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1 , Introduction
In RAN2 #96 meeting, extensive discussion took place with respect to the modelling issue on the multiple numerologies support in NR. Accordingly, a FFS is left as follows:

 Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

In this contribution, based on the latest RAN1 progress on the radio resource allocation and usage, we analyse the MAC function to support multi numerology and elaborate how MAC support multiple numerologies in NR. 
2 , Discussion

2.1 Simultaneous operation among multiple numerologies
In RAN1#87 meeting, the following agreements were reached: 

1 In DL, ddynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic 

--URLLC transmission may occur in resources scheduled for ongoing eMBB traffic.
2    NR-PDCCH monitoring at least for single-stage DCI design

--NR supports the following minimum granularity of the DCI monitoring occasion

3    NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion
Accordingly, since the dynamic resource allocation and sharing between URLLC and eMBB is supported, it is possible that one numerology may be incorporated in the resources scheduled for another ongoing numerology. Besides, dynamic resource sharing among multiple different numerologies should be implemented by MAC through DCI in NR.  These mean MAC should support the simultaneous operation among multiple numerologies.
Observation 1: In NR, MAC entity should support simultaneous operation among multiple numerologies.
2.2 Multiple numerologies support in MAC
For multiple numerologies scenario in NR, in order to support simultaneous operation among multiple numerologies, MAC needs to be design to enable the dynamic resource allocation and sharing of different numerologies in FDM/TDM fashion, which means a coordinated and unified resource scheduling becomes necessary. Since one numerology may be incorporated in the resources scheduled for another ongoing numerology, it is necessary to consider two levels of numerology scheduling mechanism in MAC entity in NR, i.e. inter-numerology scheduling and intra-numerology scheduling, as shown in Fig.1.
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Fig.1 multiple numerologies support in MAC
Inter- numerology entity manages the scheduling among different numerologies and intra-numerology function entity fulfils the scheduling in a particular resource. 

Inter- numerology scheduling is responsible for resource scheduling among different numerology base on the traffic of the service. It is a centralized scheduling among different numerologies.  Resource sharing between different numerologies can be easily supported in this centralized design.   For the packets from a RB (including SRB and DRB), the inter- numerology scheduling can coordinate the resource utilization, which based on the channel condition and the amount of traffic of each numerology.

Based on the scheduling result of inter-numerology, each intra-numerology scheduling function implements TTI level resource allocation and MAC scheduling in its specific numerology. The scheduling results should be sent to UE though PDCCH, and PDCCH is per intra- numerology granularity.
Besides, inter-numerology scheduling is also responsible for allocating suitable resource to the particular numerology per MAC scheduling Cycle. In each MAC scheduling Cycle, the resource allocation is fixed; while among different MAC scheduling Cycle, the resource allocation can be flexible based on the traffic characteristics of each numerology. 
Considering these new functions, a single MAC entity can then support multiple numerologies simultaneously.
Proposal 1: A single MAC entity can support multiple numerologies.
Proposal 2: Inter-numerology scheduling and intra-numerology scheduling can be introduced to NR MAC.
2.3 MAC Scheduling granularity
Given MAC supports multiple numerologies, MAC scheduling should consider whether its cycle time can satisfy the requirement of all the numerologies. For different numerologies, the HARQ and TTI are probably different. The MAC scheduling cycle should at least consider the above factors. In the case the maximum TTI of all the numerologies is T (T=k*SFN), the MAC scheduling cycle time is N*T, N is integer. The duration of the numerology might be another factor that will affect the design of MAC scheduling mechanism among multiple numerologies.
Proposal 3: NR should study the MAC scheduling granularity in time domain among different numerology.
3 Conclusions
In this paper, we discuss multiple numerologies support for NR and make the following observation and proposals:
Observation 1: In NR, MAC entity should support simultaneous operation among multiple numerologies.
Proposal 1: A single MAC entity can support multiple numerologies.
Proposal 2: Inter-numerology scheduling and intra-numerology scheduling can be introduced to NR MAC.
Proposal 3: NR should study the MAC scheduling granularity in time domain among different numerology.
4 References

[1] R2-168758, New MAC function to support URLLC,CMCC
[2] RP-167075, New MAC Functions in NR, CMCC
_1545239739.vsd
PHY of Numerology1


PHY of Numerologyn


MAC


Inter-numeroloy scheduling


Intra-numerology scheduling


Intra-numerology  scheduling 



