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1 Introduction
Channel raster was further discussed in NR Adhoc #2 and WF was agreed in [1]. This contribution further discusses raster issues in RAN4 for sub-6GHz.
2 Discussion
The issues for RB based channel raster has been discussed in [2]. RB based raster will make asymmetric guard band so make the channel digital filter even harder for NR and impact the spectrum utilization. WF on spectrum utilization was agreed in [3] and the RB number for frequency range 1 is copied as below.

	SCS [kHz] 
	5MHz 
	10MHz 
	15MHz 
	20 MHz 
	25 MHz 
	40 MHz 
	50MHz 
	60 MHz 
	80 MHz 
	100 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 

	15 
	25 
	52 
	[79] 
	[106] 
	[133,135] 
	[216] 
	270 
	N.A 
	N.A 
	N.A 

	30 
	[11] 
	[24] 
	[38] 
	[51,52] 
	[65] 
	[106] 
	133 
	[162] 
	[217] 
	[273] 

	60 
	N.A 
	[11, 12] 
	[18] 
	[24] 
	[31, 32] 
	[51, 52] 
	[65] 
	[79] 
	[107] 
	[135] 


Because all of the channel bandwidths are not integer multiple of RB based channel raster, if the band is split based on RB, it is observed that not only the guard band for each channel is not the same but also for one channel the left and right guard band is not the same. Below gives an example for 180kHz channel raster and 5MHz channel bandwidth.
[image: image1.png]sl {elslols o)z

Jslolslsfolx

4

B o o 1 M L L R P

sl lelslol

4

sl lelsfolx

4

Jslolslsfolx

4

Jslolslslols

3]

e[ e e e e e e e e e e e e e e e e e e e e e e e e e e T e e e e e e e e T P e e e e e e e e e e e e e e e e e

o[ofololofofelofoels| 2 a1 21112

B

{7l

4

4

2 (o{7 e[ e[e{(ee[[ls[s[e(ss[e[s ][
/7 e[s[o2

7 le[s[o2

/7 e[s[o2

4

EHEEHN

4

/7 e[s[of2

341

s e[ [es[o[2 ]

7 e[s[of2

341

ARRAREARER

o[

/s[5l





Table 1 gives the minimum channel guard band for each SCS and channel bandwidth based on the RB number in the WF. The principle is to balance the left and right guard band for all the channels in the band and find the minimum one of all the channels. 
Table 1 Channel edge guard band for agreed RB number
	SCS [kHz] 
	CBW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	RB number
	25 
	52 
	[79] 
	[106] 
	[133,135] 
	[216] 
	270 
	N.A 
	N.A 
	N.A 

	
	Guard band for 180k raster[MHz]
	0.16
	0.24
	0.3
	0.38
	0.44/0.26
	0.48
	0.62
	　
	　
	　

	
	Guard band for 100k raster[MHz]
	0.25
	0.32
	0.39
	0.46
	0.53/0.35
	0.56
	0.7
	　
	　
	　

	30
	RB number
	[11] 
	[24] 
	[38] 
	[51,52] 
	[65] 
	[106] 
	133 
	[162] 
	[217] 
	[273] 

	
	Guard band for 180k raster[MHz]
	0.36
	0.52
	0.48
	0.64/0.48
	0.64
	0.76
	0.88
	0.72
	0.76
	0.68

	
	Guard band for 100k raster[MHz]
	0.52
	0.68
	0.66
	0.82/0.64
	0.8
	0.92
	1.06
	0.84
	0.94
	0.86

	60
	RB number
	N.A 
	[11, 12] 
	[18] 
	[24] 
	[31, 32] 
	[51, 52] 
	[65] 
	[79] 
	[107] 
	[135] 

	
	Guard band for 180k raster[MHz]
	　
	0.72/0.32
	0.72
	1.04
	1/0.64
	1.28/0.96
	1.28
	1.2
	1.12
	1.04

	
	Guard band for 100k raster[MHz]
	　
	1.04/0.68
	1.02
	1.36
	1.34/0.98
	1.64/1.28
	1.6
	1.56
	1.48
	1.4


From above table, we can observe that some minimum guard bands for 180kHz channel raster are very challenge, so minimum channel edge guard band in above table should be considered when we decided the channel raster.


