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Introduction
In RAN#71, the study of NR system was approved [1].  The NR will consider frequency ranges up to 100 GHz with the objective of a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]  including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 

In RAN1#85, the implicit independency assumption for retrieving the NR system information was agreed in the following,
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS


It was agreed that the NR essential system information would be autonomously decoded after the initial search of NR system.  The physical layer should be capable for UE autonomous system acquisition for initial access and mobility between TRPs.  This paper discusses the physical layer in the NR system design to support autonomous initial access and network assisted mobility management procedure.  
Physical Layer Aspects in Initial Access Procedures and Mobility Management 
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 timing of the strongest detected synchronization signals as the reference timing and performs the RRM measurements.   The RRM measurements would be based on the associated reference signals, e.g., CRS in LTE.   The associated reference signals could also include the synchronization signals similar to discovery reference signal (DRS) in LTE Rel-12 small cells.  The associated reference signals are used for channel tracking and channel estimation for NR system information acquisition.  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 reference signals are also derived from the detected signals.  If both synchronization signals and the associated reference signals are used for channel tracking, channel estimation, and channel measurement, UEs should assume the synchronization signals and the associated reference signals are quasi-co-located (QCL’d)

Proposal 1: The NR synchronization signal design should support UE autonomous system acquisition and be used for the identity parameters for deriving the essential system information.   

Proposal 2: The functions of  DL synchronization signals(s) in the NR system design includes the UE Initial signal detection and timing acquisition, channel tracking and channel estimation, and channel measurement for link adaptation, RRM,  and RLM.   

Proposal 3: UEs should assume the synchronization signals and the associated reference signals are quasi-co-located (QCL’d)

The synchronization signals and associated reference signals for channel measurements need to support diverse range of the system bandwidth.  In LTE, the system bandwidth was from 1.4 MHz to 20 MHz.   The synchronization signal and CRS in LTE was designed based on 1.4 MHz system bandwidth.   With additional eMTC and NB IoT features, the system bandwidth supported by LTE span down to 180 KHz and up to 20 MHz.   Additional synchronization signal type was added for the initial acquisition of the NB IoT system embedded within LTE carrier.  It was agreed in RAN1#84bis that the maximum system BW should be at least 80 MHz.    The expected system bandwidth supported could be from 180 KHz to more than 80 MHz.   In RAN1#85, it was agreed that NR should support flexible operating bandwidth as follows,  

· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

Proposal 4: The synchronization signal in the NR system needs to support not only the wide range of the system bandwidth but also flexible channel bandwidth.  


In RAN1#85, it was agreed that NR system should support multiplexing different numerologies within a same NR carrier bandwidth as follows,   
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
AND
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal


The NR synchronization signal and the decoded essential system information should be designed to support multiplexing of different numerologies within a NR carrier.  The purpose of multiplexing different numerologies within a NR carrier is to support UE with different types of radio channels.  For example, the large subcarrier spacing could be considered for users in the high speed train to mitigate the effect of large frequency offset.   The synchronization signals and the associated reference signals need to support autonomous detection of sub-band operating in different numerology.   
Proposal 5:  The synchronization signals and the associated reference signals need to support autonomous detection of sub-band operating with different numerology
When UE connect to the network, UE continues to perform acquisition and search of TRPs in the neighbourhood.  The procedures of the initial timing acquisition and channel measurements in the initial access could be used for neighboring TRP search and measurement.  The neighboring TRP search and channel measurements are part of NR mobility measurements.  When UE detects a neighboring TRP with stronger channel measurements, mobility management procedure will kick off.  The synchronization signals and reference signals for TRP acquisition and channel measurements need to take mobility management procedure into account.  
Proposal 6:  The synchronization signals and reference signals for TRP acquisition and channel measurements need to take mobility management procedure into account

Conclusion
This paper discusses the NR physical layer aspects for the initial access and mobility management.  We propose the following,  
· Proposal 1: The NR synchronization signal design should support UE autonomous system acquisition and be used for the identity parameters for deriving the essential system information.   

· Proposal 2: The functions of  DL synchronization signals(s) in the NR system design includes the UE Initial signal detection and timing acquisition, channel tracking and channel estimation, and channel measurement for link adaptation, RRM,  and RLM.   

· Proposal 3: UEs should assume the synchronization signals and the associated reference signals are quasi-co-located (QCL’d)

· Proposal 4: The synchronization signal in the NR system needs to support not only the wide range of the system bandwidth but also flexible channel bandwidth.  

· Proposal 5:  The synchronization signals and the associated reference signals need to support autonomous detection of sub-band operating with different numerology

· Proposal 6:  The synchronization signals and reference signals for TRP acquisition and channel measurements need to take mobility management procedure into account
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