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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. TR 38.804 [2] states that a single MAC entity can support one or multiple TTI durations; it also states that RRC can configure a mapping between a logical channel and applicable numerology(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

This contribution discusses configuration of the Logical Channel (LCH) mapping for multiplexing of data with a transport block (TB) in the LCP procedure for NR.

2 Mapping between LCHs and New Transmissions
2.1 RRC Configuration for LCH Mapping

RAN2 has agreed that NR supports mapping a single LCH to one or more numerology(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 only considers LCHs that support the grant’s TTI duration/numerology learned from the physical layer [3]. 

Companion contribution R2-1704907 [4] discusses the relevence of treating logical channels differently depending on numerology and/or TTI duration; in particular, the contribution argues that LCP should be performed based on an indication provided in the grant information and thus independently of the numerology and/or TTI duration associated with a new transmission. Based on the proposals in that contribution, we observe the following:
Observation 1:
It is preferable for the UE MAC to perform multiplexing of data for different LCHs without relying on knowledge of the TTI duration and/or the numerology associated with the transmission.

More specifically, the mapping between LCH and and a TB for a new transmission should be abstracted using mapping values configured by RRC. The network may then determine how to set the mapping in terms of its scheduling strategy with respect to the configured numerology(y/ies), 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.

Proposal 1:
RRC configures LCH multiplexing using a “harqTreatment” parameter per LCH.

Proposal 2:
A value for “harqTreatment” represents a mapping between a LCH and a transport block based on HARQ Information from PHY.

Proposal 3:
RRC can configure one or more values per LCH for the “harqTreatment” parameter, e.g. using a list.

For example, using LTE RRC TS 36.331 as baseline, keeping FFS the maximum number of applicable multiplexing indices maxHARQ-TREATMENT, excluding some configuration aspects that are still FFS and not claiming ASN.1 correctness at this point:
–
LogicalChannelConfig
The IE LogicalChannelConfig is used to configure the logical channel parameters.

LogicalChannelConfig information element

-- ASN1START

LogicalChannelConfig ::=


SEQUENCE {


ul-SpecificParameters



SEQUENCE {



priority






INTEGER (1..16),



harq-TreatmentList




HARQ-TreatmentList,


prioritisedBitRate




ENUMERATED {













kBps0, kBps8, kBps16, kBps32, kBps64, kBps128,













kBps256, infinity, kBps512-v1020, kBps1024-v1020,













kBps2048-v1020, spare5, spare4, spare3, spare2,













spare1},



bucketSizeDuration




ENUMERATED {













ms50, ms100, ms150, ms300, ms500, ms1000, spare2,













spare1},



logicalChannelGroup




INTEGER (0..3)


OPTIONAL


-- Need OR


}

OPTIONAL,
















-- Cond UL


...,

}

HarqTreatmentList ::= SEQUENCE (SIZE (1..maxHARQ-TREATMENT)) OF HARQ-Treatment

HARQ-Treatment ::= INTEGER (1..maxHARQ-TREATMENT)

-- ASN1STOP

	LogicalChannelConfig field descriptions

	bucketSizeDuration

Bucket Size Duration for logical channel prioritization in TS 36.321 [6]. Value in milliseconds. Value ms50 corresponds to 50 ms, ms100 corresponds to 100 ms and so on.

	Harq-TreatmentList
Mapping of logical channel to transport block for a new transmission for LCP in TS 38.321 [x]. Each value is an integer.

	logicalChannelGroup

Mapping of logical channel to logical channel group for BSR reporting in TS 36.321 [6].

	prioritisedBitRate

Prioritized Bit Rate for logical channel prioritization in TS 36.321 [6]. Value in kilobytes/second. Value kBps0 corresponds to 0 kB/second, kBps8 corresponds to 8 kB/second, kBps16 corresponds to 16 kB/second and so on. Infinity is the only applicable value for SRB1 and SRB2

	priority

Logical channel priority in TS 36.321 [6]. Value is an integer.


