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1. Introduction
In RAN1#86bis, NR RACH related issues were discussed. Form the discussion, several agreements including RACH preamble were made as follows: 
	Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length
· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels



In this contribution, we discuss on numerology for NR RACH preamble.
2. Discussion
Numerology for RACH preamble depending on coverage and frequency ranges
In TR38.913, several deployment scenarios are defined related with coverage and frequency band. The extreme rural case targeting 100km cell radius is assumed that the carrier frequency is below 3GHz bands (below 1GHz (e.g. 700MHz) can be prioritized). In other words, it may not need to support 100km cell radius for all the carrier frequency candidates (especially for above 6GHz cases). Meanwhile, relatively small cell radius/coverage (e.g. 20m, 200m, or 500m) such as Indoor Hotspot, Dense Urband or Urban macro/micro would support carrier frequency above 6GHz. RACH preamble should be design to support defined deployment scenario. 
In NR, it is necessary to design a special RACH preamble for 100km cell range, in which it is assumed that the carrier frequency of below 3GHz is applied. So, we can think that it is desirable to design the RACH preamble for the special purpose and environment such as extreme long coverage and low frequency band. Also, the special RACH preamble could be distinguished from short RACH preamble for the general purpose used in a various environments including deployment scenarios and carrier frequency. For design simplicity, we can consider to follow the existing RACH preamble format 3 in LTE as a design guide for NR RACH preamble. In the aspect, narrower subcarrier spacing (e.g. 1.25kHz) could be introduced to design special RACH preamble for extreme long distance coverage, which would applied for lower frequency band.
NR system is considering on operating both single-beam as well as multi-beam for these scenarios. For single-beam operation, RACH preamble defined for LTE could be reused to meet the requirement defined in TR38.913. For example, LTE RACH preamble format 0 with 1.25kHz subcarrier spacing could be applied for below 6GHz. For dynamic TDD, NR system can apply shorter RACH preamble which is LTE PRACH format 4 composed by two OFDM symbols of 15kHz subcarrier spacing. For multi-beam operation, RACH preamble could be adjusted. At high frequency band, scalable numerology (i.e. 1.25kHz x 2n, 15kHz x 2n) could be applied for RACH preamble.
Proposal 1: Scalable numerology (e.g. 1.25kHz x 2n, 15kHz x 2n) could be applied to RACH preamble for multiple frequency ranges.
Numerology for RACH preamble and UL data/control channels
As discussed above, for dynamic TDD and/or multi-beam operation, shorter RACH preamble could be introduced. Similar with LTE PRACH format 4, NR can assume that one of subcarrier spacing for NR RACH preamble is same as the subcarrier spacing for data channel. Unlike LTE system, multiple numerologies could be applied for NR data/control channel. So, we need to define that one value of subcarrier spacing among multiple numerologies is used in a frequency range.
Proposal 2: It can be considered that one of subcarrier spacing for NR RACH preamble is same as the subcarrier spacing for data channel.

Proposal 3: It can be considered that one of subcarrier spacing among multiple numerologies for data/control channel is same as the subcarrier spacing for NR RACH preamble within a given a frequency range. 

3. Conclusion
In this contribution, we discussed numerology for NR PRACH preamble. From the discussion, we propose as follow:

Proposal 1: Scalable numerology (e.g. 1.25kHz x 2n, 15kHz x 2n) could be applied to RACH preamble for multiple frequency ranges.
Proposal 2: It can be considered that one of subcarrier spacing for NR RACH preamble is same as the subcarrier spacing for data channel.

Proposal 3: It can be considered that one of subcarrier spacing among multiple numerologies for data/control channel is same as the subcarrier spacing for NR RACH preamble within a given a frequency range.
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