3GPP TSG-RAN WG4 Meeting #58
R4-110754
Taiwan, Taipei, February 21-25, 2011
Agenda item:

6.13.1
Source:
Nokia Siemens Networks, Nokia Corporation
Title:
TDM eICIC system level macro+pico performance results 
Document for:

Discussion
1. Introduction
At the last RAN4 meeting it was discussed to have macro+pico system level results available in order to further proceed with standardization of Rel-10 time-domain enhanced inter-cell interference coordination (TDM eICIC). Such results are especially needed as input for further discussion of Rel-10 UE RLM/RRM measurements on restricted resources, and in particular for defining requirements for such measurements under resource restrictions. In this contribution we therefore present basic signal level statistics for such macro+pico scenario, using the main simulation assumptions outlined in R4-110569. Our focus is on statistics for UE received power from their serving cell, as well as on UE experienced G-factor. For pico-UEs, we present G-factor statistics for cases where the macro-eNB is transmitting normal subframes (i.e. subframes with full transmission on all resource elements), as well as for cases where almost blank subframes (ABS) are transmitted.
2. Summary of simulation methodogy and assumptions

The simulated scenario is the standard 3GPP macro-cell overlayed with outdoor co-channel deployment of pico nodes according to the assumptions summarized in Table 1. A quasi-static system level simulator is used in this study. The time resolution in this simulator is TTIs. Subframes with ABS transmission from the Macro-eNB are therefore modelled as follows:

· The interference from macro-eNB transmission of ABS to Pico-UEs is simply modelled by adjusting the macro-eNB transmit power for those subframes as follows: PABS = Pmacro - Offset [dBm], where Pmacro is the macro-eNB transmit power in normal subframes, while “Offset” expresses the equivalent reduction of macro-eNB generated interference when using ABS. 
· With this modelling, the “Offset” is ~10.2 dB, as the relative overhead from CRS is ~9.5% for ABS. Thus, this is a very simple model for cases where CRS is the only transmitted signal in ABS. For cases with enhanced UE recevers, capable of suppressing CRS interference from ABS, the value of “Offset” approach infinity.
 For cases with ABS interference, we assume perfect time-synchronization of all eNBs. Secondly, all the macro-eNBs are assumed to transmit ABS in the same subframes.
Table 1. Macro-pico deployment simulation assumptions
	Parameter
	Setting

	UE placement
	· Uniform (Photspot = 0)
· Clustered, Photspot = 2/3

	Network Layout
	· D1 (see table 3)

· D3 (see table 3)

	Pico cell selection offset
	· 0 dB (i.e. unbiased RSRP-based cell selection)

· 6 dB

· 10 dB

	Number of macro sites
	7

	Wrap-around
	Yes, based on minimum distance

	Minimum coupling loss limit applied
	No

	Free space path loss limit applied
	No

	Nusers
	60

	Number of runs
	100 (total number of UEs per parameter setting is 100·3·7·60 = 126000)

	Macro transmit power
	46 dBm

	Network synchronization
	Frame-aligned

	Bandwidth
	10 MHz

	Tx and Rx antennas
	Tx power is sum for all antennas.
Rx power is per antenna.

	Feeder loss
	0 dB

	Macro gain
	14 dBi

	Pico gain
	5 dBi

	UE gain
	0 dBi

	Macro antenna pattern
	3D, as in table 2.

	Pico and UE antenna patterns
	Omni

	Traffic model
	Full buffer, full load

	Path loss
	Macro to UE: L= 128.1+37.6·log10(R) – L(f)

Pico to UE: L= 140.7+36.7·log10(R) – L(f)

, R in km

, L(f) is the frequency correction factor

	L(f), frequency correction factor
	-21·log10( f / 2000MHz )

	Penetration loss (for all UEs)
	20 dB

	Shadow fading
	Lognormal, 

std. deviation =10 dB for Pico-UE links,
std. deviation = 8 dB for Macro-UE links

	Shadowing correlation between sites (Macro-Macro, Pico-Pico, and Macro-Pico)
	0.5

	Shadowing correlation between (Macro) sectors of the same site
	1.0

	Minimum distance from pico node to macro nodes
	75m

	Minimum distance between UE and macro node
	35m (UEs closer than this are invalidated)

	Minimum distance between UE and pico node
	10m (UEs closer than this are invalidated)


