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Introduction
In RAN1#86, it was agreed on the general design of initial access, design of the synchronization signal for initial access, carrier BW assumptions for initial access, and transmission of essential system information for initial access, random access procedure, RRM measurement, and simulation assumption for the evaluation.  The agreements on the initial access are as follows,  
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
The agreements on the synchronization channel design are as follows,  
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded

The agreements on the essential system information for the initial access are as follows,  

· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 
· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part
· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)
· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)
· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)
· In the above study, at least following aspects should be considered:
· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)
· Resource overhead
· UE complexity (e.g. involved with decoding of the information)
In this contribution, we discuss multi-stage synchronization signals design.

Multi-stage Synchronization Signal Design
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 target serving cell.  The timing of the detected synchronization signals is used as the reference time of RRM measurements and decoding the essential system information from the broadcast channel.  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 synchronization signals design is critical in the NR system design.  In particular, NR cell may potentially consist of large number of TRPs as shown in Figure 1. TRPs within a NR cell may or may not be synchronous to each other.    A two-stage synchronization signals was designed in LTE for fast system acquisition and identification.   The two-stage synchronization signals consist of primary synchronization signals (PSS) and secondary synchronization signals (SSS).   The output of the detected PSS and SSS signals in combination determines the cell ID in LTE.  There are total of 504 cell IDs based on the combination of PSS and SSS signals in LTE.  The collision of cell ID detection occurs when dense small cells are non-homogenously deployed in LTE.  Thus, it is important to design the synchronization signals with large number of distinct identification.   



Figure 1: An illustration of multi-TRP deployment of NR cell .

The synchronization signals design in NR does not only need to have the capability of identifying a cell but also identifying a TRP as an NR cell might consist of multiple TRP as shown in Figure 1.  The multi-stage synchronization signals are designed for the initial system acquisition of a cell but autonomous detection of a TRP within the cell.   The principles of multi-stage synchronization signal design are as follows, 

· First stage synchronization for initial coarse time acquisition for all deployment scenarios
· Second stage synchronization for fine tuning of timing and identification of a cell along with the output of first stage synchronization.   

· Third stage synchronization signals for the autonomous detection of a TRP or a beam in multi-beam configuration within a cell.    
· Additional stage synchronization signals for the autonomous detection of operating subband or subband with different numerologies.   

The multi-stage synchronization signals would support autonomous detection of the flexible channel bandwidth.  
The additional stage synchronization signals be used for autonomous detection of different numerologies multiplexing within a same NR carrier.  The third stage synchronization signals could be used for autonomous detection of TRP within a cell.  The 3rd stage synchronization signals could be configured for each beam in the multi-beam system.  The configuration of the 3rd stage synchronization signals could be obtained from essential system information after initial system acquisition of serving cell from 1st and 2nd stage synchronization signals.  


Proposal:  Multi-stage synchronization signals should be considered in NR synchronization design
(1) Autonomous detection of a cell after the detection of 1st and 2nd stage synchronization signals.  
(2) The 3rd stage synchronization channel could be configured for autonomous detection of a TRP within a cell or a beam in multi-beam configuration.  
(3) Additional stage of synchronization signal could be configured for autonomous detection of flexible channel bandwidth or subband with different numerology

Conclusion
This paper discusses the multi-stage synchronization design for dense TRP deployment or multi-beam configuration in NR system.   We propose the following,  
· Proposal:  Multi-stage synchronization signals should be considered in NR synchronization design
· Autonomous detection of a cell after the detection of 1st and 2nd stage synchronization signals.  
· The 3rd stage synchronization channel could be configured for autonomous detection of a TRP within a cell or a beam in multi-beam configuration.  
· Additional stage of synchronization signal could be configured for autonomous detection of flexible channel bandwidth or subband with different numerology 
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