
3GPP TSG-RAN WG4 Meeting #58
R4-110933
Taipei, Taiwan, 21 – 25 February, 2011
Agenda item:

6.13.1
Source:
Renesas Electronics Europe
Title:
Simulation results for typical interference levels in macro-pico scenarios
Document for:

Discussion 

1. Introduction
The simulation assumptions for identifying typical interference levels in macro-pico scenario were agreed in [1]. In this contribution we provide simulation results based on those assumptions and discuss the implications.
2. Simulation Setup
The simulation setup follows the assumptions in [1], and the simulations were carried out with a quasi-static simulator where users are dropped to one location and do not move, with several drops simulated. Each UE was doing measurements of Ês, Iot and Ês/Iot for each subframe. For Ês, one measurement was done, but for Iot and Ês/Iot two types for measurements were performed:

· Normal measurement: Iot considers interference from all cells. This corresponds to non-ABS measurement 

· ABS measurement: Only the cells whose RS patterns overlap the serving cell’s are considered. This corresponds to measurement during ABS.

Both measurements were done during the same subframe, and the difference between the Ês/Iots was logged to provide the distribution of the instantaneous difference between ABS and non-ABS Ês/Iot. 
3. Simulation Results
The presentation of the simulation results follows the example table format specified in [1]. To reduce the size of the table, the presentation of the results in this document has been split to two parts: results for ISD=500m and results for ISD=1732m.

2.1
Results for ISD = 500 m 
The simulation results for ISD = 500m cases are shown in Table 1 for Conf #4b(4) and Table 2 for Conf #4b(10). Each table compares both random/planned PCI and CRE offsets of 0/6 dB. Figure 1 shows the distribution of the Ês/Iot-difference between ABS and non-ABS.

Table 1. Interference Levels, ISD = 500m, Conf #4b(4)
	ISD = 500m
	Offset, [dB]
	UEs
	5%-ile
	5%-ile CRS
	90%-ile absolute difference between non-ABS and ABS (per UE) [dB]

	
	
	
	CRS
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	Non-ABS
	
	

	
	
	
	
	
	ABS
	

	Conf #4b(4), random PCI
	0
	All
	-77.2354
	-7.6525
	-1.4857
	-2.5435

	
	
	Macro
	-76.2495
	-6.5516
	0.794
	-3.5831

	
	
	Pico
	-80.2004
	-10.8753
	-6.4697
	-1.0429

	
	6
	All
	-79.2133
	-10.2429
	-4.6911
	-2.2852

	
	
	Macro
	-74.6985
	-4.9625
	3.3531
	-4.0232

	
	
	Pico
	-84.4545
	-15.6112
	-11.2883
	-0.9137

	Conf #4b(4), planned PCI
	0
	All
	-77.2354
	-7.6525
	0.6558
	-4.1204

	
	
	Macro
	-76.2495
	-6.5516
	3.3736
	-5.2454

	
	
	Pico
	-80.2004
	-10.8753
	-4.9433
	-1.9915

	
	6
	All
	-79.2133
	-10.2429
	-2.7582
	-3.7754

	
	
	Macro
	-74.6985
	-4.9625
	5.0157
	-5.3048

	
	
	Pico
	-84.4545
	-15.6112
	-9.3806
	-2.0294


Observations from Table 1:

· For the 0 dB offset

· The 5%-ile of CRS 
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 in non-ABS subframes varies from -10 dB to -6 dB,

· The 5%-ile of CRS 
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 in ABS subframes varies from -6 dB to 3 dB;

· The 90%-ile of  CRS 
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 difference varies from -1 dB to -5 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot

· For the 6 dB offset

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -15 dB to -5 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -11 dB to 5 dB.

