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1 Introduction
This document aims to provide a basis for system simulations for the evaluation of longer CP for MBSFN subframes.  

2 Performance Metrics
(1) Spectrum efficiency [bits/s/Hz] assuming a coverage of 95% of the MBSFN area (i.e. 5% of locations in nominal MBSFN coverage area experience BLER of 1% or greater ). This is also aligned with the guidance from the broadcast industry that a 95% coverage probability target is considered necessary for “good” coverage [4].

(2) Maximum ISD assuming a spectrum efficiency of 2 bits/s/Hz according to the above criterion. The value of 2 bits/s/Hz is the requirement from the WID.
3 Evaluation Assumptions
	Parameter
	Value
	Reference

	System bandwidth
	10 MHz
	

	Path loss
	P-1546 v5, time probability: 50%
Terrain model:  Flat

Clutter height around UE: 20m
	[5]

	Number of tiers generating ISI
	4 (central site plus 4 tiers, 
61 sites)
	[2]

	Wrap around
	yes
	

	Penetration loss
	0 dB
	

	Height of transmit antenna
	 37.5 m
	

	ISD
	up to 15km
	

	Transmit power
	40W 
	

	Transmit antenna gain incl cable losses
	14 dBi
	

	Transmit antenna pattern
	3GPP case 1
	


Table 1 Transmit parameters
	Parameter
	Value
	Reference

	Carrier frequency
	600 MHz
	

	Path loss
	P-1546 v5, time probability: 50%
Terrain model:  Flat

Clutter height around UE: 20m
	[5]

	Channel model
	TU12 with Rice factor 10 dB
	

	Penetration loss
	0 dB
	

	Shadowing standard deviation
	5.5 dB
	[6]

	UE noise figure
	7 dB
	

	UE height
	10 m
	

	UE cable loss
	4 dB
	

	UE body loss
	0 dB
	

	UE antenna gain and pattern
	13.15 dBi
	[3]

	# UE antennas
	1
	

	UE velocity
	3km/h (sufficiently low to have no impact on BLER)
	


Table 2 Receive parameters Scenario 1 (roof-top antenna)

	Parameter
	Value
	Reference

	Carrier frequency
	600 MHz
	

	Path loss
	L= 113.2 + 34.4log10(R)

to be scaled to 600MHz
	[4]

	Channel model
	3GPP SCM suburban macro
	

	Penetration loss
	0 dB
	

	Shadowing standard deviation
	 8 dB
	

	UE noise figure
	7 dB
	

	Receiver height
	1.5 m
	

	Receiver cable loss
	0 dB
	

	Receiver body loss
	0 dB
	

	Receiver antenna gain
	3 dBi (horizontally omni)
	

	# UE antennas
	2
	

	UE velocity
	120km/h
	


Table 3 Receive parameters for Scenario 2 (car mounted antennas)

4 Modelling of the OFDM signal propagation delay

This chapter is adopted from [9].
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In the MBSFN scenarios the modelling of the OFDM symbol propagation delays relative to the FFT window setting at the UE is required. If the propagation delay NT of a signal exceed the CP length, the received signal may experience the additional interference from the ISI and ICI. The interference power created by ISI and ICI can be calculated based on the relative received signal timing when NG < NT < NFFT [2]

[image: image7.png]Prex



[image: image8.png]Nppr+ N; — N (N7 —Nz)
Py = Pag |(Np — Np)+ (N — Ny =EELLZe 2T 20T Ze
NEFT NFFT



[image: image9.emf]5 10 15 20 25 30 35 40 45

0

0.2

0.4

0.6

0.8

1

Propagation delay, µs

Interference power (ISI+ICI)

interference power vs. propagation delay for OFDM

 SHAPE  \* MERGEFORMAT 

[image: image1]


(1)

When NG < NT < NFFT , the useful received signal power (PU) would be also reduced according to [image: image3.png]


 where PRX is received signal power and PI is interference power. The example of the interference power due to ISI and ICI depending on the delay difference between FFT window and the received OFDM signal is shown in Figure 1. It can be seen that as long as delay difference resides within the CP no interference is occurred in the received signal. In the evaluation the FFT window position can be set in accordance to the serving cell timing. 
Deviating from [9], we propose the propagation delay of signals from other eNB of the same MBSFN area can be calculated relative to the first received signal timing from any eNB, as this gives typically higher SINR than calculating relative to the serving eNB or strongest eNB.
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Figure 2: Illustration of interference power due to ISI and ICI from OFDM symbol propagation delay difference
5 Conclusion

In this contribution we provided a proposal for system simulation assumptions to be used when evaluating longer CP for eMBMS.
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Received signal delay more than CP length





Received signal delay less than CP length
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