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1 Introduction
In email discussion [1] after RAN1#86bis, synchronization and carrier raster were discussed.
· Email discussion on whether there is a need to support scenarios where synchronization signal(s) of neighbour cells may not be on the same center frequency
· For intra/inter frequency DL measurement, the two options below are discussed:
· The network can signal a reduced set of frequency locations of the sync signal(s)
· including the case where synchronizations signal(s) of neighbour cells are at the same frequency location as the synchronizations signal(s) of the UE’s serving cell
· The UE may always assume the same frequency location of the synchronization signal(s)  among neighbour cells
· Email discussion on the proposal, 
· The candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth.  
· The spacing (Hz) between the candidate frequency locations of synchronization signal(s) may depends on the frequency bands.
· This does not preclude that for certain bands, the candidate frequency locations of synchronization signals and the possible frequency locations of center of NR carrier bandwidth may be the same
· A UE should not assume a fixed frequency separation between the frequency location of synchronization signal(s) and the center of NR carrier bandwidth.
· Above email discussion deadline is until 7th November
· All proponents should focus on at least the above 3rd main bullet ant potential standard impact
This contribution discusses the proposals of sparser frequency raster (than LTE) and the consequent proposal to solve the problem resulting from the sparser frequency raster.

2 Discussions
In LTE, the center of transmission bandwidth configuration corresponds to DC carrier and the center of synchronization signal. During initial cell search, once UE finds the center of SS, it becomes the center of transmission bandwidth configuration – thus, there is no need of additional signaling to indicate the center of transmission bandwidth configuration after finding SS (i.e. the fixed relationship of frequency location between SS and transmission bandwidth configuration).
The first proposal discussed in [1] is that the candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the center of NR carrier bandwidth. The claimed reason is that it might help to reduce UE search efforts in frequency domain to find NR synchronization signal assuming UE searches NR SS at every channel raster in a brute force manner (e.g. 100kHz in LTE [2]). However, in real implementation, if UE searches the frequency in a brute force manner, the UE will consume all the power only for frequency search in initial access (e.g. for 1G-2GHz range with 100kHz granularity, UE performs 10000 hypothesis tests in frequency in a brute force manner). 
Therefore, in practical implementations, more efficient search algorithm are being utilized at the UE – e.g. lookup table based cell search for channel allocation, or performing spectrum analysis on the frequencies before engaging search operation, etc. Such kind of optimized frequency search only needs to occur for the very first time. Once the UE successfully acquires the synchronization signal, the later initial access procedure can be based on apriori information from the previous search cell results.
No clear analysis has been made in RAN1 based on practical cell search algorithm to show the benefit of sparser frequency raster for NR SS than that for NR carrier bandwidth. It seems to restrict network deployment options while creating a whole new set of problem to resolve for NR SS design without a motivating technical analysis. Due to non-fixed relationship in frequency domain between NR SS and NR carrier, additional signaling may be required after detecting NR SS at every NR SS frequency location to indicate the central frequency of NR carrier (which is similar to in-band operation of NB-IoT). In our opinion, it may result in more complex system operation with little or no benefits.
Observation 1: The benefits of sparse NR SS frequency raster than that of NR carrier is not clear. It may result in less flexibile network deployments, more complicated synchronization and cell search procedure, and additional system information signaling overhead. 

The sparser frequency raster of NR SS than that of NR carrier would potentially imply that the central frequency of NR SS may be different from that of NR carrier. Therefore, in neighbor cell search, UE needs to try to find NR SS of neighbor cell while UE camps on the central frequency of NR carrier. This implies band-pass filtering to detect NR PSS. If the center of NR PSS is aligned with that of NR carrier, UE can apply low-pass filtering (a bit less complex than band-pass filtering) to find the NR PSS of a neighboring cell. Also, when NR SS is not centrally located with respect to DC at the receiver, the band-pass operation will break the potential complex conjugate properties of the signal [3][4] and would result in an inefficient correlator design when multiple NR PSS sequences are to be supported. Therefore, it is preferable to have a single NR PSS code to reduce the overall cell search complexity if the sparser frequency raster of NR SS than that of NR carrier is considered
Observation 2: Sparse frequency raster of NR SS than that of NR carrier potentially implies the central frequency of NR SS is different from that of NR carrier. For such cases, it is preferable to have a single NR PSS code/sequence.

For intra-frequency measurement, if the frequency locations of NR SS are aligned from different cells, UE can try to find the different cells in the given frequency. However, if the frequency locations of NR SS are different from different cells, UE needs to perform multiple cell searches on the different frequencies, which can significantly increase UE complexity. Thus, it is preferable to align the frequency locations of NR SS for the same carrier frequency for intra-cell measurement.
Observation 3: If the frequency locations of NR SS are different from different cells, UE needs to perform multiple cell search on the different frequencies, which can significantly increase UE complexity. Therefore, it is preferable to align the frequency locations of NR SS for the same carrier frequency for intra-cell measurement.


3 [bookmark: _GoBack]Conclusions
In this contribution, we discussed aspects on sparse frequency raster for NR SS compared that with NR carrier and its implications. The following is a summary of our observations on the matter:
Observation 1: The benefits of sparse NR SS frequency raster than that of NR carrier is not clear. It may result in less flexibile network deployments, more complicated synchronization and cell search procedure, and additional system information signaling overhead.
Observation 2: Sparse frequency raster of NR SS than that of NR carrier potentially implies the central frequency of NR SS is different from that of NR carrier. For such cases, it is preferable to have a single NR PSS code/sequence.
Observation 3: If the frequency locations of NR SS are different from different cells, UE needs to perform multiple cell search on the different frequencies, which can significantly increase UE complexity. Therefore, it is preferable to align the frequency locations of NR SS for the same carrier frequency for intra-cell measurement.
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