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1 Introduction

In RAN#75, a work item (WI) proposal for New Radio was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the Logical Channel Prioritization procedure.

TR 38.804 [2] states that a single MAC entity can support one or multiple TTI durations, that RRC can configure a mapping between a logical channel and applicable numerologies and/or TTI duration(s), and that the logical channel prioritization procedure takes into account the mapping of one LCH to one or more numerologies and/or TTI durations.
This contribution further discusses aspects related to the Logical Channel Prioritization procedure for NR.
2 Logical Channel Multiplexing and Prioritization
NR supports mapping a single LCH to one or more numerology(y/ies)/TTI duration(s). This is further referred only as TTI duration. Such mapping provides resource allocation flexibility to the scheduler in a loaded system and enables sharing of such radio resources between different services e.g. eMBB and URLLC. The LCP procedure must support such mapping including LCHs that are configured for multiple numerologies.

Proposal 1:
A DRB is configured with one or more “mapping values”.

Proposal 2:
A “mapping value” represents a mapping between a LCH and a TTI duration.

More specifically, the mapping between LCH and applicable numerology(y/ies) and/or TTI durations is abstracted by the configuration of one or more values for the corresponding DRB or SRB e.g. one or more “grantClass“ values.
Proposal 3:
RRC configures one or more mapping values per LCH.
The physical layer is expected to have means to determine all applicable HARQ information for a given transport block, including the applicable TTI duration. RAN1 has yet to settle on this, but it may be determined from the coreset of the DCI, from the indicated PRBs but most likely from a field in the received DCI using dynamic scheduling or using a configured grant.

Observation 1:
The physical layer has knowledge of the TTI duration associated with the scheduled TB.

Observation 2:
The physical layer can determine the applicable mapping value for any scheduled TB.

For example, the physical layer can determine implicitly (e.g. from the coreset of the DCI, from the indicated PRBs, etc.) or explicitly (e.g. from a field in the received DCI) the numerology and/or the TTI duration associated with the scheduled TB.

We assume that MAC specification will remain time agnostic and that procedures will be performed “per TTI”, “per scheduling occasions” or similar independently of actual mini-slot, slot or subframe duration. More specifically, MAC does not need to be explicitly aware of the numerology and/or TTI duration to perform the mapping between data for a LCH and the received grant.
Observation 3:
MAC does not need to be explicitly aware of the TTI duration to map data to a transport block.

From the perspective of the HARQ information provided to the MAC layer, the “TTI duration” used for the mapping between a TB and applicable LCH(s) for the purpose of multiplexing data in a MAC PDU can be a simple value (with range FFS). The range of the value can be designed to at least support the maximum possible numerologies and/or TTI durations concurrently supported by a UE. 

Proposal 4:
The HARQ information for a TB includes the mapping value and is provided by the physical layer.
For example, the HARQ information can include a parameter provided by the physical layer, which parameter corresponds to the configured “grantClass” parameter that indicates the mapping between a LCH and the applicable numerology and/or TTI duration for a DRB
2.1 LCP per numerology/TTI duration
In NR, data that is applicable to a specific numerology/TTI duration should only contend with similar data (i.e. data associated to LCH(s) mapped to the same numerology/TTI duration) according to a similar logic as used for LTE and thus based on a priority and prioritized bitrate (PBR) configured for the associated LCH. Consequently, LCP should be applied separately for all resources associated to a given numerology/TTI duration only for applicable LCH(s), at least for the portion up to the PBR of the concerned LCHs.
In other words, when the UE MAC entity is requested to transmit multiple MAC PDUs concurrently, LCP steps 1 and 2 (or equivalent for NR) and the associated rules should be applied first to each grant or to the sum of the capacities for all the grants of a concerned numerology/TTI duration, and only for the applicable LCH(s). Similar to LTE, the order in which the grants are processed for a given numerology/TTI duration can be left up to UE implementation. However, the UE MAC should first complete LCP steps 1 and 2 (or equivalent for NR) for all grants of a given numerology/TTI duration.  In addition, the UE should perform LCP step 3 (or equivalent for NR) for a given numerology/TTI duration only when LCP steps 1 and 2 is completed for all LCHs with data available for transmission (i.e. when LCP step 1 and step 2 is completed for all applicable numerology/TTI duration(s)).
Proposal 5:
The UE MAC first performs LCP steps 1 and 2 for all TBs of a given mapping value (i.e. TTI duration).

In other words, step 1 and step 2 of the LCP is first applied for all TBs associated with the same TTI duration (e.g. with the same “grantClass” value).
Proposal 6:
The UE MAC first performs LCP steps 1 and 2 for all applicable mapping value (i.e. TTI duration) and only then it may perform step 3 for all remaining resources (if any) of each mapping value.

In other words, steps 1 and 2 are performed using all TBs of a given mapping value (e.g. for grantClass value = 0), then for all TBs of the next mapping value (e.g. for grantClass value = 1) and so on. Similarly, one step 1 and step 2 are completed for all mapping values with TBs to be filled with data, the UE may then perform Step 3 for all remaining resources also per set of TBs of the same mapping value. 
Proposal 7:
Priority is configured by RRC per LCH for any type of LCH.

