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1 Introduction
In the RAN2 #97bis meeting, the following agreement was made on LCP:

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
This contribution discusses how to extend the LCP (logical channel prioritization) procedure in the LTE baseline to support multiple numerologies in NR.
2 Discussion

2.1 Configuration of LCP
The LCP procedure controls how uplink data is scheduled among different logical channels.  In the LTE baseline, for each logical channel, the LCP procedure uses a set of three parameters configured by RRC: 

· Priority, which sets the priority of a logical channel when sharing UL resources configured by gNB; 
· PBR (Prioritized Bit Rate), which sets the guaranteed bit rate on the UL for the logical channel;
· BSD (Bucket Size Duration), which sets the maximum burst size for the logical channel.   
In NR, as a logical channel can be mapped to multiple numerologies [1], a question rises how these parameters should be configured on different numerologies of a logical channel.  Since it has been agreed that a single priority value should be used by a logical channel across all numerologies to which it is mapped, this contribution focuses on the configuration of PBR and BSD parameters.  
First, it is clear that no matter how UE allocates PBR and BSD among individual numerologies (which will be referred as sub-PBR and sub-BSD thereafter), the sum of those parameters for individual numerologies should equal the total configured for the logical channel (which will be referred as the total PBR and total BSD thereafter).  For example, suppose RRC configures a total PBR of rLCH for a logical channel, which is mapped to numerology 1 and 2.  And the sub-PBR configured for numerology 1 and 2 are r1 and r2, respectively.  Then rLCH should equal r1 + r2.  The same requirement should apply to BSD too.
We think there are two possible options for how sub-PBR and sub-BSD can be configured on different numerologies: 
· Option A.  UE decides how to configure sub-PBR and sub-BSD and this decision is implementation depend.  

· Option B.  Each numerology to which the logical channel is mapped is configured with its own set of sub-PBR and sub-BSR parameters.  

Option A is motivated by the fact that traffic mix on a logical channel could be dynamic over time.  And UE is in a better position than network to know the nature and mix of traffic (e.g. through indications from applications) and adjust those parameters accordingly.  

On the other hand, if it is up to UE to set the LCP parameters on individual numerologies, network may loss flexibility in configuring how a UE may share resources on different numerologies.  For example, suppose logical channel 1 and 2 (LC1 and LC2) are mapped to only URLLC numerology.  Logical channel 3 (LC3) is mapped to both URLLC and eMBB numerologies.  But LC3 has lower priority than LC1 and LC2, and network does not want it to use URLLC unless there are spare resources.  If UE has full control on how to split its total PBR between the two numerologies, then network has no direct way to enforce the priority it wants for LC3 (i.e. LC3 can’t use URLLC unless there are spare resources).  The network may set the PBR of LC1 and LC2 on URLLC to infinity to ensure they have strict priority over LC3.  But then the network would loss ability to differentiate between LC1 and LC2.     
Based on the above discussion, we therefore believe Option B should be a better solution for configuration PBR and BSD. And RRC Reconfiguration procedure can be used to change them when needed.
Proposal 1.  Each logical channel should be configured with a pair of total PBR and BSD as in the LTE baseline.  
Proposal 2.  For a logical channel mapped to multiple numerologies, network should configure a pair of PBR and BSD for each of its numerologies, with the constraint that the sum of the PBRs and BSDs allocated for the individual numerologies should equal its total PBR and BSR.
2.2 Processing UL grants
When processing a UL grant, the LCP procedure needs to determine the set of logical channels to perform multiplexing. If only a single UL grant is available, the best option for the UE should be to consider all eligible logical channels as is done in the LTE baseline, i.e. those mapped to the numerology, because it is better to send out data (including control elements) sooner than waiting for a possible grant on a more desirable numerology.  For example, suppose MAC CEs are mapped to numerologies configured for URLLC and eMBB.  If UE receives a grant for eMBB, it should send out MAC CEs without waiting for a possible grant for URLLC, although the latter is more reliable and have low latency, because in general UE cannot know for sure when that grant may come. 
When multiple grants are available, a logical channel does not have to be included in the LCP procedure for every numerology for which it is eligible.  This is because in some cases selective participation is better.  The following is some examples: 

· Suppose a logical channel is mapped to numerologies configured for both URLLC and eMBB.  Grants for both numerologies are received.  If the grant for URLLC is small, but the grant for eMBB is large enough to send all buffered data from that logical channel, UE may choose not to include that logical channel in the LCP procedure for URLLC numerology.

