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1 Background 
Channel arrangements and raster were discussed in previous RAN4 meetings with multiple inputs and proposals made. A first way-forward was agreed at RAN4 in Hangzhou [1]. Further proposals were presented at the RAN4 NR AH in Qingdao and a Way-Forward focusing on two possible solutions was agreed [2]:

1. RB-based channel raster

2. Channel raster aligned with spectrum blocks (e.g. 100 kHz raster)

This contribution makes a comparative analysis of the RB-based raster and the raster aligned with spectrum blocks is presented, with focus on Frequency Range 1.

The sync and channel raster concept based on Option 2 above is described in detail for Frequency Range 1 in [3] and for Frequency Range 2 in [4]. 

2 Previous agreements
At the RAN4 AH meeting in Qingdao, a Way-Forward agreement was made [2], with several agreements and study points.
For Frequency range 1, the following was agreed:

· The channel raster for UL sharing band (e.g. bands agreed in NR WID) can be decoupled from the NR DL band raster. This means that the UL sharing band and the related NR DL band could have the same or different raster.
· NR Bands should have the same raster for both UL and DL.
There was also an agreement in [2] to make a comparative study of the two proposed options (RB-based and Raster aligned with spectrum blocks), focusing on the following study points:

a) How to define the minimum guard band, what should this value be for different channel bandwidths/SCS and how to place the channel RBs

b) Achievable spectral utilization with both options; Spectral utilization values agreed in RAN4 NR AH#2 should be considered

c) Sync raster granularity
d) Wideband/CA operation and forward compatibility for addition of new channel bandwidths

It is also stated that channel raster could be different in different bands, but there should only be a single raster per band.

There were also agreements for frequency range 2 in [1]:

· Channel raster for frequency range 2 is based on the [RB size - 720kHz]

· Options to manage the asymmetric guard band (“spectrum overspill”)
· RAN4 to specify the minimum channel edge guard band, how to place the channel RBs is FFS

· Other options not precluded
It is noted that the two last bullets really refer to the same Option 1 and 2 listed above, for the purpose of this document. No further options than those two will be analyzed here.

3 Short presentation of the different options

3.1 Option 1: RB-based channel raster
In Option 1, the channel raster and synchronization raster are both RB aligned, and aligned with each other on an RB basis, as shown in Figure 1. The channel and sync raster scheme is described in [5] and related to study point c).
The other aspect of Option 1 is how it would align with spectrum blocks to avoid “spectrum overspill”. Since everything is RB aligned, the channel raster is also multiple of RBs, e.g. 180 kHz. This means that it will in general not fit by default into any spectrum block allocation, unless the center of the allocation happens to by chance be a multiple of 180 kHz. The solution is proposed in [6], where it is suggested that for each combination of channel BW and SCS there should in addition to the spectrum utilization (in RBs) be defined a minimum guard band value, which would in some cases avoid the “spectrum overspill”. If it still cannot be avoided in an allocation, the edge resource block would be removed and the spectrum utilization consequently reduced by 1 RB. This relates to study points a) and b) above.
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Figure 1: RB-based synchronization raster down selection in Option 1
3.2 Option 2: Channel raster aligned with spectrum blocks (e.g. 100 kHz raster)

In Option 2, the channel raster is aligned with the spectrum blocks in such a way that an RF channel can always be placed in the middle of a block without having additional guard bands and still avoiding “spectrum overspill”. As an example, a 10 MHz block will always have a raster point in the middle at 5 MHz from the edge. In this way, a carrier can be placed without requiring additional guard bands or having to reduce the spectrum utilization by transmitting fewer RBs. Study points a and b) relates to this.
The concept is described in detail in [3] and [4]. The solution to align the channel raster with the sync raster is to have multiple sync rasters (usually 3) in order to give subcarrier alignment between the SS block and the RF channel. This is shown in Figure 2 and relates to study point c).
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Figure 2: Sync channel raster positions with multiple sync rasters in Option 2

4 Comparative analysis

4.1 Frequency range 1

a) Minimum Guard band and b) Achievable spectrum utilization
As explained above, the Option 1 scheme relies on defining a minimum guard band, since the RB alignment does not ensure that a carrier can be fitted in a spectrum block without “spectrum overspill”.
The spectrum utilization has been a one-year discussion in RAN4 and has a tentative agreement in [6], still with many values in brackets. The agreed number of RBs for 5 different cases relevant to Range 1 are shown in Table 1. By default, the non-utilized part of the channel on each side is guard band, as shown in the table. 

