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Introduction
In RAN1#87 meeting [1], the following was agreed:
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
In last RAN1 NR Ad-Hoc meeting [2], the synchronization signals for NR initial access were discussed and the following agreed:.
Agreements:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
According to the agreement at RAN1#87, a gNB will transmit synchronization signals with a specific SCS for initial access. At RAN1 NR AH, it was further agreed that the specific SCS may be a default specified for the given range of operating frequencies. According to the agreement in RAN1#87, it is FFS whether for a given frequency range the same default SCS can be used for both the PSS and the SSS. Similarly, in the RAN1 NR AH agreement above, it is FFS whether the PBCH may use the same default SCS as the SS. It therefore follows that it is FFS whether the PBCH may use the same SCS as the SS. In this contribution, we provide our views on PBCH numerology and design.
Discussion
2.1 Drivers for choice of SCS for PSS, SSS and PBCH
The PSS is detected via correlation means either in the time or the frequency domain. The design of the PSS should therefore target non-coherent detection. For time-domain detection, a longer time duration of the PSS improves its detection accuracy. A longer time duration militates for a narrower rather than a wider SCS. Following its detection, the PSS can be processed to derive and then correct the frequency offset. If the PSS and SSS are multiplexed by TDM, then by the time of detection of the SSS, most of the frequency offset is already corrected. This means that the SSS is detected coherently and so the requirement for a long duration of the SSS is not as onerous as in the case of the PSS. This means that the SCS of the SSS could be larger than that of the PSS. 
The PBCH carries modulated data. This means that it must be equalized and each RE demodulated. Equalization requires coherent channel estimation. Further, as channel estimation is highly sensitive to Doppler, it would be best if the SCS of PBCH REs is wider rather than narrower. This is why the use of the same SCS between the SS and the PBCH is FFS. For this study, we need to consider whether there are use cases in which the Doppler shift could be so high as to significantly degrade PBCH decoding even when synchronization is achieved robustly.
2.2 Sample supporting use case
[bookmark: _GoBack]In [3], one of the use cases for NR is high speed trains travelling at up to 500km/h. For a gNB operating at 6GHz (upper limit of category #1 frequency range in the RAN1-NR AH agreement), a UE onboard the HST will see a Doppler shift of about 2728Hz. Analysis in [4] suggest that the Doppler shift tolerable for a maximum SNR loss of about 1dB for a system operating with SNR = 10dB is about 10% of the SCS. Using this as a benchmark, a Doppler shift of 2728Hz represents more than 18% of a 15kHz SCS and so exceeds the 10% benchmark for PBCH. Significant degradation can therefore be expected at such speeds in the demodulation and decoding of the contents of a PBCH with SCS = 15kHz and indeed SCS = 30kHz (approximately 9% of SCS). In this scenario, it is probably more suitable for the PBCH to have a SCS of 60kHz. Even at 3GHz operating frequency, the Doppler shift due to 500km/h represents more than 9% of the 15kHz SCS. As this is close to 10% it is likely that a PBCH with 30kHz SCS is more suitable.
Robust Design of PBCH
With the analysis in section 2, it is desirable to adopt a PBCH design that is robust to coherent reception even at high speeds. 
Proposal 1: Adopt a PBCH design that is robust to decoding in the presence of Doppler shifts arising from high-speed reception.
One means of achieving this is to allow the PBCH, when necessary, to use a SCS that is wider than that of the SS. This means adopting a configurable SCS for the PBCH and a means to signal the configured SCS.
Proposal 2: Allow the PBCH to use a configurable SCS suitable for reception at the speed of travel of the UE. 
Proposal 3: Use either the PSS or SSS to signal the SCS used by the PBCH. 

Conclusions
In this contribution, we contrasted the design drivers of the SS that support its non-coherent detection to those of the PBCH that support its coherent demodulation under conditions of high Doppler shift. This led to the following proposals: 
Proposal 1: Adopt a PBCH design that is robust to decoding in the presence of Doppler shift arising from high-speed reception. 
Proposal 2: The PBCH uses a configurable SCS suitable for reception at the expected speed of travel of the UE. 
Proposal 3: Use either the PSS or SSS to signal the SCS used by the PBCH. 
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