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Introduction
During RAN1 #86 meeting, the following was proposed in [1] with the purpose of reducing the time and complexity of cell searching especially when longer synchronization signal period is applied.
· The frequency raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster
· The frequency raster (used for synchronization and NR cell search) may depend on the frequency bands
· A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier
In this contribution, we discuss issues related to these proposals. 
[bookmark: _Ref462837991]Central Subcarrier Selection of Synchronization Signal 
Sparser frequency raster (than channel raster) means that the center frequency locations of the synchronization signal (SS) and the physical carrier (PC) are different, which results in larger minimum PC bandwidth used in standalone mode. This is because the number of available subcarriers in PC BW should be larger than or equal to (Ind_SS+N_SS/2)*2, where Ind_SS is the index of SS central subcarrier and N_SS is the bandwidth of SS (in subcarriers) as shown in Fig 1. It is noted that a larger minimum PC BW will impact re-farming of LTE spectrum, i.e. LTE spectrum with lower bandwidth than minimal PC bandwidth can only be re-used by NR in non-standalone mode.
Observation 1: Larger minimum physical carrier (PC) bandwidth will negatively impact re-farming of LTE spectrum.
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[bookmark: _Ref462834333]Fig 1 Illustration of the Impact on Minimal PC BW
Intuitively, the SS center should coincide with one of frequency raster locations. This strict confinement may result in lower flexibility for SS central subcarrier selection and as a consequence larger minimum physical carrier bandwidth. Therefore, it is suggested to relax the confinement and allow a frequency offset between SS center and the closest frequency raster location. The frequency offset can be less than half of subcarrier spacing (SCS) just like NB-IoT and handled during the process of frequency offset correction of DL synchronization.
An example is shown in Fig 2, where the vertical axis represents the index of the SS central subcarrier closest to PC central subcarrier in PC RB grid (‘0’ is the index of PC central subcarrier) and abscissa axis is the channel number. Channel raster and frequency raster are assumed to be 100 kHz and 2000 kHz respectively. LTE’s SS bandwidth is used in this example. It can be seen that the index of the SS central subcarrier closest to PC central subcarrier is 67 for some channel number when SS center is not required to coincide with frequency raster location. This means there should be at least 196 (= (67+62/2)*2) available subcarriers and the minimum PC BW can be 5 MHz (300 available subcarriers). On the other hand, the index of the SS central subcarrier closest to PC central subcarrier is 200 for some channel number if SS center is confined to be exactly at one of frequency raster locations. Consequently, there should be at least 462 (= (200+62/2)*2) available subcarriers, which implies a minimum PC BW of 10 MHz (600 available subcarriers).
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[bookmark: _Ref458178238]Fig 2 Comparison of w/ (Left) and w/o (Right) Confinement Relaxation
Proposal 1: A subcarrier in PC RB grid can be the candidate of SS central subcarrier if the frequency offset between its center and the closet frequency raster location is less than half a SCS.
Frequency and Channel Raster
In LTE, the channel raster is 100 kHz which enables good flexibility for fine tuning of the ACLR (Adjacent Channel Leakage power Ratio) between adjacent carriers. This kind of granularity will also benefit NR and avoid additional spectrum planning work when re-farming LTE’s spectrum for NR. Therefore, it is suggested that in low frequency, NR shares the same channel raster as LTE. Channel raster of higher frequency can be larger than that of low frequency e.g. N*100 kHz, which may facilitate phase noise reduction due to the higher reference frequency used by synthesizer [2].
Proposal 2: The 100 kHz channel raster is reused in NR low frequency. On higher NR frequencies, the channel raster N*100 kHz is used.
A more sparse frequency raster means faster cell searching but higher minimum system BW requirement. Numerical results are shown in Fig 3. It can be seen that with a 200 kHz frequency raster, the index of the SS central subcarrier closest to PC central subcarrier is 7, which means that there should be at least 76 (=(7+62/2)*2) available subcarriers when LTE’s SS bandwidth is assumed. Therefore, 1.4 MHz PC BW can still be used by NR in standalone mode if 4 more subcarriers are allowed. On the other hand, if the frequency raster is 2000 kHz, then NR’s minimum PC BW used in standalone mode should be 5 MHz as analyzed in section 2.
