3GPP TSG-RAN WG2 #97
R2-1701185
Athens, Greece, February 13th-17th, 2017
(Update to R2-1700236)
Agenda Item:
10.2.1.4

Source:
InterDigital Communications

Title:
Logical Channel Prioritization with Multiple Numerologies for NR
Document for:
Discussion, Decision

1 Introduction

During RAN2 NR Ad Hoc, it was agreed that a single MAC entity can support one or more numerology/TTI durations. It was also agreed that a single logical channel (LCH) can be mapped to one or more numerology/TTI duration and that such mapping can be reconfigured by the gNB through RRC signalling [1]. Finally, it was further agreed that LCP takes into account the mapping of a LCH to one or more numerology/TTI duration whereby the details of LCP will be discussed in the WI phase [1].

In this contribution, we discuss further aspects relating to LCP, scheduling request, and buffer status reporting when the UE is configured with multiple numerologies/TTI durations. 
2 Logical Channel Multiplexing and Prioritization
As mentioned above, NR supports mapping a single LCH to one or more numerology/TTI duration. This 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.  However, the LCP procedure has to support LCHs that are configured for multiple numerologies and that are thus numerology-agnostic.
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 1:
UE MAC first performs LCP steps 1 and 2 for all resources of a given numerology/TTI duration.

Proposal 2:
UE MAC first performs LCP steps 1 and 2 for all applicable numerology/TTI duration(s) and only then it may perform step 3 for all remaining resources (if any) of each numerology/TTI duration.

Proposal 3:
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 4:
PBR is configured for a LCH per applicable numerology/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 5:
The UE MAC supports dynamic signalling that indicates absolute priority for a given LCH (or LCG) when multiplexing data for a specific grant.

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. In absence of data for the indicated LCH (or LCG), the grant would then be given to the LCP for the concerned numerology/TTI duration. This provides the scheduler more flexibility to prioritize services for issued UL grants differently, depending on the numerology/TTI duration.
3 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 6:
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 7:
The SR design should consider the numerologies/TTI lengths supported by the UE.
4 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:
UE MAC first performs LCP steps 1 and 2 for all resources of a given numerology/TTI duration.

Proposal 2:
UE MAC first performs LCP steps 1 and 2 for all applicable numerology/TTI duration(s) and only then it may perform step 3 for all remaining resources (if any) of each numerology/TTI duration.

Proposal 3:
Priority is configured by RRC per LCH for any type of LCH.
Proposal 4:
PBR is configured for a LCH per applicable numerology/TTI duration by RRC.

Proposal 5:
The UE MAC supports dynamic signalling that indicates absolute priority for a given LCH (or LCG) when multiplexing data for a specific grant.

Proposal 6:
A single BSR can convey buffer status for all LCHs supported by the MAC entity, regardless of numerology/TTI duration.

Proposal 7:
The SR design should consider the numerologies/TTI lengths supported by the UE.
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