· Suppose a logical channel is mapped to two numerologies with different bandwidth and reliabilities. If UE knows (e.g. from indication by application) that the buffered data for that logical channel are control messages and require higher reliability, it should include those data in the LCP procedure for the reliable numerology only.  

Therefore, we believe that when multiple grants for different numerologies are available, UE should decide if a logical channel should be included in the LCP procedure for every one of those numerologies.  And that decision should be implementation dependent.

Proposal 3.  When one or more UL grants are received, UE should apply the following rules to determine if a logical channel should be included in the LCP procedure for a numerology:
· If only one UL grant is available, UE should include all eligible logical channels in the LCP procedure;

· If multiple UL grants for different numerologies are available, UE should have the option to decide whether a logical channel should be included in the LCP procedure for a numerology. And this decision should be implementation dependent.

After the decision on which set of logical channels should be included in the LCP procedure for the available numerologies, the next step for UE is to decide how to perform the LCP procedure among those numerologies, i.e. whether those grants should be processed jointly or one after another.  The former approach probably is the most optimal in term of resource utilization, but it can have high complexity and thus pose a major challenge if processing time is tight. The latter approach is much simpler and faster, and we do not believe it would lose much optimality in typical use cases.  

As to the processing order, we believe it should be configured by the network.  That is because for a given set of buffered logical channels, different processing orders can result in different buffer status after all grants are processed.  Knowing the exact processing order at UE helps network allocate resources between different numerology more efficiently.

Proposal 4.  When UE receives multiple UL grants, it should perform the LCP procedure on one numerology at a time.  The processing order for different numerologies should be configured by network.  
Finally, after combining the above discussion, we can devise the following LCP procedure for the case when UE receives multiple UL grants: 
· For each numerology with a grant, select the set of logical channels to be included in its LCP procedure;  

· Start with the numerology with the highest processing priority.  Perform the LCP procedure on the selected logical channels for this numerology;
· Repeat the previous step on the next numerology according to their processing priorities, until all UL grants are processed.    
Proposal 5.  UE should apply the following LCP procedure when it receives multiple UL grants for different numerologies: 

1. For each numerology with a grant, select the set of logical channels to include in its LCP procedure;  

2. Start with the numerology with the highest processing priority.  Perform the LCP procedure on the selected logical channels for this numerology;
3. Repeat Step 2 on the next numerology according to the processing priorities, until all UL grants are processed.    
3 Summary
Based on the above discussions, we recommend RAN2 discusses the following proposals:
Proposal 1.  Each logical channel is configured with a pair of total PBR and BSD as in the LTE baseline.  

Proposal 2.  For a logical channel mapped to multiple numerologies, network should configure a pair of PBR and BSD for each of its numerologies, with the constraint that the sum of the PBRs and BSDs allocated for the individual numerologies should equal its total PBR and BSR.
Proposal 3.  When one or more UL grants are received, UE should apply the following rules to determine if a logical channel should be included in the LCP procedure for a numerology:

· If only one UL grant is available, UE should include all eligible logical channels in the LCP procedure;

· If multiple UL grants for different numerologies are available, UE should have the option to decide whether a logical channel should be included in the LCP procedure for a numerology. And this decision should be implementation dependent.

Proposal 4.  When UE receives multiple UL grants, it should perform the LCP procedure on one numerology at a time.  The processing order for different numerologies should be configured by network.  
Proposal 5.  UE should apply the following LCP procedure when it receives multiple UL grants for different numerologies: 

1. For each numerology with a grant, select the set of logical channels to include in its LCP procedure;  

2. Start with the numerology with the highest processing priority.  Perform the LCP procedure on the selected logical channels for this numerology;
3. Repeat Step 2 on the next numerology according to the processing priorities, until all UL grants are processed.    
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