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Introduction
In this contribution we discuss some impacts on the interface between MAC and the physical layer from the new L1 structure with shifting numerologies and varying TTI lengths. There was one FFS from RAN2#95bis
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.

[bookmark: _Ref178064866]Discussion
In this paper we must make some assumptions on L1. We note that they have not been accepted in RAN1, but we think they are reasonable for this discussion. Also, to progress the work in MAC we must start somewhere.  
Assumptions on L1:
1.	Dedicated downlink radio resources sharing numerology, TTI duration, C-RNTI (and other "standard" physical properties such as Cell ID, carrier frequency etc.) are considered as one PDSCH "instance" from a MAC modelling perspective.
2.	Dedicated uplink radio resources sharing numerology, TTI duration, C-RNTI (and other "standard" physical properties such as Cell ID, carrier frequency etc.) are considered as one PUSCH "instance" from a MAC modelling perspective.
3.	Each PDSCH has one PDCCH used to transmit control information (e.g. how to decode the corresponding PDSCH).
4.	Each PUSCH has one PDCCH used to transmit control information (e.g. how to encode the corresponding PUSCH).
In LTE, the interface between MAC and the physical layer is through the HARQ processes. Physical layer properties which has an impact on MAC functionality are included in the HARQ information defined as:
HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions and for asynchronous UL HARQ, the HARQ information also includes HARQ process ID, except for UEs in NB-IoT for which this information is not present. For UL-SCH transmission the HARQ information also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block. HARQ information for SL-SCH and SL-DCH transmissions consists of TB size only.
In the MAC specification HARQ information is provided to MAC from the physical layer together with DL assignments and UL grants. MAC typically passes the HARQ information to HARQ processes to receive transport blocks in DL and transmit transport blocks in UL.
[bookmark: _Toc466032340][bookmark: _Toc466033583]HARQ information includes physical layer properties necessary for MAC operation.
With NR a greater flexibility on numerologies and TTI lengths is introduced which MAC must support. It is not easy to get clear definitions of these terms and it is also understood that they are related. For the sake of this discussion we note that the variation of subcarrier spacing mostly associated with numerology probably has a very limited impact on MAC. In fact, we think it would be beneficial if the modelling is made such that it has no impact on MAC.
[bookmark: _Toc466032341][bookmark: _Toc466033574][bookmark: _Toc466033811]Modelling of L1 and L2 should be made such that the variation of subcarrier spacing is transparent to MAC.
One of the reasons to introduce shorter TTI lengths than in LTE is to support URLLC services. As described in [1] each logical channel should be configured with a maximum TTI length to support LCP. For maximum flexibility, this implies that each grant should carry, implicitly or explicitly, information about its TTI duration. This information is then passed from PHY to MAC with the HARQ information.
[bookmark: _Toc465932199][bookmark: _Toc466032342][bookmark: _Toc466033575][bookmark: _Toc466033812]The interface between L1 and MAC is modelled so that the “Uplink HARQ Information” provided by L1 comprises also the “TTI duration”
In LTE the MAC entity has one HARQ entity for each Serving Cell in UL and DL. This also implies that each Serving cell in UL and DL has one UL/DL-SCH, which is the mapping of PUSCH and PDSCH. A consequence of this design is that a MAC PDU cannot be retransmitted with HARQ on different serving cells, i.e. all retransmissions must take place on the same cell as the first transmission. If all transmissions fail and there is an RLC retransmission a different transport channel, or cell, can be selected. 
For NR we could maintain this one-to-one mapping of HARQ entity – transport channel – physical channel. But this would result in some of the flexibility gained from having asynchronous HARQ not being fully exploited. If we in addition to this model each transport channel as having only one TTI duration, we would miss out on even further flexibility. Instead, we would like a system where HARQ retransmissions can be rescheduled from one TTI duration to another. This can be useful for delay sensitive services when the deadline is approaching and the eNB would like to move a transmission from a long TTI duration to a short one to make the deadline. To fulfil this a HARQ entity must be able to serve transmissions with different durations, i.e., different number of OFDM symbols and/or different symbol durations.
[bookmark: _Toc466032343][bookmark: _Toc466033576][bookmark: _Toc466033813]A single HARQ entity can serve transmissions with different duration (different number of OFDM symbols and/or different symbol durations). 
With this proposal the question on whether each transport channel has a single TTI duration is something RAN2 can decide later. Additionally, if a HARQ entity can serve transmissions with different TTI durations and if the variation of subcarrier spacing is transparent to MAC, there is no reason to change the number of MAC entities compared to LTE, which is one MAC entity per cell group.
[bookmark: _Toc466032344][bookmark: _Toc466033577][bookmark: _Toc466033814]The number of MAC entities in NR is the same as in LTE, i.e. one per cell group and there is no MAC entity per numerology.
Conclusion
In section 2 we made the following observations:
Observation 1	HARQ information includes physical layer properties necessary for MAC operation.

Based on the discussion in section 2 we propose the following:
Proposal 1	Modelling of L1 and L2 should be made such that the variation of subcarrier spacing is transparent to MAC.
Proposal 2	The interface between L1 and MAC is modelled so that the “Uplink HARQ Information” provided by L1 comprises also the “TTI duration”
Proposal 3	A single HARQ entity can serve transmissions with different duration (different number of OFDM symbols and/or different symbol durations). 
Proposal 4	The number of MAC entities in NR is the same as in LTE, i.e. one per cell group and there is no MAC entity per numerology.
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