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Introduction
The selection of sub-carrier spacing for data as well as SS-block transmission has been ongoing for some time both in RAN1 and RAN4. The choice of sub-carrier spacing for data seems to converge, with sub-carrier spacings below 6 GHz of 15 kHz, 30 kHz and 60 kHz (RAN4 at this stage has not made a decision on support of 60 kHz sub-carrier spacing for bands below 1 GHz pending the feedback from RAN1). For mm-waves, the sub-carrier spacings for data are 60 kHz and 120 kHz.
For SS-block transmission, a single sub-carrier spacing per band should be defined. This paper proposes sub-carrier spacings for all the bands that are specified within the NR WID.
Sub-carrier spacing for CSI-RS is still under discussion in RAN1 and not considered in this paper.
Discussion
As the SS-block transmission burst needs to be defined once and be unique per band, careful consideration should be made to select the proper sub-carrier spacings for SS-block transmission both for sub-6 GHz as well as mm-wave frequency ranges.
The current candidates for SS subcarrier spacing are as following:
Sub-6 GHz:			15 kHz or 30 kHz
mm-wave frequencies:		120 kHz or 240 kHz
Some considerations for selection of SS-block transmission sub-carrier spacing are as follows:
· In some bands below 6 GHz, spectrum allocations of 5 MHz exist. Migration to NR should be enabled for these secanrios. 
· NR should allow for fast beam sweeping for SS block transmission. There are typically a larger number of beams mm-wave frequency bands than lower frequencies. This would require larger sub-carrier spacing in order to achieve short duration for each beam, enabling a large number of beams.
· The same SS-block subcarrier spacing should be chosen for overlapping bands in order to simplify the initial cell search procedure. Different SS-block sub-carrier spacing for overlapping bands would result in initial cell search being complicated, power consuming and taking longer time.
Based on the considerations above, SS-block sub-carrier spacings for NR bands in release 15 are proposed in Table 1.
Table 1	Proposed SS-block/PBCH Sub-carrier spacings
	NR Bands in                rel-15
	SS-block/PBCH sub carrier spacing
	Required minimum NR bandwidth

	1
	30 kHz
	10 MHz

	3
	15 kHz
	5 MHz

	7
	30 kHz
	10 MHz

	8
	15 kHz
	5 MHz

	20
	15 kHz
	5 MHz

	28
	15 kHz
	5 MHz

	41
	30 kHz
	10 MHz

	66
	30 kHz
	10 MHz

	70
	15 kHz
	5 MHz

	71
	15 kHz
	5 MHz

	1.427-1.518 GHz
	15 kHz
	5 MHz

	3.3 - 4.2 GHz
	30 kHz
	10 MHz

	4.4 - 4.99 GHz
	30 kHz
	10 MHz

	24.25 - 29.5 GHz
	[120 kHz] or [240 kHz]
	[50 MHz] or [100 MHz]

	31.8 – 33.4 GHz
	[120 kHz] or [240 kHz]
	[50 MHz] or [100 MHz]

	37 – 40 GHz
	[120 kHz] or [240 kHz]
	[50 MHz] or [100 MHz]




The proposed SS-block transmission sub-carrier spacings for mm-wave frequency bands of 240 kHz implies that the 50 MHz minimum bandwidth can not be supported. If spectrum allocations in some regions would require minimum bandwidths of 50 MHz, either a RAN1 re-design of SS-blocks or selection of 120 kHz sub-carrier spacing for SS-blocks instead of 240kHz would be possible options.
As the SS-block sub-carrier spacing is quite essential to be able to progress the work on other areas we would propose the following:

Proposal 1:
The SS-Block sub-carrier spacing as proposed in this document should be adopted.


Proposal 2:
We encourage RAN4 to discuss the spectrum situation for concerned mm-wave frequency bands to conclude on the necessasity of 50 MHz bandwidth and consider the possible available options to enable the 50 MHz minimum bandwidth for NR.

RAN4 should also inform RAN1 about the agreed sub-carrier spacings. An LS is provided in [1].

Proposal 3:
RAN4 should send an LS to RAN1 informing RAN1 on RAN4 agreements regarding the SS-block sub-carrier spacings. 

It should be noted that when in future releases, existing and new bands are included in the NR specifications, for all overlapping added bands the same SS-block/PBCH sub-carrier spacing as decided in this release in the overlapping bands should be adopted.


Conclusion
In this paper, selection of SS-block sub-carrier spacing was discussed. Some fundamental considerations for the selection were outlined and for all NR bands in rel 15, relevant sub-carrier spacings were proposed.
As settling the SS-block sub-carrier spacing is quite essential to be able to progress the work in other areas, the following was proposed:
Proposal 1:
The SS-Block sub-carrier spacing as proposed in this document should be adopted.

Proposal 2:
We encourage RAN4 to discuss the spectrum situation for concerned mm-wave frequency bands to conclude on the necessasity of 50 MHz bandwidth and consider the possible available options to enable the 50 MHz minimum bandwidth for NR.


Proposal 3:
RAN4 should send an LS to RAN1 informing RAN1 on RAN4 agreements regarding the SS-block sub-carrier spacings. 
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