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1 Introduction
There is a trade-off between spectral efficiency and system acquisition time (i.e. acquisition of the PSS, SSS, PBCH, and minimum required SIBs before doing PRACH) when designing mechanism to improve coverage for broadcast signals and channels. Given this trade-off, it is very difficult to answer fundamental questions regarding system acquisition designs such as, “Can repetition be used to provide 10.7 dB of gain for the PBCH?”.  This Tdoc proposes that RAN1 agree on guidance for system acquisition time. This guidance is intended to become an e.g. new RAN4 requirement and would not prevent companies from submitting solutions which are outside of this guidance but would be used to help develop and guide a commercially acceptable and system efficient design for LTE system acquisition under low coverage.  
2 Using Repetition of PBCH as an Example 
The best way to illustrate this challenge and trade-off between system acquisition time and system efficiency is through a simple example using repetition.

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 example, say 60 repetitions will be required. If the repetition is done every 40ms, this would create huge amount of overhead for the PBCH channel. The resources used for the PBCH would increase by 6000% (60/1) but as by 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. 
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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 not possible to conclude if repetition could be a viable solution. 
3 Possible Guidance
The guidance for system acquisition time is server layer requirement so there is no right or wrong answer and will depend on commercial use case.
There are two main scenarios to consider for system acquisition; 
· Cold Boot - when UE is initial turned on or when UE has move to another location where the MRU (most recently used) RF configuration (e.g. RF channel, PLMN ID) is no longer valid, and 
· Warm Boot -  where the MRU RF configuration is still valid.  
Considerations for Cold Boot System acquisition time

· Short enough so that e.g. a meter installer’s time is not wasted
· UE power consumption is also a factor but should be minor since this is targeted at stationary UE’s only so cold boot should be infrequent. However, permanently roaming UE’s (common in M2M) may periodically do a cold boot like procedure, a preferred system re-scan, so in this case UE power is more of a factor.
Consideration for Warm Boot System acquisition time

· Main factor is UE power consumption. For a stationary device, which is the main target of this WID, the warm boot case may occur frequently, many times a day (i.e. metering applications power off the modem between meter updates to save power).
For guidance on system acquisition time to be meaningful, the guidance has to be under certain conditions such as:
· Amount of bandwidth that PSS and SSS has to search (i.e. number of bands has a very minor impact and thus suggest to ignore it)

· The number of LTE systems to evaluate (i.e. decode PBCH and at least SIB1 to get PLNM ID) 

Commercial LTE acquisition times and theoretical acquisition time could also be used to help determine this guidance (e.g. guidance could say up to ~30x (15dB) longer than legacy UE’s in good coverage).
It is not recommend that system acquisition guidance be broken down into the separate stages (e.g. PSS vs SSS vs PBCH vs SIBs …) but a single system acquisition target as this provides more flexibility for solutions.

For example, guidance could look like this:
· Cold Boot system acquisition guidance -  less than  3 minutes
· search 200MHz for PSS/SSS 
· evaluating 8 LTE systems
· Warm Boot system acquisition guidance -  less than 5 second

· search 1.4 MHz for PSS/SSS 

· evaluating 1 LTE systems

4 Conclusions
Recommend to have RAN1 agree on some guidance’s for warm and cold boot system acquisition time which will allow designs to trade off system acquisition time for spectral efficiency.
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