
	-5.54
	10.23

	
	1732
	0
	All
	-102.44
	-3.33
	-146
	12.39

	
	
	
	Macro
	-104.40
	-4.08
	-2.55
	7.89

	
	
	
	Pico
	-99.14
	-2.05
	0.10
	14.47

	
	
	3
	All
	-102.91
	-4.08
	-2.01
	12.68

	
	
	
	Macro
	-104.00
	-3.29
	-0.99
	8.21

	
	
	
	Pico
	-102.09
	-4.59
	-2.51
	14.29

	
	
	6
	All
	-103.58
	-6.21
	-3.39
	13.52

	
	
	
	Macro
	-102.44
	-2.52
	-0.04
	9.02

	
	
	
	Pico
	-104.26
	-6.87
	-4.15
	14.58


Table 3. Serving-cell results for configuration #1(4), 24 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#1(4)

	500
	0
	All
	-93.01
	-3.45
	-0.92
	14.58

	
	
	
	Macro
	-92.94
	-3.32
	-0.87
	14.56

	
	
	
	Pico
	-94.06
	-4.49
	-1.58
	15.27

	
	
	3
	All
	-93.35
	-4.11
	-1.13
	14.97

	
	
	
	Macro
	-92.77
	-2.88
	-0.17
	14.63

	
	
	
	Pico
	-96.18
	-6.49
	-3.76
	15.45

	
	
	6
	All
	-94.77
	-6.55
	-3.42
	15.73

	
	
	
	Macro
	-91.93
	-2.46
	0.65
	15.04

	
	
	
	Pico
	-98.36
	-9.53
	-6.64
	16.51

	
	1732
	0
	All
	-107.58
	-448
	-1.58
	12.82

	
	
	
	Macro
	-107.69
	-4.58
	-1.66
	12.44

	
	
	
	Pico
	-107.15
	-4.03
	-1.17
	15.16

	
	
	3
	All
	-107.81
	-473
	-1.56
	12.98

	
	
	
	Macro
	-107.46
	-4.33
	-1.04
	12.49

	
	
	
	Pico
	-110.41
	-7.80
	-4.63
	14.60

	
	
	6
	All
	-108.09
	-5.77
	-2.26
	13.08

	
	
	
	Macro
	-107.31
	-4.25
	-0.95
	12.79

	
	
	
	Pico
	-112.24
	-10.01
	-6.50
	13.83


Table 4. Serving-cell results for configuration #1(10), 30 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#1(10)


	500
	0
	All
	-89.62
	-4.61
	-3.24
	7.81

	
	
	
	Macro
	-89.32
	-4.22
	-3.00
	7.60

	
	
	
	Pico
	-90.08
	-4.96
	-3.46
	8.30

	
	
	3
	All
	-89.85
	-5.11
	-3.57
	8.85

	
	
	
	Macro
	-87.93
	-2.83
	-1.13
	7.83

	
	
	
	Pico
	-91.17
	-6.28
	-4.67
	9.37

	
	
	6
	All
	-91.04
	-7.08
	-5.11
	9.88

	
	
	
	Macro
	-85.64
	-1.54
	0.62
	8.84

	
	
	
	Pico
	-92.67
	-7.97
	-6.17
	9.99

	
	1732
	0
	All
	-105.23
	-4.77
	-2.70
	9.51

	
	
	
	Macro
	-105.33
	-4.92
	-2.77
	9.11

	
	
	
	Pico
	-105.03
	-4.55
	-2.33
	9.97

	
	
	3
	All
	-105.68
	-5.50
	-2.96
	9.97

	
	
	
	Macro
	-104.65
	-3.95
	-1.66
	9.54

	
	
	
	Pico
	-107.34
	-6.99
	-4.14
	10.25

	
	
	6
	All
	-107.40
	-8.17
	-5.27
	10.53

	
	
	
	Macro
	-103.15
	-2.65
	-0.19
	10.22

	
	
	
	Pico
	-110.00
	-9.84
	-7.19
	10.90


From Tables 1-4, the following general observations can be made:

Observation 1: There is a large variation in CRS Ês/Iot levels among non-ABS and ABS subframes,

· may significantly impact Rel-8/9 UEs, particularly if ABS are configured often,

· due to the large variation, even UEs that do not suffer from very poor signal quality, may need to be aware of the pattern reflecting periodical interference variation,
· the variation is largest (up to 20 dB) for pico UEs,

· more UEs suffer from the large interference variation when the UE distribution is clustered (e.g., in #4b(4) and #1(4) );

Observation 2: In some scenarios CRS Ês/Iot in non-ABS are below -6 dB and a similar SINR level will be seen in the same scenarios for PSS/SSS (given no subframe shifts are used), which is the detection level down to which the existing intra-frequency cell identification requirements are applicable in Rel-8/9, 

· 0 dB and 3 dB offsets provide signal quality levels that are feasible from the detection point of view for Rel-8/9 receivers.

