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1 Introduction

In RAN1 #85 [1], the following agreements were made for multiplexing of different numerologies in NR:
	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered

Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study

· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal


RAN2 #95bis [3] agreed that a UE can support multiple numerologies for a given cell; it is FFS if this is modelled as one or multiple MAC entities. It was also agreed that the gNB should have means to control the mapping between logical channels (LCHs) and numerologies/TTI durations, with the mapping type FFS (static, semi-static, or dynamic).

RAN2 #96 [4] further agreed that at least the TTI duration will be visible to MAC when multiple numerologies are configured. Other characteristics of the numerology that may be visible to MAC are FFS. It was also agreed that a radio bearer can be configured by the network to be mapped to one or more numerology/TTI durations. It is still FFS in RAN2 whether a single HARQ entity can support one or more numerology/TTI duration.

This contribution discusses further aspects impacted by a configuration with multiple numerologies.
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. prioritization and PBR used for LCP). 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 may imply different physical layer transport mechanisms tailored to different flows for different services. Some NR UE categories may be defined that may use resources configured with a different set of PHY and MAC layer properties to support multiple services simultaneously, including:
· Numerology - for data and/or control channel;
· TTI duration – to accommodate services with different latency requirements;
· HARQ processing/timeline, HARQ Feedback, HARQ RTT and operating points;
· Control channel configuration and grants (including control sub-band(s) for each control channel) – given possible transmission using different framing/numerologies the UE may need to monitor different control channels to receive scheduling flows with different QoS requirements.

Consequently, the network should have means to control the multiplexing of services with different transmission properties efficiently and dynamically. More specifically, the scheduler should have means to perform opportunistic scheduling and multiplexing of user plane data of different services with as much flexibility as possible to perform resource allocation, RRM and QoS using different implementation strategies.
There may also be a dependency on the UE’s capability, e.g. some UEs may support multiple numerologies using a single HARQ entity and process space while other UEs may provide such support using separate HARQ entities and process space; this represents a tradeoff between processing complexity and UE buffer requirements for HARQ processing, respectively. It may however be useful for at least some NR UEs to support initial HARQ transmissions and subsequent retransmissions for the concerned HARQ process with varying transmission properties, including TTI duration and/or numerology, to enable such scheduler flexibility.

Observation 1:
Support for HARQ transmissions using different TTI durations and/or numerologies may be related to UE categories defined for NR.

Observation 2:
One possible UE capability related to the support of different TTI durations for HARQ processing for a given carrier may include whether the UE is capable of supporting multiple TTI durations and/or numerologies on the same carrier concurrently.
Observation 3:
One possible UE capability related to the support of different TTI durations for HARQ processing for a given carrier may include whether the UE supports a single HARQ entity per TTI duration and/or numerology or per configured carrier.
It would however be preferable to limit the number of capability-related aspects, if possible. 
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.

Observation 4:
A single UE MAC entity can be configured to support multiple numerologies or TTI durations.
2.2 Scheduling and Multiple Numerologies
In LTE, based on the buffer status reports transmitted by the UE, the network may provide UL grants to satisfy the UEs requirements for each DRB using priority associated with each DRB. We see no reason to modify this principle for NR.  
However, since DRBs may require mapping to specific transport blocks, it would be expected that the UE may receive an indication of the applicability of a grant to different DRBs. Such identification may be performed at the PHY layer based on decoding of the control channel. For example, the DRB(s) applicable to an UL grant may be either indicated in the DCI on the control channel e.g. using a codepoint, based a set of PRBs associated with a specific transport channel, or by the UE being configured with different control channel search spaces to receive UL grants associated to different type of service. 
Proposal 1:
For initial HARQ transmissions and retransmission of a transport block, downlink control information provide means to determine the applicable DRB(s) when multiple TTI durations are configured.
The MAC LCP procedure would then perform the proper mapping between configured DRBs and the scheduled TB. 

2.3 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. Retransmissions using variable transmission durations is possible in LTE from a TTI length view point (number of symbols per TTI).
For 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 flexibility 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.

Furthermore, it may be assumed that similar to LTE, Incremental Redundancy (IR) and chase-combining may be supported in NR. For a given HARQ process using chase-combining, any HARQ transmission associated with a given HARQ process and to the same Transport Block (TB) has to use the same coded bits always. For a given HARQ process using incremental redundancy (IR), it is possible to perform soft-combining for a given TB using a HARQ retransmission with different number of coded bits than the number used for a previous transmission of that same TB (including the initial transmission), independently of whether turbo coding (used for LTE) or (variable-size) LDPC (supported for NR) is used. Enabling soft-combining with different numbers of coded bits comes with a higher UE buffering and processing requirements for the coding (UL) and soft-combining (DL) itself. 
Supporting varying TTI durations for a given HARQ process with IR would further imply that a HARQ retransmission could have different values and/or no restrictions for different combinations of the TTI duration, PRB allocation, MCS etc. leading to the same or different number of coded bits. It would then be entirely up to the network implementation to determine the appropriate TTI duration to use for a given HARQ process as a function of its scheduling strategy (resource allocation, QoS and RRM), depending on whether IR or chase-combining is used.

In such case, contrary to having separate HARQ entities for each configured TTI duration and/or numerology, how the UE handles the HARQ processing timeline in terms of UL grants and HARQ feedback timeline using a common HARQ entity per cell would need to be further studied.
Proposal 2: 
A HARQ process supports varying TTI durations for a given transport block for scheduled transmissions.
In other words, a transport block may use any of the resources configured for the UE for a given cell independently of whether a single or multiple TTI duration and/or numerology is configured for network-controlled transmissions. A HARQ process would support HARQ retransmissions using a variable number of coded bits, including e.g. retransmissions where only failed code blocks in the initially transmitted transport block are included. This is further discussed in more details in a companion contribution [9]. This facilitates cross numerology/TTI retransmissions.
3 Conclusion

In this contribution the following proposal and observations we made related to support of multiple numerologies:
Observation 1:
Support for HARQ transmissions using different TTI durations and/or numerologies may be related to UE categories defined for NR.

Observation 2:
One possible UE capability related to the support of different TTI durations for HARQ processing for a given carrier may include whether the UE is capable of supporting multiple TTI durations and/or numerologies on the same carrier concurrently.
Observation 3:
One possible UE capability related to the support of different TTI durations for HARQ processing for a given carrier may include whether the UE supports a single HARQ entity per TTI duration and/or numerology or per configured carrier.
It would however be preferable to limit the number of capability-related aspects, if possible. 
Observation 4:
A single UE MAC entity can be configured to support multiple numerologies or TTI durations.
Proposal 1:
For initial HARQ transmissions and retransmission of a transport block, downlink control information provide means to determine the applicable DRB(s) when multiple TTI durations are configured.
Proposal 2: 
A HARQ process supports varying TTI duration for a given transport block for scheduled transmissions.
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