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1.
Introduction

In this document we investigate three different FFT window and two Equalisation Interval (EI) alignment strategies in order to determine their relative performance. Based on the findings it may be worthwhile standardising receiver performance so that UEs perform adequately well in MBSFN networks with multiple signal echoes.
2.
Background

It is possible to align a receiver’s FFT window to the sampled signal input in a number of different ways. Three strategies for doing so were described in [1]. Two of these, the first signal above threshold (thermal noise floor), and the strongest signal strategy have been investigated in this document in the context of the PMCH, which has a much longer CP than the cell acquisition subframe (CAS). Another strategy, based on maximising the maximising the SINR of the received signal, has also been considered. 
Additionally, the positioning of the EI may be positioned independently of the FFT window. Two different positions of the EI relative to the FFT window have been considered, as set out below.

Network simulations have been undertaken in a AWGN channel in accordance with [2] with two changes. The error vector magnitude (EVM) has been set to 0dB, and only one receiving antenna has been used in the car mounted analysis.
For fixed rooftop reception the receiving antenna has always been aligned to the strongest signal after shadow fading. 
The numerologies in table 1 have been investigated.

	CP (µs)
	TU (µs)
	TS (µs)
	EI (µs)

	386
	2400
	2786
	515

	300
	2700
	3000
	400

	200
	800
	1000
	267

	100
	400
	500
	133


Table 1: Numerologies

Two positions of the equalisation interval (EI) have been considered:
· The asymmetric positioning, shown on the left of figure 1, aligns the left hand edge of the EI and CP.

· The symmetric positioning aligns the midpoints of the EI and CP so that half or the EI appears on either side of the CP.
Other alignments may be better in some cases, but only the two strategies described have been investigated. 

[image: image1]
Figure 1: Two options considered for alignment of EI with the CP
3.
Simulation Results 
3.1 Fixed Rooftop

The achievable SINR in the network (random dropping) for fixed rooftop reception in the LPLT and MPMT and HPHT networks is shown below. Results are presented for three different time variation models: 50/50, 50/1 and 1/1.
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Figure 2: Achievable SINR for FFT window positioning strategy, HPHT fixed rooftop
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Figure 3: Achievable SINR for FFT window positioning strategy, MPHT fixed rooftop
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Figure 4: Achievable SINR for FFT window positioning strategy, LPLT fixed rooftop

Figures 2 to 4 show that a higher SINR would be achieved with the maximum SINR and first above the thermal noise floor strategies. Aligning to the strongest signal appears to be sub-optimal.
3.2 Car Mounted

The achievable SINR in the network (random dropping) for car mounted reception in the LPLT and MPMT networks is shown below. Results are presented for three different time variation models: 50/50, 50/1 and 1/1.
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Figure 5: Achievable SINR for FFT window positioning strategy, MPMT car mounted
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Figure 6: Achievable SINR for FFT window positioning strategy, LPLT car mounted

Figures 5 and 6 again show that a higher SINR would be achieved with the maximum SINR and first above the thermal noise floor strategies. Aligning to the strongest signal appears to be sub-optimal.
6. Summary

It has been shown that aligning the FFT window to the highest signal would produce a significantly lower SINR than the other two strategies considered in this document (first above thermal noise, and maximum SINR). It is therefore proposed that different strategies are investigated by 3GPP in order to reach a consensus about whether there is an optimal strategy, and whether it would be worthwhile specifying one strategy in particular for all receivers to use, or alternatively to prevent sub-optimal strategies from being implemented. 
Additionally, the positioning of the EI relative to the CP could also be investigated.
Recommendation 1: 3GPP should investigate different FFT window and EI alignment strategies in order to determine an appropriate course of action to ensure UEs perform adequately.
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