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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. In [1] some consideration regarding the choice of mm-wave band SS block transmission sub-carruer spacings were given.
The choice of sub-carrier spacing for data seems to converge, as well as the SS-block transmission for sub-6 GHz even though the mapping between SCS and bands is not settled. No agreements was reached during the previous meeting regarding the SS-block transmission sub-carrier spacing for mm-wave bands.
In this paper, we outline some possible options with corresponding benefits and drawbacks and encourage RAN4 to consider the options and decide given the stringent time plan for NR.
Discussion
As the SS-block transmission burst needs to be defined once and be possibly unique per band, careful consideration should be made to select the proper sub-carraier spacings for SS-block transmission both for sub-6 GHz as well as mm-wave frequency ranges.
The candidates for SS subcarrier spacing, according to [2] are as following:
· 15 kHz / 30 kHz for below 6 GHz and 
· 120 kHz / 240 kHz  for mm-wave frequencies.
Some considerations for selection of mm-wave SS-block transmission sub-carrier spacing are as follows:
· In some mm-wave bands, spectrum allocations of 50 MHz exist. 
· 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 possibly 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, there are a few options on selection of SS-block sub-carrier spacings for NR mm-wave bands as following was discussed during previous RAN4 meeting (other options are not precluded):
A) only 120 kHz sub-carrier spacing for SS-block: 
This option would be the simplest approach allowing for 50 MHz block sizes with drawback of ultra fast sweeping for very large number of beams could be limited even for larger bandwidths when available but simple and speedy initial cell search.
B) Allow both 120 kHz and 240 kHz SS-block sub-carrier spacing where a unique value can be configured by opertors. This applies for both PCell, PSCell and SCell.
This option would be the most flexible solution with additional signaling complexity as well as if not the same SS-Block is configured for overlapping bands, the intial cell search become more complicated, power consuming and take longer time. In case the blocks with 240 kHz are not allowed to be used as stand-alone, the initial cell search would not be an issue
C) 120 kHz SS-block sub-carrier spacing for PCell and 120 kHz/240 kHz SS-block sub-carrier spacing for SCell.
This option similar to option B is flexible but has similar implications as option B but only for the case of overlapping bands as Pcell is uniquely specified.
As the selection of SS-block sub-carrier spacing is quite essential and affect other parts in the specifications such as selection of channel and SS-block raster etc, we encourage RAN4 to discuss the possible options and consider the benefits asn implications and decide. We thus propose:

Proposal 1:
RAN4 to continute the discussions on below outlined options from the RAN4#83 AH2 (other options are not precluded) with possible benefits and drawbacks and settle the mm-wave band SS-block transmission in this meeting:

A) only 120 kHz sub-carrier spacing for SS-block.
B) Allow both 120 kHz and 240 kHz SS-block sub-carrier spacing where a unique value can be configured by opertors. This applies for both PCell and SCell.
C) 120 kHz SS-block sub-carrier spacing for PCell and 120 kHz/240 kHz SS-block sub-carrier spacing for SCell.
In addition, the mapping of SS-block sub-carrier spacing and bands was not settled either in the RAN4 #83 AH2 but a proposal was presented in [1]. We thus propose the following:
Proposal 2: The mapping of SS-block sub-carrier spacings to NR bands in rel 15 should be as following:
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] / [240 kHz]
	[50 MHz] / [100 MHz]

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

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





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:
RAN4 to continute the discussions on below outlined options from the RAN4#83 AH2 (other options are not precluded) with possible benefits and drawbacks and settle the mm-wave band SS-block transmission in this meeting:

D) only 120 kHz sub-carrier spacing for SS-block.
E) Allow both 120 kHz and 240 kHz SS-block sub-carrier spacing where a unique value can be configured by opertors. This applies for both PCell and SCell.
F) 120 kHz SS-block sub-carrier spacing for PCell and 120 kHz/240 kHz SS-block sub-carrier spacing for SCell.
In addition, the mapping of SS-block sub-carrier spacing to bands should be settles and thus we propose the following:
Proposal 2: The mapping of SS-block sub-carrier spacings to NR bands in rel 15 should be as following:
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] / [240 kHz]
	[50 MHz] / [100 MHz]

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

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