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1 Introduction

In RAN#75, a work item (WI) proposal for New Radio (NR) was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the Logical Channel Prioritization (LCP) procedure. TS 38.800 [2] states that a single MAC entity can support one or multiple numerologies and/or TTI durations. It was also agreed that RRC can configure a mapping between a logical channel and applicable numerolog(y/ies) and/or TTI duration(s) which is then used by the LCP procedure.
In RAN2#97bis, the following agreements on LCP were reached [3]:

Agreements 

-
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
Companion contribution R2-1704910 [4] discusses configuration of the mapping of LCH for multiplexing of data with a transport block in the LCP procedure, along with a text proposal to TS38.331.

Companion contribution R2-1704911 [5] discusses the details of the LCP procedure using HARQ information provided by the physical layer, along with a text proposal to TS38.321.

This contribution discusses scheduling aspects related to supporting multiple TTI durations/numerologies in NR MAC.
2 Scheduling for a New Transmission (eMBB vs URLLC)
2.1 The Relevance of TTI Duration / Numerology for LCH Mapping

NR is expected to efficiently support radio resource allocation for different types of services having very diverging requirements, including eMBB and URLLC. Support for eMBB is expected to focus on maximizing resource allocation efficiency at least for QoS profiles already supported by LTE (e.g. best-effort data transfers, conversational real-time data sessions, etc). In addition, support for URLLC will require additional, more stringent, QoS requirements in terms of reliability and/or latency. The design of the system should provide sufficient flexibility for the scheduler to efficiently multiplex such URLLC traffic with other transmissions for a given cell.
NR supports transmissions with multiple numerologies and/or TTI durations for the same UE, possibly concurrently. Available TTI durations will further consist of an arrangement of mini-slot(s), slot(s) or a subframe per transmission. NR thus supports TTIs (and correspondingly, HARQ timelines) shorter than that of the legacy LTE. While there is a relationship between the HARQ timeline and the QoS provided by the scheduler, how such is provided is also impacted by other elements such as selected transmission parameters (MCS, PRB allocation, etc.), link adaptation, cell load and multiplexing of transmissions between UEs. There is no necessary restriction or direct correspondence (or need thereof) between the QoS associated with a DRB and a specific TTI duration and/or numerology, nor should any be defined.
A scheduler implementation could in theory benefit from scheduling eMBB traffic using shorter TTIs. For example, this may be used to shorthen the slow start phase for small TCP transfers, or simply to maximize resource allocation in a cell that supports multiple numerologies and/or TTI durations. This may be better achieved by efficiently multiplexing users at the smallest (e.g. mini-slot, or slot) time granularity even for some eMBB traffic (e.g. short data bursts and/or small PDU size). Possibly, further scheduling flexibility may be possible if RAN1 agrees to support HARQ retransmissions that use a different TTI than for the previous transmission for the same transport block.
Observation 1:
Different scheduling strategies for optimizing resource allocation are possible when multiplexing data with significant QoS requirements for a same UE and between UEs in a cell or cell group.

RAN2 has agreed that NR supports mapping a single LCH to one or more numerolog(y/ies)/TTI duration(s). The LCP procedure must consider such mapping, including LCHs that are configured for multiple numerologies [2]. For each UL grant, the LCP procedure is expected to only considers LCHs that support the grant’s TTI duration/numerology learned from the physical layer [3]. This principle may have been inherited from discussions related to the introduction of ShTTIs in LTE MAC, given that it was no desirable to modify or add signalling to existing DCI formats and given the need to maintain backward compatibility. This is not the case with NR, and this principle should thus be reconsidered.
Observation 2:
For the NR UE MAC, multiplexing of data should flexibly support different scheduling strategies to enable efficient resource allocation for UEs with concurrent eMBB and URLLC services independently of TTI durations and/or numerologies.

