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1 Introduction
In RAN#75, a work item (WI) proposal for New Radio was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the MAC architecture.
During the NR study item phase, a number of transport and physical channels were discussed as well as a number of MAC functions. RAN2 has agreed that a single MAC entity can support one or multiple numerologies (and/or TTI durations), and that logical channel prioritization (LCP) procedure [2] takes into account the mapping between LCHs and numerologies (and/or TTI durations). It remains FFS whether any characteristics of the numerology beyond the TTI are visible to the MAC sub-layer. 
This contribution further discusses the modelling and the architecture of the MAC sub-layer when the UE is configured with multiple numerologies and/or TTI durations. A text proposal to TS38.321 is included in Appendix A.

2 Discussion
2.1 MAC Modeling for Multiple TTIs and Numerologies
One TTI duration corresponds to a number of consecutive symbols in the time domain in one transmission direction. Different TTI durations can be defined when using different number of symbols (e.g. corresponding to a mini-slot, one slot or several slots in one transmission direction) [2]. The combination of one numerology and one TTI duration determines how transmission is to be made on the physical layer. Data PDUs produced by the MAC are transferred to the physical layer though transport channels, which describe how and with what characteristics data are transferred over the radio interface.
In NR, UE-specific or UE-group specific downlink control monitoring regions are supported through the use of a control region resource set (coreset). The UE can be configured to monitor the NR-PDCCH on frequency specific regions of a carrier, making it possible to schedule the UE on a different numerology within the carrier. Therefore, for a carrier supporting multiple numerologies, cross-numerology scheduling is possible. The numerology used to schedule uplink or downlink data can be conveyed via the PDCCH, and the PUSCH/PDSCH may carry transmissions on different numerologies without the need to have a separate UL-SCH/DL-SCH for each numerology. Similarly, transmissions on different TTI durations can be signalled via the DCI on the PDCCH, without the need to have multiple transport channels for different TTI durations. Our companion contribution on DL and UL HARQ processing elaborate on how this can be performed [4, 5].
The MAC sublayer is solely concerned with procedures that apply for a transmission within certain transport channel. At this point, MAC procedures relating to data transmission are not differentiated for different TTI durations or numerologies. The MAC layer only needs to know the association between a TTI duration and DRBs and the corresponding TB size to transfer data PDUs to the physical layer.
In LTE, the UE MAC entity supports multiple HARQ entities when the UE is configured for carrier aggregation, with one HARQ entity per configured carrier. If the MAC entity is configured with one or more SCells, there are multiple DL-SCHs and there may be multiple UL-SCHs per MAC entity; one DL-SCH and UL-SCH on the SpCell, one DL-SCH, zero or one UL-SCH for each SCell. The same modelling can be assumed in NR, including cells supporting multiple numerologies and/or TTI durations.
Proposal 1:
A single DL-SCH can support transmissions using different numerologies and/or TTI duration.

Proposal 2:
A single UL-SCH can support transmissions using different numerologies and/or TTI duration.

A single MAC entity can support one or multiple numerologies and/or TTI durations, and the mapping between LCHs and numerologies and/or TTI durations is taken into account in the LCP procedure [2]. During the study item phase, it was agreed that a MAC entity is aware of the supported TTI durations. However, whether any characteristic of the numerology beyond the TTI is visible to MAC is FFS [2]. A logical channel may map to one or more numerologies and/or TTI durations, configured via RRC signalling [2]. Such mapping can be abstracted by parameters that link logical channels and the UL grants issued by the physical layer. This is needed as multiple TTI duration and numerology permutations exist, and a numerology cannot be identified from a single TTI; multiple TTIs can be created using the same numerology with the use of mini-slots, slots, or multiple slots.

