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0
Summary

This contribution provides our views on the NR channel raster and synchronization signal raster.
1
Introduction
NR channel raster and synchronization signal (SS) raster were discussed in the past RAN4 meetings [1-8]. This contribution provides our views on the NR channel raster and synchronization signal raster.

2
Discussion
2.1
Channel raster

The current LTE channel raster is 100 kHz and its synchronization channel raster is also 100 kHz. The drawback of the current LTE channel raster is that it is not an integer multiple of the subcarrier spacing which is 15 kHz. This could lead to some gaps between two component carriers. If channel raster is an integer multiple of the PRB size, there is no gap left between two component carriers.

RAN4 reached an agreement on subcarrier spacing in the last meeting [9], which is copied below.

· SCS supported for bands below 1 GHz
· 15kHz, 30kHz
· The decision of supporting 60kHz is pending RAN1 check
· SCS supported for bands between 1GHz and 6GHz
· 15kHz, 30kHz, 60kHz
· SCS supported for bands above 24GHz and below 52.6GHz
· 60 kHz, 120kHz
· 240kHz is not applicable for data
· 240 for data can be further considered if a clear benefit is shown 
· SCS support is band dependent
· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases
For sub-6 GHz, if an existing band could be used for both LTE and NR, we propose that the NR channel raster is the same as the LTE channel raster, which is 100 kHz. This ensures the LTE carrier and NR carrier are fully aligned, as well as their subcarriers.
For sub-6 GHz, if a new band is defined for NR, the NR channel raster does not necessarily to be the same as LTE channel raster. The NR channel raster could be n*180 kHz, which is “n * 12 subcarriers x 15 kHz”. n is a positive integer.
For above 6 GHz, The NR channel raster could be n*720 kHz, which is “n * 12 subcarriers x 60 kHz”. n is a positive integer.
Proposal 1: For sub-6 GHz, if an existing band could be used for both LTE and NR, the NR channel raster is 100 kHz.

Proposal 2: For sub-6 GHz, if a new band is defined for NR, the NR channel raster is 180 kHz.
Proposal 3: For above 6 GHz, the NR channel raster is 720 kHz.

2.2
Synchronization signal raster

The synchronization signal design in RAN1 is still ongoing. The location of SS could be anywhere within the channel. The SS size is 288 subcarriers, and its actual size in frequency depends on the SS subcarrier spacing. RAN1 reached the following agreement.

· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster
· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  

RAN4 reached the following agreement on minimum supported carrier bandwidth. For sub-6 GHz, the minimum possible carrier bandwidth is 5 MHz. Our understanding is that for different frequency ranges of sub-6 GHz, the minimum possible carrier bandwidth could be different. For example, for lower than 3.5GHz, it could be 5 MHz, but for 3.5-6 GHz it could be 10 MHz.
· The set of supported NR bandwidths for each frequency band will be band specific

· For frequency range up to 6 GHz, the minimum possible carrier bandwidth for NR is 5 MHz For frequency range from 6 GHz to 52.6 GHz, the minimum possible carrier bandwidth for NR is 50 MHz 

· RAN4 will further determine mapping between frequency band and the set of support carrier bandwidth values in consideration with above
If we do not want to put restriction on carrier positions and if we want the SS raster sparser compared to the channel raster, the SS raster satisfies the following formula.

RSS <= CBWeff-min - BWSS

where, 
RSS is SS raster;


CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth.

NR channel utilization is still under consideration in RAN4. In the following example, we assume it is 92%. The following table shows examples of maximal SS raster for different frequency ranges.
	Frequency range
	0 to 3 GHz
	3  to 6 GHz
	6 to 45 GHz
	above 45 GHz

	SS SCS in kHz
	15
	30
	120
	240

	SS subcarriers
	288
	288
	288
	288

	SS size in MHz
	4.32
	8.64
	34.56
	69.12

	BW in MHz (minimum)
	5
	10
	50
	100

	BW utilization in %
	92
	92
	92
	92

	effective BW (minimum)
	4.6
	9.2
	46
	92

	SS raster in kHz (maximum)
	280
	560
	11440
	22880


It is beneficial to choose the SS raster which in an integer multiple of the channel raster. The following equation provides the relationship between the channel raster and the maximal SS raster which is an integer multiple of the channel raster. The table shows some examples.
RSS = Floor((CBWeff-min - BWSS)/ RCH) * RCH

where, 
RSS is SS raster;



CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth;

RCH is channel raster.

	Frequency range
	0 to 3 GHz
	3  to 6 GHz
	6 to 45 GHz
	above 45 GHz

	SS SCS in kHz
	15
	30
	120
	240

	SS subcarriers
	288
	288
	288
	288

	SS size in MHz
	4.32
	8.64
	34.56
	69.12

	BW in MHz (minimum)
	5
	10
	50
	100

	BW utilization in %
	92
	92
	92
	92

	effective BW (minimum)
	4.6
	9.2
	46
	92

	SS raster in kHz (maximum)
	280
	560
	11440
	22880

	Channel raster in kHz
	100
	180
	720
	720

	SS raster in kHz (maximal integer of channel raster)
	200
	540
	10800
	22320


Proposal 4: The SS raster is given by the following equation. The SS raster is an integer multiple of the channel raster.

RSS = Floor((CBWeff-min - BWSS)/ RCH) * RCH

where, 
RSS is SS raster;



CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth;

RCH is channel raster.

3
Conclusions

Proposal 1: For sub-6 GHz, if an existing band could be used for both LTE and NR, the NR channel raster is 100 kHz.

Proposal 2: For sub-6 GHz, if a new band is defined for NR, the NR channel raster is 180 kHz.

Proposal 3: For above 6 GHz, the NR channel raster is 720 kHz.

Proposal 4: The SS raster is given by the following equation. The SS raster is an integer multiple of the channel raster.

RSS = Floor((CBWeff-min - BWSS)/ RCH) * RCH

where, 
RSS is SS raster;



CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth;

RCH is channel raster.
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