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1
Introduction

During RAN4#60bis, the evaluation methodologies and initial simulation assumptions for the study item on enhanced performance requirements for LTE UE were discussed and approved in [2]. The following input was agreed to be provided by interested companies for RAN4#61 meeting: 
RAN4 #61:

· Provide the evaluation results for interference modeling and agree the interference modeling (DIP)/ profile from system level simulations

· Agree the detail of link level / system level simulation assumption

· E.g. Transmission mode for serving cell and interference cells

· E.g. Ratio of transmission rank-1 over total transmission signals for interference signals

· E.g. Only fixed MCS or both fixed MCS and Outer-loop link adaptation (target:10% BLER)
In this contribution, we provide the requested input based on system simulation results, as well as other parameters further needed to finalize the details of upcoming link level investigations.  

2 
DIP results for 3GPP Case 1
The first task is to extract typical interference profiles based on system level simulations. To this end, we follow the agreed parameters in [2] (copied in Table A1 in Annex for convenience) and focus on 3GPP Case 1 network deployment. Network interference statistics are computed using the measures defined in [3]. The geometry G is defined as:
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where Îorj is the average received power from the j-th strongest base station (Îor1 implies serving cell), N is the thermal noise power over the received bandwidth, and NBS is the total number of base stations considered including the serving cell. The Dominant Interferer Proportion (DIP) defines the ratio of the power of a given interfering base station over the total other cell interference power. It was defined in [3], and can be written as: 
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Note that power from the serving cell, Îor1, is never included in any DIP calculation. 
The following system simulation results are provided: 
· The cumulative distribution function (cdf) of the geometry is provided in Figure 1 for two values of handover (HO) margin ({0, 3} [dB]). We note that the G distribution for 0 dB HO margin (provided as reference) shows good match with calibration results from LTE-Advanced Study Item phase [5]. 
· For 0 dB HO margin, geometries of -3 dB and 0 dB correspond respectively to the 2nd and 14th percentile of the cdf, which is typically understood as cell edge.
· For 3 dB HO margin, geometries of -3 dB and 0 dB correspond to 5th and 17th percentile of the cdf, which still mostly depicts typical cell edge UEs.
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Figure 1: Geometry CDF in 3GPP Case 1.
· Taking the median value for each DIP, Figure 2 and Table 1 illustrate the contribution in percentage of the eight strongest interfering cells to the total interference in the network. One may conclude from these results that about five interferers (81.8% of the total interference) contribute mostly to the total interference.
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Figure 2: Unconditioned median DIPs [%].

	
	DIP 1
	DIP 2
	DIP 3
	DIP 4
	DIP 5
	DIP 6
	DIP 7
	DIP 8

	Unconditioned median DIP
	0.4777
	0.2035
	0.0718
	0.0402
	0.0247
	0.0184
	0.0121
	0.0088

	Unconditioned median DIP [dB]
	-3.21
	-6.92
	-11.44
	-13.96
	-16.08
	-17.36
	-19.17
	-20.57


Table 1: Unconditioned median DIPs as power ratio and in dB.

· Figure 3 then provides the unconditional cdfs for each of the eight considered DIPs.
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Figure 3: Unconditioned DIP cdfs.

· From a sample of randomly dropped UEs, we selected those with geometry close to the specified condition with a tolerance of ±0.2 dB, similarly to [3]. The DIP values were logged for those UEs, and multiple realizations were performed in order to obtain a significant number of samples. Figure 4 provides conditional median DIP values conditioned on {-3, 0, 5, 10} [dB] values of the geometry. These are also tabulated in Table 2. For completeness, cdfs of conditioned DIPs on the selected geometry values are depicted in Figure 5.
[image: image7.emf]-3 0 5 10 All -3

-30

-25

-20

-15

-10

-5

0

Geometry [dB]

Mediam DIP (dB)

3GPP case1 HO 3dB

 

 

DIP

1

DIP

2

DIP

3

DIP

4

DIP

5

DIP

6

DIP

7

DIP

8


Figure 4: Median DIPs conditioned to given geometry.
	
	DIP 1
	DIP 2
	DIP 3
	DIP 4
	DIP 5
	DIP 6
	DIP 7
	DIP 8

	Conditioned median DIP (dB)
G = -3 dB
	-3.01
	-5.99
	-16.02
	-20.33
	-22.54
	-24.51
	-26.69
	-27.89

	Conditioned median DIP (dB)
G = 0 dB
	-3.02
	-7.21
	-12.74
	-14.37
	-15.99
	-16.98
	-18.79
	-20.13

	Conditioned median DIP (dB)
G = 5 dB
	-3.03
	-8.20
	-11.10
	-12.70
	-15.01
	-16.22
	-18.45
	-19.91

	Conditioned median DIP (dB)
G = 10 dB
	-3.97
	-7.52
	-9.44
	-11.92
	-14.83
	-16.31
	-18.31
	-19.91


Table 2: Conditioned median DIPs [dB].
	[image: image8.emf]-30 -25 -20 -15 -10 -5 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIP CDF[dB], G=-3.00 +/- 0.2 dB

