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Introduction
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

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) [1].  

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. 

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 assume a pre-configured 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 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 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: An illustration of numerology agnostic synchornization signals in frequency domain

Proposal 1:  Numerology agnostic synchronization signals should be considered for the NR initial access.  
Numerology agnostic PSS design and performance evaluation
The numerology agnostic PSS design is based on the following assumptions：
1. The subcarrier spacings (SCS) of the system analysis are 15kHz and 60kHz respectively.
2. The gNB transmits PSS with the subcarrier spacings (SCS) of the 15kHz.  Some UEs assume the PSS with SCS of 15kHz and other UEs assume the PSS with SCS of 60kHz.  Same bandwidth are assumed for the detection of  SCS of 15kHz and 60kHz.  
3. PSS peak detection is performed in time domain.  

 The analytical model of the numerology agnostic PSS sequence is analyzed  first to show its feasibility.
3.1 Modeling the numerology agnostic PSS sequence
· The bandwidth of the transmitted PSS sequence from the gNB would be the same to both UE groups with assumptions of 15 kHz and 60 kHz subcarrier spacing.   

· Zadoff-Chu sequence is assumed as the numerology agnostic PSS sequence.  The Zadoff-Chu sequence is generated in the frequency domain and transmitted in the time domain.   

· The sequence length of 60 kHz subcarrier spacing is 1/4 of that of 15kHz subcarrier spacing. 

· The FFT size used for the transformation of frequency domain Zadoff-Chu sequence to time domain of 60kHz subcarrier spacing (NFFT,60k) at the receiver is 1/4 of that  of 15kHz subcarrier spacing (NFFT,15k).  The sampling time intervals of time-domain correlators at the receivers  are the same for both subcarrier spacing of 15 kHz and 60 kHz.  


The Zadoff-Chu sequence used for 60 kHz subcarrier spacing at the UE receiver is considered as the truncated Zadoff-Chu sequence with ¼ of the length of Zadoff-Chu sequence with 15 kHz subcarrier spacing.  The FFT size is proportionally shortened to adjust the sampling duration to match the received signals for hypothesis testing of peak detection.   The auto-correlation and cross-correlation of the truncated Zadoff-Chu sequence would be tested to verify the feasibility.  


3.2 Numerolgy agnostic PSS design with Zadoff-Chu sequence

An even-length Zadoff-Chu sequence with the length as integral multiples of 8 has the property that the sub-sequence with length ¼ by sampling the even points of an even-length Zadoff-Chu sequence is also a Zadoff-Chu sequence.  The sub-sequence with length ¼ by sampling the odd points of even-length Zadoff-Chu sequence with the length as integral multiples of 8 is an asymptotic Zadoff-Chu sequence with auto-correlation property similar to that of Zadoff-Chu sequence.  The proof is shown in Appendix.  
We take the following even-length Zadoff-Chu sequence with 256 points as an example.

                                                                             (1)


Based on the characteristics of even-length Zadoff-Chu sequences, we can select the even points of the Zadoff-Chu sequences  m=0,1,…,127 for the construction of the first half of numerology agnostic PSS sequence, and select the odd points of the Zadoff-Chu sequence  m=0,1,…,127 for the construction of the second half numerology agnostic sequence as shown in Figure 1.


[bookmark: _Ref471661833]Figure 1: Construction of numeroloty agnositc PSS sequence

The transmitter will transmit numerology agnostic PSS sequence with 15 kHz subcarrier spacing.  Some UEs will generate numerology agnostic PSS sequence with 60 kHz subcarrier spacing in frequency domain.  The frequency domain signals will be transformed to time domain by FFT with size 64.  The time domain numerology agnostic PSS sequence would be used as the input of the correlator at the receiver for peak detection.   Other UEs will generate numerology agnostic PSS sequence with 15 kHz subcarrier spacing in frequency domain.  The frequency domain signals will be transformed to time domain by FFT with size 256.  The time domain numerology agnostic PSS sequence would be used as the input of the correlator at the receiver for peak detection.   
The correlator at the receiver uses the sliding window for the peak detection of the received numerology agnostic PSS signals as shown in Figure 2.  


[bookmark: _Ref471662590]Figure 2:  Sliding window peak detection
3.3 Simulation results
Simulation results of auto-correlation and cross-correlation are shown in Figure 3 and Figure 4.  

[image: ] [image: ][image: ]
[bookmark: _Ref471662916]Figure 3: Auto-correlation of Zadoff-Chu sequence (left) , numerology agnostic PSS seqeuence with length 256 after permutation from Zadoff-Chu sequence (middle), and numerology agnostic PSS seqeuence with length 64(right)

The auto-correlation of the Zadoff-Chu sequence of length 256 is shown in the left one of Figure 3. The numerology agnostic PSS sequence with length 256 shown in the middle figure of Figure 3 has the same time resolution and better slidelobe performance as that of the even-length Zadoff-Chu sequence on the left. The right figure is the auto-correlation by UEs with the assumption of subcarrier spacing of 60 kHz.

[image: ] [image: ][image: ]
[bookmark: _Ref471662926]Figure 4: Cross-correlation of Zadoff-Chu sequence (left),  numerology agnostic PSS sequence with length 256 after permutation from Zadoff-Chu seqeunce (middle), and and Numerology agnostic PSS seqeuence with length 64(right)

The cross-correlation of the Zadoff-Chu sequence of length 256 is shown in the left figure of Figure 4.  The result of numerology agnostic PSS sequence  with length 256 is shown in the middle one, which is a little worse than the even-length Zadoff-Chu sequence on the left. The right figure is the cross-correlation by UEs with the assumption of subcarrier spacing of 60 kHz. 

Conclusion
This paper discusses the NR synchronization signals configuration in order to support NR system deployment with different numerology.  One numerology agnostic synchronization signals are proposed.  Numerology agnostic synchronization signals should be considered for the NR initial access.  
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Appendix  

Zadoff-Chu sequence has the following characters.
· The first 64 even points in z(n) construct a Zadoff-Chu sequence. 
Proof: Let n=2m, m=0,1,…,63, then 



 is a Zadoff-Chu sequence
· The last 64 even points in z(n) construct a Zadoff-Chu sequence. 
Proof:  Let n=2(m+64), m=0,1,…,63, then 



 is also a Zadoff-Chu sequence
· The first 64 odd points in z(n) construct an asymptotic even-length Zadoff-Chu sequence. Proof: Let n=2m+1, m=0,1,…,63, then 





where .  is not a Zadoff-Chu sequence but with auto-correlation property asymptotic to the closest odd-lengthZadoff-Chu sequence . . The asymptotic even-length Zadoff-Chu sequence  has the auto-correlation similar to that next odd-length Zadoff-Chu as in the following figures.
[image: ] [image: ]
· The last 64 odd points in z(n) construct an asymptotic even-length Zadoff-Chu sequence.
Proof:  Let n=2m+1+128, m=0,1,…,63, then 
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