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1 Introduction
RAN4 set the LS in [1]. In this contribution we analyze the different options in the LS and compare with options available using current specification.
2 Discussion
We offer a short technical background and then proceed with the analysis.
2.1 Technical background
When a PRACH preamble is transmitted a peak in the matched filter output of the PRACH receiver will appear. The peak may correspond to different pairs of delay and frequency offset. A PRACH preamble received at frequency offset , where  is an integer and  is the PRACH subcarrier spacing, will result in a single peak in a certain position in the matched filter output. For frequencies other than multiples of  more than one peak may appear. A peak in a position corresponding to  can in fact be due to a preamble received with frequency offset 

where   and  depends on the signal-to-noise ratio. 
The more the frequency offset differs from , the weaker will the peak be. A reasonable value of  for detection is  corresponding to a power of 6 dB less than that at .
For the preamble formats 0 to 3, .
The sets of cyclic shifts of the root sequence for preamble generation are devised to support a single hypothesis on  for  The maximum value of  that can be uniquely detected with a single hypothesis is then given by 

whereas two additional hypotheses corresponding to  extends the maximum supported value of  to values such that 
					    .
The table below shows the maximum frequency offsets that can be supported for different sets of cyclic shifts assuming .
2.2 Analysis
Table 1 compares the existing regular PRACH (unrestricted) with the existing restricted set from current specification (Restricted (Rel-8)) with the proposal in the LS from [2]. The proposal in [3] we were not able to analysis due to that it was unclear which root sequences to apply. So further details of [3] needs to be provided by RAN4 before an analysis can take place.
The “Maximum supported frequency offset for single hypothesis” column show the maximum Doppler frequency that can be uniquely detected with a single hypothesis as discussed above.
The “Maximum supported frequency offset for three hypotheses” column show the maximum Doppler frequency when two additional hypotheses corresponding to . Extends the maximum supported value of .

	Set of cyclic shifts
	
	Maximum  supported frequency offset for single hypothesis (Hz)
	Maximum supported frequency offset for three hypotheses (Hz)

	Unrestricted set
	0
	750 (150 km/h)
	2000 (400 km/h)

	Restricted set (Rel-8)
	1
	2000 (400 km/h)
	3250 (650 km/h)

	Restricted set [2]
	2
	3250 (650 km/h)
	4500 (900 km/h)



Table 1: Max BS Doppler (and corresponding speed assuming fc = 2.7 GHz.

The table shows that we can reach similar maximum Doppler, 3250 Hz, which corresponds to 650 km/h assuming a carrier frequency of 2.7 GHz in two ways. The reason for picking 2.7 GHz is that this is the highest current band defined for these types of deployments. There may however be some need considering future bands. The first option is to add two additional hypotheses to get three in total. This has the advantage of being backwards compatible. However the PRACH capacity will suffer due to the risk of the BS sending the wrong responses, even if this can be mitigated by grouping users as explained in [4].
3 Conclusion	
We analyze the different options in the LS and compare with options available using current specification.
The table shows that we can reach similar maximum Doppler, 3250 Hz, which corresponds to 650 km/h assuming a carrier frequency of 2.7 GHz in two ways. The first option is to add two additional hypotheses to get three in total. This has the advantage of being backwards compatible. However the PRACH capacity will suffer due to the risk of the BS sending the wrong responses, even if this can be mitigated by grouping explained in [4].
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