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1 Introduction

Random access procedure in NR was discussed at the RAN1 #86bis meeting. For the preamble design, some initial agreements were made to progress the work, namely,
· 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


· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
In this contribution we investigate some aspects of the NR RACH preamble sequence design. In a companion contribution [1] we study the NR RACH procedural aspects.
2 Discussion
Several aspects need to be considered for the NR preamble including the preamble sequence, transmission duration, numerology and resource provisioning. In this contribution we touch upon some of these considerations. 

For synchronization in many communication systems, sequences with good auto and cross-correlation properties are quite desirable. In LTE, the Zadoff-Chu (ZC) sequence is used for the PSS, UL DMRS and SRS. The ZC sequence exhibits a CAZAC property which is also beneficial for low PAPR transmissions. Another benefit is that a DFT transformation of the ZC sequence results in a weighted and cyclically shifted version of the original sequence. Given the agreement that both CP-OFDM and DFT-S-OFDM will be supported at least for eMBB uplink for up to 40GHz, the ZC sequence is ideally suited for preamble transmission irrespective of the UL waveform.
Observation: the ZC sequence is suitable for preamble transmission irrespective of whether DFT-S-OFDM or CP-OFDM is the UL waveform. 

In LTE, the RACH preamble is designed with a basic length of 24576Ts, which is equivalent to 12 OFDM symbols. A long RACH preamble would provide a better resolution but higher complexity in detection.   Additional RACH preamble formats 2 and 3 are used for an extended coverage area from 15 km to 100 km. In addition, a short PRACH format was also defined (preamble sequence format 4) with a length of 2 OFDM symbols in order to take full advantage of the UpPTS region of a TDD special subframe.  The short preamble sequence provides lower resolution but also lower detection complexity.   

In NR frame structure design, the self-contained structure is a primary frame structure supporting fast transmission and short processing time with HARQ-ACK feedback within the slot as shown in Figure 1.  As shown, a slot may contain DL transmission part and/or gap period and/or UL transmission part.   The duration of a each DL/UL transmission part is expected to be short to support high speed data communication with low latency for eMBB applications. URLLC applications expect an even shorter transmission interval in order to meet the 0.5ms user plane latency requirement. URLLC also demands low latency for initial access as well.  Moreover, dynamic TDD configuration signalling would adapt the DL/UL configuration according to the prevailing traffic characteristics. Thus, the RACH preamble sequence should be short enough to fit the dynamic TDD and self contained structure.   
Proposal 1: A short preamble sequence should be considered for RACH Message 1 to support dynamic TDD and self-contained structure in NR.  
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Figure 1: NR frame structure – slot and subframe
 As earlier mentioned, a short preamble sequence has the advantage of low detection complexity, albeit with lower resolution and higher collision probability. A lower resolution implies higher SINR is required for a target detection performance. In order to improve the preamble detection performance and reduce the collision probability of a short preamble sequence, a multi-stage preamble sequence could be considered. Multi-stage preamble sequence is designed to have a set of multiple short preamble sequences in combination as a single RACH Message1 transmission. The UE would select a set of short preamble sequences transmitted in different time-frequency resources as configured by the network. The network (gNB/TRP) would detect the whole set of short preamble sequence to declare a successful RACH Message1 detection. A multi-stage short preamble sequence could eliminate the ambiguity of RACH preamble peak detection, which relaxes the SINR requirement for preamble detection. If the short preamble sequence is selected independently at each stage, the collision probability will be reduced significantly. 
Proposal 2:  Multi-stage short preamble sequence should be considered for RACH message 1 for better detection performance and low collision probability.  
3 Conclusion
In this contribution we discussed some aspects of the PRACH sequence design for NR. We have the following observation and proposals for consideration: 
· Observation: the ZC sequence is suitable for preamble transmission irrespective of whether DFT-S-OFDM or CP-OFDM is the UL waveform
· Proposal 1: A short preamble sequence should be considered for RACH Message 1 to support dynamic TDD and self-contained structure in NR.  

· Proposal 2:  Multi-stage short preamble sequence should be considered for RACH message 1 for better detection performance and low collision probability.  
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