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1 Introduction
At the Riga Meeting (#47) it was agreed to add support for a 7.5 KHz sub-carrier spacing to enable a CP of 33.33us for large cells [1] [2]. However in RAN meeting #34, concern was raised on whether the benefits were only possible with high NodeB transmit power. [3]. It was agreed that RAN4 should continue to work with the assumption of a 43 dBm transmit power NodeB. 

It was agreed that the 7.5 kHz numerology is applicable to the dedicated broadcast carrier case in SFN operation. Applicability to the mixed broadcast/unicast depends on terminal capability and the method of multiplexing.

In this contribution we evaluate the performance of MBMS under the 43 dBm transmit power limitation. We simulate the different environments including the dense urban, suburban and rural environment under different carrier frequencies and different antenna heights.
We see that even at the low transmit power of 43dBm, large cells can be supported in both the suburban and rural environments.  We also see significant benefits with 7.5kHz sub-carrier spacing when very large cell size are supported, especially at the lower carrier frequencies.

2 Channel Models considered

2.1 The Dense Urban environment (Cost 231 Hata Model)‎[4]
The Dense Urban environment (Cost-Hata Model) 

· High buildings (5-6 stories on average)

· Many scatterers
· High Path Loss
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	d=distance from BS to UE in km.

hm=height of UE in meters.

hBS=height of BS in meters

f=carrier frequency in MHz


This model is intended for the centers of urban areas, with high buildings and many scatterers.  
2.2 Suburban environment

Suburban environment

· Low buildings (2-3 stories on average)

· Some scatterers 

· Medium Path Loss

Hata’s original work ‎[5] included a term to distinguish urban and suburban environments.  This Term is
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This term was added to the COST 231 model to simulate a suburban environment.
2.3 Rural environment

Rural Environment

· Low Buildings (2-3 stories on average)

· Few scatterers
· Low Path Loss

Hata’s original work ‎[5] included a term to distinguish Rural or Open area environments from urban.  This term is
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This term was added to the COST 231 model to simulate a Rural environment.
3 Simulation Assumptions 

	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	Bandwidth
	5 MHz
	

	Operating Frequency
	200 to 2400 MHz
	

	Minimum Mobile-to-BS Distance
	35 m
	

	Test Sector
	Centre Cell any sector
	

	Sector Orientation
	Bore-Sight Pointing
	

	Antenna Pattern
	70° (-3dB) with 20 dB front-to-Back, (
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	BS Heights
	32 m, 50 m and 100 m
	

	UE Height
	1.5 m
	

	Log-Normal Shadowing Standard Deviation
	8 dB
	

	BS Shadowing Correlation
	0.5
	

	UE Noise Figure
	9 dB
	

	Thermal Noise Density
	-174 dBm/Hz
	

	BS Antenna Gain
	15 dB
	

	UE Antenna Gain
	0 dBi
	

	BS Maximum PA Power
	43 dBm
	

	Other Loss
	10 dB
	Including cable loss and penetration losses

	FFT Size
	512 and 1024
	15kHz & 7.5kHz subcarrier spacing, respectively

	Cyclic Prefix Duration
	¼ of OFDM symbol
	

	Channel Estimation
	Ideal
	

	Modulation and Coding
	QPSK 1/3 QPSK ½, QPSK 2/3, QPSK 4/5 16QAM ½, and 16QAM 2/3 
	No Adaptation

	Effective SINR method
	EESM
	

	Maximum SINR
	30 dB
	


4 Methodology

1) To simulate the SFN we assume a hexagonal cell distribution, with the UE located uniformly in the center cell surrounded by the 19 closest cells which each have 3 sectors.  The path loss parameters (including shadow fading) are generated for each path, and a delay equal to the distance to the UE divided by the speed of light is associated with each path.  Thus for each path p, we have 3 variables, 

2) A Group delay τp equal to the distance to the CPE divided by the speed of light.

3) A Path Loss Value sp which includes shadow fading.

4) A fast fading channel hp 

Thus the received signal for receiver i is
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Note that any path with power 30 dB smaller than the largest path is ignored for complexity reasons. Because some of these delays will be much larger than the Cyclic Prefix, the affect of ISI/ICI must be considered.  For each delay τp we assign a numerical value representing the percentage that a given received path falls within the OFDM symbol.  We define delay 0 to be the beginning of the CP.  

The delays can be broken into 4 cases:

Case 1:  If the delay is either greater than the total OFDM symbol length (the CP (TCP) plus the useful symbol length (Tu)) or less than negative the useful symbol length, then the path contributes entirely to the ISI.  

