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1 Introduction

At RAN#72 meeting the WI of eMBMS enhancement for LTE was updated in [1]. One of the objectives is to
· Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation.
At RAN1 #84bis meeting, system simulation scenarios and assumptions for eMBMS enhancements were agreed in [2]. However, as indicated in [3], link level simulation work is necessary to confirm the table in the EBU TR 034 [4] for SINR to spectral efficiency mapping, and to study the impact of a smaller subcarrier spacing (i.e. a longer CP) to the overall performance. This contribution provides link level simulation assumptions for evaluation of longer CP for eMBMS enhancements.
2 Simulation parameters
2.1 Channel profile

A MBSFN channel model is already defined in [3] based on the 3x VA channel profile with increased delay/power of 12.49us/10dB and 27.49us/20dB for the 2nd and 3rd cluster, respectively. The delay/power in this model was derived based on ISDs of about 3 km, while in the eMBMS enhancements WI evaluations for larger ISDs are included, therefore a new model with different delay/power for the 2nd and 3rd clusters is needed at least for the large ISD cases.
The delay/power values were derived from system simulation traces for the UE with SINR at 95% coverage probability. The rooftop case as defined in [2] was assumed in the simulations.
An example of power delay statistics collected for the target UE is shown in Figure 1, assuming 15 km ISD. The paths with a delay greater than 200us were not included. Statistics for other ISDs can be obtained in a similar way.
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Figure 1 Example of power delay statistics for the UE with SINR at 95% coverage probability, 15km ISD
The simulations that were used to derive the model defined in [3] assumed an ISD of about 3 km, resulting in delays of 12.49us and 27.49us for the 2nd and 3rd cluster, respectively. For a different ISD of d km, it is natural to assume delays of 12.49*d/3us and 27.49*d/3us for the 2nd and 3rd cluster, respectively. For example, for ISD = 15 km, the delays are 62.45us and 137.45us. The relative powers for the 2nd and 3rd clusters can be derived by grouping the data in Figure 1 with delays of 0us, 62.45us, and 137.45us and summing the powers in each group. The results are shown in Figure 2 and the corresponding channel profile is in Table 1. Power delay profiles for other ISDs can be obtained in a similar way.
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Figure 2 Channel profile for ISD = 15km
Table 1 Power delay profile for ISD = 15km
	Relative Delay [ns]
	Relative Mean Power [dB]

	0
	0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	1090
	-7.0

	6245
	-9

	6275
	-10.5

	6395
	-10.4

	6555
	-12.6

	6615
	-9.6

	7335
	-16

	13745
	-21

	13775
	-22.5

	13895
	-22.4

	14055
	-24.6

	14115
	-21.6

	14835
	-28


Proposal 1: Use a clustered approach to model the power delay profile based on the 6-tap base channel in Annex B.2.6 of TS 36.101.
Proposal 2: For ISD = d km, the additional delays for the 2nd and 3rd clusters are 12.49 * d / 3us and 27.49 * d / 3us, respectively.
2.2 Doppler shift
The receiver velocity and the corresponding Doppler shift for each use case defined in [3] are summarized in Table 2.
Table 2 Receiver velocity and Doppler shift
	Use case
	A (fixed)
	B (indoor)
	C (mobile outdoor)

	Receiver velocity
	0km/h
	3km/h
	120km/h

	Doppler shift
	0 Hz
	1.9 Hz
	77.8Hz


Considering the variation of the environment and the robustness of the system, it is proposed to assume Doppler shifts of 2 Hz and 100 Hz in the link level simulations.

In addition, for the mobile outdoor scenario, it is proposed to evaluate a more realistic high speed UE supported in today’s LTE networks (e.g. a handheld UE with integrated antenna in a car moving at 350 km/h). The maximum Doppler shift in such a scenario can be up to 250 Hz.
Proposal 3: Doppler shifts are assumed to be 2Hz, 100Hz, and 250Hz.
2.3 Others

Other parameters for link level simulations are proposed in Table 3.
Table 3 Other parameters for link level simulations
	Parameter
	value

	Carrier frequency
	700 MHz

	System bandwidth 
	10 MHz

	Number of antennas
	1 Tx and 1 Rx (case A)

1 Tx and 2 Rx (case B & C)

	Antenna separation
	Wavelength / 2

	Channel estimation
	Realistic based on proposed RS design


Proposal 4: Agree the parameters defined in Table 3 of this document.
3 Conclusions
In this contribution, link level simulation assumptions are provided and the following proposals are made:

 Proposal 1: Use a clustered approach to model the power delay profile based on the 6-tap base channel in Annex B.2.6 of TS 36.101.
Proposal 2: For ISD = d km, the additional delays for the 2nd and 3rd clusters are 12.49 * d / 3 us and 27.49 * d / 3 us, respectively.
Proposal 3: Doppler shifts are assumed to be 2Hz, 100Hz, and 250Hz.
Proposal 4: Agree the parameters defined in Table 3 of this document.
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