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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
During RAN2 meetings in SI/WI phase, the following agreements related to numerology were achieved in NR.
-------------------------------------------------------------------------------------------------------------------------------------------
RAN2 Agreements (#96)
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

RAN2 Agreements (AH#1)
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

RAN2 Agreements (#97b)

Agreements on LCP
-	Priority, PBR concept is used in NR as a baseline. 
-	For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled 
-	Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently

-------------------------------------------------------------------------------------------------------------------------------------------
This contribution discusses RAN2 aspects of visibility of numerology in NR for MAC operations such as LCP, HARQ or DRX.
2. 	Modeling Visibility of Numerology in MAC
2.1 Requirement of numerology visibility 
MAC functions such as LCP, HARQ or DRX need to distinguish different PHY control channel (i.e. PDCCH in LTE) which has different characteristic with different PHY parameters such as transmission length (i.e. TTI), subcarrier spacing, slot/symbol length or CP length. In addition to those directly related parameters, other PHY parameters such as transmission power, or modulation and coding scheme are also involved indirectly. 
The relation between numerology and service
From the service (e.g. eMBB, URLLC, mMTC) perspective, numerology in PHY is just like a tool to enable the required performance to meet the service. So PHY is not aware of service, but higher layers manage the relation between numerology and service, and MAC plays a certain part in this process, which this paper aims to explore further. Given this view, we find that numerology and service does not have absolute relation and cannot be hard-coded. This is supported by recent developments in RAN1 which move away from reserving any specific type of PHY resources only for some specific services (e.g. mini-slots for URLLC traffic), and seem to be converging towards using enhancements to PHY control signaling (including varying the PDCCH monitoring requirements) to indicate the length of a data assignment.  In other words, the same service with the same priority may be served by different numerology depending on the network decision. Since MAC scheduling is limited to logical channel to transport block mapping, the issue is about the mapping numerology and logical channel.
Observation 1: The numerology and service do not have an absolute relation. So the relation cannot be hard-coded.
Observation 2: MAC supports different service based on logical channel mapping to numerology.
The abstraction of numerology
By the way, MAC layer does not need to really understand numerologies such as subcarrier spacing and other related PHY parameters (although RAN2 has not ruled out sharing PHY parameters with MAC other than just TTI). It is sufficient for MAC to distinguish different combination of numerology-specific parameters. So what is required of MAC is only an abstracted interface to PHY. MAC can identify the scheduled resource with the interface and perform appropriate action based on numerology identification.
Observation 3: MAC requires an abstracted interface with PHY to distinguish different combination of numerology-specific parameters.
3. 	Numerology Identification in MAC
The combination of numerology-specific parameters can be abstracted by a numerology index. From the management point of view, a numerology index may be useful for MAC to handle many types of numerology-specific parameters. 
Proposal 1: RAN2 will consider the introduction and composition of a so-called numerology index for MAC operations which require numerology-awareness.
Network configures via RRC signaling the UE with the numerology-specific information to be useful for monitoring DL control channel. UE can identify the characteristic of DL control channel in terms of the numerology, based on contents in the RRC message and the received DL control channel. However it is not clear whether the received DL control channel and assigned/granted data transmission resource has the same numerology. Therefore separate method to indicate the numerology index for data transmission is required to MAC at UE.
There are two different options how to provide numerology index to MAC. If the number of numerology-specific parameters is large or some of the parameters are invisible to MAC, Option 1 - PHY provides a numerology index. Otherwise, if the number of numerology-specific parameters is small and the parameters are visible, Option 2 - MAC can derive a numerology index based on received numerology-specific parameters from PHY.
Proposal 2: RAN2 discusses about how to get numerology index at MAC, between PHY-provided and MAC-determined options.
The figure below shows the exemplary models of two options at UE side. When UE receives control channel signal from gNB, PHY layer at UE may acquire numerology index directly (Option 1) or pass parameters in the control channel to MAC layer at UE (Option 2). For Option 2, MAC layer should determine the proper numerology index based on mapping table with parameters as inputs. For UL MAC functions such as LCP, UE depends on the acquired numerology index to prioritize logical channels for PUSCH. For DL MAC functions such as DL scheduling/HARQ, UE triggers the proper PDSCH reception process which is matched to the numerology index.


Figure 1: Numerology Index Acquisition at UE
Option 1 is simple with a small specification change and does not make additional efforts at MAC, but PHY should generate numerology index based on its own decision. Since MAC does not involve to determining the numerology index, it is less flexible to MAC from the management perspective. Moreover, there is an ambiguity how to decide the numerology index at PHY without notion of higher layer aspects such as service or QoS.
Option 2 needs more MAC involvement and burden to interpret parameters from PHY to numerology index which should be usable for MAC functions. In spite of efforts to make the mapping table from the standard perspective, it is beneficial for UE implementation owing to the soft-coded mapping table. If the mapping table is configurable by network, it is also nice from the future proof-ness aspect. 
Proposal 3: MAC-determined numerology index is preferred from RAN2 perspective since it provides more flexibility to management with some RAN2 efforts.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: The numerology and service do not have an absolute relation. So the relation cannot be hard-coded.
Observation 2: MAC supports different service based on logical channel mapping to numerology.
Observation 3: MAC requires an abstracted interface with PHY to distinguish different combination of numerology-specific parameters.
Proposal 1: RAN2 will consider the introduction and composition of a so-called numerology index for MAC operations which require numerology-awareness.
Proposal 2: RAN2 discusses about how to get numerology index at MAC, between PHY-provided and MAC-determined options.
Proposal 3: MAC-determined numerology index is preferred from RAN2 perspective since it provides more flexibility to management with some RAN2 efforts.
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