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Introduction
At RAN1#88 meeting [1], there was a discussion on whether or not the sub-carrier spacing (SCS) used for the NR-PBCH should be the same as the SCS used for the NR-SS. Although companies were unable to agree on this point, companies agreed to the following working assumption:
Working assumption:
· UE assumes the same PBCH numerology as that of NR-SS
· If RAN1 will only have 30 kHz subcarrier spacing for PBCH below 6 GHz, RAN1 can discuss this WA again
In this contribution we show some link-layer simulation results that suggest that even at the highest speed of 500kmph matching the NR requirements [2], there is very little benefit to using a wider subcarrier spacing for the NR-PBCH than that used for the NR-SS. Accordingly, we conclude that the working assumption should be confirmed.
Discussion
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. 
The PBCH carries modulated data in its REs. 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 shifts, it was argued that it should be allowed to configure a wider SCS of PBCH. The considered use case from [2] is high speed reception possibly on a high speed train whence the Doppler shift could be so high as to significantly degrade PBCH decoding even when synchronization is achieved robustly.

High Speed Simulations of PBCH
Based on the discussion at RAN1#88, simulations of LTE PBCH reception at high speed were carried out. Table 1 summarizes the simulation conditions.
	Parameter
	Value

	Physical channel
	LTE PBCH (1.4MHz BW)

	PBCH SCS
	15kHz

	Channel
	ETU

	Channel speed
	ETU: 3, 30, 60, 125, 250, 500 km/h

	Channel estimation
	Realistic

	Antennas
	1TX, 1RX


[bookmark: _Ref478159538][bookmark: _Ref478159542]Table 1: Link-layer simulation conditions for PBCH
The results are plotted in Figure 1. As similar trend was observed for TDL_A.
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[bookmark: _Ref478047140]Figure 1 – Performance of PBCH in ETU

From these results, it can be observed that the results for 30, 60, 125, 250km/h are clustered together. This confirms that the channel estimation scheme is working well for time varying channels. The results for 500km/h are slightly worse by about 1dB. It can be expected that doubling the SCS to 30kHz would produce 250km/h results that exactly match the results at 125km/h with a SCS of 15kHz. Assuming enough cyclic prefix is inserted in each case to avoid inter-symbol interference from the ETU channel, we expect the reception speeds to be scaled according to the NR-PBCH SCS as in Table 2.
	km/h @ SCS= 15kHz
	km/h @ SCS= 30kHz
	km/h @ SCS= 60kHz

	30
	60
	120

	60
	120
	240

	125
	250
	500

	250
	500
	1000

	500
	1000
	2000


Table 2: Expected increases in reception speed with increasing PBCH SCS.
Therefore from Figure 1, it can be concluded as follows:
· Changing the NR-PBCH SCS from 15kHz to 30kHz brings no significant Doppler performance benefits in ETU channel reception until 500km/h whence a gain of 1dB is seen.
· Changing the LTE-PBCH SCS from 15kHz to 60kHz or from 30kHz to 60kHz brings no significant Doppler performance benefits in ETU channel reception until 500km/h whence a gain of 1dB is seen.
· Given the reception threshold of LTE-PBCH at -6dB SNR, a 1dB improvement in the reception threshold in our view is not enough to justify the adoption of a configurable SCS for the PBCH.
Given the above, we propose as follows:
Proposal: That the working assumption (of the same SCS between the NR-SS and NR-PBCH) should be confirmed.

Conclusions
[bookmark: _GoBack]In this contribution, we have presented simulation results that show that there is very little to be gained from having a configurable SCS for NR-PBCH that could allow NR-PBCH to use a different SCS than the NR-SS. Accordingly we propose that:
Proposal: That the working assumption (of the same SCS between the NR-SS and NR-PBCH) should be confirmed. 
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