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1 Introduction
In last meeting, the WF [1] for NR channel raster and sync raster were approved with the following agreement:
Agreements for channel raster:
· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)
· FFS: Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier
· For Band 41, FFS 100kHz channel raster or subcarrier based raster should be used. 
· Channel raster for Bands above 2.6GHz (above Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at AN4 NR AH#3 and RAN1 decision 
· If subcarrier based raster is finally agreed, exact position of the subcarrier raster in each band to be agreed in RAN4 NR AH#3 
· Send LS to RAN1 to ask RAN1 to enable “floating sync” in RAN4#83 (see Annex), subject to feasibility
· Floating sync enables SCS based raster and down selection of the sync raster for bands using 100kHz raster 
Agreements for sync raster:
· Sync raster will be defined such that there is a minimum number of entries for each band
· Sync raster entries will be included in the specifications for each band
· Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE 
With the agreement above, the SCS based raster is tentatively agreed for Bands above 2.6GHz (above Band 41), and it will be decided in this meeting.
In this paper, we provide some further discussions on channel raster and sync frequency raster for NR.
2 Discussion
[bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK16]2.1 Channel raster
Before the RAN4 #84 meeting, two options were mentioned for NR channel raster, 100kHz or RB based raster. The reasons for choosing the 100kHz channel raster are mainly to align with LTE considering  some features such as UL sharing in LTE re-farming band, while the reasons for choosing RB based raster are mainly to guarantee the zero guard band between the aggregated CCs in the wideband operation.
The pros and cons for the 100kHz or RB based raster channel raster had been extensive discussed in the past RAN4 meeting. For the 100kHz channel raster, since zero guard band between CCs cannot always be achieved, means there will exist some guard bands between the CCs for some combinations, also some issues will be occurred for forward compatibility where a new wider channel bandwidth is added in the future release,  mentioned in [2][3]. Some  “blank” resources 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 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.
For RB based channel raster, the main problem is the centre of the RB resources cannot be located in the channel centre, resulting in a fact that the guard bands at channel edges are asymmetry. From the discussion on the NR spectrum utilization, the guard band can be understood as there is little room to be further reduced as the high spectrum utilizations were proposed to meet the unwanted emission requirements. In another word, big asymmetry will cause problem as it will fail to meet the unwanted emission requirements on top of the agreed spectrum utilization.
According to the WF, subcarrier based raster was proposed. The subcarrier based raster is super set of RB based raster, so it can also guarantee the zero guard band between the aggregated CCs in the wideband operation. Actually, the issue of guard band asymmetry still exists, illustrated in figure 1. 
[image: ]
Figure 1. Guard band asymmetry: subcarrier based vs. RB based
We take 5MHz channel bandwidth for example in figure 1, the RB center is 2.34MHz for RB based raster, means the guard band at the lower channel edge is squeezed from 250kHz to 90kHz, which will fail to meet the unwanted emission requirements. In order to meet the unwanted emission requirements, some RE close to the lower channel edge cannot be transmitted as it is used as virtual guard band or “bandwidth spillover” will be happened.  But for the subcarrier based raster, the RB center is 2.49MHz, means the guard band at the lower channel edge is only squeezed 10kHz. It can be foreseen it has litter impact on meeting the unwanted emission requirements. Therefore, it is a good alternative to select subcarrier based raster, rather than RB based raster.
Proposal 1.  The channel raster for NR bands above 2.6GHz, select subcarrier based raster, i.e. 15kHz for range 1 and 60kHz for range 2. 
According to the discussion in the previous meetings, the channel raster is defined for each band. As mentioned in the WF, the channel raster position (like EARFCN in E-UTRA specification), exact position of the subcarrier raster in each band should also be agreed.
For the 100kHz channel raster, since it is same as the E-UTRA, therefore it is propose the E-UTRA EARFCN equation can be reused, i.e. FDL = FDL_low + 0.1(NDL – NOffs-DL). And for the subcarrier channel raster, similar E-UTRA EARFCN equation is proposed as: FDL = FDL_low + 0.015(NDL – NOffs-DL) or FDL = FDL_low + 0.06(NDL – NOffs-DL)  .
Proposal 2.  The channel raster positions are proposed:
-  For 100kHz channel raster, FDL = FDL_low + 0.1(NDL – NOffs-DL)
-  For 15kHz channel raster, FDL = FDL_low + 0.015(NDL – NOffs-DL)
-  For 60kHz channel raster, FDL = FDL_low + 0.06(NDL – NOffs-DL)

[bookmark: _Ref471633379][bookmark: _Ref462837991] 2.2 Sync raster
[bookmark: OLE_LINK14][bookmark: OLE_LINK17]One of the RAN1’s work assumption is the sync raster can be sparser than channel raster in order to reduce search time for the initial access. Sparser sync 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 LTE re-farming bands
The channel raster for LTE re-farming bands up to 2.4GHz is based on 100kHz (same as LTE), since the sync 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 sync raster definition. It is proposed that the sync raster is 300kHz. 
Proposal 3. For the case where channel raster is 100kHz, the sync raster is 300kHz.
Based on proposal 3, the sync raster entries minimum number in the LTE re-farming bands are 334 in 100MHz channel bandwidth.
2.2.2 NR new bands
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 centre of the two PBCH (SS block) corresponds to the maximum sync raster (FFR), which is calculated as: FFR ≤ BWconf+FCR- BWSS.
[bookmark: OLE_LINK1]Proposal 4. For the case where channel raster is subcarrier based, the sync 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 subcarrier based channel raster. The BWSS is SS block bandwidth(=24 RB size). 
With the above equation, we can calculate the sync raster entries minimum number in 100MHz for each minimum channel bandwidth, and some examples are listed in Table 1. 
Table 1. Some examples for sync raster entries for NR in 100MHz
	Min channel BW(MHz) in bands
	SS 
SCS(kHz)
	BWconf
(RB size)
	Sync raster 
(FFR) (MHz)
	Sync raster granularity[entries in 
100 MHz]

	5
	15
	25
	0.195
	513

	10
	15
	52
	5.055
	20

	20
	30
	51
	9.735
	11

	40
	60
	51
	19.455
	6



3 Conclusion
In this contribution, we further discuss on the channel raster and sync raster in NR and have the following proposals:
Proposal 1. The channel raster for NR bands above 2.6GHz, select subcarrier based raster, i.e. 15kHz for range 1 and 60kHz for range 2. 
Proposal 2.  The channel raster positions are proposed:
-  For 100kHz channel raster, FDL = FDL_low + 0.1(NDL – NOffs-DL)
-  For 15kHz channel raster, FDL = FDL_low + 0.015(NDL – NOffs-DL)
-  For 60kHz channel raster, FDL = FDL_low + 0.06(NDL – NOffs-DL)
Proposal 3. For the case where channel raster is 100kHz, the sync raster is 300kHz.
Proposal 4. For the case where channel raster is subcarrier based, the sync raster is given by BWconf + FCR - BWSS.
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