2.2 HARQ Information for Multiplexing of LCH data
The physical layer is expected to have means to determine the applicable value for a transport block for a new transmission as part of the HARQ Information that is then provided to the MAC entity.
Observation 2:
The UE physical layer can include a HARQ Treatment Indication (HTI) in the HARQ Information handed to the UE MAC for a TB for a new transmission.

Observation 3:
The UE physical layer can determine the HARQ Treatment Indication (HTI) implicitly (e.g. from the CORESET of the DCI, or from the indicated PRBs, etc.) or explicitly (e.g. from a field in the received DCI) for a TB for a new transmission..

Companion contribution R2-1704907 [4] proposes to send an LS to RAN1. RAN1 has yet to agree on the details of downlink control information so this could be considered.

Proposal 4:
The HARQ Information includes a HARQ Treatment Indication (HTI).

Proposal 5:
The UE MAC uses the HTI from the HARQ Information to determine what LCH to consider for the LCP procedure when multiplexing data in a TB for a new transmission.

2.3 MAC Multiplexing
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.

2.4 Signalling Absolute Priority for a Given LCH/LCG

The LCH to new transmission mapping proposed above enables sufficient flexibility to the network to achieve a mapping strictly based on specific numerologies and/or TTI durations by configuration means and by alignment with its scheduling information. It also enables other mapping strategies, such as reserving one HARQ-Treatment / HTI value for a specific LCH (or all LCHs of the same LCG). This provide means to reserve specific grants to specific LCHs/LCGs including probing for data when very specific bearer-based scheduling strategy is used, e.g. for low latency with high reliability, with timing of data arrival is somewhat deterministic, and when UL skipping for dynamic grant or for a configured grant (SPS) is configured.
A range for the HARQ-Treatment / HTI value that is sufficient would provide this flexibility. In this case, in absence of data for the indicated LCH (or LCG), the grant would then be ignored by the UE i.e. the UE would not perform a transmission in such case thereby implicitly indicating empty buffer for the concerned LCH(s). Alternatively, the grant could be recycled in the LCP procedure e.g. by routing to a second HARQ-Treatment / HTI value when there would otherwise be no data transmitted (e.g. UL skipping is not configured). 
3 Conclusion
RAN2 should discuss the above and agree to the following:
Observation 1:
It is preferable for the UE MAC to perform multiplexing of data for different LCHs without relying on knowledge of the TTI duration and/or the numerology associated with the transmission.

Proposal 1:
RRC configures LCH multiplexing using a “harqTreatment” parameter per LCH.

Proposal 2:
A value for “harqTreatment” represents a mapping between a LCH and a transport block based on HARQ Information from PHY.

Proposal 3:
RRC can configure one or more values per LCH for the “harqTreatment” parameter, e.g. using a list.

Observation 2:
The UE physical layer can include a HARQ Treatment Indication (HTI) in the HARQ Information handed to the UE MAC for a TB for a new transmission.

Observation 3:
The UE physical layer can determine the HARQ Treatment Indication (HTI) implicitly (e.g. from the CORESET of the DCI, or from the indicated PRBs, etc.) or explicitly (e.g. from a field in the received DCI) for a TB for a new transmission..

Companion contribution R2-1704907 [4] proposes to send an LS to RAN1.

Proposal 4:
The HARQ Information includes a HARQ Treatment Indication (HTI).

Proposal 5:
The UE MAC uses the HTI from the HARQ Information to determine what LCH to consider for the LCP procedure when multiplexing data in a TB for a new transmission.

4 References

[1] RP-170847, “Work Item on New Radio (NR) Access Technology”, Work Item Description.

[2] 3GPP TR 38.804 V1.0.0, “Study on New Radio Access Technology; Radio Interface Protocol Aspects”.

[3] “RAN2 Chairman’s Notes,” 3GPP TSG RAN WG2 #97bis, Spokane, USA, April 3rd-7th, 2017.
[4] R2-1704907, “Scheduling and Multiple Numerologies / TTI Durations for NR”, InterDigital Inc.

[5] R2-1704911, “Details of the Logical Channel Prioritization Procedure for NR”, InterDigital Inc.

[6] 3GPP TS 36.321 V14.2.0, “Medium Access Control (MAC) protocol specification (Release 14)”.


3/3


