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Introduction
In the last meeting, RAN1 discussed the numerology for NR including the number of subcarriers per PRB and the following agreements were reached: 

Agreements:
· PRB definition where the number of subcarriers per PRB is the same for all numerologies is supported
· Examples of the number of subcarriers per PRB for NR study are 12, 16
· Additional PRB definition with the different number of subcarriers is not precluded

Agreements:
· The number of subcarriers per PRB for NR study are 12, 16

Conclusions:
· RAN1 will down select the number of subcarriers per PRB in the next meeting

Agreements:
· For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain


In this contribution, we discuss “PRB” first and discuss the number of subcarriers from the view point of system bandwidths.
Discussion
Firstly, we would like to review use of PRB in LTE. “PRB” is used as a basic unit for multiple purposes, for example:
· Physical layer structure
· Reference signal pattern
· Slot definition (duration of a PRB in time domain is equal to a slot)
· Partitioning system bandwidth
· PRACH resource
· PUCCH resource
· NB-IoT carrier
· Resource assignment
· A PRB-pair is a basic physical resource unit
· CSI measurement / reporting
· Sub-band CSI
· Precoding
· PRG
· System bandwidth (bandwidth configuration)
· ,  in terms of PRBs (supported by RAN4/RAN2 specifications)

We envision that, for NR, “PRB” would be used for the same (or similar) purposes as LTE.

Proposal:
· Discuss which use of PRB is applied for in NR 


In the rest of this document, we discuss PRB in NR from the view point of system bandwidth configuration. The system bandwidth could be described as positive integer multiple of PRBs as in LTE.
For LTE, a set of system bandwidths of {1, 6, 15, 25, 50, 75, 100} in terms of number of PRBs are supported, which corresponds to {12, 72, 180, 300, 600, 900, 1200} subcarriers with 15kHz subcarrier spacing and 90% of channel bandwidth of {200 kHz, 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz} (strictly speaking, 90% of 1.4 MHz is 7 PRBs).
For NR, wider channel bandwidths than 20 MHz would be supported. And system bandwidth of more than 90% of channel bandwidth has been targeted as liaised to RAN4 [2]. 
On the other hand, for the case of replacing an existing LTE carrier with NR, NR would need to support the same channel bandwidths as legacy LTE. It might also be needed to support 90 % of channel bandwidth, e.g. if other radios including legacy LTE exist in the adjacent channels and the same bandwidth is required for guard band.

In RAN1#86, {12, 16} subcarriers per PRB have agreed as candidates for NR study. Table 1 shows the number of PRBs describing system bandwidth of each channel bandwidth with these candidates:

Table 1: Number of PRBs to support legacy LTE channel bandwidth (Y=90%)
	Subcarrier spacing =15kHz
	Channel BW supported by legacy LTE (incl. NB-IoT)

	
	200 kHz
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	# of subcarriers (Y=90%)
	12
	72 
	180
	300
	600
	900
	1200

	# of PRB
	12 subcarriers per PRB
	1
	6
	15
	25
	50
	75
	100

	
	16 subcarriers per PRB
	0.75
	4.5
	11.25
	18.75
	37.5
	56.25
	75




Observation:
· In case NR needs to support legacy system bandwidth (90% of channel bandwidth):
· (Needless to say) 12 subcarriers per PRB fit the same system bandwidth 
· 16 subcarriers per PRB does not fit the such system bandwidth
· One PRB has wider bandwidth than the channel bandwidth of NB-IoT

[bookmark: _GoBack]Tables for other value of Y (96%, 99%) are provided in Annex. 
As can be seen from tables, the PRB size in terms of number of subcarriers has influence for describing the system bandwidth with multiple of PRBs. Therefore we propose:

Proposal:
· RAN1 should take into account use of PRB for system bandwidth configuration when deciding the number of subcarriers per PRB

Summary
In this contribution, we reviewed the use of PRB in LTE and made the following proposal:
Proposal:
· Discuss which use of PRB is applied for in NR

And then we discussed PRB for NR for system bandwidth configuration taking into account the legacy LTE system bandwidths. We have the following observations and proposals:

Observation:
· In case NR needs to support legacy system bandwidth (90% of channel bandwidth):
· (Needless to say) 12 subcarriers per PRB fit the same system bandwidth 
· 16 subcarriers per PRB does not fit the such system bandwidth
· One PRB has wider bandwidth than the channel bandwidth of NB-IoT

As can be seen, the PRB size in terms of number of subcarriers has influence for describing the system bandwidth with multiple of PRBs. Therefore we propose:

Proposal:
· RAN1 should take into account use of PRB for system bandwidth configuration when deciding the number of subcarriers per PRB
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Annex
Number of PRBs for higher value of Y are provided below:

Table 2: Number of PRBs to support legacy LTE channel bandwidth (Y=96%)
	Subcarrier spacing =15kHz
	Channel BW supported by legacy LTE (incl. NB-IoT)

	
	200 kHz
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	# of subcarriers (Y=96%)
	12.8
	89.6
	192
	320
	640
	960
	1280

	# of PRB
	10 subcarriers per PRB
	1.28
	8.96
	19.2
	32
	64
	96
	128

	
	12 subcarriers per PRB
	1.07
	7.4
	16
	26.7
	53.3
	80
	106.7

	
	16 subcarriers per PRB
	0.8
	5.6
	12
	20
	40
	60
	80



Table 3: Number of PRBs to support legacy LTE channel bandwidth (Y=99%)
	Subcarrier spacing =15kHz
	Channel BW supported by legacy LTE (incl. NB-IoT)

	
	200 kHz
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	# of subcarriers (Y=99%)
	13.2
	92.4
	198
	330
	660
	990
	1320

	# of PRB
	10 subcarriers per PRB
	1.32
	9.2
	19.8
	33
	66
	99
	132

	
	12 subcarriers per PRB
	1.1
	7.7
	16.5
	27.5
	55
	82.5
	110

	
	16 subcarriers per PRB
	0.825
	5.8
	12.4
	20.6
	41.3
	62
	82.5



Same tables with four times wider subcarrier spacing and channel bandwidth
Table 4: Number of PRBs (Y=90%)
	Subcarrier spacing = 60 kHz
	Channel bandwidth

	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	# of subcarriers (Y=90%)
	300
	600
	900
	1200

	# of PRB
	10 subcarriers per PRB
	30
	60
	90
	120

	
	12 subcarriers per PRB
	25
	50
	75
	100

	
	16 subcarriers per PRB
	18.75
	37.5
	56.25
	75



Table 5: Number of PRBs (Y=96%)
	Subcarrier spacing = 60 kHz
	Channel bandwidth

	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	# of subcarriers (Y=96%)
	320
	640
	960
	1280

	# of PRB
	10 subcarriers per PRB
	32
	64
	96
	128

	
	12 subcarriers per PRB
	26.7
	53.3
	80
	106.7

	
	16 subcarriers per PRB
	20
	40
	60
	80



Table 6: Number of PRBs (Y=99%)
	Subcarrier spacing = 60 kHz
	Channel bandwidth

	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	# of subcarriers (Y=99%)
	330
	660
	990
	1320

	# of PRB
	10 subcarriers per PRB
	33
	66
	99
	132

	
	12 subcarriers per PRB
	27.5
	55
	82.5
	110

	
	16 subcarriers per PRB
	20.6
	41.3
	62
	82.5






