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1 Introduction
In last meeting, channel raster and sync signal frequency raster for NR have been discussed in several contributions [1~12]. In addition, a WF [13] for channel raster was approved with the following agreement:
Agreements for Frequency Range 2:
· Channel raster for frequency range 2 is based on the [RB size - 720kHz]
· Options to manage the asymmetric guard band
- RAN4 to specify the minimum channel edge guard band, how to place the channel RBs is FFS
- Other options not precluded
Agreements for Frequency Range 1:
· [bookmark: OLE_LINK11][bookmark: OLE_LINK13]The channel raster for UL sharing band(e.g. bands agreed in NR WID i.e. RP-171485) can be decoupled from the NR DL band raster
- E.g. UL sharing band can be on 100kHz raster while the NR DL band can use 100kHz raster or RB based raster
- NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used)
Raster for Frequency Range 1:
· Pros and cons of 100khz channel raster and RB based raster to be further investigated
- How to define the minimum guard band, what should this value be for different channel bandwidths/SCS and how to place the channel RBs
- Achievable spectral utilization with both options
Spectral utilization values agreed in RAN4 NR AH#2 should be considered
[bookmark: OLE_LINK6]- Wideband/CA operation and forward compatibility for addition of new channel bandwidths
- Sync raster granularity
· Channel raster could be different for different bands
- Only a single raster should be defined per band
With the agreement above, channel raster for UL sharing is decoupled from  the channel raster for NR new bands. Further discussions are needed to reach the final decision on the channel raster.  
In this paper, we provide some further considerations and discussions on channel raster and SS frequency raster for NR.
2 Discussion
[bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK16]2.1 channel raster
[bookmark: OLE_LINK9][bookmark: OLE_LINK7]There were two options for sub-6GHz NR channel raster, 100kHz or RB based raster. The pros and cons for these two options have been discussed in the last RAN4 meeting. The reasons for choosing RB based raster are mainly based from the RAN1’s LS which is RAN1 believes that it is beneficial to allow zero guard band between the aggregated CCs. By some simple calculations, it can be found the existing LTE channel raster (i.e. 100kHz) cannot guard band between the aggregated CCs. 
For NR new bands, wideband operation is supported. When a new larger channel bandwidth is introduced, legacy UEs should still be able to operate in a part of the channel that has the bandwidth that they support. In order to support a larger bandwidth, it is highly likely that intra-band CA will be needed based on the UE capability of the supported maximum channel bandwidth. From RAN4 prospective, the spectrum utilization for the RB based raster is higher than 100kHz when consider the forward compatibility for addition of new channel bandwidths, due to the guard band between the aggregated CCs cannot always to zero when the channel raster is 100kHz, which is illustrated in figure 1.

[image: raster_SU]
Figure 1. Channel raster of 100kHz v.s. RB based raster for the new channel bandwidth forward compatibility
[bookmark: OLE_LINK8]In figure 1, UE operated as the carrier aggregation to access to gNB wideband single carrier. The frequency resources are configured contiguously in gNB wideband single carrier. It can be seen that zero guard band between CC1 and CC2 can be achieved for the RB based raster, and all of the frequency resources in gNB wideband single carrier can be used for both CC1 and CC2 accessing. While for the channel raster of 100kHz, since zero guard band between CC1 and CC2 cannot always be achieved, there are some guard bands between the CCs. In this case, some “blank” resources (marked in dotted region) should be reserved for the guard bands in the gNB wideband single carrier,  and such “blank” resources cannot be scheduled which will reduce the spectrum utilization.  In figure 1, only two CCs are illustrated.  In the case of more than 2 CCs are used as CA operation based on the UE capability, then the total “blank” resources will increase. Of course, for some bandwidth combination sets, zero guard band between CCs can be achieved when the channel raster is100kHz.
If considering forward compatibility where a new wider channel bandwidth is added in the future release or when we want to do wideband and CA simultaneous operation, the RB based raster is better than 100kHz channel raster. However, the problem for using the RB based raster is the centre of the RB resources cannot be located in the centre of the single carrier, consequently resulting in a fact that the guard bands at channel edges are asymmetry. One of the solutions mentioned in [14] is define minimum guard band, in which the RBs in a channel should be allocated such that the actual guard band is larger or equal to this minimum. The minimum guard band solution should be based on the already agreed spectrum utilization, and it needs further study.
For NR, the smallest PRB size is180kHz with SCS of 15kHz and 720kHz with SCS of 60kHz for sub-6GHz and above 24GHz respectively, which can be chosen as the smallest unit for the channel raster.
Proposal 1. For range 1, the NR channel raster is 180 kHz for NR new bands. 
Proposal 2. For range 2, the NR channel raster is 720 kHz. 
[bookmark: _Ref471633379][bookmark: _Ref462837991]2.2 Frequency Raster
[bookmark: OLE_LINK14][bookmark: OLE_LINK17]One of the RAN1’s work assumption is the SS frequency raster can be sparser than channel raster in order to reduce search time for the initial access. Sparser frequency raster (than channel raster) means that the frequency center of the synchronization signal (SS) may be different from that of the carrier channel bandwidth center.
2.2.1 UL sharing band
According to the WF, the channel raster for UL sharing band can be 100kHz while the NR DL band can use either 100kHz raster or RB based raster, and NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used).
When the channel raster of NR bands is 100kHz, then the SS frequency raster should be sparser than 100kHz but must always be on the subcarrier grid. The smallest SCS discussed for sub-6GHz NR is 15kHz, which can be chosen as the smallest unit for the SS frequency raster definition. It is proposed that the SS frequency raster is N*300kHz. 
Proposal 3. For the case where channel raster is 100kHz, the SS frequency raster is N*300kHz.
When the channel raster of NR bands is RB based, then the SS frequency raster can always be aligned with subcarrier and the SS frequency raster should be sparser than RB based channel raster. By considering the UL sharing band together, for example the channel raster for UL sharing is 100kHz but the NR bands is RB based channel raster, it seems no problem for UL sharing bands accessing to the NR network. In this case, the potential values for SS frequency raster may be multiple of RB bandwidth. The analysis is similar with the NR new bands in the following section.
2.2.2 NR new bands
According to RAN1’s agreements, NR-SSS sequence is mapped to consecutive 127 subcarriers as well as NR-PSS, and there are 8 and 9 sub-carriers as guard-band sub-carriers at each side, which means 144 sub-carriers for NR-SSS and NR-PSS. In addition, the Centre frequency of NR-PSS/SSS is aligned with centre frequency of NR-PBCH, thus the PBCH of 288 subcarriers size will be used to calculate the synchronization signal frequency raster. 
The SS block may be located anywhere within the carrier and the SS block numbers in the minimum channel bandwidth is depended on the implementation. With the assumption that at least one SS block should be fit inside any channel in the band, illustrated in Fig. 2. 