Observation 2: Sparser frequency raster means faster cell searching but higher minimum system BW requirement.
Moreover, the frequency raster should be integer multiples of 100 kHz in order to facilitate integration of NR and LTE dual mode UE sharing the same frequency synthesizer.
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[bookmark: _Ref461878712]Fig 3 Comparison of different Frequency Rasters (200 kHz vs 2000 kHz)
Proposal 3: Frequency raster should be integer multiples of 100 kHz. 
Proposal 4: Decision on frequency raster should consider tradeoff between complexity reduction of cell search and the increase of minimum physical carrier bandwidth
Frequency Resource for Initial Access
 Frequency resource for SS/PBCH
For small PC BW, a single SS in frequency is enough. For large PC BW, multiple SSs in frequency can be considered, which benefits further reduction of cell searching complexity. The candidate central subcarrier(s) of one or multiple SS(s) should be predefined for each channel number if common SS central subcarrier index for all of channel numbers is not available. Furthermore, in order to reduce the impact on minimum PC BW, it is suggested that for each channel number, at least the subcarrier closest to PC center is included in predefined SS central subcarrier candidate set. With the predefined SS candidate central subcarrier(s), the frequency offset between SS(s) and PC center is implied by SS central subcarrier(s) identity which can be indicated by e.g. different SS sequence or PBCH.
Proposal 5: predefine a set of SS candidate central subcarrier for each channel number if common SS central subcarrier index for all of channel numbers is not available.
Proposal 6: for each channel number, at least the subcarrier closest to PC center is included in the predefined set of SS candidate central subcarriers
There should be a BCH accompanying with each SS. The relative location between SS and corresponding BCH should be fixed in order to avoid the indication of BCH location. The detailed discussion on multiplexing of BCH and SS can be found in our companion contribution [3]. 
 Frequency resource for other signals/channels
During initial access, the resource allocation for signals/channels other than SS/PBCH (e.g. PRACH) should be done within a virtual carrier. This is because only part of PC BW can be used for initial access in some situations. For example, when reference subcarrier spacing during initial access is 15 kHz and FFT size is confined to be less than or equal to 2048 (to avoid additional hardware complexity), the BW for initial access will be less than 20 MHz even though larger PC BW (e.g. 80 MHz) is applied.
When we need to allocate more frequency resources for initial access, it is more suitable for VC and PC to share the same central subcarrier location (maybe different from SS central subcarrier) especially in the case of small PC BW as shown in Fig 4, which is also helpful to avoid additional signaling overhead for the indication of VC central subcarrier.
Proposal 7: VC should share the same central subcarrier location as PC
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[bookmark: _Ref462842320]Fig 4 Illustration of Frequency Location of SS/PBCH and VC
Finally it should be noted that although applying multiple SSs is beneficial in the case of large PC BW, it is obvious that defining VC for each SS is not necessary. So, it is suggested that one VC is defined no matter how many SSs are sent.
Proposal 8: If multiple SS in frequency are used in one PC, only one VC is defined for resource allocation of the signals/channels other than SS/PBCH.
Conclusions
According to the discussion in this contribution, we have the following proposals:
Proposal 1: A subcarrier in PC RB grid can be the candidate of SS central subcarrier if the frequency offset between its center and the closet frequency raster location is less than half SCS.
Proposal 2: reusing 100 kHz channel raster in NR low frequency and using N*100 kHz channel raster in NR high frequency
Proposal 3: Frequency raster should be integer multiples of 100 kHz. 
Proposal 4: Decision on frequency raster should consider tradeoff between complexity reduction of cell search and the increase of minimal PC BW
Proposal 5: predefine SS central subcarrier for each channel number if common SS central subcarrier index for all of channel numbers is not available.
Proposal 6: for each channel number, at least the subcarrier closest to PC center is included in predefined SS central subcarrier set
Proposal 7: no matter how many SS is sent in one PC, only one VC is needed for resource allocation of the signals/channels other than SS/PBCH and used during initial access.
Proposal 8: VC should share the same central subcarrier as PC
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