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1 Introduction
During the previous RAN2 meetings, the impact of multiple numerologies on MAC layer were discussed and following series of agreements were reached. 
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 the RAN2 NR ad hoc meeting in January, it was agreed that:
Agreements
1: a single logical channel can be mapped to one or more numerology/TTI duration. 
2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 
3: The RLC configuration is per logical channel without dependency on numerology/TTI length.
4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.
5:	RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 
6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.
7: a single MAC entity can support one or more numerology/TTI durations. 
8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase
In this contribution, we discuss how the MAC layer may be modelled to support multiple numerologies/TTI durations. 
2 Discussion
2.1 Background
From RAN1 perspective [3], multiple numerologies are derived by scaling a basic subcarrier spacing (SCS) by an integer N.  RAN1 is currently discussing the possible values of integer N. At least 15, 30, 60, 120, 240, and 480 kHz SCS with non-negative integer N will be supported. The need to support SCS smaller than 15 kHz SCS (e.g., 3.75 kHz) with negative integer N is being studied. 
With the scaling of SCS, the symbol length for each numerology is also scaled accordingly. For example, each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs (Fs = 15 kHz * 2n) when n is a non-negative integer. With normal CP, a slot is defined as 7 or 14 OFDM symbols for SCS of up to 60 kHz, and is 14 OFDM symbols for SCS higher than 60 kHz. RAN1 also discussed the minimum granularity of the DCI monitoring occasion, which can be a slot or mini-slot. When slots are used, it is once per slot; when mini-slots are used, it may be once every symbol or every second symbol. So the TTI length can be defined by the length of subframe, slot or mini-slot.
Furthermore, RAN1 agreed to support an extended CP. The will be only one extended CP for a given SCS. The possible use cases for the extended CP include multiplexing of eMBB and URLLC deployed below 6 GHz, transmission of URLLC with 60 kHz SCS, as well as high speed scenarios with 30kHz and 60kHz SCS. 
Observation 1: Different numerologies are mainly differentiated by the SCS. Each numerology can be configured with normal CP or extended CP, potentially supporting different TTI lengths.
There is no one-one mapping between a numerology and a TTI length. One numerology may support different TTI lengths, e.g. subframe, slot or mini-slot. It is also possible that different numerologies will have the same TTI length. So TTI length cannot be used to differentiate different numerologies. 
Observation 2: TTI length alone cannot be used to uniquely identify a numerology.
In LTE, the SCS for downlink transmission is 15 kHz.  In this case, there are there are two CP lengths corresponding to seven and six OFDM symbols per slot respectively. The UE determines the kind of DL CP (normal or extended) by blind detection during cell search procedure. In addition there is also a reduced SCS of 7.5 kHz for MBMS only cells. The SCS for UL transmission is also 15 kHz, with two possible CP lengths, normal or extended, configured by RRC. In LTE, SCS and CP length are invisible to MAC. Although TTI length by itself cannot be used to differentiate between various numerologies in NR, it does not necessarily mean that other numerology characteristics e.g., SCS and CP length need to be visible to MAC 

Observation 3: Numerology characteristics such as SCS and CP length do not need to be visible to MAC layer. 
2.2 LCP and Multiplexing 
During the RAN2 NR ad hoc meeting in January, it was agreed that a single MAC entity can support one or more numerology/TTI durations. A single logical channel can be mapped to one or more numerology/TTI duration and LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. When a UL grant of certain numerology/TTI duration is received, LCP needs to determine from which logical channel the data packets should be multiplexed in the UL grant.
Using the TTI length alone to identify a numerology does not offer a flexible and future-proof mechanism to map logical channels to numerologies. For example two numerologies with SCS of 60 kHz and 240 kHz may have the same TTI length. However, we may need the flexibility to map a logical channel to only one of these numerologies. Given that the concept of numerology is still evolving (with different kinds that can be defined in future releases), it is important to come up with a MAC model that does not constrain how numerologies can be identified.
Observation 4: Allowing the MAC to differentiate between various numerologies independent of the physical layer parameters (e.g. TTI) allows for flexible and future-proof mapping of logical channels to numerologies. 
The idea of abstracting out PHY layer details at the MAC layer is of course not new, and is adopted in LTE [4], where the “characteristics of a transport channel are defined by its transport format (or format set), specifying the physical layer processing to be applied to the transport channel in question, such as channel coding and interleaving, and any service-specific rate matching as needed.” 
We think that numerology can also be thought of as an aspect of transport format characteristic. With this understanding, it makes sense to define the concept of a numerology index to identify a particular numerology index. Accordingly, we propose that:
Proposal 1: Each numerology/TTI durations is identified by an index.
The details of how an index is assigned to a numerology, and how these indices may be used to indicate UL grants can be worked out in the WI phase in cooperation with RAN1. At this point, it seems sufficient to agree that the index can be specified either via RRC signalling or hard-coded in the RAN2 specifications.  
Proposal 2: The index for each numerology/TTI duration can be configured by RRC or hard-coded in the specification. 
3 Conclusions
In this contribution, we further discuss how to model multiple numerologies at the MAC layer. Our observations and proposals are summarized below.
Observation 1: Different numerologies are mainly differentiated by the SCS. Each numerology can be configured with normal CP or extended CP, potentially supporting different TTI lengths.
Observation 2: TTI length alone cannot be used to uniquely identify a numerology.
Observation 3: Numerology characteristics such as SCS and CP length do not need to be visible to MAC layer. 
Observation 4: Allowing the MAC to differentiate between various numerologies independent of the physical layer parameters (e.g. TTI) allows for flexible and future-proof mapping of logical channels to numerologies. 
Proposal 1: Each numerology/TTI durations is identified by an index.
Proposal 2: The index for each numerology/TTI duration can be configured by RRC or hard-coded in the specification. 
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