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0
Summary

This contribution discusses NR synchronization raster for FR1 re-farming bands.

1
Introduction

An issue in the synchronization raster for FR1 re-farming bands was identified in the January RAN4 ad-hoc meeting. The shift value of [5 kHz] in the synchronization raster entries equation is too small. In the last RAN4 meeting, this issue was discussed and a working assumption was declared. This contribution provides our views on the issue.
2
Discussion
In the current specification [1], the synchronization signal block frequency positions for FR1 re-farming bands (100 kHz channel raster) is given by the following equation.
SSREF = N * 900 kHz + M * [5kHz]


where,
N = 1:3000



M = -1:1
At each multiple of 900 kHz area, there are three possible locations for sync signal, with shift of 5 kHz (for SCS of 15 kHz case). The shift would be 10 kHz for SCS of 30 kHz case. The shift is to ensure the synchronization raster and channel raster frequency difference is a multiple of 15 kHz.

It was identified in the January RAN4 ad-hoc meeting that the shift was too small [2,3]. In UE receiver, there is reference clock inaccuracy and/or Doppler shift, which is larger than 10 kHz. During UE initial cell searching, the shift of 5 kHz or 10 kHz cannot be differentiated. Two potential solution were proposed, introducing signal or increasing the shift value. A WF was agreed in the January RAN4 ad-hoc meeting to further study this issue [4]. The WF is reproduced below.

· Companies are encouraged to study and compare the “pros” and “cons” of the following solutions:
· +/- 5kHz or +/- 10kHz shift with RMSI signaling [2]
· Wider frequency shift with 3 sequential raster scans at each 900kHz step and no RMSI signaling [2]
· Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling [3]
· Based on the above analysis, RAN4 to conclude the SS raster offset value in RAN4 #86 meeting.     
Introducing signaling for synchronization raster will add more overhead to the system and increase the decoding complexity. Successfully decoding the RMSI is a must in order to decode the synchronization signal block.
The small shift (5 kHz or 10 kHz) is problematic, since the sampling frequency error could prevent the UE from detecting the PSS/SSS. If the UE does not know there is frequency error in the Rx carrier frequency synthesis (e.g. UE is actually generating 895 kHz but thinks it is generating 900 kHz), the error source can propagate to the sampling frequency error in the ADC. This will cause the sampling to drift slightly and over time can result in wrong sampling instances. This Rx carrier frequency synthesis error would be completely unknown to the UE until it has received the RMSI from the cell, which can be quite some time between detection of PSS/SSS and complete reception of RMSI.
A simply and viable solution is to increase the shift to a large value, such as 70 kHz or 100 kHz. This solution does not introduce any overhead and there will be no additional delay in the detection.
In the last RAN4 meeting, discussions were conducted [5-12] and a working assumption was declared [4]. Large shift is used for the SS raster in re-farming bands in the range of 70 - 100 kHz. No RMSI signaling is defined for the shift.
From the perspective of search time and hardware complexity, there is not much difference between the shift of 70 kHz and the shift of 100 kHz. In RF the search range is 193.8 kHz for the shift of 70 kHz and it is 253.8 kHz for the shift of 100 kHz.

From the perspective of overall search time, the small shift (5 kHz or 10 kHz) is shorter than the large shift (70 kHz or 100 kHz) if the later ones do not use parallel processing. However if we consider the overall search process including power scan, the search time increase is only about 10%.

Based on the above analysis, we would propose to select a large shift value of 70 kHz. 

Proposal: Change the equation to SSREF = N * 900 kHz + M * 70kHz.

3
Conclusion

Based on the above analysis, we propose to change 5kHz to 70kHz.
Proposal: Change the equation to SSREF = N * 900 kHz + M * 70kHz.
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