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1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

In the RAN1 meeting #87 following agreement and working assumption were reached:
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In RAN1 NR AH meeting in Spokane, the SS raster and channel raster were further discussed and following agreement was made regarding the SS frequency raster:
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In this contribution, we discuss about the NR channel and synchronization signal raster.
2
Channel raster considerations
For frequency bands below 6GHz, legacy RATs, LTE and UTRAN, set a precedence in many respects, in terms of deployments and related bandwidths, but also for channel raster. Thus, when considering settling the NR channel raster it is likely that it is not practical to deviate too much from the raster used in legacy systems, for example for LTE (100kHz). However, like discussed in RAN4 and pointed out in [3], there could be some merit giving consideration for the NR carrier raster even for bands below 6GHz. Namely when considering carrier aggregation operation with continuously concatenated carriers, enabling component carriers to be placed adjacent to each other could simplify the definition and operation of certain CA deployments. Hence, as proposed in [3], there could be merit to have the channel raster aligned with the PRB resource raster. Naturally the exact PRB raster to use should be considered based on the sub-carrier spacing to be supported. RAN1 send a LS regarding the supported sub-carrier spacing’s to RAN4 from RAN1 meeting #87 in [5]. 
Observation: There could be some merit to have the channel raster to be aligned with the PRB raster.

For new frequency bands where no legacy deployments are present, and especially to bands where large chunks of spectrum is available, there may be more freedom when considering the channel raster. Of course the carrier placement, i.e. channel raster, should be able to facilitate the meeting of regional regulatory requirements and frequency allocations and therefore care should be taken when considering the channel raster also for higher frequency bands.

The relation of channel raster and the carrier centre frequency (in terms of has channel placement) has not been discussed in context of NR. I.e. whether the channel raster relates to the centre of the NR carrier (like in LTE) or whether channel raster would relate for example to the lower (frequency) edge of the channel bandwidth. Now if the synchronisation signal location is separated from the channel bandwidth centre location, there is not clear need to bind these from RAN1 perspective, as transmission bandwidth configuration determination and addressing could be basically done based on any agreed reference. The definition of channel bandwidth and corresponding transmission bandwidth configuration, relate to the determination of the RF requirements and need to account aspects like PRB raster [10]. Aforementioned definitions and especially the channel raster are given in specification under RAN WG 4 jurisdiction. 
Observation: (NR carrier) channel raster is under RAN4 mandate, but relates also to RAN1 discussions. 

3
Synchronsation singnal raster
Following the discussion in previous section and accounting working assumption regarding the more flexible placement of NR synchronisation signal in respect to carrier centre, it can be considered that channel raster and synchronisation signal raster are separate definitions. The main focus of the discussion in the past RAN1 meetings has been possible relaxation of the synchronisation raster compared to channel raster. As discussed in previous meetings having sparser synchronization signal raster than channel raster could alleviate the initial search burden at the UE, more specifically reducing the number of possible frequency domain hypothesis. Now like agreed in last RAN1 meeting, the only factor driving the NR synchronisation signal raster (and placement within a carrier) is not the initial cell selection of the UE, but also the desired flexibility in NR carrier operation. Different kind of deployments should naturally be supported, e.g. [6], and this should not be restricted by NR synhronisation signal raster. It is probably not foresee all possible deployment options for NR carriers at this stage, but it can be anticipated that in certain deployments it it migh be preferable to be able to set the syncrhonisation signal closer towards the either edge if the channel bandwidht. This could be done for example to allow splitting the band to sub-bands corresponding to certain numerology or allow reserving certain parts for forward compatibility operation. In certain deployments it might be preferable to have the synchronisation signal to be placed near the center of the carrier. 

