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1
Introduction
According to the new radio (NR) SID approved in RAN plenary #71, NR is targeted at addressing all usage scenarios, requirements, and deployment scenarios, including enhanced mobile broadband (eMBB), massive machine type communication (mMTC), ultra reliable and low latency communications (URLLC) [1]. 
In RAN1#85 meeting, agreements were achieved regarding multiple numerologies [2]:

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered

In the last RAN1#86 meeting, it was agreed that [3]
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· RAN1 should strive for an unified framework of NR initial access covering different/mixed numerologies

With the introduction of multiple numerologies supported by both network and the UE, MAC should be designed accordingly. This contribution analyses how MAC would support multiple numerologies in NR air interface.
2
Discussion
2.1
General principles of supporting multiple numerologies
In order to make progress in parallel with RAN1, multiple numerologies should be supported by L2 protocols in terms of CP and UP handling in RAN2 aspects. However, so far it has been only agreed on the support of different numerologies across carries in the lasting RAN2#95 meeting as follows [4],
· From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR.
Therefore, in order to be aligned with RAN1 progress, in addition to the case of aggregation of carriers with different numerologies, RAN2 also needs to consider the case of multiple numerologies within a carrier for studies.  
Proposal 1: NR L2 protocols should support multiplexing of different numerologies within a carrier.
Given the RAN1 efforts on a unified framework of NR initial access covering different/mixed numerologies, RAN2 should also strive for common MAC procedures for initial access. Note that RAN1 is responsible for the determination of whether there would be common random access resource allocation, and RAN2 is responsible for the corresponding configuration, if needed.
Proposal 2: MAC should support unified framework of initial access on multiple numerologies.
Network slicing is considered to be supported in NR. Network slicing is targeted at facilitating different handling of traffic from vertical services with diverse performance requirements, e.g. eMBB, URLLC and mMTC services. RAN3 has agreed that both shared and dedicated RAN resources are possible to a certain slice. Resource isolation between slices is one of important requirements of network slicing. According to the most RAN3 progress on network slicing, it is possible to fully dedicate some RAN resources to a certain slice [5]. In the case of part of radio resources are reserved for a network slice, if different parts of radio resources are reserved for different (sets) of network slices, separate MAC entities may need to be configured for those different (sets) of network slices when the UE is associated with those slices simultaneously.
Proposal 3: Separate MAC entities may be configured for network slices with dedicated RAN resources.
2.2
MAC functionalities
Generally, MAC shall be responsible for providing data transfer services for the upper and lower layers. By introducing multiple numerologies support in NR, some main MAC functionalities need to be revisited and enhanced in support of multiple numerologies.
· Mapping between numerology and radio resources
RAN1 has agreed to support both FDM and TDM schemes of numerologies multiplexing. Semi-static allocation of time/frequency resources for different numerologies is more stable and easier to handle. RRC may be sufficient to handle this kind of configurations. On the other hand, dynamic allocation of time/frequency resources for different numerologies is beneficial for optimal resource sharing. MAC is more suitable to handle this situation than RRC.
Proposal 4: MAC should support flexible allocation of time/frequency resources to different numerologies.
· Mapping between logical channel and numerology
When multiple numerologies utilized in NR, data packets of a logical channel may need to be transmitted through one or more numerologies with certain flexibility. Therefore, NR MAC should handle the mapping between logical channels and numerology. For a flexible MAC for efficient resource utilization, it should be possible for both semi-static and dynamic resource sharing between URLLC and eMBB. According to RAN1#86 agreement regarding URLLC, the following potential options should be considered,
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· Dynamic resource sharing between URLLC and eMBB

Some DRBs are allowed to be transmitted / mapped over certain numerologies. In many cases some flexibility are allowed, e.g. time/frequency resource used for URLLC could be used to transmit eMBB services if there are resources left after URLLC services have been scheduled. 
Proposal 5: Both semi-static and dynamic mapping between logical channel and numerologies should be supported.
· LCP function
Similar to LTE system, MAC also needs to perform the logical channel prioritization (LCP) function when a new transmission is to be performed. Given the RAN1 agreement that multiple numerologies can be multiplexed in TDM and/or FDM within /across a subframe duration, LCP should support multiplexing logical channels onto radio resources corresponding to different numerologies within a subframe. 
Proposal 6: LCP should support multiplexing logical channels onto radio resources corresponding to different numerologies.
· HARQ configuration
There is one HARQ entity at the MAC entity for each cell which maintains a number of parallel HARQ processes in LTE. However, different services may be configured with different number of HARQ processes with certain numerology, and the TTI length may be also different for different numerologies. Since multiplexing different numerologies in a subframe is to be supported, it should be studied if a HARQ process can be spread over different numerologies, i.e., transmission and retransmission are carried on different numerologies. More analysis on HARQ operation can be found in [6].

Proposal 7: It should be studied if a HARQ process can be spread over different numerologies.
3
Conclusions
This contribution analyses how MAC should support multiple numerologies in NR air interface, with the following proposals:

Proposal 1: NR L2 protocols should support multiplexing of different numerologies within a carrier.
Proposal 2: MAC should support unified framework of initial access on multiple numerologies.
Proposal 3: Separate MAC entities may be configured for network slices with dedicated RAN resources.
Proposal 4: MAC should support flexible allocation of time/frequency resources to different numerologies.
Proposal 5: Both semi-static and dynamic mapping between logical channel and numerologies should be supported.
Proposal 6: LCP should support multiplexing logical channels onto radio resources corresponding to different numerologies.
Proposal 7: It should be studied if a HARQ process can be spread over different numerologies.
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