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1 
Introduction
In [1] we suggested a new evaluation method for the NCT with reduced CRS bandwidth based on the achievable NCT TM9 throughput when the time/frequency tracking is ON. Here we clarify the method further, and present the evaluation results.
2 
Simulation Assumptions and Methodology
The simulations assumptions used throughout the contribution, are same as those in [1], and are given in Table 1.
Table 1. Simulation assumptions.
	Parameter
	Value

	Signal bandwidth 
	10 MHz

	Carrier frequency 
	2 GHz

	Channel model 
	EVA

	UE speed
	100 km/h (max. Doppler frequency, fDmax = 185 Hz)

	CRS period (T)
	5ms



	CRS bandwidth
	6PRB, 15PRB, 25PRB, 50PRB (full)

	Time/Frequency Error Model
	At the start of the simulation, the timing and frequency error are set to 0, and then they get updated per the timing offset and frequency offset estimates given by the respective estimators

	Timing tracking algorithm
	Time-Domain Correlation and peak search over 1 subframe carrying the CRS

	Frequency tracking algorithm
	Correlation and Phase Comparison

	Tracking period
	Average over 1 radio frame, i.e. every 10ms

	Timing tracking bias
	25% of short CP length (4.6875μs), i.e. 1.175μs

	Timing search window
	±1.175μs

	SNR
	-8 dB, 0dB

	Number of Antennas
	4Tx, 2Rx

	Transmission Mode/MCS
	TM9, mcs0, 1 cw/layer

	CRS port
	0 (i.e. only 1 Tx antenna transmitting CRS), known to UE

	System Load
	Fully loaded


The suggested simulation/evaluation methodology is given in Table 2 [1]:

Table 2. Simulation/evaluation methodology

1. Run TM9 NCT simulations with timing and frequency tracking constantly on.

2. Introduce a simple metric that will tell if the timing tracking got lost or not during the simulation. If at a certain subframe the metric will indicate that the time tracking got lost, in the next subframe, reset timing and frequency errors, and continue normally the simulation.

3. Evaluate the reduced CRS bandwidth, from the TM9 throughput performance, and the statistics of the metric of step 2.
The metric discussed above needs to be defined. For simplicity, we define it as:
Proposal 1: Use the “cumulative timing error estimate” i.e. the sum of consecutive timing offset estimates as the metric to tell if the timing tracking got lost or not in a subframe.

Note that other metrics can be used also, but we prefer this for its simplicity.
An indicative resource allocation map of the system simulated is shown in Figure 1.
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Figure 1. Indicative resource allocation map of NCT TM9 4x2, 1 cw/layer.
The packet extraction process is shown in Figure 2:


[image: image2]
Figure 2. Packet extraction process, t = 25% of short CP = 1.175μs.

3 
Evaluation

In this section we present the evaluation results using our methodology given in Table 2, and the simulations assumptions of Table 1, for difference CRS bandwidths, 6/15/25/50PRB. The extreme low SNR region that has been simulated is just to show the robustness of our methodology. For the cdf evaluation of NCT, please see [1].
Note, that per our methodology, the performance given below is only for the scheduled subframes for which the tracking is not lost (using our simple metric of Proposal 1).
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Figure 3. raw BER of the NCT, mcs0, under EVA 100km/h using the methodology of Table 2.
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Figure 4. Throughput of the NCT, mcs0, under EVA 100km/h using the methodology of Table 2.

It is observed that the performance doesn’t have much variation w.r.t. the CRS bandwidth. These figures however don’t tell all the story. The complete picture will be given after we get the statistics of the metric of Proposal 1. That is after we measure how many times the tracking got lost for a specific SNR and a specific CRS bandwidth scheme.
Below, we show (for various CRS bandwidths) the cdf of the time and frequency estimators, as well the evolution of the cumulative timing error estimate metric throughout the simulation. The binary (true/false) “flag tracking loss” represents at what radio frame the tracking got lost, in which case the cumulative timing error estimate got reset (see our methodology).
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Figure 5. CDFs, cumulative timing error estimate, and flag tracking loss evaluation for 50 PRB CRS bandwidth, at SNR = -8dB.
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Figure 6. CDFs, cumulative timing error estimate, and flag tracking loss evaluation for 25 PRB CRS bandwidth, at SNR = -8dB.
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Figure 7. CDFs, cumulative timing error estimate, and flag tracking loss evaluation for 15 PRB CRS bandwidth, at SNR = -8dB.
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Figure 8. CDFs, cumulative timing error estimate, and flag tracking loss evaluation for 6 PRB CRS bandwidth, at SNR = -8dB.

We observe that in this simulation of 60 seconds (6,000 frames), the tracking got lost 1 time, only for the 6PRB CRS bandwidth case. The cumulative timing error estimate (the metric) was fluctuating more, the less the CRS bandwidth, however the tracking wasn’t lost except once (in this simulation) for the 6PRB CRS BW case. Of course, if the SNR gets reduced, the tracking will get lost more frequently and for higher CRS bandwidths.

For example at SNR = -12dB, in this simulation, the tracking got lost 1 time (in 6,000 frames) for the 25 PRB CRS bandwidth:
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Figure 9. CDFs, cumulative timing error estimate, and flag tracking loss evaluation for 25 PRB CRS bandwidth, at SNR = -12dB.

5 
Conclusions

We performed the NCT evaluation based on our evaluation proposal of [1]. We believe this evaluation is more accurate than the cdf only evaluation.

We suggest that the decision on the CRS bandwidth for NCT tracking should take into account this analysis methodology, in addition to the tracking cdf analysis.
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