If a carrier can be placed in the middle of a spectrum block of the same size, this is sufficient. If there is no channel raster position in the center, the RF channel placement will be offset and  there will be “spectrum overspill”. To avoid the “overspill”, the spectrum utilization will have to be reduced by 1 RB, giving the loss shown in the table. The probability of this happening can be calculated for an allocated grid. If we assume that the license blocks are on a 5 MHz grid, the Least Common Multiple of 5 MHz and 180 kHz (@15 kHz SCS) is 45 MHz. There is thus a 1 in 9 chance that the grid matched the channel raster and consequently an 8 in 9 risk (89%) that 1 RB (4%) will have to be removed, as shown in Table 1.

For the Option 2 scheme, it is designed with a 100 kHz raster and thus always matches the grid, giving no loss of spectrum utilization at the minimum guard band shown in the table.
Table 1: Analysis of minimum guard band and relative loss in Frequency Range 1
	Minimum Channel Bandwidth in band
	SC spacing
	Spectrum
utilization 
NRB
	Default minimum
guard band 
	Relative loss of spectrum utilization Option 1 
(5 MHz grid)
	Relative loss of spectrum utilization Option 2
(any grid)

	5 MHz
	15 kHz
	25
	250 kHz
	4.0%
@89% probability
	0%

	10 MHz
	15 kHz
	52
	320 kHz
	1.9%
@89% probability
	0%

	10 MHz
	30 kHz
	[24]
	500 kHz
	4.2%
@89% probability
	0%

	20 MHz 
	30 kHz
	[51]
	820 kHz
	2.0%
@89% probability
	0%

	40 MHz
	60 kHz
	[51]
	1640 kHz
	2.0%
@94% probability
	0%


Proponents of Option 1 have argued that a new minimum guard band can be negotiated and agreed in RAN4 for every BW/SCS combination, in addition to the already agreed spectrum utilization number. As is shown in Figure 3, such a smaller guard band could result in a reduction in the probability of lost spectrum utilization.
It is the Ericsson view however that it would be very unlikely to successfully negotiate such a reduction in guard band for a parameter that has shown to be very contentious and has taken one year in RAN4 (and even more in RAN1) to conclude. As shown in Figure 3, even a successful reduction of minimum guard band would just reduce the probability of lost spectrum utilization, not eliminate it. The conclusion is that the probability numbers shown in Table 1 stand.
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Figure 3: Loss probability vs. Minimum guard band for 5 MHz carrier @15 kHz SCS.
c)
Synchronization raster granularity

While Option 1 is designed with RB alignment between channel raster and synchronization channel raster built-in, Option 2 has this catered for through the Multiple raster schemed explained above and in [1]. The consequence is that Option 1 will in the end have fewer synchronization raster points. 
A comparison between the schemes is done below in Table 2. The granularity is measured as number of entries in a 100 MHz pass band. For Option 1, the numbers are calculated with the same method as in [5], but using the agreed spectrum utilization from [6]. The Option 2 numbers are from [3]. Note that while Option 1 sync raster spacing is reduced with a small margin, there is no margin in the Option 1 numbers. A small margin will in the end be needed, since the SS block will most likely be power boosted and placement directly at the channel edge should be avoided.
Table 2: Analysis of synchronization raster granularity in Frequency Range 2
	Minimum Channel Bandwidth in band
	SC spacing
	Spectrum
utilization 
NRB
	Sync channel raster spacing ΔFSC,Raster +repetitions
Option 1
	Sync raster granularity
[entries in 
100 MHz]

Option 1
	Sync channel raster spacing ΔFSC,Raster +repetitions
Option 2
	Sync raster granularity
[entries in 
100 MHz]