Observation 1:
RRC can configure a DRB with a parameter that corresponds to the mapping between data available for transmission for the corresponding LCH and a specific grant as indicated by the PHY layer.
The physical layer can determine the numerology and/or the TTI duration associated with the scheduled TB implicitly (e.g. from the coreset of the DCI, from the indicated PRBs, etc.) or explicitly (e.g. from a field in the received DCI). The UE MAC entity should be able to perform the DRB to TTI(s)/numerology(ies) determination implicitly. MAC does not need to be aware of the numerology and/or the TTI duration associated with the scheduled TB, as the grant may include a parameter to indicate the applicable LCHs or LCG. For example, a 2 bits parameter signalled to the MAC and included in the grant may point to 4 possible values to indicate the applicable logical channels. This provides further flexibility for the scheduler to prioritize a specific LCH/LCG for a given TTI duration, and convey multiple TTI durations/numerologies with a limited number of bits. Our companion contribution MAC multiplexing and LCP in presence of multiple numerologies/TTI durations provides further discussion [6].
Proposal 3:
A UE MAC entity can support the configured mapping between a LCH and a grant associated to a specific TTI duration without knowledge of the applicable numerology and/or TTI duration.
In NR, the use of mini-slots is supported, which makes it possible to use only a subset of symbols within a slot. Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot or shorter than those for a slot [3]. When the UE is configured with transmissions of variable TTI durations, the UE MAC needs to determine the timing of the feedback, given the HARQ timeline applicable to TTI of the received TB. The HARQ timeline determines the HARQ RTT timer, which is used by the MAC to set DRX timers for each HARQ process. For example, the DRX timer for a given HARQ process can be determined by the HARQ RTT Timer k + x, where k is signalled to the MAC in a field in the DCI and x is configured through higher layers.
Proposal 4:
MAC support variable timing for transmission of DL HARQ feedback. The UE MAC entity adjusts DRX timers according to the HARQ RTT Timer signalled for the given TTI duration.

A text proposal corresponding to the above proposals is found in Appendix A, using TS 36.321 as a baseline. The text proposal only includes the required changes from the baseline.

Proposal 5:
Capture the attached TP part of the NR MAC TS.
3 Conclusion

This contribution discusses the NR MAC architecture and MAC modelling in presence of multiple numerologies and/or TTI durations. RAN2 should discuss and agree to the following proposals:
Proposal 1:
A single DL-SCH can support transmissions using different numerologies and/or TTI duration.

Proposal 2:
A single UL-SCH can support transmissions using different numerologies and/or TTI duration.

Observation 1:
RRC can configure a DRB with a parameter that corresponds to the mapping between data available for transmission for the corresponding LCH and a specific grant as indicated by the PHY layer.
Proposal 3:
A UE MAC entity can support the configured mapping between a LCH and a grant associated to a specific TTI duration without knowledge of the applicable numerology and/or TTI duration.
Proposal 4:
MAC support variable timing for transmission of DL HARQ feedback. The UE MAC entity adjusts DRX timers according to the HARQ RTT Timer signalled for the given TTI duration.

Proposal 5:
Capture the attached TP part of the NR MAC TS.
4 Appendix A – Text Proposal for TS38.321

<Start text proposal>
X.Y.1
MAC Functions

The following functions are supported by MAC sublayer:

-
mapping between logical channels and grants indicated by physical layer;
 [Unchanged text not included]
X.Y.2
Logical Channels
The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for different kinds of data transfer services as offered by MAC.

Each logical channel type is defined by what type of information is transferred.

RRC controls the mapping between data available for transmission for a logical channel and the applicalbe HARQ process. When a UL HARQ entity provides a TB to a HARQ process, the accompanied HARQ information includes a parameter to map the logical channels applicable for the TB.

 [Unchanged text not included]
X.Y.3
HARQ RTT Timers

The HARQ RTT Timer is set to k + x, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback as indicated in the grant information, and x is configured by RRC.
Editor’s Note: whether or not the unit of k and x can be defined in terms of PDCCH monitoring occasions for the TTI duration associated with the HARQ process is FFS.
 [Unchanged text not included]
<End text proposal>
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