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1 Introduction
Channel raster was continuously discussed in last RAN4 meeting [1 – 4], however, still no agreements were achieved. 
In general, channel numbering based on the channel raster definition is strongly related to UE measurement capabilities, since the UE must be signalled with what frequencies to be measured. The channel raster should be used to identify the frequency positions used for cell search. 
There is also an LS[5] from RAN1 regarding the wideband operating with the following agreement:   
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 

· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC

· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands

In this paper, we provide some further considerations and discussions on channel raster for NR.

2 Discussion

2.1 channel raster

The LTE BS carrier centre frequency is specified by EARFCN with the formulation of FDL = FDL_low + 0.1(NDL – NOffs-DL), where 0.1 is the channel raster, united in MHz, and the synchronization signal (PSS and SSS) are always transmitted in the centre of a system bandwidth. The channel raster of 100 kHz enables good flexibility for fine tuning of the ACLR between adjacent carriers.  
Considering the fact that re-farming LTE’s spectrum for NR is one of the possible deployment scenarios, and if the NR channel raster is not aligned with LTE, some of the LTE channel numbers will be unavailable for NR centre frequency which may need some additional spectrum planning work. Thus from this aspect, it is beneficial to align LTE’s channel raster with NR for below 6GHz  to avoid additional spectrum planning work when re-farming LTE’s spectrum for NR.
Observation 1: It is beneficial to align LTE’s channel raster with NR for below 6GHz to avoid additional spectrum planning work when re-farming LTE’s spectrum for NR.
Further more, the channel raster may also be related to CA operation with continuously concatenated carriers.  For NR, when considering wideband scenarios that involve operation with two types of devices; UE’s with support of single RF capability of full wideband operation and UE’s with multiple narrow band RF chains, that is a gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains).  According to the LS, RAN1 believes that it is beneficial to allow zero guard band between CCs within wideband CC.
Although the CA operation in NR has not been extensively discussed, it seems there are some differences for intra-band contiguous CA between LTE and NR CA within wideband CC. 
For LTE intra-band contiguous CA, the nominal channel spacing between CCs shall be a multiple of 300kHz for all CA scenarios, where 300kHz is the least common multiple of channel raster(=100kHz) and SCS(=15kHz), wherethe nominal channel spacing between CCs is the spacing from centre of CC1 to the centre of CC2, illustrated in figure 1.
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Figure1. Nominal channel spacing in Intra-band contiguous CA
The nominal channel spacing between two adjacent aggregated E-UTRA carriers is defined as follows and the channel spacing can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario. 
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Actually, minimum spacing was also mentioned during the LTE CA SI discussion. However, the minimum spacing was not captured in the specification. Whatever nominal channel spacing and minimum spacing, the rule of multiple of 300kHz should be always met.
Assume that the two UL CCs have the same SCS, the guard band between CCs can be calculated as nominal channel spacing – 6*(nRB1+ nRB2)*SCS, where the nRB is the RB numbers in the two CCs, and the SCS is equal to 15 kHz for LTE.  For LTE intra-band contiguous CA with two 20MHz CCs, the nominal channel spacing is 19.8MHz and the minimum spacing is 18.3MHz, the corresponding guard band between the two CCs are 1.8MHz and 0.3MHz, respectively. It means that the guard band between the two CCs can be ranged from 0.3MHz to 1.8MHz according to the performance optimization in a particular deployment scenario. It can be seen that the channel raster of 100kHz cannot guarantee the zero guard band between CCs. A natural choice of is multiple of PRB, i.e. 180kHz with SCS of 15kHz.
Observation 2: In order to guarantee zero guardband between UL CCs within wideband CC, channel raster should be multiple of NR PRB.
It should be noted that it seems the LS from RAN1 is only applied for UL CA, which means the zero guard band between two DL CCs may not be restricted to zero.  However, from the aspect of the specifications alignment between UE and gNB, channel raster shall be the same for UL and DL intra-band contiguous CA operation. 
2.2 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 Figure 2. 
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Fig 2 Illustration of the Impact on Minimal PC BW
A larger minimum PC BW will have impacts on 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 3: Sparser frequency raster means faster cell searching, but may result in a larger minimum PC bandwidth and has impacts on LTE spectrum re-farming, e.g., LTE spectrum with lower bandwidth than minimal PC bandwidth can only be re-used by NR in non-standalone mode.
3 Conclusion

In this contribution, we further discuss how to define the channel raster in NR and have the following observations:
Observation 1: It is beneficial to align LTE’s channel raster with NR for below 6GHz to avoid additional spectrum planning work when re-farming LTE’s spectrum for NR.
Observation 2: In order to guarantee zero guard band between CCs with CA for other UEs within wideband CC, channel raster should be multiple of NR PRB.
Observation 3: Sparser frequency raster means faster cell searching, but may result in a larger minimum PC bandwidth and has impacts on LTE spectrum re-farming, e.g., LTE spectrum with lower bandwidth than minimal PC bandwidth can only be re-used by NR in non-standalone mode. 
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