It can be argued what is the required flexibility, and this of course depends on the actual bandwidths of the synchronisation signal and the transmission bandwidth configurations considered. Espesically in case of the supported minimum bandwidth it can be discussed, depending on the channel raster, if one location for synchronisation signal is sufficient (depending on the bandwidth considered), or even whether all minimum bandwidth allocations need to support standalone operation with synchronisation signal. It maybe difficult at this stage to reach conlusion on the matter, but is felt that at least for other bandwidths than the minimum supported bandwidth (i.e. transmission bandwidth configurations) it shoud be possible to have at minimum two possible locations for the synchronisation signal.
Observation: To support different kind of deployments, at least two different locations of synchronisation signal should be supported for other bandwidths than the minimum supported bandwidth. Depending on the relation between the supported minimum bandwidth and SS bandwidth, at least one location should be supported.
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Figure 1. Illustration of synrhonisation signal placement on a transmission bandwidth configuration
There has been various proposals for the step size of the synchronisation signal raster (if different than the chanel raster), and most proposal consider that the synchronisation signal raster should be aligned with the resource raster. This can have some benefits especially if also the channel raster is aligned with resource raster. If channel raster is not following the resource raster, and resource grid for a give carrier is defined based on the channel centre frequency (or synchronisation signal), there is no implit reason to have synchronisation signal to follow the resource raster. Only the possible offset (or raster) of synchronisation signal in respect of channel raster would need to be resource aligned to allow flexiple placement of the synchronisation signal in the transmission bandwidth. However if, as discussed earlier, there is need to relax the synchronisation signal from the channel raster and therefore have separate defintions for these rasters, there is a merit to have synchronisation signal frequency raster to follow the resource raster. As per RAN1#87 agreements, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification. Also RAN4 is currently considering the supported sub-carrier spacings for different frequency bands, and hence the synchronisation signal frequency raster would also be dependent on the frequency band.
Observation: For potential sparser synchronization signal raster, the raster should be aligned with the resource raster for the given frequency band. 

As discussed in the earlier meetings that the possible power benefit from sparser synchronization raster would realize in initial cell selection carried out typically in ‘cold boot’ situations. The realized benefit would also depend whether device is searching only NR or also other RATs on parallel (on the same band) and the approach used to do the initial identification of carrier candidates. In other scenarios where UE has already been connected to the network, through any RAT, it could be provided with some assistance information by the network to steer the cell searches and measurements. Due to this, having frequent synchronisation singal frequency raster would cause power consumption burden for devices taking use of this information. 
Observation: Providing assistance information regarding the valid synchronisation singal locations could be used to avoid the power consumption to IDLE and CONNECTED mode UE’s.
The minimum bandwidth to be supported (for different frequency bands) has not yet been agreed in RAN1, and like agreed in RAN1#87, the decisions for example regarding channel and synchronisation signal raster should be carried jointly.  Based on the decisions made in RAN1 NR AH, it should be possible to reach conclsion an agreement on some of the open aspects. Once the related parameters are agreed, including the channel raster, RAN1 could try to determine the synchronisation signal raster. Key aspect in this respect, in addition to the minimum bandwidth, is the channel raster. Therefore it would seem relevant that RAN1 would send a LS to RAN4 about this matter, covering the possible agreements and related considerations.
Proposal: Send a LS to RAN4 regarding the channel raster and synchronisation signal raster informing RAN4 about the realted considerations in RAN1.
3
Conclusions 
In this contribution we discussed about NR channel and synchronization signal raster. Based on discussion we made the following observations:
Observation: There could be some merit to have the channel raster to be aligned with the PRB raster.
Observation: (NR carrier) channel raster is under RAN4 mandate, but relates also to RAN1 discussions. 

Observation: To support different kind of deployments, at least two different locations of synchronisation signal should be supported for other bandwidths than the minimum supported bandwidth. Depending on the relation between the supported minimum bandwidth and SS bandwidth, at least one location should be supported.
Observation: For potential sparser synchronization signal raster, the raster should be aligned with the resource raster for the given frequency band. 

Observation: Providing assistance information regarding the valid synchronisation singal locations could be used to avoid the power consumption to IDLE and CONNECTED mode UE’s.
Based on the discussion and the observation we feel that RAN1 should send a LS to RAN4 informing about the agreements and discussion related to synchronisation signal raster and possible observations related to the NR channel rasters. 
Proposal: Send a LS to RAN4 regarding the channel raster and synchronisation signal raster informing RAN4 about the realted considerations in RAN1.
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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








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  
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