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Introduction
The main function of MAC is scheduling. The key factors impacting scheduling are listed below:
· QoS
· Physical resource
QoS mainly impacts the scheduling algorithm and has less impact on the MAC modeling. But the physical resource will seriously impact the MAC modeling, e.g.
· With the introduction of CA, the physical resource is divided into different cells. Its impact on MAC modeling is that the HARQ functionality becomes CC-specific.
· With the introduction of DC, the UE can aggregate the resources of two eNBs. Its impact on MAC modeling is that two separate MAC entities are introduced.
From the perspective of physical resource, the main difference between LTE and NR is that LTE supports only one numerology, while NR supports multiple numerologies. Whether the introduction of multiple numerologies will impact the NR MAC modeling should be studied. In this contribution, we will discuss this issue in detail.
Discussion
NR MAC modeling of UE side
Before discussing the MAC modeling of UE side, it should make clear how UE works with the introduction of multiple numerologies. 
With the introduction of multiple numerologies, from the network deployment aspect, different carriers may use different numerologies and even on a single carrier, multiple numerologies may also be used by TDM or FDM. Hence one question raised is that whether UE can support multiple numerologies at the same time? 
Two cases can be considered:
· Case 1: the different numerologies are used on different carrier
For this case, there was already agreement made by RAN2. That is aggregation of carriers with different numerologies should be supported in NR.
· Case 2: the different numerologies are used on a single carrier
For this case, there is no corresponding discussion now. Whether the UE can support multiple numerologies on a single carrier at a time mainly depends on the following two aspects:
· The motivation of introducing of multiple numerologies
Two main motivations of introducing multiple numerologies are to adapt the high speed scenario and high frequency scenario. For a certain UE working on a single carrier, it is unnecessary to using multiple numerologies.
· UE complexity and cost
Different numerology will need different baseband processing, if UE supports more than one numerology on a single carrier at a time, more than one baseband will be needed. It will increase the UE complexity and cost.
Based on the above analysis, it is preferred that UE supports only one numerology on a single carrier. The numerology used by UE can be static or semi-statically configured.
Proposal 1: Even if more than one numerology may be used on a single carrier from network side, the UE will use only one numerology at a time on a single carrier.
Proposal 2: The numerology used by one UE on a single carrier can be static or semi-statically configured.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The NR MAC modeling of UE side can be analyzed based on LTE MAC modeling of UE side. In LTE, there is only one MAC entity (without considering DC) with three main functions: scheduling, multiplexing and HARQ. Thus when discussing the NR MAC modeling of UE side, we can also start from the above three aspect:
· Scheduling/Priority handling
From UE side, the scheduling/priority handling mainly refers to LCP. According to Proposal 1 and Proposal 2, it is obvious that in NR, different service with different QoS requirements should be processed with one single LCP procedure (without considering the multi-connectivity). There is no difference between LTE and NR.
· Multiplexing
Since there is no difference on LCP, there is also no difference between LTE and NR on multiplexing.
· HARQ
The HARQ function is still needed besides only unsynchronized HARQ is supported in NR and the HARQ process number and HARQ RTT may be different depends on which numerology is used.
Based on the above analysis, without considering the multi-connectivity, only one MAC entity with the LTE similar MAC functionalities for one UE is enough no matter carrier aggregation is used or not.
Proposal 3: Without considering multi-connectivity, only one MAC entity is enough in UE no matter whether carrier aggregation is used or not.
MAC modeling of network side
For the network side, it is more complex than the UE side since the network should support multiple UEs and multiple numerologies. In the following, we will analyze the NR MAC modeling of network side from the following functionality aspects:
· Scheduling/Priority handling
From network side, the scheduling/priority handling includes two parts: inter-UE priority handling and intra-UE priority handling. Considering different UE may use different numerology, thus the NR scheduling/priority handling functionality has the following difference compared with LTE:
1) Should gather the UE using the same numerology into one group and perform priority handling within each group
2)  Should coordinate the resource allocated to each numerology
· Multiplexing
Multiplexing is based on the scheduling decision. No enhancement is needed compared with LTE.
· HARQ
The HARQ function is still needed besides the HARQ process number and HARQ RTT may be different depends on which numerology is used.
Based on the above analysis, without considering the multi-connectivity, only one MAC entity is enough for the network side no matter there is only one carrier or carrier aggregation. 
Proposal 4: Only one MAC entity is needed in network no matter it supports only one carrier or carrier aggregation.
Proposal 5: The Scheduling/Priority handling functionality should be enhanced in NR with the following three sub-functions:
· Coordinate the resource allocated to different numerologies;
· Grouping the UEs based on the numerology they used;
· Scheduling based on numerology.
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: Even if more than one numerology may be used on a single carrier from network side, the UE will use only one numerology at a time on a single carrier.
Proposal 2: The numerology used by one UE on a single carrier can be static or semi-statically configured.
Proposal 3: With considering multi-connectivity, only one MAC entity is enough in UE no matter whether carrier aggregation is used or not.
Proposal 4: Only one MAC entity is needed in network no matter it supports only one carrier or carrier aggregation.
Proposal 5: The Scheduling/Priority handling functionality should be enhanced in NR with the following three sub-functions:
· Coordinate the resource allocated to different numerologies;
· Grouping the UEs based on the numerology they used;
· Scheduling based on numerology.
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