· The 90%-ile of  CRS 
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 difference varies from -1 dB to -5 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot

Table 2. Interference Levels, 500m ISD, Conf #4b(10)

	ISD = 500m
	Offset, [dB]
	UEs
	5%-ile
	5%-ile CRS
	90%-ile absolute difference between non-ABS and ABS (per UE) [dB]

	
	
	
	CRS
	
[dB]


	

	
	
	
	
[dBm]


	Non-ABS
	
	

	
	
	
	
	
	ABS
	

	Conf #4b(10), random PCI
	0
	All
	-75.8903
	-7.6917
	-2.3055
	-1.928

	
	
	Macro
	-74.1624
	-5.9396
	1.7326
	-3.8543

	
	
	Pico
	-78.6093
	-10.4525
	-6.6658
	-0.854

	
	6
	All
	-77.9027
	-10.363
	-5.5812
	-1.6632

	
	
	Macro
	-71.0764
	-3.1718
	5.7997
	-4.4266

	
	
	Pico
	-82.2003
	-14.553
	-10.5111
	-0.799

	Conf #4b(10), planned PCI
	0
	All
	-75.8903
	-7.6917
	-0.4894
	-3.139

	
	
	Macro
	-74.1624
	-5.9396
	5.0925
	-5.6948

	
	
	Pico
	-78.6093
	-10.4525
	-5.7249
	-1.4634

	
	6
	All
	-77.9027
	-10.363
	-4.1381
	-2.769

	
	
	Macro
	-71.0764
	-3.1718
	8.4298
	-5.8486

	
	
	Pico
	-82.2003
	-14.553
	-9.2201
	-1.4861


Observations from Table 2:

· For the 0 dB offset

· The 5%-ile of CRS 
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 in non-ABS subframes varies from -10 dB to -6 dB,

· The 5%-ile of CRS 
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 in ABS subframes varies from -6.7 dB to 5 dB;

· The 90%-ile of  CRS 
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 difference varies from -0.8 dB to -5.7 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot

· For the 6 dB offset

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -14.5 dB to -3 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -10.5 dB to 5 dB.

· The 90%-ile of  CRS 
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 difference varies from -0.8 dB to -5.8 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot
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Figure 1. Distribution of Ês/Iot-difference, pico cells, 500m ISD, CRE 0/6 dB, Scenario 4b(4)/4b(10)

Additional observations from 500m ISD results:

· Macro Es/Iot 5% for both ABS and non-ABS is very high compared to pico case
· Reason for this is that macro UEs tend to be in positions where there is little pico interference, so the dominant interference comes from macros, and when muting happens, the macro interference goes away, leaving only noise left as interference.
· For pico cells, the 90% of the (instantaneous) difference between Abs and non-ABS is rather small; For macro cells, the difference is larger
2.2
Results for ISD = 1732 m 
The simulation results for ISD=1732 m cases are shown in Table 3 for Conf #4b(4) and  REF _Ref285530506 \h 
 for Conf #4b(4). Each table compares both random/planned PCI and CRE offsets of 0/6 dB. Figure 2 shows the distribution of the Ês/Iot-difference between ABS and non-ABS.
Table 3. Interference Levels, ISD = 1732m, Conf #4b(4)
	ISD = 1732m
	Offset, [dB]
	UEs
	5%-ile
	5%-ile CRS
	90%-ile absolute difference between non-ABS and ABS (per UE) [dB]

	
	
	
	CRS
	
[dB]


	

	
	
	
	
[dBm]


	Non-ABS
	
	

	
	
	
	
	
	ABS
	

	Conf #4b(4), random PCI
	0
	All
	-90.141
	-4.5189
	1.2561
	-1.2352

	
	
	Macro
	-86.1977
	-3.2566
	6.1527
	-9.0339

	
	
	Pico
	-92.7406
	-5.8376
	-1.6027
	-0.6292

	
	6
	All
	-91.4449
	-5.965
	-0.1399
	-1.1948

	
	
	Macro
	-79.1889
	-0.1987
	15.2378
	-14.8881

	
	
	Pico
	-95.338
	-9.2146
	-4.6637
	-0.5758

	Conf #4b(4), planned PCI
	0
	All
	-90.141
	-4.5189
	5.3992
	-3.9179

	
	
	Macro
	-86.1977
	-3.2566
	13.8027
	-14.959

	
	