Option 2

	5 MHz
	15 kHz
	25
	360 kHz
	278
	100 kHz
	1000

	10 MHz
	15 kHz
	52
	5.22 MHz
	20
	4.86 MHz 
x3 Reps
	61

	10 MHz
	30 kHz
	[24]
	360 kHz
	278
	100 kHz 
	1000

	20 MHz 
	30 kHz
	[51]
	10.08 MHz
	10
	9 MHz 
x3 Reps
	33

	40 MHz
	60 kHz
	[51]
	20.16 MHz
	5
	18 MHz 
x3 Reps
	16


The increase in number of sync raster points (basically a factor of 3) is visible in the comparison. One thing to note from the analysis in Table 2 is that the cases where the granularity advantage for Option 1 is the highest are the cases where the relative loss of spectrum utilization is the highest for Option 1 in Table 1.
d)
Wideband/CA operation and forward compatibility
Contiguous Intra-band Carrier Aggregation could become one inportant feature for deploying NR in spectrum allocations that do not match the agreed channel bandwidths. This may become less important for NR, since it is considered to allow more of a continuum of channel bandwidths for the BS to adapt to different allocations. This is not decided yet, so there are many unknowns:
· How large variation that may be possible in the BS bandwidth

· How such a carrier is defined in terms of reference point (at the center of the carrier or other).
· Whether such a carrier is an extension of existing fixed bandwidth or has larger flexibility

A possibility for larger RF carrier bandwidths could be exploited for carrier aggregation to give maximum utilization of the spectrum, while keeping the UE capabilities limited to a set of fixed RF channel bandwidths. It is however difficult to determine at this point exactly what the scheme looks like and how the carriers will be deployed.

The question that needs to be answer for the analysis of Option 1 and 2 for channel and synchronization raster is whether it is possible to place two RF carriers adjacent to each other while
1. Both carriers are on the predefined RF channel raster

2. Both carriers contain an SS block that is on the predefined synchronization raster

3. Keeping a minimum guard band between the carriers, preferably zero.

With Option 1, both the span of the two RF configurations, the SS blocks and the spacing between them are multiples of RBs. This should make it possible to achieve a zero guard band by placing them adjacent with the spacing being an integer multiple of RBs.
With Option 2, the channel raster is not a multiple of RBs, which implies that we cannot freely select the carrier spacing. In order to RB align the two carriers, thereby reaching zero guard band, the spacing would have to be a multiple of the RB size. For 180 kHz RB on a 100 kHz raster, that leads to a multiple of 900 kHz for the spacing. Two 5 MHz carriers could for example be spaced at 4.5 MHz. That would still be possible since the RF configuration is exactly 4.5 MHz (25 PRBs). An SS block can now be placed within one carrier according to the multiple raster scheme. It would also be possible to now place an SS blocks in the other carrier, if it can be done separated by an integer multiple of RBs. This is also the case as seen in Table 2, since the chosen 4.5 MHz spacing is both an integer number of RBs and on the sync channel raster. The conclusion is that the two carriers can be adjacent and at the same time use the predefined RF channel and synchronization channel rasters, resulting in a zero guard band for contiguous intra-band CA.
The same relation holds for the other parameters options in Table 2, where for the more sparse synchronization channel rasters, the spacing is chosen as a multiple of RBs.

4.2 Frequency range 2

For Range 2, the WF in [2] basically asks for investigation of options to manage the asymmetric guard band (“spectrum overspill”). The interpretation made here is that Option 1 and 2 are applicable also in mmWave bands. A comparative analysis of the two Options is made below.
a) Minimum Guard band and b) Achievable spectrum utilization

Also in Frequency Range 2, the Option 1 scheme relies on defining a minimum guard band to be fitted in a spectrum block without “spectrum overspill” and the alternative is to reduce spectrum utilization by 1 RB. The Option 2 scheme described in [4] is designed with a default 1 MHz raster and thus always matches the grid, giving no loss of spectrum utilization at the minimum guard band shown in the table.

A comparative analysis is presented in Table 3.

Table 3: Analysis of minimum guard band and relative loss in Frequency Range 2
	Minimum Channel Bandwidth in band
	SC spacing
	Spectrum
utilization 
NRB
	Default minimum
guard band 
	Relative loss of spectrum utilization Option 1 
(5 MHz grid)
	Relative loss of spectrum utilization Option 2
(any grid)

	50 MHz
	60 kHz
	[66]
	1.24 MHz
	1.5%
@94% probability
	0%

	50 MHz
	120 kHz
	[32]
	1.96 MHz
	3.1%
@97% probability
	0%

	100 MHz
	60 kHz
	[132]
	2.48 MHz
	0.8%
@94% probability
	0%

	100 MHz
	120 kHz
	[66]
	2.48 MHz
	1.5%
@94% probability
	0%

	200 MHz
	120 kHz
	[132]
	4.96 MHz
	0.8%
@94% probability
	0%


As for Frequency Range 1, it is here assumed that the default minimum guard band stands as the one to apply for Option 1, resulting in the probabilities of losing 1 RB in spectrum utilization as shown in the table.
c)
Synchronization raster granularity

The sync raster granularity is calculated using the same method as for Frequency Range 1, but the granularity is measured as number of entries in a 1000 MHz pass band. 

