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1.	Introduction
[1] compared the performance of different UE FFT window alignment strategies. System level simulations showed that echo delay profiles with pre-echoes were much more challenging for the ‘strongest’ FFT alignment strategy than the others that were considered. It is therefore worthwhile considering whether UEs should undergo specific tests to ensure that they cope satisfactorily with pre-echoes in MBSFN.
This document sets out initial thoughts on such an echo delay profile for testing purposes. Feedback is sought on whether such an approach is worthwhile pursuing, and seeks other contributions on the subject.
2.	Background
Definition of Pre-echoes
Figure 1 shows an echo delay profile, obtained from system level simulations, with three pre-echoes highlighted by the red ring around them. In this context a pre-echo is any echo that has a shorter relative delay at the reception location compared to the strongest signal.
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Figure 1: Echo delay profile with pre-echoes
Examples of FFT Window Positioning Strategies
Figure 2 illustrates three different FFT window positioning strategies. Along with the maximum SINR methodology (not shown) these were considered in [1] and are provided again here for information only.
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Figure 2: Examples of FFT Window Positioning Strategies
SFN Weighting Function
The SFN weighting function is described below in figure 3. An example of the weighting function curve is illustrated by figure 4 for the 200µs CP numerology.
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Figure 3: SFN weighting function
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Figure 4: Example of SFN weighting function for 200µs CP numerology.
3.	Strongest & First Above Threshold Comparison
The achievable SINR in the HPHT network for car mounted reception has been computed from the simulation framework set out in [2]. Figure two shows that the ‘strongest’ strategy is inferior to the ‘first’ when the echo delay profile contains pre-echoes. When there are no pre-echoes the two methodologies perform identically. In figure 5, the relative delay is the difference between the delay of strongest echo (τstrongest) and the first echo (τfirst) i.e. τstrongest - τfirst.
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Figure 5: Difference in achievable SINR for the strongest and first FFT alignment strategies


4. Echo Profile for Testing
4.1 Four Echo Profile
An echo delay profile with four echoes may be sufficient to test the different aspects of the weighting function that we are interested in here with respect to receiver performance. Each echo has a particular power (P) and relative delay (τ), as shown in figure 6. Below, we consider whether it may be possible to generically generate an echo delay profile for the particular numerology and MCS index under test.
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Figure 6: Example echo delay profile for the 200µs numerology
The characteristics and purpose of each of the echoes is further described below. Additional aspects and requirements of the echoes may be uncovered with further thought.
· Echoes should be normalised so that the sum of their powers is equal to 1.
· Echo 1: echo with nominal relative delay of 0µs. ‘Sets’ the starting position of the CP. The power of this echo (P1) should be high enough above the thermal noise floor to ensure UEs may use this signal as the reference signal at 0µs relative delay. As this echo is, by definition, a pre-echo, P1 < P2
· Echo 2: Strongest signal intended to ensure the full extent of the CP has been achieved and that the receiver does not position the FFT window to this signal in the presence of echo 1, the pre-echo. The nominal delay of this echo should be the same as the duration of the CP (TCP) under test with the potential inclusion of an implementation margin (ΔCP). i.e. τ2 < TCP - ΔCP. P2 > P1
· Echo 3: intended to ensure that a predetermined fraction of the equalisation window may be achieved, for example ~90%. P3 is determined by the value of the weighting function of the numerology under test at relative delay τ3, and the power of all of the other echoes. It may be necessary to include an additional implementation margin for this echo so that its final value is lower than may be theoretically permissible. No such implementation margin has been considered in this document. 
· Echo 4: intended to set the interference + noise floor of the device under test. τ4 > EI. P4 is set by the required SINR of the MCS index under test. It may be necessary to include an additional implementation margin for P4. In this document a 3dB margins has been included so that P4 has been set 3dB lower than would theoretically appear to be permissible. 
· This document does not consider the absolute power of the echoes, however these would need to be investigated in further work should such tests be taken further. 
With the above in mind the following observations may be made:
P1 + P2 + P3 + P4 = 1
Contributing power: C = P1 + P2 + w(τ3)P3
Interfering power: I = (1-w(τ3))P3 + P4
From these observations the power of the signals may be determined.
P4 = 1/2SINR				SINR =  required SINR (linear) for the MCS
index under test. The factor of 2 reflects the addition of a 3dB implementation margin.

P1 + P2 = 1 - P3 - P4
						P1 = αP2 							where α is a somewhat arbitrary factor < 1.
4.2 Examples
Based on the previous section, two illustrative echo delay profiles are provided below for the 200µs CP. The first is for an MCS index with a required SINR of 20dB while the second is for a required SINR of 6dB. The yellow cells in figures 8 and 10 are variables, dependant on the numerology and α, which has arbitrarily been set at 0.25 in the examples.
Example 1
[image: ]
Figure 7: Echo delay profile for required SINR of 20dB for the 200µs CP numerology.
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Figure 8: Values for the delay and power of echoes of figure 7.
Example 2
In this example it is clear that it would be better to realign the FFT window to encompass the power of echo 4, and and let the first echo fall outside of both the equalisation interval and CP. Further delaying echo 4 so that it would not be possible to encompass it within the CP or EI may be a simple way to overcome this apparent deficiency. Additionally, it could be considered whether this echo is required at all.
[image: ]
Figure 9: Echo delay profile for required SINR of 6dB for the 200µs CP numerology.
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Figure 10: Values for the delay and power of echoes of figure 9.
4.3 Discussion
The generic echo delay profile for testing that has been considered in this document appears to be flawed at low values of required SINR. Further work is therefore required. Two simple alterations to the echo profile could be to delay echo 4 relative to echo 3 by a margin greater than the EI, or to remove this echo entirely.
Another option would be to create echo profiles that are specific to numerologies and MCS indices covering a range of practical operating points. In order to minimise the number of tests required, it may be sufficient to devise two tests for each numerology. For example, for each numerology, ‘high’ and ‘low’ tests could be devised for MCS indexes with required SINRs of around 20dB and 6dB respectively. This would involve devising six echo delay profile tests, two for each of three numerologies. 
5.0 Conclusion 
It would appear to be beneficial to introduce an echo delay profile test in order to ensure UEs do not operate sub-optimally in MBSFN where pre-echoes are known to occur.
The method of devising such a test that has been investigated here, although attractive for its generic nature, appears to have some flaws. Further work may yield simple ways to improve the profiles, and indeed two options for doing this have been suggested in this document. They, among others, should be explored further.
Alternatively, specific tests for each numerology could be devised in order to ensure UEs do not perform sub-optimally in MBSFN.  
Recommendation 1: 3GPP should further investigate echo delay profiles for testing UEs to ensure they do not perform sub-optimally in MBSFN.
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