Cumulative Distribution

3GPP case1 HO 3dB

 

 


	[image: image9.emf]-30 -25 -20 -15 -10 -5 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIP CDF[dB], G=0.00 +/- 0.2 dB

Cumulative Distribution

3GPP case1 HO 3dB

 

 



	[image: image10.emf]-30 -25 -20 -15 -10 -5 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIP CDF[dB], G=5.00 +/- 0.2 dB

Cumulative Distribution

3GPP case1 HO 3dB

 

 


	[image: image11.emf]-30 -25 -20 -15 -10 -5 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DIP CDF[dB], G=10.00 +/- 0.2 dB

Cumulative Distribution

3GPP case1 HO 3dB

 

 

DIP

1

DIP

2

DIP

3

DIP

4

DIP

5

DIP

6

DIP

7

DIP

8




Figure 5: Cdf of DIPs conditioned to given geometry.

3 
Further input for link level investigations
3.1 
Rank distribution and MCS level
Additional input is needed from system level simulation before starting link level investigations. Besides considerations on transmit modes in serving/interfering cells discussed in a companion paper [6], one needs to gain understanding on the following two aspects:
· Rank statistics (% of rank-1, % of rank-2) for the interfering cells;
· MCS statistics for the serving cell.
In order to obtain the rank statistic, system simulations were conducted assuming 3GPP Case 1 under two scenarios:

· Scenario 1 (CRS based): 2x2 SU-MIMO assuming TM4 with rank adaptation;
· Scenario 2 (DM-RS based): 4x2 SU-MIMO assuming TM9 with rank adaptation.
Option 1 MMSE receiver for SU-MIMO in reference [7] is taken as baseline (both streams, if they exist, are decoded, and interference covariance matrix is assumed as diagonal matrix). System level parameters for these simulations are provided in Table A3 in Annex.
Rank statistics are provided in Table 3 below for various antenna configurations, since these induce different spatial correlation which is known to influence rank distributions. We assumed SCM Urban Macro channel model with high azimuth spread (15 degrees). Due to the fact that 0.5 antenna spacing is more realistic value because of limited array size in practice, the results in Table 3 indicate that:
· ~85% rank-1 and ~15% of rank-2 transmissions in interfering cells is a reasonable assumption assuming 2x2 SU-MIMO configuration

· ~70% rank-1 and ~30% rank-2 would be more representative of 4x2 SU-MIMO configurations.

	Antenna configuration
	Fraction of rank-1  [%]
	Fraction of rank-2 [%]

	2x2 ULA (0.5)
	87.58
	12.42

	2x2 ULA (4)
	68.95
	31.05

	4x2 ULA (0.5) 
	67.57
	32.43

	4x2 ULA (4) 
	64.11
	35.90


Table 3: Fraction of rank-1 and rank-2 transmissions.
For the MCS statistics, input will be provided later. One way would be to perform link level simulations to locate typical MCS classes in use at geometries of interest (-3 dB and 0 dB).
3.2 
DIP profiles

Different types of conditional DIP profiles can be obtained via system simulations, for example, Figure 4 depicts different median DIPs conditioned on geometry values. After selecting randomly dropped UEs based on their geometry values, we obtain a large sample of UEs, each having a different DIP profile. This can be clearly observed from Figure 5. In this case, the mean or median metric of the sample is not sufficient to obtain a characteristic DIP profile. Hence an alternative method motivated by [3] is presented. This method takes into account possible variations of DIPs between the obtained samples.
1. After saving the conditioned DIP values from all samples, the DIP values are sorted according to the first DIP (DIP1) in ascending order, after this, the data set is binned in 5-percentile bands. 
2. A mean of all DIP values inside a 5-percentile band is taken, yielding one characteristics DIP value per each 5-percentile. At the end of the process, 20 characteristic DIP values are obtained. Table  shows 20 representative DIP sets for G = -3 dB case. In this example, the total interference power is also saved and processed together with the DIPs.
3. The next step will involve link level simulations in order to map a link level throughput gain onto each DIP set, considering both baseline and studied receiver. Then, an average throughput gain is obtained and compared to each individual throughput gain. Finally, the DIP used to compute the closest individual throughput gain to the mean is chosen as the characteristic DIP profile.
	#
	G
 [dB]
	DIP1 
[dB]
	DIP2 
[dB]
	DIP3 
[dB]
	DIP4 
[dB]
	DIP5 
[dB]
	DIP6 
[dB]
	DIP7 
[dB]
	DIP8 
[dB]
	DIP9 
[dB]
	Ioc 
[dB]

	1
	-3.01
	-4.71
	-6.06
	-9.76
	-12.01
	-13.53
	-14.93
	-16.01
	-16.97
	-17.90
	-100.84

	2
	-3.02
	-3.57
	-5.47
	-11.18
	-13.64
	-15.05
	-16.65
	-17.57
	-18.66
	-19.82
	-98.19

	3
	-2.99
	-3.16
	-3.62
	-16.02
	-18.75
	-20.93
	-22.11
	-23.49
	-24.52
	-25.24
	-91.82

