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1 Introduction

During RAN2 #97bis and RAN2#98, logical channel prioritization was discussed and the following agreements were captured [1][2]:

RAN2#97biss
Agreements on LCP

-
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
RAN2#98
Agreements:

1. Logical Channel Priority is configured per MAC entity per logical channel 

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

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

4. FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified.  
RAN2#97bis also made the following agreement on SR/BSR:

Agreements on SR/BRS
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed
In light of the agreements above, this contribution discusses further logical channel prioritization in the context of multiple numerologies/TTIs and the FFS above.
2 Discussion
In NR, logical channels may be mapped to multiple numerologies/TTIs (N/T). The combination of one numerology and one TTI duration determines how transmission is to be made on the physical layer. 
However, from the agreement above and from past RAN2 discussions, it is our understanding that from the MAC scheduler perspective, numerology and TTI are one and the same. In terms of resource grants scheduling by the networks and considering that one of the key requirements for NR design is forward compatibility, the NR scheduler and specifically the UL scheduler should be designed to be as flexible as possible. Since discussion on UL grant scheduling is yet to progress further in RAN1, one can assume at the minimum the following possibilities:
1. The UL resource grant is common to a set of N/Ts i.e. the resource grant can be used to serve logical channels on this set of N/Ts.
2. The UL resource grant is N/T specific. 
When the UL resource grant is common to a set of N/Ts, it is not straightforward how to allocate the resource grant across logical channels, where each logical channel is potentially mapped to multiple N/Ts. A possible solution is to allocate the resource grant to logical channels, according to a decreasing priority order of N/T. For e.g. the distribution of the resource grants across logical channels mapped to the N/Ts for which a resource grant is received may consist of the following steps:
· When the UE received an UL grant common to a set of N/Ts, the UE should select an N/T in decreasing order of priority, starting from the N/T with the highest priority and perform Step1 and Step2 of the LTE PBR based LCP procedure over the logical channels mapped to the selected N/T. 
· The UE repeats Step1 and Step2 of the LTE PBR based LCP procedure for each of the N/T in the N/Ts set for which UL grant is received.
· If any resource remains, for each N/T in strict decreasing priority of N/Ts, the UE performs Step 3 of LTE PBR based procedure over the logical channels mapped to the selected N/T.
One issue to address is how priorities are assigned to N/Ts?  One straightforward option is for the network to configure the UEs with the N/Ts priorities. Alternatively, since from the MAC perspective, numerology and TTI are one and the same the priorities among numerologies could be specified based on the TTI value; e.g. the smaller the TTI value, the higher the priority. However, since NR should be designed to be flexible and forward compatible, the network should have full flexibility and therefore the network should have the flexibility to override a standardized default priority rule. For each UE configured with multiple N/Ts, Priority for each N/Ts is configured by RRC.
Proposal 1:  RRC configures a set of allowed N/Ts per logical channel.
Proposal 2: For each UE configured with multiple N/Ts, the network assigns priorities to its numerologies/TTIs.
Proposal 3: For each UE configured with multiple N/Ts, priority for each N/Ts is configured by RRC.
Proposal 4: For the purpose of LCP, a Default priority rule for N/Ts should be specified.
Proposal 5: The network may override N/Ts standardized default priority rule.
Proposal 6: When the UE receives an UL resource grant common to a set of N/Ts, the UE should schedule logical channels as follow:

· The UE should select an N/T in decreasing order of priority, starting from the N/T with the highest priority and perform Step1 and Step2 of the LTE PBR based LCP procedure over the logical channels mapped to the selected N/T.

· The UE repeats Step1 and Step2 of the LTE PBR based LCP procedure for each of the N/T part of the N/Ts set for which UL grant is received.

· If any resource remains, for each N/T in strict decreasing priority of N/Ts, the UE performs Step 3 of LTE PBR based procedure over the logical channels mapped to the selected N/T. 
Another option for UL grant resource allocation as discussed above is N/T specific resource allocation by the network. In order to enable a deterministic QoS control by the network when needed and to enable a flexible RRM strategy for e.g. service specific load balancing between component carriers, the network should be able to assign to the UE, N/T specific resource grant. Furthermore, for deterministic QoS control or service specific load balancing between component carriers, the UL resource grant may be not only N/T specific but also logical channel specific or logical channel group specific. Assuming the LTE framework as baseline for SR/BSR, logical channel specific or logical channel group specific UL grant allocation can be done. However, with many-to-one mapping relation between LCHs and N/T, the allocation of UL grant that is N/T specific and logical channel specific may require frequent reconfiguration of the mappings of logical channels to N/T if flexibility for deterministic QoS control and flexible RRM strategy is desired. In order to allow this flexibility to the scheduler without excessive overhead of radio resource reconfiguration signalling, the mapping between logical channels and N/Ts may be activated/de-activated using MAC CE signalling.
Proposal 7: NR supports activation and de-activation of mapping between logical channel and N/Ts.
3 Conclusion

In this contribution, we discuss Logical Channel Prioritization in NR and proposed the following:
Proposal 1:  RRC configures a set of allowed N/Ts per logical channel.
Proposal 2: For each UE configured with multiple N/Ts, the network assigns priorities to its numerologies/TTIs.
Proposal 3: For each UE configured with multiple N/Ts, priority for each N/Ts is configured by RRC.
Proposal 4: For the purpose of LCP, a Default priority rule for N/Ts should be specified.
Proposal 5: The network may override N/Ts standardized default priority rule.
Proposal 6: When the UE receives an UL resource grant common to a set of N/Ts, the UE should schedule logical channels as follow:

· The UE should select an N/T in decreasing order of priority, starting from the N/T with the highest priority and perform Step1 and Step2 of the LTE PBR based LCP procedure over the logical channels mapped to the selected N/T.

· The UE repeats Step 1 and Step2 of the LTE PBR based LCP procedure for each of the N/T part of the N/Ts set for which UL grant is received.

· If any resource remains, for each N/T in strict decreasing priority of N/Ts, the UE performs Step 3 of LTE PBR based procedure over the logical channels mapped to the selected N/T.
Proposal 7: NR supports activation and de-activation of mapping between logical channel and N/Ts.
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