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1 Introduction

At RAN#74, the “Keep Trying” method was introduced and presented in [1]. During the presentation, delegates had requested that performance results also be obtained for a single receiver (i.e. a CAT 0 receiver) and that performance results should be obtained for additional channel models. This tdoc contains those requested results. 
2 Single Receiver Performance Results
As introduced in [1], the Keep Trying method requires the legacy PBCH decoder to simply increase the number of PBCH decodes that it attempts before considering failure.  For example, increasing the number of attempts from 1 to 20 will give the decoder 19 more chances to decode the PBCH correctly thus providing coverage gain. 
With this method there is a trade-off between coverage gain and the number of decoding attempts. Simulation results below show how much coverage gain can be achieved for different numbers of decoding attempts. 
Keep Trying method Gain for various channel models
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Figure 1 – Simulation Results for Single Receiver UE, EPA 1,3,5Hz channel, channel estimation using 10 subframe averaging, 100Hz freq. offset, BW = 1.4 MHz and fc = 2.0 GHz
Simulation results in the table below compares the average coverage gain for a single receiver UE (e.g. CAT 0) versus a 2x2 receiver (e.g. CAT 1) (the 2x2 results come from [1]):
	PBCH Decoding Tries 
	Coverage Gain
Single Receiver
	Coverage Gain
2x2

	16  (640ms)
	10.3 dB
	8.3dB

	32 (1280ms)
	12.4 dB
	
9.5 dB

	64 (2560ms)
	14.1 dB
	
11.5 dB


Observation:  The Keep Trying method provides 2dB more coverage gain for a single receiver UE than a 2x2 UE.

Observation:  The Keep Trying method provides similar gains for EPA1, EPA3, and EPA5 channel models.
Observation:  The decoding time for a single receiver UE to achieve 10.7 dB of gain is ~18 PBCH decoding attempts or 720ms.
Average Decoding Time:
Unlike the Intermittent Repetition method described in [2] where the decoding time is generally independent of the required coverage gain, for this method the decoding time is highly dependent on the required coverage gain. For example, when 10.7 dB of coverage gain is required, the decoding time is ~18 decoding attempts or 720ms but if only 5 dB of coverage gain is required the decoding time reduces to ~4 decoding attempts or 160ms. Assuming a uniform distribution for the required coverage gain from 0 to 10.7 dB and using the average coverage gain curve from figure 1, the average decoding time was calculated at 6.1 decoding attempts or 244 ms. 
Observation:  The average decoding time, assuming uniform coverage distribution, is 6.1 PBCH decoding attempts or 244ms.
Combining the Keep Trying method with other techniques may reduce the system acquisition time but at the expense of spectral efficiency. For example, PSD boosting of 3dB could reduce the acquisition time by half.
3 Conclusions

Observation:  The performance results for a single receiver UE are at least 2 dB better than for a 2x2 UE.
Observation:  The decoding time to achieve 10.7 dB for a single receiver UE is ~18 PBCH decoding attempts or 720ms.
Observation:  The average decoding time, assuming uniform coverage distribution, is 6.1 PBCH decoding attempts or 244ms.
Conclusion:  The Keep Trying method can provide the required 10.7dB of coverage gain without the need to apply repetition or PSD boosting.
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5 Annex

This annex contains the BLER vs SNR curves which were used to derive the gains shown in Figure 1.
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Figure 2 – Keep Trying method Simulation Results - 2x1 antenna configuration, EPA 1 channel, channel estimation using 10 subframe averaging, 100Hz freq. offset, BW = 1.4 MHz and fc = 2.0 GHz

Keep Trying method BLER vs SNR for EPA3 Channel
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Figure 3 – Keep Trying method Simulation Results - 2x1 antenna configuration, EPA 1 channel, channel estimation using 10 subframe averaging, 100Hz freq. offset, BW = 1.4 MHz and fc = 2.0 GHz

Keep Trying method BLER vs SNR for EPA5 Channel [image: image4.png]BLER
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Figure 4 – Keep Trying method Simulation Results - 2x1 antenna configuration, EPA 1 channel, channel estimation using 10 subframe averaging, 100Hz freq. offset, BW = 1.4 MHz and fc = 2.0 GHz
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