	Minimum distance among pico nodes
	40 m


Table 2. Macro cell antenna model [
1]
	Antenna pattern (horizontal)
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	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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Table 3. D1 and D3 specific parameter settings
	Parameter
	D1 Setting
	D3 Setting

	Macro ISD
	500m
	1732m

	Number of pico sites per macro sector
	4
	10

	Pico transmit power
	24 dBm
	30 dBm

	Carrier frequency
	2000 MHz
	700 MHz

	Macro electrical downtilt
	15°
	6°


3. Basic signal level statistics
Two types of signal level statistics are presented in the following:
· Serving cell received power: The received power at the UE antenna from the users serving cell. We present this metric in terms of total wideband received power in dBm. This metric can of course be converted to energy per resource element via appropriate scaling with number of subcarriers and OFDMA symbol duration.
· G-factor: Standard definition of UE experienced wideband G-factor at the antenna connector at the UE. Hence, the G-factor is independent from the possible antenna combining schemes used by the UE.

In the following we present plots with cumulative distributions for the above mentioned metrics for D1 scenarios with pico hotspot UE distributions (scenario 4b). Plots for other cases appear in Appendix. A summary of results for all cases is provided in Table 4. In Table 4 we have also summarized the percetange of users connected to macro (M) and pico (P), i.e. reported together with the range offset.

Serving cell received power distributions:
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G-factor distributions
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Table 4: Summary of results from all cases
	
	Offset, [dB]
	UEs
	5%-ile total serving cell Rx power [dBm]
	5%-ile G-factor
	90%-ile of the un​signed difference between non-ABS and ABS G-factors (per UE) [dB]
	unsigned difference between 90%-ile non-ABS and 90%-ile ABS G-factors [dB]

	
	
	
	
	Non-ABS
	ABS
	
	

	Photspot = 2/3

D1
	0
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P: 23%
	All
	-81
	-2.5
	
	
	

	
	
	Macro
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	-2.5
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	-2.7
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	7.7
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	All
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	-6.1
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	-1.1
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	10.0
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M: 49%

P: 51%
	All
	-84
	-9.8
	
	
	

	
	
	Macro
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	-0.5
	
	
	

	
	
	Pico
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	-2.4
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	7.8

	Uniform
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	0
M: 90%

P: 10%
	All
	-82
	-2.7
	
	
	

	
	
	Macro
	-82
	-2.6
	
	
	

	
	
	Pico
	-81
	-3.2
	1.4
	9.8
	7.7
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M: 80%

P: 20%
	All
	-82
	-5.8
	
	
	

	
	
	Macro
	-81
	-1.7
	
	
	

	
	
	Pico
	-86
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	-89
	-12.0
	-3.9
	10.0
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	Photspot = 2/3
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	All
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	Macro
	-85
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	Pico
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	All
	-82
	-5.2
	
	
	

	
	
	Macro
	-84
	-1.9
	
	
	

	
	
	Pico
	-81
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	9.6
	5.8
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	-83
	-1.0
	
	
	

	
	
	Pico
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	-9.1
	-2.1
	9.7
	5.8
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D3



	0
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	-86
	-3.9
	
	
	

	
	
	Macro
	-86
	-3.8
	
	
	

	
	
	Pico
	-84
	-4.0
	-0.7
	8.6
	5.8
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M: 56%

P: 44%
	All
	-87
	-7.3
	
	
	

	
	
	Macro
	-85
	-2.1
	
	
	

	
	
	Pico
	-89
	-8.6
	-3.2
	8.9
	5.8

	
	10
M: 42%

P: 58%
	All
	-89
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	Macro
	-84
	-1.1
	
	
	

	
	
	Pico
	-91
	-11.6
	-4.9
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	5.9


4. Conclusion
In this contribution we have presented several examples of system level signal statics for various co-channel macro + pico scenarios. The pico-UE G-factor statistics is presented for cases where the macro-eNBs are transmitting either normal subframes (i.e. transmission on all resource elements) or ABS. The presented results can be used as input to defining realistic cases for further study of Rel-10 UE RLM/RRM measurements with time-domain resource restrictions.
As expected, the G-factor at the pico-UEs is improved when the macro-eNBs are transmitting ABS. Thus, as the results in Table 4 show, larger range extention offset for the pico-UEs can be used for subframes where the macro-eNB is using ABS. However, the maximum feasible range extention offset naturally depends on the scenarios, i.e. depending on the number of picos per macro, the macro ISD, UE distribution, etc.
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Appendix, Serving cell received power:
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Appendix, G-factor
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