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Introduction
In RAN1#86bis, the  synchronization signals and some initial access procedures are defined as follows,
Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz

Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.

Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study
· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities
· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

In this contribution, we discuss the considerations of the numerology agnostic synchronization signals design.
Design of Numerologies Agnostic Synchronization Signal  
The initial access procedure starts with the UE acquiring the NR system DL transmission timing by detection of the DL synchronization signals(s), e.g., NR-PSS/NR-SSS.  UE might detect more than one set of NR-PSS/NR-SSS.  UE will select the strongest detected NR-PSS/NR-SSS and use as the reference time and performs the RRM measurements.   The RRM measurements would be based on the associated system reference signals, e.g., NR-PSS/NR-SSS, DM RS of NR-PBCH.   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#86bis that NR Cell ID is derived from the detection of NR-PSS/NR-SSS.  The NR-PSS/NR-SSS 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.  If both synchronization signals and the associated system 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) [5].  

When system with different numerologies, the numerology of the synchronization signals transmitted from the network needs to be the same as UE’s assumption in the receiver for the correlation of the synchronization signals.  In RAN1#86, several alternatives of the UE assumption on the synchronization signals in a NR carrier with different numerology was discussed 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

Different numerology is configured the network operation in different deployment scenarios.  The NR subcarrier spacing was agreed to be 2n * 15 kHz with 15 kHz as the baseline.   Large subcarrier spacing is configured for large system bandwidth to avoid fragmentation of radio resource and improve the trunking efficiency.  Large subcarrier spacing is configured for users in the high speed train to mitigate the high Doppler Effect.   
Alternative 1 is that the subcarrier spacing is predefined in the specification for a given frequency range (e.g., 15kHz for sub-6GHz, 60kHz for over-6GHz).  The frequency error caused by Doppler effect in the high speed train could not be mitigated when the NR system operates a low frequency band (sub-6 GHz).   The UE initial acquisition capability at high speed train or highway is compromised.   The flexibility of the NR system operation in different environment would be limited.   
The 2nd alternative is to have the numerology selected by the NR gNB.  A UE could the numerology of initial access signals, such as synchronization signals, broadcast signals, pre-configured or pre-installed.  However, the NR gNB might use different numerology due to different deployment scenarios, such as high speed train or high way.   UE might not be able to detect the synchronization signals different to the pre-configured numerology.    Thus, UE needs to perform hypothesis testing of all numerologies when the initial acquisition based on the pre-configured numerology fails.   The complexity of hypothesis testing of all numerologies in the initial access is extremely high.  The UE power consumption is also the other concern.  
Alternative 3 is default numerology, such as 15 kHz subcarrier spacing, used for the initial access signals of all system with any configured numerology.    The default numerology for the initial access would take away the benefit of different numerology for different NR system operating environments.   Thus, it would create discrepancy in the performance between the system initial access and generic network access.     

Another alternative discussed in RAN1#86 was the design of the numerology agnostic synchronization signals, which   UE has similar initial system acquisition performance as it assumes numerology for the detection of the synchronization signals transmitted from gNB with same or different numerology.   One example of numerology agnostic synchronization signal is shown in Figure 2-1.   In frequency domain, the synchronization sequence of 15 kHz subcarrier spacing is a one-time repetition of the synchronization sequence of 30 kHz.  UE would same detection performance of the synchronization sequence when the subcarrier spacing assumed at UE is the same or different to that transmitted from gNB.   The basic requirements for the numerology agnostic synchronization sequence are as follows,
· Good auto-correlation properties between sequences in different subcarrier spacing – good auto-correlation would provide large processing gain to lower the required SINR in the initial system acquisition.
· Low cross-correlation between sequences with same or different subcarrier spacing synchronously or asynchronously – low cross-correlation would have the effects of interference rejection when multiple synchronization signals are transmitted from all TRPs in the cluster.
· Large number of sequences – large number of sequences would avoid any collision in detection in dense deployment scenario.


Figure 2‑1: An illustration of numerology agnostic synchornization signals in frequency domain

Proposal 1:  Numerology agnostic synchronization signals should be considered for the NR initial access.  
Conclusion
This paper discusses the NR synchronization signals configuration in order to support NR system deployment with different numerology.  We propose the following,  
· Proposal 1: Numerology agnostic synchronization signals should be considered for the NR initial access.  
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