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1
Introduction

The initial eMTC PBCH demodulation requirements for enhanced coverage were approved at RAN plenary at RAN#72 in Busan and are now in TS 36.101 [1].  There were also further agreements on the way forward for the UE demodulation requirements at RAN4#79 and RAN4#80 [2], [3].
At RAN4#80 there was discussion of the gap between the required SNR for 1% PBCH decoding error rate and the target SNR of -15dB in the MPDCCH demodulation performance requirements.  It was agreed in the way forward document to provide the PBCH simulation results based on the parameters shown in Table 1 in order to set the performance requirement for PBCH at the same CE Mode B test point as MPDCCH [3].
Table 1 - PBCH simulation parameters for performance requirement selection [3]
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	System bandwidth
	10MHz
	10MHz
	10MHz
	10MHz

	Propagation condition
	EPA1
	EPA1
	ETU1
	ETU1

	Antenna configuration and correlation matrix
	2x1 low
	2x1 low
	2x1 low
	2x1 low

	Repetition of PBCH
	Disabled
	Enabled
	Disabled
	Enabled

	W (NOTE 1) [ms]
	{40, 640}
	{40, 160}
	{40, 640}
	{40, 160}

	UE Frequency error [Hz]
	100
	100
	100
	100

	Target SNR (dB)
	-12
	-12
	-12
	-12

	NOTE 1: Companies are encouraged to select other values for W in order to meet the target SNR


It is not possible to increase the repetition of the PBCH beyond 40ms and so a “keep trying” window W, which is a multiple of 40ms, has been defined during which the decoder simply continues to attempt to decode the PBCH.
The simulation results that we present are for Cases 1-4 in Table 1 with values of W [image: image2.png]


 {40, 160, 320, 640} ms.  
2
Simulation results
The results in this section for the FDD PBCH are based on the evaluation assumptions that were agreed in the documents referenced in section 1.

The PBCH ideal simulation results are shown for EPA1 (cases 1 and 2) in Figure 1 and for ETU1 (cases 3 and 4) in Figure 2. 
To make some of the evaluation assumptions explicit, we have assumed that:

· There is no cross-subframe channel estimation
· The frequency offset is 100Hz
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Figure 1 - PBCH performance for Case 1 and Case 2, EPA1, W [image: image5.png]


 {40, 160, 320, 640}ms
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Figure 2 – PBCH performance for Case 3 and Case 4, ETU1, W [image: image8.png]


 {40, 160, 320, 640}ms
The Pm-bch metrics at the 1% test point for each of the Cases 1-4 with the required values of W, as specified in Table 1, are shown in Table 2.  A full set of results with all the values of W in the set {40, 160, 320, 640} ms is shown in Table 3 in the Appendix.
The repetition of the PBCH gives about a 4dB – 5dB gain as can be seen by referring to Table 3.
Increasing the size of the “keep trying” window has a benefit on the PBCH performance.  For example in the EPA1 channel with repetition the Pm-bch is improved by 1.5dB for W=160ms; by 3.5dB for W=320ms and by 5dB for W=640ms.  See Table 3 in the Appendix.
Table 2 – Pm-bch metric at 1% test point

	Scenario
	Description
	Metric
	Test point
	SNR

	PBCH
	Case 1 - EPA1, No repetition, W=40ms
	Pm-bch
	1%
	-2.2

	PBCH
	Case 1 - EPA1, No repetition, W=640ms
	Pm-bch
	1%
	-5.9

	PBCH
	Case 2 - EPA1, Repetition, W=40ms
	Pm-bch
	1%
	-6.0

	PBCH
	Case 2 - EPA1, Repetition, W=160ms
	Pm-bch
	1%
	-7.5

	PBCH
	Case 3 - ETU1, No repetition, W=40ms
	Pm-bch
	1%
	-1.0

	PBCH
	Case 3 - ETU1, No repetition, W=640ms
	Pm-bch
	1%
	-4.5

	PBCH
	Case 4 - ETU1, Repetition, W=40ms
	Pm-bch
	1%
	-5.4

	PBCH
	Case 4 - ETU1, Repetition, W=160ms
	Pm-bch
	1%
	-6.3


3
Conclusion 
In this contribution we have provided simulation results for PBCH with and without repetitions and for various values of the window W in accordance with the agreed evaluation assumptions.  These results are used to give the Pm-bch metric at the 1% misdetection test point for the four cases in Table 2 with values of W as specified in Table 1.  The full results of the Pm-bch metric for values of W [image: image10.png]


 {40, 160, 320, 640}ms are given in the Appendix.
In addition we make the following observations:

Observation 1: The repetition of the PBCH gives a gain of about 4-5dB.
Observation 2: Increasing the size of the best effort window has a benefit for the PBCH performance.
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Appendix

The full set of metrics for the PBCH results is given here.
Table 5 – Pm-bch metric at 1% test point, cases 1-4, W [image: image12.png]


 {40, 160, 320, 640} ms
	Scenario
	Description
	Metric
	Test point
	SNR

	PBCH
	Case 1 - EPA1, No repetition, W=40ms
	Pm-bch
	1%
	-2.2

	PBCH
	Case 1 - EPA1, No repetition, W=160ms
	Pm-bch
	1%
	-3.2

	PBCH
	Case 1 - EPA1, No repetition, W=320ms
	Pm-bch
	1%
	-4.6

	PBCH
	Case 1 - EPA1, No repetition, W=640ms
	Pm-bch
	1%
	-5.9

	PBCH
	Case 2 - EPA1, Repetition, W=40ms
	Pm-bch
	1%
	-6.0

	PBCH
	Case 2 - EPA1, Repetition, W=160ms
	Pm-bch
	1%
	-7.5

	PBCH
	Case 2 - EPA1, Repetition, W=320ms
	Pm-bch
	1%
	-9.4

	PBCH
	Case 2 - EPA1, Repetition, W=640ms
	Pm-bch
	1%
	-10.9

	PBCH
	Case 3 - ETU1, No repetition, W=40ms
	Pm-bch
	1%
	-1.0

	PBCH
	Case 3 - ETU1, No repetition, W=160ms
	Pm-bch
	1%
	-1.9

	PBCH
	Case 3 - ETU1, No repetition, W=320ms
	Pm-bch
	1%
	-3.3

	PBCH
	Case 3 - ETU1, No repetition, W=640ms
	Pm-bch
	1%
	-4.5

	PBCH
	Case 4 - ETU1, Repetition, W=40ms
	Pm-bch
	1%
	-5.4

	PBCH
	Case 4 - ETU1, Repetition, W=160ms
	Pm-bch
	1%
	-6.3

	PBCH
	Case 4 - ETU1, Repetition, W=320ms
	Pm-bch
	1%
	-7.9

	PBCH
	Case 4 - ETU1, Repetition, W=640ms
	Pm-bch
	1%
	-9.3



