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Introduction
In RAN1#86, the implicit independency assumption for retrieving the NR system information was agreed in the following,
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

It was agreed in RAN1#85 that the NR essential system information would be autonomously decoded after the initial search of NR system.  The RACH resource could be retrieved from the essential system information.   UE would initiate the network access with different NR system configuration.   This paper discusses RACH procedure in NR system design to support autonomous initial access and network assisted mobility management.  
RACH Preamble Sequence Design in NR  

The RACH procedure would start after UE initial acquisition of synchronization and retrieve RACH resource information from essential system information.   The initial access procedure starts with the UE acquiring the NR system DL transmission timing by detection of the DL synchronization signals(s).  UE might detect more than one DL synchronization signals.  UE will select the strongest detected synchronization signals as the reference time and performs the RRM measurements.   The RRM measurements would be based on the associated system reference signals, e.g., CRS in LTE.   It was agreed in RAN1#85 that essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal.  The synchronization signal detected by the UE would be the dependent variable to derive the identification of DL transmission point and to retrieve the essential system information.  The associated system reference signals are also derived from the detected signals.    RACH resource would be included in the essential system information for UE to start the access procedure to the NR network.   


The 4-step RACH procedure is the most adequate random access scheme for OFDM-based multiple access in NR as analyzed in [4].   RACH procedure starts with UE transmission of RACH preamble.  In LTE, RACH preamble is designed with length of 24576 Ts, which is equivalent to 12 OFDM symbols length.  The long RACH preamble would provide a better resolution but higher complexity in detection.   Additional RACH preamble formats 2 and 3 are used for extended coverage area from 15 km to 100 km.   A short RACH preamble sequence format 4 with length of 2 OFDM symbols was introduced for the utilization of UpPTS resource in the TDD special subframe.  The short Preamble sequence provides lower resolution but low complexity in detection.   

In NR frame structure design, the self-contained structure is the main stream frame structure to support fast transmission and short processing time with HARQ-ACK feedback within the slot as shown in Figure 1.  In a slot, it may contain DL transmission part and/or gap period and/or UL transmission part.   The length of DL/UL transmission parts are expected to be short to support high speed data communication with low latency for eMBB applications.  The URLLC applications expect to have even shorter interval in DL/UL transmission part in order to meet the 1 ms U-plane latency requirements.  URLLC also demands low latency in the initial access as well.  Moreover, the dynamic TDD configuration would dynamic change the DL/UL configuration for traffic adaptation.   Thus, the RACH preamble sequence should be short enough to fit the dynamic TDD and self contained structure.   

Proposal 1: Short preamble sequence should be considered for RACH message 1 to support dynamic TDD and self-contained structure in NR.  


[bookmark: _Ref458089023]Figure 1: NR frame structure – slot and subframe

 Short preamble sequence has the advantage of low detection complexity.   However, short preamble sequence has low resolution in detection and high collision probability.   Lower resolution in detection implies higher SINR required for the detection of the sequence.   In order to improve the preamble detection performance and reduce the collision probability of short preamble sequence, 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 one RACH message 1.  UE would select a set of short preamble sequence transmitted in different time frequency resources configured by the network.  Network would detect the whole set of short preamble sequence to declare successful RACH message 1 detection.  Multi-stage short preamble sequence could remove the ambiguity of RACH preamble peak detection, which leads to reduce the required SINR for preamble detection.     If the short preamble sequence is selected independently at each stage, the collision probability will be reduced exponentially.   Thus, multi-stage short preamble sequence should be considered for RACH message 1.  
Proposal 2:  Multi-stage short preamble sequence should be considered for RACH message 1 for better detection performance and low collision probability.  


Conclusion
This paper discusses the NR RACH preamble sequence design with the consideration of self-contained frame structure and dynamic TDD configuration.   We propose the following,  
· Proposal 1: 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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