	4
	-2.99
	-3.09
	-3.33
	-19.02
	-21.52
	-23.04
	-24.45
	-25.91
	-27.03
	-28.27
	-89.07

	5
	-2.99
	-3.06
	-3.15
	-21.53
	-24.77
	-26.65
	-28.31
	-29.10
	-30.61
	-31.50
	-86.54

	6
	-3.02
	-3.04
	-3.09
	-24.33
	-27.74
	-29.54
	-30.74
	-31.65
	-32.43
	-32.86
	-84.94

	7
	-2.99
	-3.03
	-3.08
	-24.69
	-29.32
	-30.69
	-31.38
	-31.94
	-32.90
	-33.26
	-83.43

	8
	-3.08
	-3.02
	-3.05
	-26.42
	-30.55
	-33.47
	-34.20
	-35.78
	-36.90
	-37.50
	-81.41

	9
	-3.09
	-3.02
	-3.02
	-32.74
	-36.35
	-38.27
	-39.67
	-40.59
	-41.63
	-42.57
	-79.01

	10
	-3.07
	-3.01
	-3.01
	-37.12
	-40.74
	-42.38
	-43.27
	-45.02
	-45.89
	-46.75
	-73.56

	11
	-3.06
	-2.89
	-5.00
	-14.00
	-15.96
	-17.32
	-18.33
	-19.46
	-20.30
	-21.49
	-83.07

	12
	-3.03
	-2.52
	-6.78
	-12.55
	-14.42
	-15.90
	-17.13
	-18.20
	-19.21
	-20.09
	-97.69

	13
	-3.03
	-2.17
	-7.14
	-12.67
	-14.58
	-16.68
	-17.78
	-19.09
	-20.01
	-20.89
	-97.49

	14
	-3.02
	-1.87
	-8.22
	-13.21
	-14.82
	-16.67
	-17.64
	-18.67
	-19.56
	-20.66
	-98.38

	15
	-3.02
	-1.60
	-8.88
	-13.38
	-14.73
	-16.98
	-17.88
	-19.47
	-20.52
	-21.88
	-97.77

	16
	-3.01
	-1.34
	-9.85
	-13.97
	-15.26
	-17.24
	-17.98
	-19.97
	-21.27
	-22.40
	-92.83

	17
	-3.01
	-1.08
	-11.05
	-14.28
	-15.67
	-17.49
	-18.43
	-20.70
	-22.23
	-23.66
	-96.65

	18
	-3.01
	-0.80
	-12.01
	-14.82
	-16.83
	-18.25
	-19.52
	-22.73
	-24.87
	-25.95
	-93.78

	19
	-3.01
	-0.40
	-13.41
	-16.92
	-22.13
	-24.55
	-26.14
	-27.83
	-29.11
	-30.19
	-83.95

	20
	-2.95
	-0.13
	-16.64
	-24.05
	-29.46
	-31.98
	-33.20
	-34.40
	-35.30
	-35.98
	-80.94


Table 4: Exemplary set of 20 DIP profiles (3GPP case 1 HO 3 dB) to be further evaluated in link level simulations.
4
Conclusions
In this contribution we provided input from system level simulations in the form of:
· Unconditioned DIP distributions and profile;
· Conditional median DIP values for geometries of interest;
· A set of 20 DIP profiles for further evaluations at link level.

Additionally, other parameters of interest were extracted from the results:
· Typical rank distributions;
· Typical MCS classes at geometries of interest will be provided later.

The provided data may serve as input for the RAN4 group for the parameterization of upcoming link level investigations.
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Annex – Simulation Assumptions
Table A1: Simulation assumptions for interference modelling.
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic
and non-full buffer/ non-full traffic model (optional)


Table A2: Initial simulation assumptions for link-level evaluations.

	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	FFS
	FFS

	Transmission mode on interference cell
	FFS
	FFS

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe
Frequency granularity is FFS

	MIMO configuration
	FFS
	FFS

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	FFS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	FFS
	FFS

	Target MCS
	Fixed MCS

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	FFS

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Table A3: System simulation assumptions used to determine rank distributions.

	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP case 1 SCM NLos UMa 3D
Azimuth spread: 15˚, UE speed: 3 km/h
Other assumptions as in Table A1.

	Base station antenna configuration
	2 or 4 antenna elements
ULA 0.5 λ spacing

	UE antenna configuration
	2 antenna elements
ULA 0.5 λ spacing

	MIMO scheme
	SU-MIMO with dynamic rank adaptation (maximum rank=2)

	Number of UEs / sector
	10

	Codebook
	LTE Rel-8 codebook for 4-Tx

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	Inter-cell interference model
	4-Tx transmission with random rank & PMI in interfering cells

	Channel estimation for CSI
	CRS Based for 2x2 antenna set-up 
CSI-RS Based for 4x2 antenna set-up 

	PMI
	Wide-band 50 PRB
10 ms reporting interval
6 ms delay

	CQI
	Sub-band 6 PRB
10 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	PDCCH
	Modelled as overhead

	UE noise figure
	9 dB

	Hard handover hysteresis
	3 dB

	UE distribution within cell
	Uniformly dropped to entire cell
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