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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 transmission bandwidth agnostic synchronization signals design.

Transmission Bandwidth Agnostic Synchronization Signals Design 

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].  

The synchronization signals and associated system 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

In RAN1#86, the agreements on the transmission bandwidth of synchronization channel over the system bandwidth are as follows,  
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of each synchronization signal and at least some essential system information.
· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges
· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not
· FFS: the transmission bandwidth and the corresponding numerology
· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands

In RAN1#86bis, the working assumption was made on the wider bandwidth of synchronization signals as follows,

· 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

In order to support diverse system bandwidth, the synchronization signals could be designed based on smallest system bandwidth.  UE could detect the synchronization signals and retrieve the system bandwidth from the system information.   LTE starts with 1.4 MHz as smallest system bandwidth.  The synchronization signals are design based on 6 PRBs of 1.4 MHz bandwidth.   When NB IoT was introduced in LTE Rel-13, additional narrowband synchronization signals of 1 PRB were introduced.    Only NB IoT UEs would be able to detect the narrowband synchronization signals.  

The NR system would support even large bandwidth span from 180 kHz to more than 80 MHz.   If the synchronization signals are based on smallest system bandwidth, the detection performance of initial acquisition of synchronization signals might be compromised due to smallest processing gain of synchronization signals.   If the synchronization signals are designed for larger system bandwidth with longer sequence for better detection performance, the narrowband system with smaller system bandwidth would not be able to use it.  

The NR system also supports different subcarrier spacing.   When the subcarrier spacing increases, the bandwidth carries the synchronization signals needs to increase proportionally in order to retain the processing gain of NR-PSS/NR-SSS peak detection.  In order to maintain the same detection performance of different subcarrier spacing, the length of the synchronization signals should remain the same for all different subcarrier spacing.  

Proposal 1: In order to maintain the same detection performance of different subcarrier spacing, the length of the synchronization signals should remain the same for all different subcarrier spacing.  


One potential solution is to have system bandwidth agnostic synchronization signal design.  The sequences selected for synchronization signals, such as Zadoff-Chu sequences for PSS and ML sequence for SSS in LTE, would have optimal auto-correlation and cross-correlation properties with specific lengths.   However, the length of the sequence might not fit perfectly to the radio resource for the synchronization channel.   In LTE, only 62 out of 72 subcarriers are used for synchronization signals due to the property of Zadoff-Chu and ML sequences.    However, some sub-optimal sequences could be constructed to have the sequence length fit into the available radio resource through truncation or extension of optimal sequence.  For example, the Zadoff-Chu sequences used for UL DM RS for different PRB size are the sub-optimal sequence with either truncation or extension from the optimal length Zadoff-Chu sequence.    Thus, it is possible to have the synchronization signals based on sub-optimal sequence generated from optimal sequence through truncation or extension as shown in Figure 1.   
If multiple suboptimal sequences could be generated for different system bandwidth based on one optimal sequence, one set of sequences family could be used for system bandwidth as shown in Figure 1.   For example, Zadoff-Chu sequence of length 72 for 1.4 MHz system bandwidth could be generated through extension of length 63 Zadoff-Chu sequences.   Length 12 Zadoff-Chu sequence for 180 kHz system could be generated by truncated length 63 Zadoff-Chu sequence.   If the sub-optimal sequences through extension or truncation from the optimal sequence have similar performance, the NR system could use one base sequence to generate different length of sequence for narrowband and wide band system.   Narrowband UE could detect the synchronization signals configured for wideband system.    The basic requirements for the system bandwidth 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.

Proposal 2:  NR should support more than one length of synchronization signals for different system bandwidth.   System bandwidth agnostic synchronization signals should be considered for the NR initial access.  



Figure 1: An illustration of system bandwidth agnostic synchornization signals in frequency domain
Conclusion
This paper discusses the transmission bandwidth and synchronization signals design for diverse range of bandwidth supported by the NR system for the initial access and mobility management.  We propose the following,  
· Proposal 1: In order to maintain the same detection performance of different subcarrier spacing, the length of the synchronization signals should remain the same for all different subcarrier spacing.  
· Proposal 2: NR should support more than one length of synchronization signals for different system bandwidth.   System bandwidth agnostic synchronization signals should be considered for the NR initial access.  
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