The physical layer is expected to have means to determine the applicable TTI duration and numerology for a given transport block. RAN1 has yet to settle on this, but the physical layer can determine the numerology and/or the TTI duration associated with the TB implicitly (e.g. from the coreset of the DCI, or from the indicated PRBs) or explicitly (e.g. from a field in the received DCI). However, it may not reliably always determine the intended scheduling strategy.
Observation 3:
The UE physical layer does not have knowledge of the scheduler’s targeted reliability and/or latency (e.g. link adaptation strategy, HARQ operating point) for a scheduled transport block from the TTI duration or the numerology associated with the received grant.

It may thus be challenging to network and scheduling implementations to optimize physical resource usage when supporting all of the NR services concurrently on a carrier frequency. This may be particularly true if knowledge by the UE PHY of the TTI duration and/or numerology has to be relied upon for the mapping of data to different transport blocks. In other words, reliance on an unnecessarily strict association between a specific TTI duration and/or numerology with a specific scheduler strategy in terms of reliability and latency appears inflexible and possibly not sufficiently forward looking for NR.  

Observation 4:
Relying on UE PHY knowledge of TTI duration and/or numerology for MAC to perform multiplexing of data with different reliability and latency requirements for a new transport block is inflexible for scheduling purposes and for efficient resource allocation.

Proposal 1:
NR UE MAC multiplexing does not rely on knowledge of the TTI duration and/or the numerology associated with the transmission.

2.2 LCH Mapping based on a Generic Multiplexing Configuration

Consequently, it would be preferable if the network could configure each LCH with one or more values using RRC. Such value may be referred to as a multiplexing configuration based on a HARQ Treatment Indication (HTI).
From the perspective of the network, each HTI value could correspond to a scheduling strategy associated to the transmission of a transport block i.e. for a given HARQ process. From the UE MAC’s perspective, MAC would use a value indicated by the physical layer in the HARQ information for a new transmission to determine what LCH(s) to consider when filling the concerned transport block using the multiplexing configuration containing one or more HTI value(s) for each LCH. The mapping procedure would then be performed by the UE without any knowledge of TTI duration, numerology or actual scheduling strategy from the gNB.
Proposal 2:
NR UE RRC configures the mapping of data from a LCH to a transport block by signalling one or more values per LCH. The number and range of values is FFS.

Companion contribution R2-1704910 [4] further discusses the details of the RRC configuration aspects.
Proposal 3:
NR UE MAC multiplexing supports mapping of data from a LCH to a transport block based on an indication received from the physical layer.

Proposal 4:
NR UE MAC multiplexes data from LCH(s) configured with a value that corresponds to the indication received by the physical layer for the concerned new transmission.

Companion contribution R2-1704911 [5] further discusses the details of the MAC-related aspects.
For example, assuming that the NW scheduler considers LCH A for the transport of SRBx, LCH B for the transport of eMBB, and LCH C for transport of URLLC the UE may receive the following configuration for HTI and priority:

LCH A: HTI=(0, 1, 2),
priority=2 e.g. SRB data will contend for any grant with priority URLLC > SRB > eMBB;

LCH B: HTI=(1, 2),
priority=3 e.g. eMBB will contend only for grants with indication 1, 2 with lowest priority;

LCH C: HTI=(2),
priority=1 e.g. URLLC will contend only for grants with indication 1 with highest priority;

2.3 Multiplexing Indication from the Physical Layer

It is within the scope of RAN1 to determine how the UE receives and/or derives the HTI value associated with a grant for a new transmission. For example, such could include explicit (i.e. configured) association between a HTI and a CORESET, between a HTI and a control channel, or an HTI value explicitly signalled in a DCI. 
Proposal 5:
RAN2 sends an LS to RAN1 asking RAN1 to determine how to support the derivation of a new HARQ parameter enabling dynamic control of LCP multiplexing from the grant information. 

