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1 Introduction

RAN2 has agreed that a single NR MAC entity can support one or multiple TTI durations/numerologies. The logical channel prioritization procedure then takes into account a RRC configured mapping between a logical channel and applicable numerologies and/or TTI duration(s) [1]. 
In RAN2#97bis and RAN2#98, details on how to configure logical channel selection restrictions in LCP based on the TTI/numerology of the resource were discussed. The following related agreements were reached [2]

 REF _Ref484161899 \r \h 
[3]:

Agreements 

· 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

· For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). A transmission based on index or profiles can be supported.   Exact parameters are FFS.

· Logical Channel Priority is configured per MAC entity per logical channel 

· PBR is not configured per numerology, it is per “logical channel” as in LTE 

· Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  


This contribution discusses further details on how to perform logical channel selection restrictions in LCP for a new transmission. A text proposal to TS 38.321 [9] REF _Ref484162638 \r \h 
 is included in the Appendix. Our companion contribution R2-1706682 [4] discusses the details of the LCP procedure for logical channels mapping to multiple mapping configurations. 
2 Scheduling for a New Transmission
2.1 PHY Abstraction Indices/Profiles
The numerology and the TTI duration associated with a transmission are only some of multiple characteristics of a transmission. Although a TTI may be tied to a specific HARQ timeline, it does not necessarily represent a scheduler’s strategy in terms of HARQ operating point (e.g. latency) or reliability. In NR LCP, the selection of which LCHs to serve based an association between the numerology/TTI duration of the transmission introduces an implicit association between TTI Duration and a given type of service. This restriction in turn restricts the flexibility for different scheduler implementations to efficiently allocate resources of a cell when multiplexing data from different UEs. There is no necessary restriction or direct correspondence between QoS and a specific TTI duration and/or numerology, nor should any be defined. 
Scheduling resources using different numerologies and/or TTI durations leads to more fragmentation of the available resources when multiplexing transmissions from different UEs in a cell. A scheduler implementation could benefit from scheduling eMBB traffic using shorter TTIs. For example, this may be used to shorten 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 data at the smallest time granularity (e.g. mini-slot, or slot) even for some eMBB traffic (e.g. for short data bursts and/or small PDU size).
Observation 1:
Different scheduling strategies for optimizing resource allocation are possible when multiplexing data with variant QoS requirements.

RAN2 has agreed that NR supports mapping a single LCH to one or more numerologies/TTI durations, which are abstracted through indices or profiles. The LCP procedure then enforces such mapping by only considering LCHs configured with the abstraction index/profile signalled part of the UL grant. Conceptually, the abstraction index/profile has been proposed under different names, such as transmission profile [5], HARQ treatment index [6], numerology index [7], or transport channel instance [8]. While the exact name is not as important, the concept of an abstraction index/profile to abstract PHY parameters is useful to have to achieve the aforementioned scheduling flexibility. For simplicity, we refer to such abstraction parameter as a transmission profile hereafter. Transmission profiles can therefore be used to configure a LCH selection restriction in LCP based on the numerology/TTI duration of the resource, while providing the network flexibility to implement different scheduling strategies.
Proposal 1:
‘Transmission profiles’ are used to configure a LCH selection restriction in LCP based on the physical layer traits of the resource, such the numerology or the transmission interval.
With transmission profiles, the UE MAC may multiplex data for different LCHs without relying on explicit knowledge of the actual numerology/TTI duration associated with the transmission. From the perspective of the network, each transmission profile could correspond to a scheduling strategy associated to the transmission of a transport block. From the UE MAC’s perspective, MAC would use a transmission profile indicated by the physical layer for an UL grant to determine which LCH(s) to consider when filling the transport block, considering the transmission profiles configured for each LCH by RRC. The mapping procedure would then be performed by the UE without explicit knowledge of the actual numerology or the scheduling strategy from the gNB.
Proposal 2:
A transmission profile represents a mapping between a LCH and a transport block.
Proposal 3:
RRC configures one or more transmission profiles per LCH, e.g. using a list. The number of bits used to signal a transmission profile is FFS.
Proposal 4:
The MAC entity learns the transmission profile associated with an UL grant from the PHY layer. 

