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1. Introduction
RAN4#80 has discussed the demodulation performance of PBCH and observed a gap between the required SNR for 1% PBCH decoding error rate and the target SNR of MPDCCH demodulation performance requirements. It is not possible to increase the repetition of PBCH beyond the MIB TTI of 40ms. 

One agreement was achieved in [1] as following:

· companies are encouraged to provide the PBCH simulation results based on the following parameters in order to set the performance requirement for PBCH at the same CE Mode B test point as MPDCCH
Table 1 Simulation cases for PBCH
	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


After RAN4 #80bis, it’s planned to discuss the eMTC PBCH results for one test case - Case 2 for single MIB TTI and multiple MIB TTIs.
2. Simulation results
We provide link level simulation results for PBCH based on the agreed simulation assumptions. The key simulation assumptions are captured in Table 2. Results are shown in Figure 1.
Table 2. Simulation assumptions for PBCH
	Parameters
	Value

	Reference channel
	R.22 (See TS36.101 A.3.7)

	System bandwidth
	10MHz

	Propagation condition
	EPA1,ETU1

	Antenna configuration and correlation matrix
	2x1 low

	Window length
	1
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Figure 1 simulation results for EPA1 and ETU1 with repetition of window length=1

Based on the result, we have the following observation:
Observation 1: The SNR requirement for 1% Pm-bch should be -3.9dB for EPA1 channel with repetition for single MIB TTI. 
Proposal 1: The SNR requirement for 1% Pm-bch should be -3.9dB for EPA1 channel with repetition for single MIB TTI. 

A keep trying algorithm is defined in [1] by introducing the keep trying window, such that:
· The “keep trying” decoder is definition is:
· In this solution, there are no standard changes required. The decoder simply “keeps trying” to decode the normally transmitted PBCH frames until the decoder eventually gets lucky and decodes it correctly. With this solution there is a trade-off between coverage gain and decoding time (i.e. the number of decoding attempts). [Refer to R1-132908] 
· The keep trying window length, W, is defined in integer steps of 40 ms (40 ms, 80 ms, …)
· The pm-bch for Cat-M1 UE is defined for each PBCH decoding attempt within W
With the keep trying algorithm, we modify the BLER calculation metric that if any CRC result in the window is 1, we will set the CRC result to be 1 for the window. For example, if there are M MIB TTIs and the window length is W. the total window number is M/W. we will check W CRC result in each W*40ms, if anyone is 1, we will consider the CRC result in the window to be 1. Then the total BLER is calculated as: CRC error number /( M/W).
Results are shown in Figure 3 for SNR= -12dB with multiple MIB TTIs, the number of MIB TTIS is referred as window length.
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Figure 2 simulation results for EPA1 and ETU1 with repetition for SNR= -12dB

A further consideration of impairment margins is necessary in order to set the demodulation performance requirement.  For the MPBCH analysis in this paper, a 2 dB impairment margin was assumed. 

For SNR= -14dB, the simulation results are as follows in Figure 3.
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Figure 3 simulation results for EPA1 and ETU1 with repetition for SNR= -14dB
Based on the result, we have the following proposal:

Proposal 2: for EPA1 channel with multiple TTIs for SNR= -12dB without impairment, window length=16.
Proposal 3: for EPA1 channel with multiple TTIs for SNR= -12dB with impairment (2 dB margin), window length= 27.

Furthermore, we simulate different window length corresponding to 1% BLER for EPA1 channel.
	Window duration
	SNR, dB
	Impairments SNR, dB

	5*40ms
	-9
	-7

	8*40ms
	-10
	-8

	10*40ms
	-11
	-9

	16*40ms
	-12
	-10

	23*40ms
	-13
	-11

	27*40ms
	-14
	-12

	40*40ms
	-15
	-13

	90*40ms
	-17
	-15


3. Conclusion
In this contribution, we provide simulation results for PBCH with/without repetitions, based on the simulation assumptions. Based on the results, we make the proposal:
Proposal 1: The SNR requirement for 1% Pm-bch should be -3.9dB for EPA1 channel with repetition for single MIB TTI. 

Proposal 2: for EPA1 channel with multiple TTIs for SNR= -12dB without impairment, window length=16.
Proposal 3: for EPA1 channel with multiple TTIs for SNR= -12dB with impairment, window length= 27.
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