RAN2 could suggest that a field in a DCI may be considered to signal a HARQ Treatment Indication to MAC which indication would enable RRC-configured mapping of data from logical channels to a new transmission (i.e. a grant).
3 Conclusion
This contribution argues that using knowledge of the TTI duration and/or numerology associated with a new transmission for the mapping of data from LCHs to a transport block is unnecessarily inflexible from a scheduling perspective.

Instead, it is proposed to introduce a NW-controlled association between applicable LCHs and a transport block which is indicated for the initial HARQ transmission by the PHY without any awareness by the MAC of the TTI duration and/or numerology. Such indication would come from the scheduling information of the grant and would correspond to a value configured by RRC for each LCH. The network could then use such indication to control the HARQ treatment for the data multiplexed by LCP at a finer granularity, independently of TTI duration and/or numerology of the initial HARQ transmission during the lifetime of the HARQ process. Mapping of a LCH to different possible HARQ treatments would then be enabled by RRC configuring multiple values or a range of values.
RAN2 should discuss the above and agree to the following:
Observation 1:
Different scheduling strategies for optimizing resource allocation are possible when multiplexing data with significant QoS requirements for a same UE and between UEs in a cell or cell group.

Observation 2:
For the NR UE MAC, multiplexing of data should flexibly support different scheduling strategies to enable efficient resource allocation for UEs with concurrent eMBB and URLLC services independently of TTI durations and/or numerologies.

Observation 3:
The UE physical layer does not have knowledge of the scheduler’s targeted reliability and/or latency (e.g. link adaptation strategy, HARQ operating point) for a scheduled transport block from the TTI duration or the numerology associated with the received grant.

Observation 4:
Relying on UE PHY knowledge of TTI duration and/or numerology for MAC to perform multiplexing of data with different reliability and latency requirements for a new transport block is inflexible for scheduling purposes and for efficient resource allocation.

Proposal 1:
NR UE MAC multiplexing does not rely on knowledge of the TTI duration and/or the numerology associated with the transmission.

Proposal 2:
NR UE RRC configures the mapping of data from a LCH to a transport block by signalling one or more values per LCH. The number and range of values is FFS.

Companion contribution R2-1704910 [4] further discusses the details of the RRC configuration aspects.
Proposal 3:
NR UE MAC multiplexing supports mapping of data from a LCH to a transport block based on an indication received from the physical layer.

Proposal 4:
NR UE MAC multiplexes data from LCH(s) configured with a value that corresponds to the indication received by the physical layer for the concerned new transmission.
Companion contribution R2-1704911 [5] further discusses the details of the MAC-related aspects.
Proposal 5:
RAN2 sends an LS to RAN1 asking RAN1 to determine how to support the derivation of a new HARQ parameter enabling dynamic control of LCP multiplexing from the grant information. 

A text proposal for TS38.300 corresponding to the above is found in Appendix A.
4 Appendix A – Text Proposal for TS 38.300 v0.2.0
<Start text proposal>
[Unchanged text not included]
6.2
MAC Sublayer

6.2.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;

-
Scheduling information reporting;

-
Error correction through HARQ;

-
Priority handling between UEs by means of dynamic scheduling;

-
Priority handling between logical channels of one UE by means of logical channel prioritisation;

-
Padding.

A single MAC entity can support one or multiple numerologies and/or TTI durations. The MAC entity supports but in order for the mapping of data from logical channels using a configuration provided by RRC for each LCH together with HARQ Information provided by the physical layer. The network may thus configure the to be respected, logical channel prioritization procedure to takes into account the mapping of one logical channel to one or more numerologies and/or TTI durations transparently to the MAC entity.

[Unchanged text not included]
6.2.4
HARQ

The HARQ functionality ensures delivery between peer entities at Layer 1. The HARQ Information for the transmission of a new transport block includes a multiplexing indication for the purpose of logical channel mapping.
More details can be captured once agreed (RAN1 input required).
[Unchanged text not included]
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