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1 Introduction

In RAN2 #95bis, it was agreed that a UE can support multiple numerologies from a single cell; it is FFS whether this is modelled as one or multiple MAC entities [1]. In RAN2 #96, it was agreed that at least the TTI length of the numerology(s) will be visible to MAC. Other characteristics of the numerology that may be visible to MAC are FFS [2]. It was also agreed that a radio bearer can be configured by the network to be mapped to one or more numerology/TTI durations. Further, the following points are FFS:
· whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

· whether a single logical channel can be mapped to one or more numerology/TTI duration.

· whether a single HARQ entity can support one or more numerology/TTI duration

An email discussion was created to tackle these topics accordingly [3]. This contribution discusses these FFS points, along with modelling aspects of MAC and HARQ in support of multiple numerologies or TTI durations.
2 Support of Multiple TTIs and Numerologies
For LTE, a DRB is associated with a configuration of a number of layer 2 parameters for PDCP, RLC, and some MAC DRB specific related functions (e.g. LCP priorities and PBRs). Other MAC and PHY parameters/procedures are configured independently of the DRB configuration. Grants and transmission-related parameters, radio link monitoring, control channels, HARQ processes and HARQ timing are all common across the DRBs served using resources of a given cell.  

For NR, support for a wider range of use cases and requirements can imply different physical layer transport mechanisms tailored to different flows for different services. To support multiple services simultaneously, an NR UE of a higher category may utilize resources configured with a different set of PHY and MAC layer properties, including:
· Numerology – for data and/or control channel
· TTI duration – to accommodate services with different latency requirements  

· HARQ processing/timeline, HARQ profile, and HARQ feedback

· Control channel configuration and grants (including control sub-band(s) for each control channel)– given possible transmission using different framing/numerologies, a UE may monitor different control channels to receive scheduling of flows with different QoS requirements.  
As a result, means to control multiplexing of services with different transmission properties should be provided. Depending the UE’s capability, an NR UE may be able to support initial and retransmissions on varying transmission properties, including TTI lengths and numerology.  Mapping a LCH to multiple numerologies/TTI durations within a single MAC entity provides more flexibility to the scheduler to allocate resources of different numerologies/TTI lengths to different service types (e.g. eMBB or URLLC), thus resulting in lower latencies and higher spectral efficiency.

Observation 1:
Support for HARQ retransmissions using different TTI durations and/or numerologies may be related to UE categories defined for NR i.e. whether the UE is capable of supporting multiple TTI durations and/or numerologies on the same carrier concurrently.
The possibility of supporting HARQ retransmissions across different TTI durations or numerologies, which is discussed in [2] and [3], depends on the capabilities of high category UEs. In NR, in addition the UE categorization criteria used in LTE, UEs can be further categorized in terms of their ability to support a single numerology, multiple numerologies on separate carriers, or multiple numerologies on the same carrier. Herein, the discussion is tailored towards a high category NR UE that supports and is configured with multiple numerologies/TTI durations on the same carrier.

Observation 2:
The possibility of HARQ retransmissions across multiple TTI durations or numerologies is dependent on the NR UE category and complexity, i.e. whether it is capable of supporting multiple numerologies on the same carrier.
2.1 Modelling of MAC in support of Multiple Numerologies
In LTE, a single MAC entity is associated with one scheduler, and one set of schedulable resources.  This relationship is true regardless of the number of cells configured for the MAC entity.  
For NR, handling of the resources associated with different transmission properties may be modelled with a single MAC entity, or by having multiple MAC entities each associated with a set of transmission properties.  If multiple MAC entities are used, additional coordination may be needed between the MAC schedulers to report resource utilization, or a static/semi-static partitioning of the resources used for each numerology would be needed, which may be suboptimal for a UE or the system at any given time.  A single MAC entity to process scheduling information over different numerologies may therefore be more efficient.
Proposal 1:
A single UE MAC entity can be configured to support multiple numerologies or TTI durations.
2.2 Modelling of HARQ in support of Multiple Numerologies
In LTE, a single HARQ entity is used for each cell (carrier), which handles HARQ processing and retransmissions only on the cell it belongs to, thus ensuring the uniqueness of HARQ processes per cell. Retransmission TTI durations may not always be the same, when the cell is operated in TDD or in LAA modes for example, as the UL or DL channel availability can change over time. In the context of NR, given the variable latency requirements, it makes sense to keep the possibility of HARQ retransmissions using different TTI durations. Such capability gives the MAC scheduler more autonomy to allocate resources associated with different numerologies/TTI lengths to different LCHs, when LCHs map to multiple numerologies/TTI durations. 