 Case 2: The delay is less than 0 but greater than negative the useful symbol duration. Therefore (Tu +τ)/ Tu of the signal is within the used area and therefore that much of the tap is considered Signal and the rest counted as ISI.

Case 3:  If the delay is less than the CP but still positive then the path counts entirely as received signal.

Case 4:  If the delay is greater than the CP but still less than the total OFDM symbol length then (τ- Tcp)/ Tu of the signal can be used while the rest is ISI.  
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Therefore the useful channel can be written as
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To calculate the SINR we transmit one TTI over this channel with dummy data transmitted before to generate ISI, and add thermal noise.  Normal processing of this symbol occurs (i.e. the CP is removed and the remainder is processed with a DFT).  If no ISI, ICI, or thermal noise were present then the received signal for subcarrier k would be
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Where Huseful,k is the DFT of (2), and sk is the transmitted symbol on subcarrier k.  To calculate the SINR per tone we assume that the noise generated from ISI is uniformly distributed with an average power of
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Note that the overline denotes the average over all the subcarriers.  Thus the SNR on a particular subcarrier can be calculated as 
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These SNRk values were used along with the EESM model to generate the goodput results.

Each location is simulated a minimum of 100 times, and the Goodput is averaged over these drops for each location.  A total of 5000 locations are simulated for each scenario.
5 Performance

In the following graphs, the 0.5k and 1k modes refer to subcarrier spacings of 15 kHz and 7.5 kHz, respectively. 
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Figure 1 Cell edge UE Throughput, vs. Carrier Frequency, 5km ISD Dense Urban 
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Figure 2 Throughput of edge user, vs. Carrier Frequency, 10km ISD Dense Urban 
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Figure 3 Throughput of edge user, vs. Carrier Frequency, 5km ISD Suburban 
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Figure 4 Throughput of edge user, vs. Carrier Frequency, 10km ISD Sub-Urban 
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Figure 5 Throughput of edge user, vs. Carrier Frequency, 5km ISD Rural environment
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Figure 6 Throughput of edge user, vs. Carrier Frequency, 10km ISD Rural environment
6 Summary and Conclusion

	Frequency
	450 MHz
	900 MHz
	2GHz

	Antenna Height
	32
	50
	100
	32
	50
	100
	32
	50
	100

	Environment
	% Benefit
	% Benefit
	% Benefit

	Dense Urban 5km ISD
	10
	22
	40
	0
	7
	15
	-
	-
	0

	Dense Urban 10km ISD
	20
	34
	51
	0
	0
	20
	-
	-
	-

	Suburban 5km ISD
	33
	58
	58
	9
	17
	36
	1
	7
	17

	Suburban 10km ISD
	48
	76
	60
	17
	32
	49
	0
	0
	24

	Rural 5km ISD
	40
	58
	58
	38
	58
	58
	34
	58
	58

	Rural 10km ISD
	70
	67
	77
	60
	71
	83
	39
	76
	90


Note: The dash (-) means cell edge UE data rate is zero

Table 1: Benefits of the 7.5kHz numerology to cell edge UE throughput
We have investigated the performance of the extended 7.5 kHz numerology with transmit power limited to 43 dBm. Significant benefits are achieved in both suburban and rural environments, especially at low carrier frequencies.

References:
[1] RP-060648: Status Report RAN WG1 to TSG-RAN #34.

[2] R1-063606 , LS on Added Support for 7.5 kHz Subcarrier Spacing, RAN1 to RAN4
[3] RP-060827, Evolved 3G MBMS deployment considerations

[4] COST 231 final report Chapter 4, http://www.lx.it.pt/cost231/final_report.htm 
[5] Y.Okumura, E.Ohmori, T.Kawano, K.Fukua, “Field strength and its variability in UHF and VHF land-mobile radio service”, Rev. Elec. Commun. Lab., vol.16, no.9, 1968
[6] Hata, M.: Empirical Formula for Propagation Loss in Land Mobile Radio Services.IEEE Trans. Vehicular Technology, VT-29, pp. 317 - 325, 1980.




































_1225798496.unknown

_1227091817.unknown

_1227091974.unknown

_1226491020.unknown

_1227089991.unknown

_1226473968.unknown

_1226474078.unknown

_1225798460.unknown

_1225798491.unknown

_1216631036.unknown

_1216633829.unknown

_1216630587.unknown

