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1 Introduction

In last RAN2 #96 meeting in Reno, there was a following agreement regarding multiple services and numerologies in NR:

Agreements

1
A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.

FFS: Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)
FFS: Whether a single logical channel can be mapped to one or more numerology/TTI duration.

FFS: Whether a single HARQ entity can support one or more numerology/TTI duration

In this paper, we will discuss about the MAC model to support multiple numerologies, which is related to the FFS “whether a single MAC entity can support one or more numerology/TTI durations”.  
2 Discussion
2.1 The MAC entity in LTE

In LTE, two MAC entities are configured in the UE for the case of dual connectivity (DC): one for the MCG and one for the SCG [1], as shown in Figure 1. The functions of the different MAC entities in the UE operate independently. The main reason for having two MAC entities for DC is that the scheduling procedure is totally independent for each of the cell. Furthermore, if single MAC entity model were adopted in DC, the delay could be very large considering the non-ideal backhaul between different cells, and some fixed delay MAC procedures can not be guaranteed, for example, the HARQ transmission and the HARQ feedback is fixed to 4ms in LTE. Thus, in LTE it was finally decided that two MAC entities are needed for DC.

[image: image1]
Figure 1 MAC structure overview with two MAC entities, UE side
For carrier aggregation (CA) in LTE, there is only one MAC entity supporting all the aggregated carriers. The main reason is that the resources on different carrier could be well coordinated in the single MAC entity, thus the flexibility of scheduling could be guaranteed.
Observation 1 In LTE, multiple MAC entities are introduced only in DC cases; In CA cases, single MAC entity can support multiple carriers.
2.2 The MAC entity in NR
In NR RAN1 discussions, it has been agreed that different numerologies with different TTI durations within the same carrier or on different carriers should be supported. For a single gNB, the aggregation of carriers with different numerology is more like the way of CA rather than DC in LTE. 
Observation 2 In NR, different carriers with different numerologies are aggregated using CA way as that in LTE.
The only difference of aggregating carriers in NR from LTE is that different carrier may use different numerology. We can still reuse the single MAC entity framework as that in LTE for simplicity at least at the first stage of NR standardization. If multiple MAC entities are introduced for supporting multiple numerologies in a single carrier or on different carrier, there would be some extra issues: for example, in order to achieve good resource efficiency, multiple MAC entities which requires coordination will lead to coordination complexity. Regarding the foreseen drawbacks of the multiple MAC entities, it is suggested that the single MAC entity could be taken as a baseline for supporting multiple numerologies, at least at the first stage of NR standardization. 
Proposal 1 Single MAC entity could be taken as the baseline for supporting multiple numerologies on one carrier or on different carriers.
In NR, there should be some mapping rules between the logical channel and the numerology, e.g., the URLLC packets in certain logical channel can only be multiplexed on the granted resources of numerology with short TTI duration and vice versa. After the mapping, the LTE LCP (logical channel prioritization) procedure can be reused to determine the prioritized way of multiplexing the granted resources by the packets in different logical channel. However, some issues need to e considered here: 

· Firstly, the single MAC entity needs to know by some means what kind of numerology the uplink grant would use, so that the proper logical channels can be chosen to multiplex on to the granted resources.

· Secondly, current LCP in LTE can not be used well on multiple numerologies case, since even if one certain logical channel is assigned with highest priority to use the granted resources, it may not be suitable for the numerology of the granted resource.

· Thirdly, the single MAC entity should have ways to maximize the utilization of the granted resources, if the granted resources with certain numerology can only be multiplexed by some set of logical channel data, it’s probably that the granted resource can not be fully used. Therefore, we propose that the single MAC entity should be enhanced to better support multiple numerologies.

Proposal 2 The functions in single MAC entity should be enhanced to handle at least logical channel multiplexing and prioritization issues introduced by supporting multiple numerologies.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In LTE, multiple MAC entities are introduced only in DC cases; In CA cases, single MAC entity can support multiple carriers.
Observation 2
In NR, different carriers with different numerologies are aggregated using CA way as that in LTE.
Proposal 1
Single MAC entity could be taken as the baseline for supporting multiple numerologies on one carrier or on different carriers.
Proposal 2
The functions in single MAC entity should be enhanced to handle at least logical channel multiplexing and prioritization issues introduced by supporting multiple numerologies.
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