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1. Introduction

NR PRACH demodulation requirements was discussed in the previous meetings, and an way forward was agreed in RAN4 #88 meeting [1]. This contribution discusses the remaining issues.

2. Discussion
1) Timing offset for preamble transmission

In the last meeting, the following agreement on the timing offset scheme was agreed:

· For conformance test, we reuse the LTE timing offset scheme for preamble transmission, i.e., 

· The timing offset base value is set to 50% of Ncs. This offset is increased within the loop, by adding in each step a value of [0.1us], until the end of the tested range, which is [0.9us]. Then the loop is being reset and the timing offset is set again to 50% of Ncs.

And it was agreed to test PRACH format 0, A1, A2, A3, B4, C0 and C2, and cover 15kHz, 30kHz, 60KHz (FR2) and 120kHz SCS for short sequence. 
Table 1: PRACH preamble formats to be tested
	Format
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In addition, the following options for Ncs were agreed:

· Long sequence: 13 

· Short sequence:

· Option 1: 46 for FR1, 0 for FR2

· Option 2: 23 for FR1, 69 for FR2

· Option 3: 0 for FR1, 0 for FR2 

· Other options are not precluded

· Intension next meeting to narrow to one option for requirement

This timing offset is used to model the round-trip propagation time in the cell, and it should be no longer than the CP length as well as the Ncs.

Next, we will calculate and compare the maximal configured timing offset, CP length, and Ncs for the most chanlenging cases in FR1 and FR2. 
· Comparison of CP length and the maximal timing offset for FR1:
· CP length: format A1 with 30kHz SCS has the shortest CP length, which is 
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· Maximal configured timing offset: 0.5* Ncs+ 0.9us = 
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· Thus, the CP length is smaller than the maximal configured timing offset in such case.
· Comparison of Ncs and the maximal timing offset for FR1:
· Ncs in time domain: format C0 with 30kHz SCS has the shortest sequence length, which is 
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· Maximal configured timing offset: 0.5*Ncs+ 0.9us = 
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· Thus, the Ncs is larger than the maximal configured timing offset in such case.
· Comparison of CP length and the maximal timing offset for FR2:
· CP length: format A1 with 120kHz SCS has the shortest CP length, which is 
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· Maximal configured timing offset: 0.5*Ncs+ 0.9us =
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· Thus, the CP length is smaller than the maximal configured timing offset in such case.
· Comparison of Ncs and the maximal timing offset for FR2:
· Ncs in time domain: format C0 with 120kHz SCS has the shortest sequence length, which is 
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· Maximal configured timing offset: 0.5* Ncs+ 0.9us = 
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· Thus, the Ncs is larger than the maximal configured timing offset in such case.
It is seen that, considering the Ncs proposed in the last meeting, the maximal configured timing offset is longer than the CP length for the preambles with short CP. So it is not appropriate to reuse the LTE timing offset scheme for NR preambles with short sequence. For preambles with short sequence, an alternative scheme is to set the timing offset base value as 0 us instead of 0.5*Ncs, and this offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us. Then the loop is being reset and the timing offset is set again to 0us.
Observation 1: When the LTE PRACH timing offset scheme and the Ncs proposed in the last meeting are used, the maximal configured timing offset is longer than the CP length for some NR preambles with short sequence.
Proposal 1: For preambles with short sequence, set the timing offset base value as 0 us instead of 0.5*Ncs, and this offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us. Then the loop is being reset and the timing offset is set again to 0us.
2) Logical sequence index
The following agreement on logical sequence index was agreed at the last meeting:

· Logical sequence index
· Option 1: 22 for long sequence, 0 for short sequence
· Note that this resulting in root sequence = 1 for both long and short sequences. 
· Other options not precluded
Option 1 is adopted in LTE PRACH test, and it is quite straightforward to be reused for NR unless any technical issue is identified.
Proposal 2: Use logical sequence indexes of 22 and 0 respectively for long and short sequences.

3) Ncs for short sequence

As mentioned above, three options on Ncs for short sequence were listed, and other options are not precluded:
· Short sequence:

· Option 1: 46 for FR1, 0 for FR2

· Option 2: 23 for FR1, 69 for FR2

· Option 3: 0 for FR1, 0 for FR2 

· Other options are not precluded

· Intension next meeting to narrow to one option for requirement

As known, for selecting Ncs, the following two aspects should be taken into account:

· From each root Zadoff-Chu sequence, 
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 cyclically shifted sequences can be obtained, where LRA is the Zadoff-Chu sequence length.

· Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found [2].
· Ncs is expected to be larger than the maximum round-trip propagation time in the cell (i.e., timing offset configured in the test) plus the maximum delay spread of the channel [3].
To ensure the second bullet can be fulfilled, relatively large Ncs are proposed in the options collected in the last meeting. It seems that a larger cell size can be supported by using a larger Ncs. However, for several preamble formats targeting for small cell, the CP length is very short, and the supported cell size cannot be extended even if Ncs of 0 is used.
Alternatively, the following approach is proposed to set Ncs for different preamble formats: select one Ncs such that the Ncs is close to the CP length. With this approach, the proposed Ncs for short sequence is given in the table below.
Table 2: Proposed Ncs for short sequence
	Format
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Observation 2: For several preamble formats targeting for small cell, the CP length is short, and the supported cell size cannot be extended even if Ncs of 0 is used.
Proposal 3: For each preamble format with short sequence, select one Ncs such that the Ncs is close to the CP length, and thus Ncs of {10, 10, 10, 6, 0, 46} are proposed respectively for format {A1, A2, A3, B4, C0, C2}.
3. Conclusions

This contribution presented our views on NR PRACH demodulation requirements, and had the following proposals:

Observation 1: When the LTE PRACH timing offset scheme and the Ncs proposed in the last meeting are used, the maximal configured timing offset is longer than the CP length for some NR preambles with short sequence.
Proposal 1: For preambles with short sequence, set the timing offset base value as 0 us instead of 0.5*Ncs, and this offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us. Then the loop is being reset and the timing offset is set again to 0us.
Proposal 2: Use logical sequence indexes of 22 and 0 respectively for long and short sequences.

Observation 2: For several preamble formats targeting for small cell, the CP length is short, and the supported cell size cannot be extended even if Ncs of 0 is used.
Proposal 3: For each preamble format with short sequence, select one Ncs such that the Ncs is close to the CP length, and thus Ncs of {10, 10, 10, 6, 0, 46} are proposed respectively for format {A1, A2, A3, B4, C0, C2}.
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