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Introduction
In RAN1#87 meeting [1], the synchronization signal for NR initial access was discussed. Among others, the following agreements were made.
Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band
· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not
· FFS: CP length
Also, in RAN1#86b meeting [2], timing structure of SS signals was discussed. Among others, the following agreements were made.
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.
In this contribution, we provide our view on the sub-carrier spacing and SS block structure of the synchronization signal where multiple numerologies are deployed in the NR system.
Discussion
2.1 Sub-carrier spacing and frequency band
According to one of the agreements in RAN1#87 [1] also cited above, a UE can assume for NR-PSS/SSS there will be a given subcarrier spacing by specification for a given frequency band. We further assume PSS and SSS use the same subcarrier spacing. One option for NR design could be to select one single subcarrier spacing for PSS/SSS, similar to LTE. 
However, since a NR carrier shall be able to be deployed within a wide range of frequencies from sub 1GHz to possibly in the order of 60GHz and support multiple numerologies to cope with various use cases (e.g. eMBB, URLLC, and mMTC) and mobility scenario, it would be reasonable to assume a variation of the subcarrier spacing for the different bands. In higher carrier frequency (mmWave) cases, the usage of small sub-carrier spacing (e.g. 15 kHz) may not be a good choice as the system is quite sensitive to the phase noise. Also, some mobility scenario that operates in high-speed may need larger sub-carrier spacing, even though the system may operate in a lower frequency band.
Observation 1: A study is needed to investigate the optimum sub-carrier spacing for a given frequency band and some specific mobility scenarios, particularly operation in high speed (e.g. high speed train).
In addition, the number of LTE frequency bands as defined in [3] is nearly 70 bands. The number of frequency bands will become even more if we consider the NR carrier above 6 GHz. It can be tedious work to identify the optimum PSS/SSS sub-carrier spacing for a given frequency band.  
Observation 2: The definition of frequency band to determine the sub-carrier spacing can be the same as for example the frequency band in LTE. Considering the number of frequency bands is tremendously high and is expected to be even higher for NR, it can be tedious work to individually identify the optimum sub-carrier spacing for a given frequency band.
Some frequency bands can be overlapped or relatively close [3]. For example LTE band 13 and 14 are separated by 1-2 MHz only. Here, we can consider those bands to use the same sub-carrier spacing for PSS/SSS. We therefore propose a relation between the carrier frequency and the subcarrier spacing for PSS/SSS by introducing a frequency range. A frequency range can consist of multiple frequency bands. For example, for the frequency range below 6 GHz, the subcarrier spacing of synchronization channels would be e.g. 15 kHz. In the range between 6GHz and 30GHz the subcarrier spacing could be larger, e.g. 60kHz and for above 30 GHz, subcarrier spacing of synchronization channels would be limited to e.g. 120 kHz. 
Proposal 1: As the baseline, the subcarrier spacing for the PSS/SSS is given as a mapping function based on different frequency ranges for NR deployment.
Proposal 2: Due to the need to support high mobility (e.g. high speed train), the subcarrier spacing for the PSS/SSS can also be a function of the UE mobility. RAN1 needs to study the performance of NR PSS/SSS in high speed scenario. 

2.2 Relation between synchronization channels and broadcast channel
As also agreed in RAN1#87 the –	NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range. 
According to proposal 1 above we consider the SS numerology design to be defined according to mapping to the NR carrier frequency. Further we assume same numerology is used for both PSS and SSS. For UE procedure in acquiring required information to find synchronization and receive the minimum system information it would be reasonable to reuse the same numerology for the NR-PBCH as for the PSS/SSS in a given frequency band. 
Proposal 3: The numerology defined for the PSS/SSS in a given frequency band is reused also for the NR-PBCH.
Alternatively, in more challenging environments, when synchronisation can be achieved using PSS/SSS, but it would be difficult to decode NR-PBCH at the same subcarrier spacing, RAN1 can consider either design of a robust NR-PBCH format, or operating NR-PBCH at a higher subcarrier spacing and signalling the NR-PBCH SCS using either PSS or SSS.
[bookmark: _GoBack]According to one of the agreements in RAN1#86b [2] also cited above in section 1, an “SS block” could include SSS, PSS and/or PBCH. For UE to quickly achieve both synchronization with the NR carrier and decode the minimum system information as contained in the NR-PBCH we suggest timing alignment between SS transmissions and NR-PBCH, preferably by transmitting SS and NR-PBCH directly after each other. This could allow the UE to reuse e.g. frequency offset estimations (derived from the SS) for the NR-PBCH decoding, and thereby simplify the process of acquiring minimum system information. Therefore we suggest the PBCH to be a part of the SS block, i.e. concatenated in time with the PSS/SSS.
Proposal 4: The PSS/SSS/PBCH transmission is sent in one block, i.e. PSS/SSS is concatenated in time with NR-PBCH.
Conclusions
In this contribution, we discussed the sub-carrier spacing aspect on synchronization signal design for NR and conclude on the following observations and proposals:
Observation 1: A study is needed to investigate the optimum sub-carrier spacing for a given frequency band and some specific mobility scenarios, particularly operation in high speed (e.g. high speed train).
Observation 2: The definition of frequency band to determine the sub-carrier spacing can be the same as for example the frequency band in LTE. Considering the number of frequency bands is tremendously high and is expected to be even higher for NR, it can be a tedious work to individually identify the optimum sub-carrier spacing for a given frequency band.
Proposal 1: The subcarrier spacing for the PSS/SSS is given as a mapping function based on different frequency ranges for NR deployment.
Proposal 2: Due to the need to support high mobility (e.g. high speed train), the subcarrier spacing for the PSS/SSS can also be a function of the UE mobility. RAN1 needs to study the performance of NR PSS/SSS in high speed scenario. 

Proposal 3: The numerology defined for the PSS/SSS in a given frequency band is reused also for the NR-PBCH.
Proposal 4: The PSS/SSS transmission is sent in one block, i.e. concatenated in time, with NR-PBCH.
References
[1] Chairman’s Notes, RAN WG1 #87, November 2016.
[2] Chairman’s Notes, RAN WG1 #86b, October 2016.
[3] TS 36.101, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception



