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Introduction
In RAN4#83 meeting, the WF R4-1706323 was approved for below 6GHz channel raster with two options. In this contribution we compared two options further and shared preference on RF raster and SS raster.
Channel raster for sub-6GHz
In the WF two options were listed as below for RF channel raster of sub-6GHz band:
· Option 1: 100 kHz
· Option 2: 180 kHz
Here the pros and cons are summarized for each option as following.
Option 1: 100KHz
Advantages: 
· Facilitate the deployment on re-farming legacy LTE bands 
· No potential problem for LTE+NR UE to detect or try the sync raster in initial access(the reason is if different RF raster is defined for sub-6GHz that may result in different sync raster for re-farming band, which may introduce burden for UE in initial sync search)
· Symmetrical guard band in single carrier and CA case following the LTE corresponding definition on channel raster
Disadvantages: 
· Potential restriction on zero guard band if zero guard band for CA is agreed by RAN4 
However, as discussed in [3] the unusable spectrum between aggregated component carries could be 0Hz when channel spacing between two component carriers meets following criteria:

Channel spacing = n  LCM(channel raster, SCS12), where n is non-negative integer

For example, 40MHz and 10MHz carrier aggregation case is shown in table below for both SU options described in companion contribution [2], here the channel spacing still following the legacy LTE CA channel spacing definition.
Table 1: example on CA case with and w/o guard band for 100 kHz raster
	
	Single carrier case
	CA: 10MHz+40MHz

	CHBW
	10MHz
	40MHz
	50MHz
	
	Left edge guard band
	Middle guard band
	Right edge guard band

	SU(15KHz SCS)
	52
	214
	268
	With guard band 266PRB
	0.88MHz
	0.36MHz
	0.88MHz

	
	
	
	
	No guard band Option 1:266
	1.06 MHz
	0
	1.06MHz

	
	
	
	
	No guard band Option 2:268
	0.88MHz
	0
	0.88MHz


Observation 1: 100 kHz channel raster would facilitate the deployment of re-farming band, UE implementation for initial cell sync and maintain the symmetrical guard band on the carrier edge.
Observation 2: zero guard band can be supported by 100kHz channel raster.
Option 2: 180 KHz
Advantages: 
· Allow the possibility of zero guard band if it is agreed by RAN4 
Disadvantages: 
· Problem to allocate channel bandwidth of which the total guard band is smaller than one PRB for lower edge of one frequency band especially for single carrier case since the at least the guard band of left side has to be integer multiple of PRB.
· Potential complexity for UE implementation on SS block search on re-farming band 
· Impact on spectrum utilization study due to
·  the asymmetric guard band in channel bandwidth edge even for single carrier case

Following table shows the example for single carrier case with the SCS=15KHz for below 6GHz, the guard band highlighted by red is the ones which is smaller than the guard band assumption in SPECTRUM UTILIZATION. In this case the corresponding channel bandwidth is allocated at the lower edge of a frequency band.
Table 2: example on asymmetric guard band for single carrier case with 180KHz raster
	SCS
	CHBW(SU)
	Guard band assumption in SU simulation
	Guard band with 180KHz raster(left side)
	Guard band with 180KHz raster(right side)

	15KHz
	5MHz(26)
	0.16MHz on each side
	0.18MHz
	0.14MHz

	
	10MHz(52)
	0.32MHz on each side
	0.18MHz
	0.46MHz

	
	
	
	0.36MHz
	0.28MHz

	
	
	
	0.54MHz
	0.1MHz

	
	20MHz(106)
	0.46MHz on each side
	0.18MHz
	0.74MHz

	
	
	
	0.36MHz
	0.56MHz

	
	
	
	0.54MHz
	0.38MHz

	
	
	
	0.72MHz
	0.2MHz

	
	
	
	0.9MHz
	0.02MHz

	
	40MHz(214)
	0.74MHz on each side
	0.18MHz
	0.94MHz

	
	
	
	0.36MHz
	0.76MHz

	
	
	
	0.54MHz
	0.58MHz

	
	
	
	0.72MHz
	0.4MHz

	
	
	
	0.9MHz
	0.22MHz

	
	50MHz(268)
	0.88MHz on each side
	0.18MHz
	1.58MHz

	
	
	
	0.36MHz
	1.4MHz

	
	
	
	0.54MHz
	1.22MHz

	
	
	
	0.72MHz
	1.04MHz

	
	
	
	0.9MHz
	0.86MHz

	
	
	
	1.08MHz
	0.68MHz

	
	
	
	1.26MHz
	0.5MHz

	
	
	
	1.44MHz
	0.32MHz

	
	
	
	1.62MHz
	0.14MHz


Even if it is agree to stick the guard band size of both edges should be as close as possible, uncertainty would still exist for specific spectrum condition since all CHBW candidates are not integer multiple of 180 kHz raster. For example, if one band with totally 400MHz contiguous spectrum is distributed equally to 4 operators and with the assumption of SCS=30 KHz and SU=272, then the asymmetrical issue for this case is illustrated as below: It should be analyzed that whether this asymmetrical guard band would be issue for SU study.

