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Introduction
On the last RAN2 meetings, the impacts of different numerologies and TTIs on MAC were discussed and reached the following agreements:
Agreements from RAN2#95
	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)

Agreements from RAN2#95bis
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)
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]2	A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.

In this contribution, we will further discuss the impacts of multiple numerologies/TTIs on MAC from the following aspects.  
1) Mapping between DRB and numerology/TTI;
2) MAC entity design for different numerology/TTI;
3) HARQ entity design for different numerology/TTI;
4) MAC architecture.
Discussion
Mapping between DRB and numerologies/TTs
When discussing the mapping between DRB and numerologies/TTIs, the following issues need to be studied:
a) Whether different service type, e.g. eMBB and URLLC, can use the same numerology/TTI？
b) If a) is allowed, whether the data from different service type can be multiplexed into one MAC PDU?
For a), if UE has URLLC traffic or both URLLC and eMBB traffic, smart gNB scheduling should schedule the UE using suitable numerology and TTI for URLLC which has stringent QoS requirement. If the allocated resource is larger than the data amount of URLLC, from the point view of resource efficiency, eMBB can also share the resource with URLLC traffic. On the contrary, if the eNB is not so smart, and the allocated numerology and TTI is more suitable for eMBB, considering the strict latency requirement of URLLC, URLLC should also be first carried in the grant. That is to say, different service type share the same numerology/TTI should be supported in NR and the mapping between DRB and numerology/TTI should be flexible.
· For DL, how to map the DRB to DL assignment is eNB implementation.
· For UL, how to map the DRB to UL grant should be determined by UE itself. When UE performs the LCP procedure, it should consider the priority requirement of the DRBs. It should be noted that the priority allocated by eNB should consider the latency requirement of this DRB. 
Proposal 1: The mapping between DRB and numerology should be flexible.
· For DL, it depends on eNB implementation.
· For UL, when UE performs LCP, it should consider the priority requirement which is allocated by the network. It is recommended that the latency requirement should be taken into account when the network determines the DRB priority.
For b), if proposal 1 is acceptable, it is certainly that the data from different service types, e.g., eMBB and URLLC, can be multiplexed into one MAC PDU if they use the same numerology. 
Proposal 2: The data of different service type, e.g., eMBB and URLLC, can be multiplexed into one MAC PDU if they use the same numerology.
MAC entity design for different numerology/TTI 
For a single cell, it has been agreed that a single cell can support multiple numerologies. Whether it can be modeled as one MAC entity or multiple MAC entities can be further analyzed. 
Before discussing whether different numerology should be designed as different MAC entity or not, it should first study in which case multiple MAC entities will be used based on the design in legacy system.
In legacy LTE system, only in DC cases, multiple MAC entities were introduced. The main reason for introducing two MAC entities in DC is that the scheduling procedure in DC is totally separated and the data transmission can only be transmitted between UE and a certain eNB from MAC perspective. But for multiple numerologies in one cell, there is resource coordination amongst different numerologies in one cell and the DRBs can be transmitted in any numerology with proper TTI. From RAN2 aspects, it is more like the CA case, not DC. Hence it is suggested to model it as CA case, one MAC entity is enough.
Proposal 3: From UE aspects, different numerologies from one cell should share the same MAC entity.
For CA case, it is the aggregation of multiple single cells. Based on the MAC entity design principle for a single cell, they should also share the same MAC entity.
Proposal 4: From UE aspects, aggregation of carriers from one geNB with different numerologies should also share the same MAC entities.
HARQ entity design for different numerology/TTI
For one single cell, the issue can be discussed from the following two aspects:
a) Whether different TTIs belonging to one numerology can be modeled as different HARQ entity?
b) Whether different numerologies can be modeled as different HARQ entity?
In legacy R8, only one HARQ entity is used; while in Rel-10, multiple HARQ entities are introduced and each HARQ entity is corresponding to one serving cell and cross carrier retransmission is not allowed. Based on the above description, it can be deduced that one HARQ entity has the following characteristics:
· One HARQ entity should maintain multiple HARQ processes with continuous HARQ process number;
· The allowed HARQ process number is calculated based on the same TTI length;
· HARQ retransmission is only allowed within one HARQ entity;
Based on the above characteristics of one HARQ entity, whether one HARQ entity or multiple HARQ entity will be used mainly depends on whether retransmission can occur across different TTIs or numerologies.
For case a), RAN1 has the following agreement:
	1. Followings are considered as starting points of NR frame structure at least within the CP overhead 
0. Subframe
0. Already agreed upon
0. Assume x=14 in the reference numerology for subframe definition (for normal CP)
0. FFS: y=x and/or y=x/2 and/or y is signalled
0. Slot
1. Slot of duration y OFDM symbols in the numerology used for transmission
1. An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
1. The structure allows for ctrl at the beginning only
1. The structure allows for ctrl at the end only
1. The structure allows for ctrl at the end and at the beginning
1. Other structure is not precluded
1. One possible scheduling unit
0. Mini-slot
2. Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
2. May contain ctrl at the beginning and/or ctrl at the end
2. The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
0. Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
0. FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged

	1. Slot aggregation is supported
1. Data transmission can be scheduled to span one or multiple slots



Based on the above agreements, it is obvious each transmission may carry the corresponding TTI length; it is inevitable that the retransmission may occur across different TTI length. From this aspect, it would be better to model the different TTIs belonging to one numerology as one HARQ entity.
For case b), HARQ retransmission across different numerology is nearly impossible. Hence different numerology in one cell should be modeled as different HARQ entity. 
Proposal 5: Different TTI length belonging to one numerology should be modelled as one HARQ entity.
Proposal 6: Different numerology belonging to one cell should be modelled as different HARQ entity.
For the CA case, the HARQ entity design for each aggregated cell should also follow the HARQ entity design on a single cell.
MAC architecture
Based on the discussion in section 2.1/2.2/2.3, the suggested MAC architecture is as below:


                           Figure-1.   Illustration of MAC architecture Design（from network side）


                                         Figure-2.   Illustration of MAC architecture Design（from UE side）
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: The mapping between DRB and numerology should be flexible.
· For DL, it depends on eNB implementation.
· For UL, when UE performs LCP, it should consider the priority requirement which is allocated by the network. It is recommended that the latency requirement should be taken into account when the network determines the DRB priority.
Proposal 2: The data of different service type, e.g., eMBB and URLLC, can be multiplexed into one MAC PDU if they use the same numerology.
Proposal 3: From UE aspects, different numerologies from one cell should share the same MAC entity.
Proposal 4: From UE aspects, aggregation of carriers from one geNB with different numerologies should also share the same MAC entities.
Proposal 5: Different TTI length belonging to one numerology should be modelled as one HARQ entity.
Proposal 6: Different numerology belonging to one cell should be modelled as different HARQ entity.
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