	Pico
	-92.7406
	-5.8376
	1.2327
	-1.8834

	
	6
	All
	-91.4449
	-5.965
	3.3894
	-3.4083

	
	
	Macro
	-79.1889
	-0.1987
	21.0779
	-17.2599

	
	
	Pico
	-95.338
	-9.2146
	-1.3577
	-1.7339


Observations from Table 3:

· For the 0 dB offset

· The 5%-ile of CRS 
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 in non-ABS subframes varies from -5.8 dB to -3.2 dB,

· The 5%-ile of CRS 
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 in ABS subframes varies from -1.6 dB to 13.8 dB;

· The 90%-ile of  CRS 
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 difference varies from -0.6 dB to -14.9 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot

· For the 6 dB offset

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -9.2 dB to -0.2 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -10.5 dB to 5 dB.

· The 90%-ile of  CRS 
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 difference varies from -17.2 dB to -0.5 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot
Table 4. Interference Levels, ISD = 1732m, Conf #4b(10)

	ISD = 1732m
	Offset, [dB]
	UEs
	5%-ile
	5%-ile CRS
	90%-ile absolute difference between non-ABS and ABS (per UE) [dB]

	
	
	
	CRS
	
[dB]


	

	
	
	
	
[dBm]


	Non-ABS
	
	

	
	
	
	
	
	ABS
	

	Conf #4b(10), random PCI
	0
	All
	-86.2853
	-3.2032
	2.2017
	-0.8709

	
	
	Macro
	-78.8373
	-1.6585
	12.9199
	-15.6394

	
	
	Pico
	-89.221
	-4.4853
	-1.1691
	-0.4485

	
	6
	All
	-87.0195
	-3.856
	1.4483
	-0.8406

	
	
	Macro
	-70.2222
	0.8051
	26.0844
	-19.3102

	
	
	Pico
	-90.955
	-6.6188
	-2.8773
	-0.4306

	Conf #4b(10), planned PCI
	0
	All
	-86.2853
	-3.2032
	4.841
	-1.8634

	
	
	Macro
	-78.8373
	-1.6585
	21.075
	-18.5505

	
	
	Pico
	-89.221
	-4.4853
	0.3247
	-0.8858

	
	6
	All
	-87.0195
	-3.856
	3.4358
	-1.4848

	
	
	Macro
	-70.2222
	0.8051
	29.5409
	-20.2714

	
	
	Pico
	-90.955
	-6.6188
	-1.0778
	-0.7689


Observations from Table 4:

· For the 0 dB offset

· The 5%-ile of CRS 
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 in non-ABS subframes varies from -4.4 dB to -1.6 dB,

· The 5%-ile of CRS 
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 in ABS subframes varies from -1.1 dB to 21 dB;

· The 90%-ile of  CRS 
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 difference varies from -18.5 dB to -0.5 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot

· For the 6 dB offset

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -6.6 dB to 0.8 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -2.8 dB to 29.5 dB.

· The 90%-ile of  CRS 
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 difference varies from -20.2 dB to -0.4 dB

· Planned PCI results in better Es/Iot than random PCI, especially for ABS Es/Iot
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Figure 2. Distribution of Ês/Iot-difference, pico cells, 1732m ISD, CRE 0/6 dB, Scenario 4b(4)/4b(10)

Additional observations from 1732m ISD results:

· Due to higher ISD, cell isolation between picos is larger (i.e. it is more probable pico hotspots are enrated further away from each other), which is visible in the generally better Es/Iot-values compared to ISD=500m case.

· Compared to ISD=500m, the Es/Iot differences in macro becomes really large because the interference is dominantly coming from other macro cells

· With pico, the Es/Iot differences becomes even smaller than with ISD=500m casebecause picos have even smaller probability of interfering each other

· The Es/Iot 5% does depend on the amount of pico eNBs present: This is because the more picos, the more UEs are generated close to the pico cell
4. Conclusions
We have shown our results on the typical interference levels in each case. The results indicate that the power differences between ABS and non-ABS can be very large, and that the variation can also be quite large. The presented results can be used for deriving the side conditions of Es/Iot-related UE performance requirements.
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