[image: image2]
Figure 1 5MHz channel with 180kHz channel raster
The second issue is the relationship between the RF channel frequency (over the raster) and the centre of all RBs. As in Figure 1, for 180 kHz raster, the RF channel frequency should be over the 12th RB or 13th RB, however the centre of RBs should be over the 12.5th RB. According to the description in draft TS 38.211, the zero frequency of the baseband signal should be over the centre of all RBs. For example, if the total number of sub-carrier is N, the zero frequency of the baseband signal should be over the N/2+1 sub-carrier.
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[image: image4.png]5.4 Modulation and upconversion.

Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna
port is shown in Figure 5.4-1.
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Figure 5.4-1: Modulation and upconversion-





Since the RF channel frequency is not the zero frequency of the baseband signal as in TS 38.211 any longer, a clarification question is how to design the channel filter which should be symmetric with the centre of the baseband signal? What is the width of the pass band and transition band for the digital filter? Where should be the DC leakage, over the RF channel frequency or over the centre of RBs or some place else? Since some UE RF requirements like carrier leakage, image rejection is related to DC, this should be clarified first.
In addition, we can also observe that even if the NR 5MHz channel meets the TX requirements, the adjacent LTE channel RX will also be impacted because the interfering RB in NR channel is closer than a legacy LTE channel. This will impact legacy LTE performance.

Observation 1: 180 kHz channel raster squeeze the guard band and limit the channel utilization which making harder filter design.

Observation 2: Legacy adjacent LTE channel will be impacted because the interfering RB is closer than a legacy LTE channel. 
Proposal 1: Adopt 100kHz raster for sub-6GHz for NR.

Question 1: What is the relationship between the RF channel frequency (over the raster) and the centre of all RBs (over zero frequency of the baseband signal)?
Question 2: It should be clarified where is the DC leakage, over the RF channel frequency or over the centre of all RBs (over zero frequency of the baseband signal) or some place else? 

For 100 kHz channel raster, contiguous CA can be implemented with channel spacing=n*900 kHz to achieve zero guard band. Intra-band contiguous CA of 100MHz+100MHz with 100 kHz channel raster is illustrated as in Figure 2. 

[image: image5]
Figure 2 20MHz+5MHz CA with 100kHz channel raster
From above figures, we can observe that zero guard band can also be supported for 100kHz channel raster. However, the same questions as above also exist and should be clarified first.
For synchronization raster, analysis in [4] is very clear and the specific value for each band depends on the minimum channel bandwidth and SS block sub-carrier spacing. Following the proposal in [5], SS raster is given in below table for each NR band.
Table 2
SS block sub-carrier spacing and SS raster for each band
	NR Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing for initial cell search
	SS raster

	1
	5 MHz
	15 kHz
	100 kHz

	3
	5 MHz
	15 kHz
	100 kHz

	7
	5 MHz
	15 kHz
	100 kHz

	8
	5 MHz
	15 kHz
	100 kHz

	20
	5 MHz
	15 kHz
	100 kHz

	28
	5 MHz
	15 kHz
	100 kHz

	41
	[15 MHz]
	30 kHz
	FFS

	66
	5 MHz
	15 kHz
	100 kHz

	70
	5 MHz
	15 kHz
	100 kHz

	71
	5 MHz
	15 kHz
	100 kHz

	1.427-1.518 GHz
	5 MHz
	15 kHz
	100 kHz

	3.3 – 3.8 GHz
	10 MHz
	30 kHz
	100 kHz

	3.3 - 4.2 GHz
	10 MHz
	30 kHz
	100 kHz

	4.4 - 4.99 GHz
	[40 MHz]
	30 kHz
	FFS


3 Conclusion

This contribution discusses channel raster for NR and makes some observations/proposal/questions:
Observation 1: 180 kHz channel raster squeeze the guard band and limit the channel utilization which making harder filter design.

Observation 2: Legacy adjacent LTE channel will be impacted because the interfering RB is closer than a legacy LTE channel. 
Proposal 1: Adopt 100kHz raster for sub-6GHz for NR.
Question 1: What is the relationship between the RF channel frequency (over the raster) and the centre of all RBs (over zero frequency of the baseband signal)?

Question 2: It should be clarified where is the DC leakage, over the RF channel frequency or over the centre of all RBs (over zero frequency of the baseband signal) or some place else? 
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