For Option 1, the numbers are calculated with the same method as in [5], but using the agreed spectrum utilization from [6]. The Option 2 numbers are from [4] and also here have an additional margin included.
Table 4: Analysis of synchronization raster granularity in Frequency Range 2
	Minimum Channel Bandwidth in band
	SC spacing
	Spectrum
utilization 
NRB
	Sync channel raster spacing ΔFSC,Raster +repetitions
Option 1
	Sync raster granularity
[entries in 
1000 MHz]

Option 1
	Sync channel raster spacing ΔFSC,Raster +repetitions
Option 2
	Sync raster granularity
[entries in 
1000 MHz]

Option 2

	50 MHz
	60 kHz
	[66]
	30.96 MHz
	32
	30 MHz 
x3 Reps
	100

	50 MHz
	120 kHz
	[32]
	12.96 MHz
	79
	11.52 MHz 
x3 Reps
	260

	100 MHz
	60 kHz
	[132]
	78.48 MHz
	12
	74.88 MHz 
x3 Reps
	40

	100 MHz
	120 kHz
	[66]
	61.92 MHz
	16
	59.04 MHz 
x3 Reps
	50

	200 MHz
	120 kHz
	[132]
	156.96 MHz
	6
	151.2 MHz 
x3 Reps
	19


The increase in number of sync raster points (basically a factor of 3) is also here visible in the comparison.
d)
Wideband/CA operation and forward compatibility

Regarding Carrier Aggregation, the same analysis can be done for Frequency Range 2 as for Range 1 for how to deploy adjacent carriers for the parameters options in Table 4. The conclusion is the same and both Option 1 and Option 2 schemes can achieve zero guard band. Note that for Option 2, the synchronization raster spacing is chosen as a integer multiple of RBs to assist in achieving zero guard band.
5 Conclusion
The following is a summary of the analysis of the four points outlined in the Way-Forward from Qingdao [2] for Frequency Range 1:
a) Minimum Guard band

Option 1 relies on defining a minimum guard band which is smaller than the default guard band, in order to reduce the risk of “spectrum overspill” when deploying carriers. Agreeing on those reduced guard band values is seen by Ericsson as a very complex and time-consuming task that most likely will not lead anywhere. Option 2 works directly with the default guard bands derived from the spectrum utilization without further effort. 

( Advantage for Option 2.

b) Achievable spectrum utilization

It is demonstrated that for Option 1, there is a high probability of loss of 1 RB in spectrum utilization, being ~4% in the LTE refarming bands and ~2% in other bands. The probability can be somewhat reduced if it is possible to negotiate and agree on reduced minimum guard bands. As stated above, Ericsson believes this to be very unlikely.
( Advantage for Option 2.

c) Synchronization raster granularity
The analysis shows a possibility for 3-4 times fewer synchronization raster points for Option 1, depending on the band. If the same “margin” is used for Option 1 and Option 2 schemes, the difference is slightly smaller. 

( Advantage for Option 1.

d) Wideband/CA operation and forward compatibility
Both Option 1 and Option 2 schemes can achieve zero guard band for contiguous carrier aggregation.
( No difference.

In the end, the choice depends on which of points a), b) and c) that is most important. Is it the possibility for efficient deployment in any spectrum allocation (points a) and b)) or is it the UE initial search time (point c)) Ericsson believes that the advantages of Option 2 are of higher importance for NR and is the obvious choice.

For Frequency Range 2, the conclusion is very similar. Points a) and d) remain the same. The potential relative losses for Option 1 in point b) are slightly smaller (1-3%), while the loss probabilities are higher. The difference in sync raster granularity is very similar (point c)). Option 2 would be the choice also here.
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