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1 Introduction

For NR air interface, there is a need to define a minimum time and frequency structure, similarly to the PRB (Physical Resource Block) specified in LTE. A PRB consists of multiple subcarriers (Nsc) with subcarrier spacing (Δf) occupying a total bandwidth of BWPRB = Nsc × Δf, and has a duration in time of TPRB. 
This document will discuss some aspects which have to be considered determining the resource block size (i.e., BWPRB × TPRB).
2 Design Consideration
This section describes design consideration for determining the resource block size (BWPRB × TPRB). 
Wide range of transmission bandwidth
In LTE, multiple transmission bandwidths from 1.4 MHz to 20 MHz are supported. Here, regardless of the transmission bandwidth, constant value of subcarrier spacing (e.g., Δf = 15 kHz) and fixed number of subcarriers in a PRB (Nsc = 12) are used. The number of available PRBs is changed according to the transmission bandwidth as the following:

Table 1: Number of resource blocks depending on the transmission bandwidth in LTE
	Bandwidth [MHz]
	1.4
	3
	5
	10
	15
	20

	Subcarrier spacing, Δf [kHz]
	15 kHz

	# of subcarriers in a PRB, Nsc
	12

	PRB bandwidth, BWPRB
	180 kHz

	# of PRBs in a bandwidth
	6
	15
	25
	50
	75
	100


The NR system should support a very wide range of spectrum, ranging at least up to 100 GHz [1]. Thus possible transmission bandwidths would also have a wide range to support various applications and use cases. For example, some of use cases will require very large transmission bandwidth (not smaller than 80 MHz for largest component carrier bandwidth) [2] and other use cases will require much smaller transmission bandwidth.

Observation 1: NR should support much wider range of transmission bandwidth than LTE.
Minimum payload size to be supported in NR
Decision on the PRB size in NR could be affected by the minimum payload size to be supported in NR. For example, if the minimum payload size to be supported in NR is small, then a smaller PRB size (i.e., smaller size of BWPRB × TPRB) would be efficient in terms of resource utilization because it requires less padding. Otherwise (if the minimum payload size to be supported in NR is larger), a larger resource block size (i.e., larger size of BWPRB × TPRB) would be desirable in terms of L1/L2 signaling overhead for assigning the resource block. It should be noted that the minimum payload size could be different depending on the applications and use cases in NR. So, the PRB size to be specified in NR could efficiently support various applications and use cases.
Observation 2: Minimum payload size gives an impact on determining the PRB size and the minimum size of payload could be different depending on the potential applications and use cases to be identified.
Multiple numerologies
In last RAN1#85 meeting, it was agreed that multiple different numerologies within a same NR carrier bandwidth (from the network perspective) is supported [3]. So, PRB size in NR should be scalable enough to support multiple different numerologies efficiently and the following two approaches could be possible:

Fixed time/frequency granularity: Let us define PRB size, KPRB = BWPRB × TPRB where BWPRB = Nsc × Δf. In this approach, BWPRB and TPRB are constant values regardless of Δf but Nsc is variable depending on Δf. So, if Δf decreases with the scale of m, then Nsc increases with the same scale, and vice versa. This approach was already adopted in LTE for the case that MBMS and normal LTE coexist within a carrier, e.g., BWPRB1 = 180 kHz = 24 × 7.5 kHz (for MBMS) and BWPRB2 = 180 kHz = 12 × 15 kHz (for normal LTE). Here, TPRB = 0.5 ms for both cases. This approach could be extended into NR as shown in Table 2 where Nsc = N for Δf = 15 kHz as the baseline. However, this approach would provide limited scalability and flexibility because larger subcarrier spacing has small number of resource elements (REs) or smaller subcarrier spacing has large number of REs within the fixed PRB.
Table 2: PRB size with fixed time/frequency granularity

	Δf
	15 kHz/m
	15 kHz
	m × 15  kHz

	Nsc
	m × N
	N (baseline)
	N/m

	BWPRB
	Fixed value regardless of Δf and Nsc

	TPRB
	Fixed value


Observation 3: Fixed time and frequency granularity approach would provide limited scalability and flexibility.

Scalable time/frequency granularity: In this approach, Nsc is a fixed value regardless of Δf but BWPRB and TPRB are variable depending on Δf as shown in Table 3. So, if Δf increases, then TPRB decreases with the same scale. More specifically, if Δf = m × Δf, then TPRB = TPRB/m where m is a positive integer value. This approach would be scalable enough to support different numerologies.

Table 3: PRB size with scalable time/frequency granularity

	Δf
	15 kHz / m
	15 kHz
	m × 15  kHz

	Nsc
	N (fixed value)

	BWPRB
	N/m × 15 kHz
	N × 15 kHz
	m × N × 15 kHz

	TPRB
	m × T
	T (baseline)
	T/m


Observation 4: Scalable time and frequency granularity would sufficiently provide scalability and flexibility.

Proposal: PRB size to be specified in NR should support scalable time/frequency granularity.  
3 Conclusion
In this contribution, we discussed design consideration for determining PRB size in NR. The observations and proposal are as follows:
Observations

· NR should support much wider range of transmission bandwidth than LTE
· Minimum payload size gives an impact on determining the PRB size and the minimum size of payload could be different depending on the potential applications and use cases to be identified.
· Fixed time and frequency granularity approach would provide limited scalability and flexibility.
·  Scalable time and frequency granularity would sufficiently provide scalability and flexibility.
Proposal: PRB size to be specified in NR should support scalable time/frequency granularity.
4 References

[1] RP-160671, New SID Proposal: Study on New Radio Access Technology, NTT DOCOMO, RAN#71, March, 2016.
[2] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#84bis, Busan, Korea, April, 2016.

[3] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#85, Nanjing, China, May, 2016.
1/3