The alternate modelling is to use multiple HARQ entities per carrier to support multiple numerologies/TTIs, which prevents cross numerology/TTI length retransmissions and reduces UE buffering and processing complexity, but results in additional restrictions on the scheduler and the resource allocation flexibility. Further, providing restrictions on the HARQ entity to be numerology or TTI specific may not be forward compatible for future NR releases. Assuming acceptable complexity on a high category UE, which can be confirmed by RAN1, a single HARQ entity per carrier can be capable of treating the transmission properties envisioned for NR, including TTI durations and numerologies. 
Proposal 2:
A UE MAC entity may support multiple HARQ entities, with one HARQ entity for downlink transmissions and at most one HARQ entity for uplink transmissions for each configured carrier.
For the purpose of the initial HARQ transmission, the legacy LCP procedure can be used to generate a MAC PDU form RLC PDUs. Our companion contribution discusses aspects relating to MAC multiplexing, LCP, and scheduling aspects in presence of multiple numerologies/TTI durations [4]. The LCP procedure in LTE performs multiplexing of data from different logical channels to create a transport block based on priority of the logical channels up to a specific PBR configured based on the QoS properties associated with the logical channel.
Proposal 3:
For the initial HARQ transmission of a transport block, the mapping between RLC PDUs and the MAC PDU associated with the concerned TB is enforced by the LCP procedure.
In LTE, there is a standards restriction to keep the TB size to be the same for all retransmissions of a given HARQ process. Depending on the outcome of discussions in RAN1, a HARQ process may support HARQ retransmissions using variable TBSs, e.g. where only failed code blocks in the initially transmitted transport block are retransmitted. Such scheme is discussed in more details in our RAN1 contribution [5]. This facilitates cross numerology/TTI retransmissions. As discussed earlier, at least from a TTI length view point (number of symbols per TTI), retransmission on variable TTI durations is possible in LTE. Therefore, we see no reason to place a HARQ restriction on cross TTI length retransmissions. Depending on further input from RAN1, the same question can be discussed for cross-numerology retransmissions.
Proposal 4:
For HARQ a retransmission of a transport block, a grant may indicate any of the configured TTI durations.
For a UE that supports multiple TTI durations on the same carrier, the network should have means to select the TTI duration for the initial transmission for a given HARQ process as well as for the subsequent retransmissions.
3 Conclusion

In this contribution the following observations related to support of multiple numerologies were made:
Observation 1:
Support for HARQ retransmissions using different TTI durations and/or numerologies may be related to UE categories defined for NR i.e. whether the UE is capable of supporting multiple TTI durations and/or numerologies on the same carrier concurrently.
Observation 2:
The possibility of HARQ retransmissions across multiple TTI durations or numerologies is dependent on the NR UE category and complexity, i.e. whether it is capable of supporting multiple numerologies on the same carrier.
RAN2 should discuss the above and agree to the following proposals:
Proposal 1:
A single UE MAC entity can be configured to support multiple numerologies or TTI durations.
Proposal 2:
A UE MAC entity may support multiple HARQ entities, with one HARQ entity for downlink transmissions and at most one HARQ entity for uplink transmissions for each configured carrier.
Proposal 3:
For the initial HARQ transmission of a transport block, the mapping between RLC PDUs and the MAC PDU associated with the concerned TB is enforced by the LCP procedure.
Proposal 4:
For HARQ a retransmission of a transport block, a grant may indicate any of the configured TTI durations.
4 References

[1] “RAN2 Chairman’s Notes,” 3GPP TSG RAN WG2 #95bis, Kaohsiung, Taiwan, October 10th-14th, 2016

[2] “RAN2 Chairman’s Notes,” 3GPP TSG RAN WG2 #96, Reno, USA, November 14th-18th, 2016.

[3] R2-1700250, “Report of email discussion on [96#28][NR] MAC to support multiple numerologies,” 3GPP TSG RAN WG2 AH-18513, Spokane, USA, January 17th-19th, 2017.

[4] R2-1700236, “LCP and Scheduling Aspects for Multiple Numerologies,” 3GPP TSG RAN WG2 AH-18513, Spokane, USA, January 17th-19th, 2017.

[5] R1- 1700706, “Multi-bit HARQ feedback”, 3GPP TSG RAN WG1 AH-18511, Spokane, USA, January 16th-19th, 2017.


2/3