Figure 2: Synchronization signal frequency raster
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In figure 2, two adjacent channels are shifted by NR channel raster (FCR), and only one SS block located in each channel, and two PBCH(SS block) are located in the leftmost and rightmost of the two channels, respectively. In this case the frequency distance between the centres of the two PBCH (SS block) corresponds to the maximum synchronization frequency raster (FFR), which is calculated as: FFR ≤ BWconf+FCR- BWSS.
[bookmark: OLE_LINK1]Proposal 4. For the case where channel raster is RB based, the SS frequency raster is given by BWconf+FCR- BWSS.
Where the BWconf is the transmission bandwidth configuration, which is related to the spectrum utilization and still ongoing discussed. FCR is the RB based channel raster, either 180kHz or 720kHz based on proposal 1 and 2 in clause 2.1. The BWSS is SS block bandwidth(=24 RB size). 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]In the above formula, although the BWconf is still ongoing discussed, it is the multiple of RB size according to the LTE definitions and NR simulation study. FCR and BWSS are always multiple of the RB size configured with 15kHz SCS, the proposed formula is always multiple of 180kHz.
We take some examples listed in table 1. Since some of the spectrum utilization for some combinations of CBW and SCS are still not decided [15], thus the calculate results may need to be modified.
Table 1. Some examples for SS frequency raster (FFR) for sub-6GHz
	Min channel BW(MHz)
	Data SCS
(kHz)
	SS 
SCS(kHz)
	PBCH
(SS block)
	SS BW
(MHz)
	BWconf
(RB size)
	SS Frequency Raster
(FFR) (MHz)

	5
	15
	15
	288
	4.32
	25
	0.36

	5
	30
	15
	288
	4.32
	[11]
	N/A

	10
	15
	15
	288
	4.32
	52
	5.22

	10
	30
	30
	288
	8.64
	[24]
	N/A

	20
	15
	15
	288
	4.32
	[106]
	[14.94]

	20
	60
	30
	288
	8.64
	[24]
	[8.82]

	50
	120
	120
	288
	34.56
	[32]
	[12.24]



From the above tables, the observation can be found as follow:
[bookmark: OLE_LINK22]Observation 1: When SS SCS is 15kHz, the Channel BW/SCS combinations 5 MHz/30 kHz is still not useable with the current size of the PBCH when the spectrum utilization is [11] RB size. PBCH would have to be smaller than 264 subcarriers in order to fit in the channel. 
 Observation 2: When SS SCS is 30kHz, the PBCH size is equal to the BWconf when the spectrum utilization is [24] RB size, which means there is only one SS block in this case.
3 Conclusion
In this contribution, we further discuss how to define the channel raster and frequency raster in NR and have the following proposals and observation:
Proposal 1. For range 1, the NR channel raster is 180 kHz for NR new bands. 
Proposal 2. For range 2, the NR channel raster is 720 kHz. 
Proposal 3. For the case where channel raster is 100kHz, the SS frequency raster is N*300kHz.
Proposal 4. For the case where channel raster is RB based, the SS frequency raster is given by BWconf+FCR- BWSS.
Observation 1: When SS SCS is 15kHz, the Channel BW/SCS combinations 5 MHz/30 kHz is still not useable with the current size of the PBCH when the spectrum utilization is [11] RB size. PBCH would have to be smaller than 264 subcarriers in order to fit in the channel. 
Observation 2: When SS SCS is 30kHz, the PBCH size is equal to the BWconf when the spectrum utilization is [24] RB size, which means there is only one SS block in this case.
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