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Introduction
In RAN1#86, the number of subcarriers for a PRB was discussed to be selected between 12 and 16.   Frequency domain multiplexing of different numerologies is based on the nested structure.   The agreements of PRB definitions are as follows, 

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, 10, 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

Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,
· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain
· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case

Conclusions:
· Proponents are encouraged to study followings
· Alt. 1: Adopt RB grid for FDM as it is agreed in TDM
· Alt. 2: Use RB grid corresponding to the reference numerology for FDM, applied the same grid to TDM, and revisit above agreements for TDM

This paper discusses the number of subcarriers for a PRB in NR frame structure design.  

PRB Definition in NR Frame Structure Design

In RAN1#86, it was agreed that the number of subcarriers per PRB for NR study would be selected between 12 and16.  The number of 12 subcarriers has been defined in LTE as the basic unit for a PRB to fit the flexible system bandwidth {0.2, 1.4, 3, 5, 10, 15, 20} MHz.   The RF front end circuit and performance requirements could be reused if 12 subcarriers are used as the unit of a PRB in NR.   The consideration of 16 subcarriers per PRB in NR is the scalability with scaling factor of power of 2.  The power of 2 scaling factor would align seamlessly with the power of 2 scaling factor of subcarrier spacing with 15 kHz subcarrier spacing as the base unit.  In RAN1#86, it was agreed that the NR system bandwidth to be studied as follows,

· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied
· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

When the subcarrier spacing is a multiple of 15 kHz, the bandwidth of a PRB could be proportionally scaled up with power of 2 regardless it is 12 or 16 subcarriers per PRB.   The provisioned system bandwidth supported in NR are mostly power of 2, such as 1.25, 2.5, 5, 10, 20, 40, 80, …., 480 MHz.   For the subcarrier spacing being a sub-multiple of 15 kHz (e.g., 3.75 or 7.5 kHz),  both of 12 and 16 subcarriers per PRB contain the factor of 2 and 4 and could be scaled down from 15 kHz subcarrier spacing.   Thus, both 12 and 16 subcarriers per PRB support the power of 2 scalability.   

Proposal 1:  Both 12 and 16 subcarriers per PRB support the power of 2 scalability. 

Number of Subcarriers in a PRB
The PRB size is determined by the minimum payload size and the minimum system bandwidth to be supported in NR.  The minimum payload size is the basic unit for the scheduler to allocate resources for all services in NR.   The minimum payload size determines the minimum transmitted power spectrum density (PSD).  The PSD would be a factor in calculation of the NR system coverage area and the UE power consumption.   The NR system would have relatively larger coverage area and less UE power consumption for 12 subcarriers per PRB to that of 16 subcarriers per PRB.   
The minimum payload size would be used by all applications and use cases in NR.  The PRB size to be specified in NR could efficiently support various applications and use cases. .  Three types of services are supported in NR; they are eMBB, URLLC and mMTC services.  The eMBB targets to support high speed access up to 20 Gbps.  The payload size of URLLC and mMTC expects to be small.   If the minimum payload size is too big, the spectrum efficiency might be degraded due to consistent padding of data packet.  The scheduler would have limited flexibility in resource allocation.  If the minimum payload size is too small, the spectrum might be fragmented and the trunking efficiency would be low.   Frequency domain PRB bundling has been used to minimize the spectrum fragmentation and to improve the accuracy of the frequency domain channel estimation.   The spectrum efficiency and the scheduling flexibility would be higher for 12 subcarriers per PRB comparing to 16 subcarriers per PRB.   
The minimum NR system bandwidth would be mostly decided by the system supported mMTC services.   The narrowband system supported mMTC would be low power consumption and with capacity to support large number of mMTC devices.  The NR system should be capable of integrating legacy MTC carriers, such as LTE eMTC and NB IoT systems.   Both of LTE eMTC and NB IoT are based on 12 subcarriers per PRB.  Thus, it would be less effort to have legacy narrowband system integrated in the NR system with 12 subcarriers per PRB comparing to that with16 subcarriers per PRB
Proposal 2:  The number of subcarriers per PRB should be 12 for better NR coverage, less UE power consumption, higher spectrum efficiency, better scheduling flexibility and less effort in integrating legacy narrowband system into NR system.  

Frequency Resource Partition and Multiplexing of Different Numerologies
The frequency domain resource is allocated based on the system bandwidth.   Multiple numerologies of subcarrier spacing are supported in order to support wide range of component carrier bandwidth.  PRB size in NR should be scalable enough to support multiple different numerologies efficiently.   Large subcarrier spacing is used mainly for large component carrier bandwidth as in [4].  The subcarrier spacing is paired with the system bandwidth with same scalability to simplify the implementation.   Thus, the number of subcarriers in a PRB as the basic unit for the resource allocation in frequency domain is the same for all subcarrier spacing.   
	In RAN1#86, the RB grid and nested structure was agreed for NR frequency resource partition with different numerologies as follows,
· In one carrier when multiple numerologies are time domain multiplexed,
· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain
· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case
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When subcarrier spacing is multiple of 15 kHz as shown in Figure aforementioned, the RB grid would be located in a nested manner in the frequency domain.  A PRB of large subcarrier spacing occupies 2n time bandwidth of a PRB of 15 kHz subcarrier spacing.  Multiplexing of different subcarrier spacing in frequency domain would be simpler to follow the same principle of RB grind in TDM based on the resource grid of largest subcarrier spacing.   
Proposal 3: Adopt RB grid for FDM as it is agreed in TDM  

Conclusion
This paper provides the system analysis of RB size and multiplexing in different numerologies in NR frame structure design.   We have the following proposals,
· Proposal 1:  Both 12 and 16 subcarriers per PRB support the power of 2 scalability 
· Proposal 2;  The number of subcarriers per PRB should be 12 for better NR coverage, less UE power consumption, higher spectrum efficiency, better scheduling flexibility and less effort in integrating legacy narrowband system into NR system.   
· Proposal 3:  Adopt RB grid for FDM as it is agreed in TDM  
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