For example, assuming that the scheduler considers LCH A for the transport of SRB x, LCH B for the transport of eMBB, and LCH C for transport of URLLC, the UE may receive the following LCH configurations for transmission profile and priority:

LCH C: transmission profile = (0),

priority = 1 
e.g. URLLC data will contends only on grants with indication 0 with highest priority;
LCH B: transmission profile = (0, 1),

priority = 3 
e.g. eMBB data contends only on grants with indication 0, 1 with lowest priority;
LCH A: transmission profile = (0, 1, 2),
priority = 2 
e.g. SRB data contends on grants with indication 0, 1, or 2 with priority URLLC > SRB > eMBB
Proposal 5:
The MAC entity multiplexes data from LCH(s) configured with the transmission profile indicated by the physical layer for each UL grant.
The network may then determine how to set the mapping in terms of its scheduling strategy with respect to the configured numerologies, TTI durations, HARQ operating point, cell load etc., without any need for the UE to be aware of anything else than the mapping and how to perform LCP. Two resources of the same TTI duration or numerology may therefore be used by the scheduler to meet two services of different QoS traits. For this reason, there is no need to explicitly standardize what PHY parameters are abstracted by a transmission profile. This ensures forward compatibility for any type of PHY parameters that may distinguish the resource for an UL transmission, while meeting the QoS requirements of the underling services.

Proposal 6:
No need to specify what type PHY parameters are abstracted by a transmission profile.
2.2 Indication from the Physical Layer

It is within the scope of RAN1 to determine how the UE receives or derives the transmission profile associated with an uplink grant for a new transmission. For example, a configuration may associate a transmission profile to a control resource set or a PDCCH. Alternatively, the transmission profile may be explicitly signalled in a DCI field or part of HARQ information. RAN2 could suggest that a field in a DCI may be considered to signal a transmission profile to MAC. Such signalling would then enable a RRC-configured mapping of data from logical channels to a new transmission. 
Proposal 7:
RAN2 sends an LS to RAN1 to ask RAN1 to determine how to support the derivation of a transmission profile from the grant information. 

3 Conclusion
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 variant QoS requirements.

Proposal 1:
‘Transmission profiles’ are used to configure a LCH selection restriction in LCP based on the physical layer traits of the resource, such the numerology or the transmission interval.
Proposal 2:
A transmission profile represents a mapping between a LCH and a transport block.
Proposal 3:
RRC configures one or more transmission profiles per LCH, e.g. using a list. The number of bits used to signal a transmission profile is FFS.

Proposal 4:
The MAC entity learns the transmission profile associated with an UL grant from the PHY layer. 

Proposal 5:
The MAC entity multiplexes data from LCH(s) configured with the transmission profile indicated by the physical layer for each UL grant.
Proposal 6:
No need to specify what type PHY parameters are abstracted by a transmission profile.
Proposal 7:
RAN2 sends an LS to RAN1 to ask RAN1 to determine how to support the derivation of a transmission profile from the grant information. 

A text proposal for TS 38.321 corresponding to the proposals above is in Appendix A.
4 Appendix A – Text Proposals 
TS 38.321 v0.0.4
<Start text proposal, using TS 38.321 v0.0.4 as baseline>
5.4.3.1
Logical channel prioritization
	[Unchanged text not included]
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:

-
priority where an increasing priority value indicates a lower priority level;

-
prioritisedBitRate which sets the Prioritized Bit Rate (PBR);

-
bucketSizeDuration which sets the Bucket Size Duration (BSD);
-
transmission profile(s), the value of which indicates if data from the logical channel can be allocated resources of a grant carrying the same value;
[Unchanged text not included]
The MAC entity shall, when a new transmission is performed:

1>
allocate resources to the logical channels configured with the grant’s transmission profile in the following steps:

-
Step 1: Relevant logical channels for the UL grant logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant’. 

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all logical channels logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally. 
Editor's note: It is unclear whether all the logical channels are applicable or the relevant logical channels are applicable in Step 3 from the agreements, and needs to be discussed by RAN2. Other than the 'Relevant logical channels for the UL grant' in Step 1 above, all the LCP text is same as in LTE, but still RAN2 needs to confirm. 
 [Unchanged text not included]
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