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1 Introduction

In RAN2#95b, it was 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) [1]. Further, in RAN2#96, it was agreed that a radio bearer could map to one or more numerologies/TTI durations, and it is FFS if the same could be said about a logical channel [2]. In this contribution, we discuss these FFS points and aspects relating to MAC multiplexing, LCP, scheduling request, and buffer status reporting in presence of multiple numerologies/TTI durations. 
2 Discussion
2.1 Logical Channel Multiplexing and Prioratization
In NR, satisfying variable latency requirements of different services can require using different numerologies or TTI durations. From a MAC perspective, logical channels associated with these services has to be handled concurrently. Allowing the mapping of a LCH to one or more numerologies/TTI durations provides more flexibility to the scheduler, thus supporting sharing resources between eMBB and URLLC for example. For a radio bearer mapping to multiple numerologies/TTI lengths, performing the mapping per logical channel within the MAC layer does not place restrictions on resource allocation, thus giving the scheduler leverage. 
Proposal 1:
A LCH can map to one or more numerology/TTI duration. 
Mapping between LCHs and numerologies/TTI durations could be configured through RRC signalling, since the associated traffic profiles could change. The alternative of bearer re-establishment to reset the supported numerologies/TTI durations per LCH would induce unnecessary interruptions, e.g. when performing inter-cell or inter-frequency handovers that require a numerology change.

Proposal 2:
Mapping of a LCH to numerology/TTI length(s) is configurable by the gNB through RRC signalling.  
A companion contribution [3] discusses how a single MAC entity can support multiple numerologies/TTI durations concurrently. Herein, it is assumed that a LCH can map to multiple numerologies, which could be handled within a single MAC entity. Given that a MAC PDU is mapped to a transport channel and transport channels are defined by how and with what characteristics different types of data are transferred over the air interface, it is fair to assume that a MAC PDU must be produced for each numerology or TTI duration. However, the MAC can multiplex SDUs from different LCHs supporting the same numerology/TTI duration using the LCP procedure. When creating a MAC PDU, LCP takes into account the configured priorities and PBRs of each LCH mapped to the corresponding numerology/TTI duration.

Proposal 3:
MAC multiplexing with LCP is performed for each numerology/TTI duration.
A procedure similar to the LCP procedure used in LTE may be used as baseline for NR. However, some refinements may be needed when multiple numerologies/TTI duration configurations are present. Assuming the same LTE LCP procedure in NR, using a single PBR value per LCH for all numerologies/TTI durations may result in resource allocation inefficiencies or additional latency. Given the multi-step nature of LCP, resources are first allocated to satisfy the PBRs of each LCH in the first step before extending data rates to LCHs any further. As a consequence, the presence of multiple eMBB logical channels can use a considerable part of an UL grant issued for a URLLC LCH for example. This may lead to intolerable latencies for a URLLC service. This issue could be resolved by configuring a PBR value for each numerology/TTI duration the LCH maps to. Such configuration can be done through RRC signalling when the LCH to numerology/TTI duration mapping is set up.
An additional refinement is to define priorities for each LCH per numerology/TTI duration. This gives the scheduler more flexibility to prioritize services for issued UL grants differently, depending on the numerology/TTI duration. An example is when the network would like to restrict a grant to an eMBB service, knowing that it will issue a separate grant for a competing URLLC service that meets its target better by using a different numerology/TTI duration.
With the ability to define LCH priorities and PBRs per numerology/TTI duration, the LTE LCP procedure could be reused in NR per numerology/TTI duration.

Proposal 4:
LCH priorities and PBRs are configured per numerology/TTI duration e.g. by RRC.
2.2 Scheduling Aspects
Using network slicing to support multiple service types in NR, a MAC entity is anticipated to handle more DRBs with highly varying QoS requirements than in LTE. Consequently, the number of logical channels is expected to be larger as well. In LTE, it is possible to report a buffer status per logical channel group (LCG), where LCHs of similar QoS properties are grouped together in order for them to share the same UL grant issued by the scheduler. Therefore, the UE can only report BSR for only 4 LCGs.  
In NR, there may be more criteria to group LCHs. LCHs could be grouped not only by QoS profile, but by numerology and TTI duration as well, especially when different resources are needed for different numerologies or TTI lengths. Therefore, more than 4 logical channel groups may be required to provide the network with the right level of information for scheduling purposes.   
Proposal 5:
A single BSR can convey buffer status for all LCHs supported by the MAC entity, regardless of numerology/TTI duration.
In LTE, a single bit can be transmitted per UE on the PUCCH for an uplink scheduling request (SR). Since there is a single numerology and TTI duration in LTE, a single bit is sufficient to convey an initial need for UL resources. In NR, an SR can be triggered due to UL Data arrival with different QoS requirements, e.g. URLLC or eMBB.  To meet the requirements, the network needs to be aware of the type of data that triggered such requests.

RAN1 is currently studying the SR design, taking into account the possibility of grant-free transmissions for URLLC, which doesn’t exclude a scheduling-based approach for URLLC. Considering scheduling-based URLLC UL transmissions, the network needs to know the type of resource to grant, which depends on the numerology/TTI duration of the type of data that triggered the request. Relying on a single bit SR may result in failure to meet requirements. Consequently, the SR should be able to indicate whether the requested resource is for a low latency TTI duration/numerology or not. This can be realized by supporting numerology/TTI specific SRs, or by designing SR such that it allowed to carry additional information bits (e.g.  a LCG ID or a bit indicating URLLC or not).

 Proposal 6:
The SR design should consider the numerologies/TTI lengths supported by the UE.
3 Conclusion

In this contribution, MAC design aspects including multiplexing, LCP, BSR, and SR are discussed in presence of multiple numerologies/TTI durations. The following is proposed:
Proposal 1:
A LCH can map to one or more numerology/TTI duration. 
Proposal 2:
Mapping of a LCH to numerology/TTI length(s) is configurable by the gNB through RRC signalling.  

Proposal 3:
MAC multiplexing with LCP is performed for each numerology/TTI duration.

Proposal 4:
LCH priorities and PBRs are configured per numerology/TTI duration e.g. by RRC.
Proposal 5:
A single BSR can convey buffer status for all LCHs supported by the MAC entity, regardless of numerology/TTI duration.

Proposal 6:
The SR design should consider the numerologies/TTI lengths supported by the UE.
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