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1 Introduction

In the RAN4 NR AH#3 meeting, RAN4 extensively discussed about channel raster and sync raster but actually no agreement was made. In this contribution, we provide our views on channel and sync raster.
2 Discussion

2.1 Sync raster
In LTE, channel raster is tightly coupled with initial cell detection since SCHs are positioned at center of total given CBW. Thus there is no explicit wording for sync raster and sync raster is treated in the same way as channel raster. In NR, SS block can be positioned not at the center of its CBW and moreover multiple SS block can be positioned in a FDM’ed manner considering wideband operation. Once NR UE detects SS block, NR UE can utilize signaling information from network for channel center. It means that sync raster is more important in UE implementation perspective whereas channel raster is mainly related with co-existence and operator’s spectrum holdings. For the definition of sync raster, since UE should tune its mixer frequency to SS block center during initial cell detection time, we prefer that sync raster should indicate actual location of mixer frequency to detect SS block which is closer to center of SS block. In that sense, we propose
Proposal 1. Sync raster should be positioned at the center of SS block (SC#0 of RB#12)
When considering sync raster, we think that following 2 things should be considered for initial cell detection.
· Subcarrier of SS block should be aligned with subcarrier of Data to avoid ICI

· At least 1 SS block should be positioned within the CBW of UE operating with min. CBW at arbitrary channel raster 
Based on these, actual sync raster for initial cell detection can be formulated with following equations.
RSS = floor((CBWeff-min - BWSS + RCH)/ RCH) * RCH 


    EQ.1
Where, RSS is SS raster
CBWeff-min is effective minimum carrier bandwidth;

BWSS is SS bandwidth;

RCH is channel raster.

Based on EQ.1, we present Sync raster value in Table 1 considering current agreement on min. CBW/SCS set.
Table 1. Example of Sync raster

	Frequency range
	LTE re-farming
	Sub 6 NR Bands
	mmWave Bands

	Min. CBW [MHz]
	5
	10
	5
	10
	50
	100

	SCSData [kHz]
	15
	30
	15
	30
	60
	120

	Channel Raster [kHz]
	100
	15
	60

	SCSSS [kHz]
	15
	30
	15
	30
	120
	240

	# of SS Carrier
	288
	288
	288
	288
	288
	288

	BWSS [MHz]
	4.32
	8.64
	4.32
	8.64
	34.56
	69.12

	Agreed SU [NRB]
	25
	24
	25
	24
	66
	66

	Effective CBW [MHz]
	4.5
	8.64
	4.5
	8.64
	47.52
	95.04

	SS Raster [kHz]
	200
	100
	195
	15
	13020
	25980


Based on Table 1, our proposal for sync raster is
Proposal 2. For sync raster, take values from Table 1 as baseline.

2.2 Sync raster for 100 kHz channel raster
For frequency bands below 2.4 GHz, RAN4 agreed to use 100 kHz channel raster as baseline. Since 100 kHz channel raster is not multiple of min. SCS of 15 kHz, we need further consideration to guarantee orthogonality between Data subcarrier and SS block subcarrier even if “floating sync” is used. 

Considering 300 kHz which are LCM of 100 kHz and 15 kHz, we think that up to 3 times of sync entry should be used for sync raster itself. It means that there exist 3 different sync raster entries with 200 kHz sync raster having 1/3 SCS shifted are overlapped within same frequency bands considering both min. CBW/SCS set and wideband operation and it may impact on UE implementation. As an alternative, to avoid using 3 times of sync raster entry, we can consider the following options.

For LTE re-farming bands using 100 kHz channel raster,

Option 1. Deprioritize wideband operation

Option 2. Assume only certain SS block from gNB can be detected to UE

For option 1, in LTE re-farming bands, it is expected that operator’s spectrum holding and frequency bands defined in RAN4 are relatively narrow compared to new NR only bands.
For option 2, typically gNB using wideband operation might transmit multiple SS block. But certain SS block from gNB cannot be detected at UE during initial cell detection time since sync raster is not always aligned with subcarrier boundary. Anyway, if there is some method to inform UE of secondary SSB location, UE can activate secondary BWP after initial cell detection. In our position, we prefer to take option 1 and further work based on option 2 can be considered after NSA completion.
Proposal 2. For bands using 100 kHz channel raster, deprioritize wideband operation until NSA core is completed.

Also, for sync raster entry frequency, we think that orthogonality between data and SS block should be kept whereas channel raster itself doesn’t guarantee orthogonality with other adjacent channel raster. Thus, we think that if sync raster is agreed to indicate certain subcarrier, channel raster should indicate certain subcarrier. Also, if we recall that there is no room to adjust sync raster for 100 kHz channel raster, sync raster should be positioned on its channel center. In that sense, sync raster should be multiple of channel raster and be overlaid on its channel raster at least for frequency bands using 100 kHz channel raster.

For bands using 100 kHz channel raster,

Proposal 3. Channel raster should be positioned on the center of CBW.

· i.e. SC#0 of NRB/2 for even PRB, SC#6 of floor(NRB/2) for odd PRB

Proposal 4. Sync raster should overlaid on channel raster.

3 Conclusion
In this contribution, we provide our views on sync raster. Our proposals are as follows;
Proposal 1. Sync raster should be position on the center of SS block (SC#0 of RB#12)

Proposal 2. For bands using 100 kHz channel raster, deprioritize wideband operation until NSA core completion.

For bands using 100 kHz channel raster,

Proposal 3. Channel raster should be positioned on the center of CBW.

· i.e. SC#0 of NRB/2 for even PRB, SC#6 of floor(NRB/2) for odd PRB

Proposal 4. Sync raster should be multiple of channel raster and overlaid on channel raster.
Reference
[1] R4-1709932, “Way Forward on Minimum CHBW and SCS for SS/PBCH,” Samsung

[2] R4-1709175, “LS on Channel raster and Synchronization channel raster”
[3] R4-1707402, “On NR channel raster and synchronization signal raster for sub-6GHz,” Intel
