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1 Introduction
During the previous RAN2 meetings, the impacts of multiple numerologies to MAC layer were discussed and following series of agreements were made. 
 In RAN2#95 meeting, it was agreed that
Agreement
	From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR. (Modelling aspects such as whether it is a single or multiple MAC entity is FFS)
In RAN2#95bis meeting, it was agreed that
Agreements
1	The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)
2	A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.
In RAN2#96 meeting, it was agreed that
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 contribution, we address the FFS issues and discuss how to support multiple numerologies by MAC layer. 
2 Discussion
2.1 Visibility of different numerology to MAC
During last RAN2 meeting, it was agreed that at least the TTI length of the numerology(s) will be visible to MAC for multiple numerologies in PHY. It’s FFS whether other characteristics of numerology may be visible to MAC.
From RAN1 aspect, different numerologies are characterized by SCS, CP length and TTI length. The TTI length can be defined by the length of subframe, slot or mini-slot. However, considering there is no one-one mapping between a numerology and a TTI length. It is possible that different numerologies will have the same TTI length. 
Observation 1: Different numerologies may have the same TTI length. TTI length only can’t differentiate different numerologies. 
Although TTI length only can’t differentiate different numerologies, it doesn’t necessarily mean that other numerology characteristics i.e. SCS and CP length should be visible to MAC. Considering that “the characteristics of a transport channel are defined by its transport format (or format set), specifying the physical layer processing to be applied to it”, the numerology can be considered as one characteristic of the transport channel.  Same as LTE, we don’t think MAC need to be aware of the SCS and CP length to identify a numerology. 
Observation 2: Other numerology characteristics e.g. SCS and CP length doesn’t need to be visible to MAC layer. 
However, if two different logical channels (LCs) are mapped to two different numerologies having the same TTI, MAC layer can’t differentiate from which LC the data packets should be multiplexed in the UL grant when only TTI length is indicated. For example, it is possible that SC 60kz/240kz corresponding to the same TTI length of 0.125ms. But those two different numerologies are associated to different LCs respectively. So MAC layer should be able to differentiate the different numerologies, knowing to which numerology the indicated UL grant from PHY layer is intended. So only the PDUs from the corresponding LCs will be multiplexed. 
Observation 3: MAC layer should map the LCs to the corresponding numerology(s) configured. 
One simple way is that different numerologies are identified by an index. The numerology index for each numerology can either be configured or pre-defined the specification. So the TB size and the numerology index are indicated by PHY layer when a UL grant is received. 
Proposal 1: Methods to make MAC layer differentiate different numerologies need to be considered. 
2.2 Mapping between logical channels and numerology(s)
For the mapping between LC and numerology, following cases need to be considered from service aspect:
· Case 1: certain service can only utilize one specific numerology;
· Case 2: certain service can utilize multiple numerologies. 
For case 1, the service can only utilized one specific numerology. For example, the LC/DRB for URLLC is only associated to the specific numerology to satisfy QoS with high latency and reliability requirements. For case 2, certain service can be transmitted with multiple numerologies, like eMBB. So the LC/DRB for eMBB is associated to multiple numerologies.
From numerology point of view, it is possible that one specific numerology is designed for URLLC. It is also possible that the traffic of various services are transmitted with the same numerology, just as LTE.  So many LCs/DRBs are associated to the same numerology.
From protocol point of view, the flexible configuration between DRBs/LCs and numerologies should be supported. Furthermore, the future proof-ness with the emergence of new numerologies and new services should be considered. 
Proposal 2: A LC can be mapped to one or more numerologies. 
When the numerology(s) is configured for the DRB/LC, the PDUs of the LC can only be transmitted on its own associated numerology. For example, LC1 is associated with Num 1 and Num 2. LC2 is associated with Num 3. When a UL grant with Num 3 is received, PDUs on LC1 are not allowed to be transmitted through Num3 even if there is remaining space left.
The association between a DRB/LC and one or more numerologies allows the flexibility to transmit the traffic of one DRB/LC to different numerologies. The benefit to allow the transmission of the LC on other numerology beyond the configuration is marginal for radio resource efficiency. Furthermore, more complexity for logical channel prioritization is expected. 
Proposal 3: Each LC is only transmitted on its own configured numerology(s). 
2.3 MAC modelling
The number of MAC entities is determined by the number of schedulers. In CA, there is only one scheduler at the network side, so there is one MAC entity at the peer entity at the UE side. In DC, there are two schedulers located in the MeNB and SeNB at the network side, so there are two MAC entities at the peer entity at the UE side, one corresponding to MeNB and the other corresponding to SeNB. 
In NR with different numerologies, it has been agreed that a UE can support multiple numerologies from a single cell. It is very sensible that resource allocation on the different numerologies from the single cell are scheduled by the same scheduler. Furthermore, even if CA with different numerologies is supported, there is only one scheduler handling the resource allocation on different numerologies and different carriers. 
If multiple MAC entities are modelled for different numerology, the coordination is required between different MAC entities for all the MAC functions, e.g. DRX, TAT, etc. The complexity of both standardization and implementation are concerned. 
Proposal 4: A single MAC entity can support one or more numerologies. 
2.4 HARQ entity
In LTE, each HARQ entity is corresponding to a carrier (cell). When carrier aggregation is supported, different cells/carriers are corresponding to different numerologies. If different numerologies are supported by a single MAC entity, the further question is the relationship between the different numerologies and the HARQ entities. 
There are two options as illustrated in Figure 1.a and 1.b:
· Option 1: One HARQ entity is associated to one carrier/cell;
· Option 2: One HARQ entity is associated to one numerology per carrier/cell. 
In Figure 1.a, one HARQ entity is associated to one carrier/cell, which supports multiple numerologies. So each HARQ entity controls multiple HARQ processes and HARQ retransmission for each HARQ process can be performed across different numerologies. In Figure 1.b, one HARQ entity is associated to one numerology per carrier/cell. So each HARQ entity controls multiple HARQ processes and HARQ retransmission for each HARQ process is performed on its own numerology.
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Figure 1a One HARQ entity corresponding to one carrier/cell

Figure 1b One HARQ entity corresponding to one numerology per carrier/cell
Figure 1 MAC modeling with different numerologies and carriers
The benefits to support flexible HARQ retransmission between different numerologies need more justification by RAN1, however, more complexity are expected. RAN2 also agreed that from MAC perspective, it is preferable to support only asynchronous HARQ in UL and DL. If retransmission cross different numerologies is supported, UE may need to perform blind detection on different numerologies for the PDCCH scheduling retransmission. It is also questionable whether the length of HARQ_RTT timer, retransmission timer, feedback time as well as assignment to actual transmission time to support each asynchronous HARQ process is fixed or variable according to different numerologies for each retransmission. 
Proposal 5: One HARQ entity is corresponding to one numerology per cell. 
Proposal 6: HARQ retransmission across different numerologies is not supported. 

3 Conclusions
In this contribution, we discuss how to support multiple numerologies by MAC layer. The proposals are summarized below:
Proposal 1: Methods to make MAC layer differentiate different numerologies need to be considered. 
Proposal 2: A LC can be mapped to one or more numerologies. 
Proposal 3: Each LC is only transmitted on its own configured numerology(s). 
Proposal 4: A single MAC entity can support one or more numerologies. 
Proposal 5: One HARQ entity is corresponding to one numerology per cell. 
Proposal 6: HARQ retransmission across different numerologies is not supported. 
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