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1 Introduction
This contribution discusses how to extend the logical channel prioritization (LCP) in the LTE baseline to NR with multiple numerologies/TTIs (N/T).
2 Discussion

In NR, different N/Ts are configured to support services with different QoS requirements.  These different QoS requirements may require UEs to use different scheduling metrics and policies to perform LCP for different N/Ts.  For example, it may use data’s deadline among URLLC LCHs but use PBR among eMBB LCHs.  

For the eMBB service, there is no clear use case or requirements so far that it needs a new LCP algorithm or enhancements to the existing one in the LTE baseline.  We therefore propose that the PBR based LCP in the LTE baseline should be used for the eMBB service as the baseline.
Proposal 1:  Each numerology/TTI, if necessary, may have its own scheduling metric and policy for LCP.  The PBR based LCP in the LTE baseline should be used as the baseline for the eMBB service in NR.
If a LCH is mapped to multiple N/Ts, then the UE can send its data on any of those N/Ts.  To achieve high efficiency, this decision should be made base on several factors such as traffic type, state of a flow, relative priorities of LCHs on the different N/Ts, and so on.  Therefore, one can expect that this decision can be dynamic and complex and is best made by UEs, because UEs have the complete information about LCHs and their data.    

Proposal 2:  For a logical channel mapped to multiple numerologies/TTIs, the decision on how to schedule its data across different numerologies should be implementation dependent. 
For a UE with LCHs mapped to multiple N/Ts, performing LCP can be challenging when UL grants for more than one N/T are provided at the same time.  This is because different N/Ts may use different multiplexing policies, and solving this problem for several N/Ts together at once is both complex and challenging if processing time is tight.  

A simpler approach without losing too much optimality is to perform LCP by one N/T at a time.  More specifically, 

· For each UE configured with multiple N/Ts, network assigns priorities to its N/Ts.  

· When such a UE receives UL grants for multiple N/Ts at the same time, the UE should perform the LCP starting from the N/T with the highest priority.  If this N/T is one of the N/Ts that a LCH is mapped to, the UE’s scheduling policy for this LCH (per Proposal 2) decides if it should be considered in the LCP of this N/T.

· UE repeats the LCP procedure for the rest of N/Ts that have received UL grants, in the order of their priorities.    

An example for illustrating the above steps is the following.  Suppose a UE is configured with two N/Ts to support both URLLC and eMBB.  The network assigns higher priority to the URLLC N/T, and MAC CEs for the eMBB N/T are mapped to both the URLLC and eMBB N/Ts.  If UL grants for both N/Ts are received, the UE performs LCP on the URLLC N/T first.  During this LCP, the eMBB MAC CEs are also considered if they are permitted by UE’s scheduling policy (per Proposal 2).  If an eMBB MAC CE is sent over the URLLC N/T, it is removed from its LCH and will not be considered during the LCP for the eMBB N/T. 
Proposal 3:  For each UE configured with multiple numerologies/TTIs, the network assigns priorities to its numerologies/TTIs.   

Proposal 4.  If a UE receives UL grants for a set of numerologies/TTIs, it should perform the following procedure to schedule the LCHs:  
· The UE should perform the LCP starting from the numerology/TTI with the highest priority.  If this N/T is one of the numerologies/TTIs that a LCH is mapped to, the UE’s scheduling policy for this LCH (per Proposal 2) should decide if it should be considered in the LCP of this numerology/TTI.

· UE repeats this step for the rest of numerologies/TTIs that have received UL grants, in the order of their priorities.    
3 Summary
Proposal 1:  Each numerology/TTI, if necessary, may have its own scheduling metric and policy for LCP.  The PBR based LCP in the LTE baseline should be used as the baseline for the eMBB service in NR.
Proposal 2:  For a logical channel mapped to multiple numerologies/TTIs, the decision on how to schedule data across different numerologies should be implementation dependent. 
Proposal 3:  For each UE configured with multiple numerologies/TTIs, the network assigns priorities to its numerologies/TTIs.  

Proposal 4.  If a UE receives UL grants for a set of numerologies/TTIs, it should perform the following procedure to schedule the LCHs:  
· The UE should perform the LCP starting from the numerologies/TTIs with the highest priority.  If this numerology/TTI is one of the numerologies/TTIs that a LCH is mapped to, the UE’s scheduling policy for this LCH (per Proposal 2) should decide if it should be considered in the LCP of this numerology/TTI.

· UE repeats this step for the rest of numerologies/TTIs that have received UL grants, in the order of their priorities.    
