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Introduction
During RAN1 #86bis meeting, the following was proposed with the purpose of reducing the time and complexity of cell searching especially when longer synchronization signal period is applied.
· 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.
In 3GPP RAN1#87 meeting, the following agreements were made on synchronization and carrier rasters for NR:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 
· A joint decision should be made on:
· the supported minimum carrier bandwidth for a NR carrier
· the supported bandwidths of synchronization signals for NR
· the frequency raster for synchronization signals for NR
· the frequency raster for the center of NR carrier (if applicable) 
During the RAN1 AH_NR meeting in Spokane, some agreements were made.
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 
· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 
· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster
· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 
In this contribution, we will further discuss channel raster, SS frequency raster and raster related frequency offset notification.
Note：In this contribution, we use “Frequency raster” as shorthand for “frequency raster of synchronization signals”, and use “channel raster” as shorthand for “the frequency raster of the center of NR carrier”. In addition, we use “SS bandwidth” as shorthand for “the transmission bandwidth containing NR-SS/NR-PBCH”, and use “SS central subcarrier” as shorthand for “NR-SS/NR-PBCH central subcarrier”.
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. 
Proposal 1: For low frequency, 100 kHz channel raster is reused in NR.
For higher frequency, from a few company contributions, several typical options can be observed. We observed these options respective advantages and disadvantages and have a summary as following:
Opt-1: Channel raster may be integer multiple of 100 kHz (i.e. channel raster is N*100 kHz). For opt-1, it may reduce synthesizer complexity, which can be confirmed by RAN4.
Opt-2: Channel raster may be integer multiple of the subcarrier spacing (SCS) of synchronization supported for each NR frequency band (i.e. assuming SCS of synchronization is 15 kHz, then, channel raster is N*15 kHz). For opt-2, it has a result is that SS center is exactly located at one of SS raster locations, which perhaps obtain natural alignment due to no offset between NR-SS center and frequency raster location. And note that opt-3 and opt-4 can obtain this result as well. However, when the frequency offset is less than half of the SCS just like in NB-IoT this may be handled by frequency offset correction during DL synchronization.
Opt-3: Channel raster may be integer multiple of synchronization frequency domain width corresponding to RB (i.e. assuming SCS of synchronization is 15 kHz, then, channel raster is N*180 kHz). For opt-3, its intent is channel raster or/and frequency raster is aligned with RB boundary. But we don’t think it is necessary to have this requirement. On the other hand, assuming channel raster or/and frequency raster don’t align with RB boundary, there are no serious issues except data mapping to REs. This issue can be solved as long as data mapping to REs meet LTE-like criteria that REs are not used for transmission of SS.
Opt-4: Channel raster may be integer multiple of all data/control SCS supported for each NR frequency band (i.e. assuming all SCS set is15 kHz, 30 kHz, 60 kHz, 120 kHz, then, channel raster is N*120 kHz). For opt-4, from system design and implementation simplicity perspectives, it is beneficial to keep the subcarriers of synchronization signals to be aligned with the subcarriers of data channel, we note that this opt cannot guarantee alignment with all subcarrier of adjacent data channel in some cases, which is related with concrete SCS and sequence length of synchronization. We also observe opt-3 and opt-4 are superior than opt-2 (e.g. channel raster is 105 kHz) when they are applied into CA scenario. More specifically, smaller channel spacing for CA when opt-3 and opt-4 is applied, which make flexible deployment. Nevertheless, opt-3 and opt-4 are similar with opt-2, there may be an issue of synthesizer complexity, this issue should be confirmed by RAN4.
Opt-5: Channel raster may be integer multiple of least common multiple of SCS of synchronization supported for each NR frequency band and 100 kHz (i.e. assuming SCS of synchronization is 15 kHz, then, channel raster is N*300 kHz). Even if the issue of synthesizer complexity is not confirmed at this moment, we can still assume that this requirement is reasonable, then.Opt-5 can meet several requirements, e.g. reduce synthesizer complexity, SS center is exactly located at one of SS raster locations.
Opt-6: Channel raster may be integer multiple of least common multiple of all data/control SCS supported for each NR frequency band and 100 kHz (i.e. assuming all SCS set is15 kHz, 30 kHz, 60 kHz, 120 kHz, then, channel raster is N*600 kHz). Similar to opt5, opt-6 can meet several requirements, e.g. reduce synthesizer complexity, the SS center is exactly located at one of SS raster locations, as much as possible keeping the subcarriers of synchronization signals to be aligned with the subcarriers of data channel. But opt-6 and opt-5 have the same disadvantage, that larger channel raster maybe affect deployment flexibility.
Observation 1: If the channel raster is not a multiple of 100, the complexity of the synthesizer could be an issue.
Observation 2: Channel raster don’t align with RB boundary, which there is no mapping issue.
Observation 3: Channel raster have a relationship with CA scenario.
Proposal 2: For higher NR frequencies, synthesizer complexity and channel spacing for CA should be considered when channel raster is defined.
