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1	Introduction
In RAN4 adhoc meeting in San Diego, remaining issues have been discussed on synchronization raster. Some corrections have been already implemented in the draft specification [1-2]. However, one major issue about the sync raster offset remains to be agreed [3] in the following. 
· Companies are encouraged to study and compare the “pros” and “cons” of the following solutions:
· +/- 5kHz or +/- 10kHz shift with RMSI signaling
· Wider frequency shift with 3 sequential raster scans at each 900kHz step and no RMSI signaling
· Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling
· Based on the above analysis, RAN4 to conclude the SS raster offset value in RAN4 #86 meeting.

2	Discussion
For the bands supporting 100kHz channel raster, RAN4 made agreement in Reno meeting [4-5] to use the sync raster entries of N*900kHz+ M*5kHz, where N is an integer value and M={-1,0,1} to form a cluster of three synchronization signal candidate frequencies. The clustering provides an opportunity of simultaneous detection of multiple sync frequencies; thus, the initial cell search can be performed with 3X speed.
In San Diego meeting, some issues have been brought up with this approach. One is the alignment of synchronization raster with 30kHz SCS. To resolve the issue, 10kHz offset is proposed instead of 5kHz [6,7].
Also, another concern on the ambiguity of small frequency offset to UE (due to larger initial frequency error) is raised; UE cannot identify the absolute frequency in an accuracy of +/-5kHz, thus, the UE could misunderstand the frequency. There were two proposals to solve this issue:
- the indication of the offset in the RMSI [8] and
- a larger frequency offset around multiples of 900 kHz than the UE's initial frequency error [9].
RAN1 has also discussed the issues on the synchronization signal block and agreed to include RMSI signaling as a pending decision about small frequency offset [10].
In the meantime, RAN1 also provided a LS on OFDM symbol generation [11]. The issue is related to the carrier frequency ambiguity when UE is trying to detect SSB because SSB is not placed at the center of the channel. The solution is agreed to use the common absolute reference frequency to compensate the carrier phase in OFDM symbol generation such that UE does not need to know the DL carrier’s nominal center frequency. Thus, SSB detection can be agnostically performed without the information on the carrier frequency.




In the following, we summarize the pros and cons of the proposed solutions [3].
	Offset associated with M
	Pros
	Cons

	+/-5kHz
	· Faster initial acquisition (3X)
	· Overhead in RMSI (2 bits)
· Misalignment in 30kHz SCS

	+/-10kHz
	· Faster initial acquisition (3X)
	· Overhead in RMSI (2 bits)
· Detection performance could get worse than +/-5kHz

	Larger offset (e.g. +/-50kHz and +/-100kHz)
	· No overhead in RMSI (0 bit)
	· Slower initial acquisition (1X)



The small frequency offset +/-5kHz is introduced to support the simultaneous sync detection of three candidates in one go without RF retuning. The initial cell search time can be optimized by a factor 3.
Another option proposed [6,7] is to use +/-10kHz to better align with 30kHz SCS. 10kHz is still small enough so that the simultaneous search of three sync raster points is possible.
The issue on the small offsets of +/-5kHz and +/-10kHz is that the offset is so small that UE cannot distinguish these frequencies. RMSI signaling is proposed so that UE can resolve the offset, however, the error could remain until RMSI is decoded. In our companion paper [12], we have discussed the effects of this error which can have negative performance impact in receiving data (i.e.,PBCH and RMSI) due to erroneous timing drift and frequency ramp. Thus, we should consider the adoption of 10kHz only for the required bands and 5kHz should be selected as a baseline for all other bands.
For +/-50kHz and +/-100kHz offset, the frequency offset range in which a PSS is detected must be very much widened compared with the small widening needed to accommodate the +/-5kHz or +/-10kHz offsets on top of the crystal oscillator's initial inaccuracy. This is expected to result in a much larger computational effort compared with the small frequency offsets and to correspond more or less to 3 separate searches in parallel. However, such a mechanism could be also introduced to any other cases of small offset, i.e., we could even search 9 points simultaneously if the receiver bandwidth was enlarged to 5.4 MHz and 3 clusters with 3 possible synchronization frequencies each were checked in parallel. Thus, for a baseline performance comparison, we assume that the small offset such as +/-5kHz and +/-10kHz is 3X faster than the larger offset such as +/-50kHz and +/-100kHz with the same complexity in the detection algorithm.
[bookmark: _GoBack]The small offset is essential to optimize the initial cell search performance for faster system acquisition and therefore the power consumption in out of coverage UE, because UE is constantly searching the cell to camp on is such case.

3	Conclusion
In this contribution, we have compared possible frequency offsets associated with the value M for the frequency bands with the 100kHz channel raster. We propose to adopt the small frequency offsets in the following.
Proposal 1: Adopt the frequency offset +/-5kHz as a baseline.
Proposal 2: Adopt the frequency offset +/-10kHz for the frequency range supporting 30kHz SCS, i.e., 824-849 MHz and 1710-1850 MHz.
It is noted that Proposal 2 is corresponds the downlink frequency range of band n5 and n66. 
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