In addition, it may be useful to ensure that a numerology/TTI duration-agnostic LCH only contends for resources of a specific numerology/TTI duration in step 3. For example, this may be achieved by setting different PBR values (e.g. infinite for a first numerology/TTI duration and 0 for a second one) to a LCH that can be mapped to multiple numerologies/TTI durations but that may be better served by the first one. One benefit is that other LCHs of higher priority for that numerology/TTI duration are first served up to their PBR and also get any remaining resources they may require before a LCH mapping to another numerology will get served. Consequently, the following is proposed:
Proposal 8:
PBR is configured for a LCH per applicable mapping value (i.e. per TTI duration) by RRC.
2.2 Signalling absolute priority for a given LCH/LCG

It may be useful to provide means to the scheduler to override any UE MAC LCP logic dynamically. Such flexibility may be useful to enable the gNB to assign a specific set of resources using a specific numerology/TTI duration to a specific LCH (or LCG). For example, this can enable the gNB to assign a specific set of resources on a specific carrier for the purpose of load management, to adapt to the deterioration of a radio link for a given carrier or due to other implementation-specific RRM strategies when the UE is configured for carrier aggregation. For example, this can enable the gNB to assign a specific set of resources on a specific carrier for the purpose of changing the usage ratio between MgNB and SgNB for a given LCH or to address possible transient impairments on X2 when the UE is configured for multi-connectivity. This may further be beneficial to probe a specific LCH/service with blind grants e.g. in case where timing of the availability of data may be relatively deterministic. Additionally, it may be beneficial to allow the network to restrict usage of a grant to a specific service (e.g. logical channel requiring ultra-reliability).   Consequently, the following is proposed:

Proposal 9:
NR supports dynamic signalling on PDCCH that indicates absolute priority for a given LCH (or LCG).

Such dynamic signalling should be part of Downlink Control Information (DCIs) that schedule uplink transmissions. It would then provide means for the scheduler to override any configuration / UE behaviour and provide an absolute determination of the LCH (or group thereof e.g. LCG) that gets first access to the scheduled transmission resources.
One option would be to extend the range of the grantClass parameter with additional values to provide sufficient flexibility for a scheduler to dedicate a value to one (or few) LCHs to provide a dynamic prioritization mechanism e.g. to URLLC data. 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).

Another option could be to define a separate field in a DCI to indicate a specific LCH or LCG. In absence of data for the indicated LCH (or LCG), the grant would then be allocated to for the concerned numerology/TTI duration (e.g. for the applicable grantClass) in LCP. This provides the scheduler more flexibility to prioritize services for issued UL grants differently, depending on the numerology/TTI duration.
3 Conclusion
RAN2 should discuss the above and agree to the following:
Proposal 1:
A DRB is configured with one or more “mapping values”.

Proposal 2:
A “mapping value” represents a mapping between a LCH and a TTI duration.

Proposal 3:
RRC configures one or more mapping values per LCH.
Observation 1:
The physical layer has knowledge of the TTI duration associated with the scheduled TB.

Observation 2:
The physical layer can determine the applicable mapping value for any scheduled TB.

Observation 3:
MAC does not need to be explicitly aware of the TTI duration to map data to a transport block.

Proposal 4:
The HARQ information for a TB includes the mapping value and is provided by the physical layer.
Proposal 5:
The UE MAC first performs LCP steps 1 and 2 for all TBs of a given mapping value (i.e. TTI duration).

Proposal 6:
The UE MAC first performs LCP steps 1 and 2 for all applicable mapping value (i.e. TTI duration) and only then it may perform step 3 for all remaining resources (if any) of each mapping value.

Proposal 7:
Priority is configured by RRC per LCH for any type of LCH.

Proposal 8:
PBR is configured for a LCH per applicable mapping value (i.e. per TTI duration) by RRC.
Proposal 9:
NR supports dynamic signalling on PDCCH that indicates absolute priority for a given LCH (or LCG).

A text proposal corresponding to the above is found in Appendix A using TS 36.321 as a baseline.

4 Appendix A – Text Proposal for TS38.321

<Start text proposal, using TS 36.321 as baseline>
X.Y
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: a grantClass where the grantClass indicates applicability to a specific class of grant indicated in the HARQ information for the new transmission, priority where an increasing priority value indicates a lower priority level, and for each configured grantClass the prioritisedBitRate which sets the Prioritized Bit Rate (PBR) as well as the bucketSizeDuration which sets the Bucket Size Duration (BSD). For NB-IoT, prioritisedBitRate, bucketSizeDuration and the corresponding steps of the Logical Channel Prioritisation procedure (i.e., Step 1 and Step 2 below) are not applicable.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission corresponding to a grantClass is performed:

-
The MAC entity shall allocate resources to the logical channels configured with grantClass in the following steps:

-
Step 1: All the 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);

-
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 after step 1 and step 2 above is completed for resources associated to all new transmissions for this TTI, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) for each grantClass until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority for a given grantClass should be served equally.
[Unchanged text not included]
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