Figure 1: example on 180 kHz channel raster
· Zero guard band would result in different spectrum utilization level for larger channel bandwidth defined in specification
The problem is similar as the example shown in Table 1 and 2. If we still take 10MHz(52PRB) and 40MHz(214PRB) as example, there would be several options for PRB allocation as shown in Table 3 below.  Hence in RAN4 specification the corresponding SU for contiguous CA should be also explicitly defined if 180 KHz RF channel raster is agreed.
Table 3: example on asymmetric guard band for one CA case with 180KHz raster to achieve maximum SU
	Guard band in left edge
	SU for 10MHz 
	SU for 40MHz
	Additional PRB# could be allocated
	Guard band in right edge left

	0.18MHz
	52
	214
	10
	0.14MHz

	0.36MHz
	52
	214
	9
	0.1MHz

	0.54MHz
	52
	214
	8
	0.14MHz

	0.72MHz
	52
	214
	7
	0.14MHz

	0.9MHz
	52
	214
	6
	0.14MHz



· Potential restriction on spectrum allocation by operator as shown in [3]

Observation 3: even though 180 kHz could facilitate the zero guard between component carrier, it may have impact on spectrum utilization and spectrum allocation flexibility. 
Based on above discussion, we have following proposals for sub-6GHz re-farming band:
Proposal 1: keep 100 KHz channel raster and SS raster for sub-6GHz re-farming band. 
Proposal 2: for the CHBW smaller than or equal to 20MHz case the SS signal still sticks to the center of the channel bandwidth.
Channel raster for New NR bands
According to discussion in Hangzhou meeting following proposals on new NR band would be majority view.
Channel raster
· Channel raster: 180KHz for below 6GHz new band 
· Chanel raster: 720KHz for above MMW band
However following aspects should be further discussed to make decision on the channel raster for new NR bands:
· Regarding channel raster for new band, it’s better that operator could double check whether above proposal would have potential restriction on flexible utilization of their own spectrum
· Regarding the asymmetrical guard band issue, it should be taken into account in SU study as well.
· Regarding the asymmetrical guard band issue for 180 KHz raster, it is illustrated in figure 1 already.
· Regarding the asymmetrical guard band issue for 720 KHz raster, some examples could be found in as figure 2 and table 4 as below.


Figure 2: example on 720 kHz channel raster with 50MHz (66PRB@60KHz SCS)*5 operators

 Table 4: example guard band to allocate contiguous spectrum with 702 kHz raster for different operators
	SCS=60 kHz
	Operator 1(Flow~Flow+50MHz)
	Operator 2
Flow+50MHz
	Operator3
	Operator4
	Operator 5

	50MHz (66PRB)granularity 
	1.44/1.04
	1.12/1.36
	1.52/0.96
	1.2/1.28
	0.88/1.6

	100MHz (134PRB)granularity
	1.44/2.08
	1.52/2
	1.6/1.92
	1.68/1.84
	1.76/1.76

	150MHz (204PRB)granularity
	1.44/1.68
	1.92/1.2
	1.68/1.44
	1.44/1.68
	1.92/1.2

	200MHz (274PRB)granularity
	1.44/1.28
	1.6/1.12
	1.76/0.96
1.02/1.68
	1.2/1.52

	1.37/1.34



Furthermore, the conclusion on following aspects should be taken into account to decide the channel raster for new NR band:
· For DL and/or UL frequency to be indicated with the center frequency or the first sub-carrier
· Whether to stick to channel middle to be center frequency and ensure symmetric guard band
· Conclusion of zero guard band
· Conclusion on SU (such as whether mandatory to be even PRB)

Conclusion
In this contribution we further compare two options for sub-6GHz re-farming band channel raster first and achieve following observations:
Observation 1: 100 kHz channel raster would facilitate the deployment of re-farming band, UE implementation for initial cell sync and maintain the symmetrical guard band on the carrier edge.
Observation 2: zero guard band can be supported by 100kHz channel raster.
Observation 3: even though 180 kHz could facilitate the zero guard between component carrier, it may have impact on spectrum utilization and spectrum allocation flexibility. 
Hence we have following proposals for below 6GHz re-farming band:
Proposal 1: keep 100 KHz channel raster and SS raster for sub-6GHz re-farming band. 
[bookmark: _GoBack]Proposal 2: for the CHBW smaller than or equal to 20MHz case the SS signal still sticks to the center of the channel bandwidth.
Furthermore we share the consideration on how to study the channel raster for New NR bands, and it is pointed that following aspect should be taken into account:
·  Deployment flexibility
·  Impact on SU due to asymmetrical guard band
·  For DL and/or UL frequency to be indicated with the center frequency or the first sub-carrier
·  Whether to stick to channel middle to be center frequency and ensure symmetric guard band
·  Conclusion on zero guard band
·  Conclusion on SU (such as whether mandatory to be even PRB)
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