[bookmark: _Ref471633379][bookmark: _Ref462837991]Frequency Raster
Sparser frequency raster (than channel raster) means that the frequency center of the synchronization signal (SS) is different from that of the physical carrier (PC), 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 = Ind_SS*2 + N_SS, where Ind_SS is the difference between the frequency of PC central subcarrier and SS central subcarrier, and N_SS is SS bandwidth 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 4: sparser frequency raster means faster cell searching, but may result in larger minimum PC bandwidth and then incurs negative impact on LTE spectrum re-farming.
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[bookmark: _Ref462834333]Fig 1 Illustration of the Impact on Minimal PC BW
It is obvious that sparse frequency raster means faster cell searching, but will result in higher minimum system BW requirement. As shown in Fig 2 where 100 kHz channel raster and 15 kHz SCS is assumed, It can be seen that with a 8000 kHz frequency raster, the index of the SS central subcarrier closest to PC central subcarrier is 267 in the worst case. This means there should be at least 596 (= (267+62/2)*2) available subcarriers and the minimum PC BW can be 10 MHz (600 available subcarriers). On the other hand, if the frequency raster is 2000 kHz, the index of the SS central subcarrier closest to PC central subcarrier is 67 in the worst case, which means that the minimum PC BW is at least 5 MHz as above analysis. Therefore, tradeoff between complexity reduction of cell search and the increase of minimum physical carrier bandwidth should be considered when selecting the concrete frequency raster for a certain frequency band. Meanwhile, it can be considered to apply multiple NR-SSs in the case of larger PC BW to further reduce cell searching time and complexity.
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Fig 2 Comparison of different Frequency Raster (8000 kHz vs 2000 kHz)
Proposal 3: Decision on frequency raster should consider tradeoff between complexity reduction of cell search and the increase of minimum physical carrier bandwidth.
Proposal 4: Multiple NR-SSs for one physical carrier can be considered to further reduce of cell searching time and complexity.
Frequency Location of Other Channels for Initial Access
Once frequency location of NR-SS is determined with aforementioned principles, the remaining issue is to determine the frequency location of other channels used during initial access. There should be a NR-PBCH accompanying with each NR-SS. The relative location between NR-SS and corresponding NR-PBCH should be fixed such that complexity of blind detection for the indication of NR-PBCH location can be avoided.
During initial access, the resource allocation for channels other than NR-SS/PBCH (e.g. RAR, other SI, remaining minimal SI and related control channel) should be done within only a part of PC BW which is called ‘virtual carrier’ (VC) hereafter for description convenience. This is because the BW for initial access should be less than or equal to UE’s minimal capability of receiving BW (e.g. 20 MHz) which should NOT be defined by maximal PC BW just like what we did in LTE since the PC BW of NR will be much larger than that of LTE (e.g. 80MHz).
Another problem is to determine the frequency location of VC. One possibility is to apply the same central subcarrier for NR-SS and VC, which avoid additional signaling overhead in NR-PBCH to indicate frequency location of VC. However this method will incur limitation on the amount of available frequency resource for VC especially in the case of small PC BW as shown in Fig 3-(a). Another idea is to apply the same central subcarrier for PC and VC. Although this idea requires indication of the frequency location of VC or PC in NR-PBCH, e.g. the offset between central subcarrier of NR-SS and VC, it allows maximal flexibility for resource allocation during initial access since the BW of VC can be as large as possible if it is not beyond UE’s minimal capability of receiving BW as shown in Fig 3-(b).
Proposal 5: the information on VC or PC location should be indicated in NR-PBCH.
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[bookmark: _Ref462842320]Fig 3 Illustration of Frequency Location of VC
Based on the above preference VC or PC location should be indicated. One related issue is how to notify this information. Note that if frequency raster is sparser compared to channel raster, it is natural to have a foreseeable fact that one frequency raster correspond to one or multi channel raster. A direct approach is that E-UTRA Absolute Radio Frequency Channel Number (EARFCN) may be used to notify this information. However, in NR scenario, system bandwidth may be wider. Therefore, signaling overhead is very large  if EARFCN is used directly. Another effective approach is that an offset relative to current frequency position may be used to notify information. And this offset may be relative channel number or the other relative quantity.
Proposal 6: VC or PC location should be indicated by the relative quantity, e.g. relative channel number.
Conclusions
According to the discussion in this contribution, we have the following observations and proposals:
Observation 1: If the channel raster is not a multiple of 100, the complexity of the synthesizer could be an issue.
Observation 2: Channel raster don’t align with RB boundary, which there is no mapping issue.
Observation 3: Channel raster have a relationship with CA scenario.
Proposal 1: For low frequency, 100 kHz channel raster is reused in NR.
Proposal 2: For higher NR frequencies, synthesizer complexity and channel spacing for CA should be considered when channel raster is defined.
Proposal 3: Decision on frequency raster should consider tradeoff between complexity reduction of cell search and the increase of minimum physical carrier bandwidth.
Proposal 4: Multiple NR-SSs for one physical carrier can be considered to further reduce of cell searching time and complexity.
Proposal 5: the information on VC or PC location should be indicated in NR-PBCH.
Proposal 6: VC or PC location should be indicated by the relative quantity, e.g. relative channel number.
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