2.2 Neighbour cell performance

For mobility measurements, the UE needs to also measure neighbour cells. Therefore, it is important to also study the received signal strength and quality for neighbour cells from the system point of view. In the figures below 1st best, 2nd best and 3rd best cells for CRS Ês/Iot are shown for each of the scenarios. Note that the strongest cell, i.e., 1st best, is not always the serving cell, in particular with a non-zero offset. Since for mobility measurements, the cell edge UEs are of interest, i.e., not all UEs but rather cell edge UEs that typically perform mobility measurements are of interest. The following methodology has been used for extracting the thee-best cell results for these UEs:
1. Per layer, i.e. separately per macro and pico layer, find the 15%-ile over the serving-cell CRS Ês/Iot levels (the found value is denoted as T),
2. Per layer, select all UEs for which the serving cell CRS Ês/Iot is at most T,
3. Per layer, for the selected UEs, show CDFs of CRS Ês/Iot of the three best cells.
The results are presented in Figures 1-8. The following observations have been made:
Observation 3: The results show large variation in interference levels among ABS and non-ABS subframes also for neighbour cells
· Ês/Iot in non-ABS subframes and control region may be as low as -15 dB,
· Ês/Iot levels in ABS subframes are typically above -5 dB for the 3rd best cell.
Observation 4: Due to the large interference variation, not only UEs that may experience low signal quality but also UEs with better channel conditions may need to be aware of the low-interference subframes.
[image: image9.png]CDF

conf #1(4): isd=500 m, non-ABS, macro UEs

09

08

07

06

05

~1st best, offset=3 dB.
-2nd best, offset=3 dB.
-3rd best, offset=3 dB.

1st best, offset=0 dB
2nd best, offset=0 dB.
3rd best, offset=0 dB.

1st best, offset=6 dB
2nd best, offset=6 dB.

04

03

02

01

3rd best, offset=6 dB

15 10 5 [
Es/loT, [dB]




Figure 1. CRS Ês/Iot of the three best cells for macro UEs in non-ABS subframes, conf #1(4), 24 dBm pico nodes
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Figure 2. CRS Ês/Iot of the three best cells for pico UEs in non-ABS subframes, conf #1(4), 24 dBm pico nodes.
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Figure 3. CRS Ês/Iot of the three best cells for macro UEs in ABS subframes, conf #1(4), 24 dBm pico nodes.
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Figure 4. CRS Ês/Iot of the three best cells for pico UEs in ABS subframes, conf #1(4), 24 dBm pico nodes.
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Figure 5. CRS Ês/Iot of the three best cells for macro UEs in non-ABS subframes, conf #4b(10), 30 dBm pico nodes.
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Figure 6. CRS Ês/Iot of the three best cells for pico UEs in non-ABS subframes, conf #4b(10), 30 dBm pico nodes.
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Figure 7. CRS Ês/Iot of the three best cells for macro UEs in ABS subframes, conf #4b(10), 30 dBm pico nodes.
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Figure 8. CRS Ês/Iot of the three best cells for pico UEs in ABS subframes, conf #4b(10), 30 dBm pico nodes.
3 Summary

System-level simulation results for CRS-based measurements have been presented in the paper.
Proposal 1: It is proposed that the presented system-level results are taken into account when defining requirements for eICIC.
Note: The impact on legacy UEs needs has to be minimized when deciding scenarios and patterns for which the requirements are defined.
Observation 1: There is a large variation in CRS Ês/Iot levels among non-ABS and ABS subframes,

· may significantly impact Rel-8/9 UEs, particularly if ABS are configured often,

· due to the large variation, even UEs that do not suffer from very poor signal quality, may need to be aware of the pattern reflecting periodical interference variation,

· the variation is largest (up to 20 dB) for pico UEs,

· more UEs suffer from the large interference variation when the UE distribution is clustered (e.g., in #4b(4) and #1(4) );

Observation 2: In some scenarios CRS Ês/Iot in non-ABS are below -6 dB and a similar SINR level will be seen in the same scenarios for PSS/SSS (given no subframe shifts are used), which is the detection level down to which the existing intra-frequency cell identification requirements are applicable in Rel-8/9, 

· 0 dB and 3 dB offsets provide signal quality levels that are feasible from the detection point of view for Rel-8/9 receivers.
Observation 3: The results show large variation in interference levels among ABS and non-ABS subframes also for neighbour cells

· Ês/Iot in non-ABS subframes and control region may be as low as -15 dB,

· Ês/Iot levels in ABS subframes are typically above -5 dB for the 3rd best cell.
Observation 4: Due to the large interference variation, not only UEs that may experience low signal quality but also UEs with better channel conditions may need to be aware of the low-interference subframes.
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