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1 Introduction

This tdoc includes some analysis of spectral efficiency, coverage gain, and system acquisition time for two techniques to improve PBCH coverage – Repetition and the Keep Trying method.

For the “Keep Trying” method, the decoder simply keeps trying to decode the normally transmitted PBCH frames until the decoder eventually gets lucky and decodes it correctly.
2 PBCH Repetition Performance trade-off 
The following section illustrates the trade-off between system acquisition time and spectral efficiency when using more frequent PBCH repetition as the means to achieve PBCH reception gain.
Assuming 10.7 dB of gain is required, according to [1 Table 9.5.2.1-1], this would require between 40 - 80 repetitions without PSD boosting. For the purpose of this analysis, 60 repetitions will be assumed. If the repetition is done every 40ms, this would create a huge amount of overhead for the PBCH channel. The resources used for the PBCH would increase by 6000% (60/1) but as ALU suggested in [2], the intense period of repetition doesn’t need to be done for every PBCH period (i.e. 40ms) but can be done intermittently which would greatly improve system efficiency but at the expense of increasing PBCH acquisition time. Using intense repetition would add proportionately more overhead for narrow band systems because of the position of PBCH resource blocks in the center of the band.
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Figure 1: Intermittent intense periods of PBCH transmission

The following table summarizes the MAX PBCH acquisition time and the % increase in PBCH resources required for various periods of intense PBCH repetition:

	PBCH repetition Burst Period
	Max PBCH 

Acquisition Time
	% Increase in PBCH Resources

	Every PBCH Frame     .
	40 msec 
	
6000% (60/1)

	Every 10th  PBCH Frame
	400 msec
	
1200% (60/10)

	Every 20th  PBCH Frame
	800 msec
	
300% (60/20)

	Every 40th  PBCH Frame
	1600 msec
	
150% (60/40)

	Every 80th  PBCH Frame
	3200 msec
	
75% (60/80)

	Every 160th  PBCH Frame
	6400 msec
	
37.5% (60/160)


The above table clear shows the trade-off between Max PBCH acquisition time and PBCH resources required. Given the above table, w/o guidance for limits on Max PBCH acquisition time (and % increase system efficiency), it is difficult to concretely conclude if repetition could be a viable solution.

3 Keep Trying Performance
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). Simulation results below show how much gain can be achieved by trying to decode PBCH 16, 32 and 64 times.
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Figure 2 – Keep Trying Simulation Results - 2x2 antenna configuration, EPA 1Hz channel, channel estimation using 10 subframe averaging, 100Hz freq. offset, BW = 1.4 MHz and fc = 2.0 GHz
	PBCH Decoding Tries 
	Max PBCH 

Acquisition Time
	Coverage Gain

	16
	640ms (16*40ms)
	8.3dB

	32
	1280ms  (32*40ms)
	
9.5 dB

	64
	2560ms
	
11.5 dB


The simulation results show that the required 10.7 dB of gain can be achieved by trying to decode up to 64 times which would require 2560ms. There is an upper limit of gain for this method so decoding more than 64 frames will not achieve any significantly more gain. 
Combining the keep trying method with other techniques may reduce the system acquisition time but at the expense of spectral efficiency. For example, doubling the PBCH transmissions or PSD boosting of 3dB could reduce the acquisition time by half.
4 Conclusions

· #1 - Repetition provides the gain required but at an expense of system acquisition time or a loss of spectral efficiency. 
· #2 – Depending on the burst interval, repetition can utilize a large percent of available resources for small BW systems (e.g. 1.4MHz system).

· #3 -  The keep trying method can provide the required 10.7 dB gain but at the expense of increase acquisition time to  ~2.5sec

· #4 - The Keep trying method does not degrade system capacity and does not require any standards changes.
· #5 – The keep trying method can be combined with repetition and/or PSD boosting to reduce system acquisition time. 
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