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Introduction
The general principle of channel raster and synchronization signal raster was discussed in RAN1 NR Ad hoc January 2017 with agreements as follows,
Agreements:
· 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 RAN1#87, NR synchronization signals and rasters were discussed with the summary and agreements as follows,
Agreements:
· 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) 

Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility

In this contribution, we discuss the alternatives in NR raster and UE behavior of cell search.  .
Center Frequency of NR-PSS/NR-SSS and Raster

NR supports wide range of frequency bands and system bandwidth.  It was agreed that the center frequency of NR-PSS/NR-SSS could be different from the center of a NR carrier.  The channel raster was defined as the step function between the potential frequency locations as the center frequency of a carrier in a operation band, which is 100 kHz in LTE.  UE will search for the center frequency of a carrier in each band based on the specified channel raster in the cell search.   With wide range of system bandwidth, UE would have potentially large set of raster frequency location to search for.  To reduce the UE complexity in cell search, the potential solution is to have large value of channel raster.  In LTE, the UE can have a lookup table of each operating band since PSS/SSS are located at the center of the spectrum and the operating system bandwidth is exactly the same as the bandwidth of an operating band.  For home network, the UE would be configured with the available operating bands and the synchronization channel location by the service provider.  There is no problem for UEs to operate at the home network.   To support roaming to other NR networks, the default synchronization channel resource allocation should be specified or pre-configured for each operating band for roaming UEs to search for the synchronization signals.  A large channel raster might reduce the UE cell search complexity but also reduce the flexibility in network implementation.   The key is the UE assumption of the raster and of synchronization signals (NR-PSS/NR-SSS) during initial access (cold start) at each frequency band.   

It was agreed in RAN1 NR Ad Hoc that the NR channel raster discussion should focus on the flexibility of network deployment, the consideration of the UE cell search complexity by limiting number of synchronization signals raster per carrier and forward compatibility.   Several alternatives could be considered as following, 

· No restriction on the center frequency location of a carrier in a NR frequency band – The set of frequency locations as the center frequency of a carrier in a frequency band is specified based on the channel raster similar to that in LTE.  UE will search for all frequency bins with intervals based on specified channel raster value.  This design will provide the ultimate flexibility in the network deployment but high complexity in UE cell search.   In order to reduce the UE complexity in search of center frequency of a carrier, the channel raster value need to increase in proportional to the maximum system bandwidth supported in each frequency band.   

Alternative 1:  The channel raster would be set at higher value in proportional to the maximum system bandwidth supported at each frequency band to minimize the UE cell search complexity when there is no restriction on the center frequency of a carrier.   The channel raster will be determined by RAN4.  
· The center frequency locations of a carrier and NR-PSS/NR-SSS at each frequency band specified in the specification – RAN4 needs to define the test cases and minimum performance requirements based on the proposed center frequency of a carrier and NR-PSS/NR-SSS in a frequency band.   Most operators would not change the center frequency of a carrier and NR-PSS/NR-SSS after the initial deployment.  When a NR frequency band is defined and specified in RAN4, the potential center frequency locations of a carrier and NR-PSS/NR-SSS could be specified for each frequency band.   If the center frequency locations of a carrier for a frequency band are different for different regions, additional values could be added when a country would deploy the specific frequency band.   The potential center frequency locations of a carrier are defined based on the resolution of channel raster.  This will allow fine resolution of channel raster and minimize the number of searches by the UE.  However, this might create a backward compatible issue for legacy UEs when a operator would configured the center frequency in a different frequency location.  

Alternative 2: The potential center frequency locations of a carrier and NR-PSS/NR-SSS are specified with fine resolution of channel raster for each frequency band in the specification.  

· Pre-configured of center frequency locations of a carrier and NR-PSS/NR-SSS – It is inflexible for operators in the deployment when the potential center frequency locations of a carrier and NR-PSS/NR-SSS are specified in the specification.   The specified center frequency location might create backward compatible issues for legacy UEs when a operator would like to change the center frequency location to a new frequency location or a operator of different country would set the new center frequency location.    When a NR device is activated in an operator’s network, the center frequency locations of all NR carriers and their associated NR-PSS/NR-SSS would be pre-configured to the device.  If any change of the center frequency location of a carrier or NR-PSS/NR-SSS, operator would update the information through software update.  When a device is operating in his home network, the activation and software update could be achieved through air interface or other network, such as WiFi connection.  When a NR device roams to other network, it is required for the UE to get the updated configuration information of the visiting network.  This will allow fine resolution of channel raster and minimize the UE cell search complexity.   However, this might create a backward compatible issue for legacy UE turning off for a long time.   

Alternative 3: The potential center frequency locations of a carrier and NR-PSS/NR-SSS are preconfigured with fine resolution of channel raster for each frequency band by the service provider.    

Proposal:  The definition of NR channel raster resolution should consider the flexibility in network deployment, preventing large number of frequency locations for UE cell search, and forward compatibility.  Three alternatives could be taken into account in determining the channel raster resolution.  

Conclusion
This paper discusses the NR channel raster specification in order to support NR system flexible deployment with reasonable UE cell search complexity.  We propose the following,  
· Proposal: The definition of NR channel raster resolution should consider the flexibility in network deployment, preventing large number of frequency locations for UE cell search, and forward compatibility.    Three alternatives in the following could be taken into account in determining the channel raster resolution.  

· Alternative 1:  The channel raster would be set at higher value in proportional to the maximum system bandwidth supported at each frequency band to minimize the UE cell search complexity when there is no restriction on the center frequency of a carrier.  The channel raster will be determined by RAN4.

· Alternative 2: The potential center frequency locations of a carrier and NR-PSS/NR-SSS are specified with fine resolution of channel raster for each frequency band in the specification.  

· Alternative 3: The potential center frequency locations of a carrier and NR-PSS/NR-SSS are preconfigured with fine resolution of channel raster for each frequency band by the service provider.    
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