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Introduction
For last RAN2 #97bis meeting, regarding NR LCP, it was agreed that:
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

In this contribution, we further discuss the steps of the NR LCP with consideration of multiple numerologies.
[bookmark: _Ref178064866]Discussion
LCP in LTE
In LTE, the LCP consists of the following 3 steps which are copied from the MAC specification [1]:
-	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, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
The priority and PBR are configured by RRC for each logical channel. Bj is maintained by MAC which will be incremented by PBR*TTI for each TTI. Bj can not exceed the value PBR*BSD, in which BSD is also configured by RRC per logical channel.
In LTE LCP, each logical channel will be configured with these priority parameters (priority, PBR and BSD) by RRC. However, there could be some potential issues when multiple numerologies (or TTI durations) will be supported in PHY.
[bookmark: _Toc481508224][bookmark: _Toc481753799]In LTE, the priority parameters (priority, PBR and BSD) are configured per logical channel per UE by RRC, which are not flexible to update.

Issues of LTE LCP for multiple numerologies
Firstly, it was agreed that a single logical can be mapped to one or more numerologies/TTI durations, this means that the packets in a certain logical channel can only be transmitted on the resources with numerologies/TTI durations matched to the pre-configured mapping relationship. For example, if a logical channel is mapped to 15KHz and 30KHz numerologies, for a given resources with 60KHz numerology, the packets for the logical channel should not be scheduled. However, based on the current LTE LCP, the configured priority parameters can not prevent the logical channel from scheduling if the given resource is 60KHz numerology.
[bookmark: _Toc481508225][bookmark: _Toc481753800]LTE LCP can not support the case when a single logical channel mapped to one or more numerologies/TTI duration, the issue is the logical channel may be scheduled on the resources with numerology not mapped to the configured one.
Secondly, for the case when several logical channels are mapped to the same numerology, the current LTE LCP fails to guarantee the QoS of the certain logical channel. For example, for URLLC and eMBB services, intuitively, URLLC service will be only transmitted on the resources with very short TTI duration in order to guarantee the strict delay requirement. However, eMBB services can be scheduled not only on long TTI duration resources but also short TTI duration resources, though maybe not so efficient for short TTI resource transmission case considering the control signalling overhead. In this case, if resources with short TTI duration are scheduled, based on the LTE LCP, both logical channels for URLLC and eMBB will be scheduled in step 1 as mentioned (if the PBR for URLLC logical channel is not “infinity” and the Bj of eMBB is not negative). This is not the optimal results, since maybe the resources after scheduling packets in the eMBB logical channel are not enough to schedule the packets in URLLC logical channel which leads to the large delay, and the QoS of the URLLC is in jeopardy. 
[bookmark: _Toc481508226][bookmark: _Toc481753801]LTE LCP may jeopardize the QoS of URLLC service if URLLC logical channel and eMBB logical are both mapped on the same logical channel.
NR LCP improvements
For NR LCP, the issues in 2.2 should be solved for supporting multiple numerologies. In [2], we have discussed how does the UE MAC entity obtain the numerology/TTI duration from the PHY. So, the discussion assumption is the numerology/TTI duration for the given resources is known in the UE MAC entity. 
Firstly, NR LCP should consider the mapping relationship between the logical channel and numerology. For a given numerology in MAC entity, the LCP can firstly filter out those logical channels without mapping relationship to the given numerology. In the first step of the LTE LCP, besides the condition of Bj>0, the logical channel with mapping relationship to the given numerology should also be added. Furthermore, in step 3 if any resources remain, just those logical channels with mapping relationship to the given numerology should be considered for resource allocation.
[bookmark: _Toc481508227][bookmark: _Toc481753492][bookmark: _Toc481753802][bookmark: _Toc481753817]LTE 3-steps LCP could be used as a baselin for NR LCP. 
[bookmark: _Toc481753493][bookmark: _Toc481753803][bookmark: _Toc481753818]In LCP step 1, besides the condition of Bj>0, the logical channel with mapping relationship to the given numerology should be added. In LCP step 3, only those logical channels with mapping relationship to the given numerology should be considered for resource allocation.
Secondly, NR LCP should also prevent from jeopardizing the QoS requirement of delay sensitive services, e.g., URLLC, in the case when both delay sensitive service and delay tolerant service can map to the same numerology. There are generally several options to handle this issue:
· Option 1: when set up or configure the mapping relationship between logical channel and numerology/TTI duration. There should be certain rules defined, e.g., the logical channel with eMBB service can not be mapped to the numerology with short TTI and it’s also not allowed that the logical channel with URLLC service can map to the numerology with long TTI. By doing so, no extra changes are needed to the baseline LCP.
· Option 2: it was proposed by some other companies that the priority parameters should be configured per numerology. For example, if a logical channel can be mapped to two numerologies, there should be two priority parameters configure, e.g., two PBRs per each numerology. By doing so, the second issue can be solved in section 2.2, for example, if the logical channel for eMBB service is mapped to short TTI and long TTI, two PBRs can be configured, one for short TTI with a value of “infinity” and the other for long TTI with the normal value. However, in this case, the priority configuration will be numerology dependent (which we think is against the agreement “The RLC configuration is per logical channel without dependency on numerology/TTI length” in [3]), and the RRC signaling overhead would be large. 
· Option 3: the priority parameters could be also dynamically updated, e.g., through DCI or MAC CE. For example, the network should be able to dynamically change the value of priority, PBR or Bj by adding extra signalling in the DCI. However, in this case, the DCI overhead will be increased. 
Based on the above options (not limited by the 3 options mentioned), it’s preferred that the option 1 is the good option considering the overhead and impacts to the protocol.  
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc481508228][bookmark: _Toc481753494][bookmark: _Toc481753804][bookmark: _Toc481753819]When configuring the mapping relationship between logical channel and numerology, the logical channel with eMBB service can not be mapped to very short TTI numerology.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, the priority parameters (priority, PBR and BSD) are configured per logical channel per UE by RRC, which are not flexible to update.
Observation 2	LTE LCP can not support the case when a single logical channel mapped to one or more numerologies/TTI duration, the issue is the logical channel may be scheduled on the resources with numerology not mapped to the configured one.
Observation 3	LTE LCP may jeopardize the QoS of URLLC service if URLLC logical channel and eMBB logical are both mapped on the same logical channel.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	LTE 3-steps LCP could be used as a baselin for NR LCP.
Proposal 2	In LCP step 1, besides the condition of Bj>0, the logical channel with mapping relationship to the given numerology should be added. In LCP step 3, only those logical channels with mapping relationship to the given numerology should be considered for resource allocation.
Proposal 3	When configuring the mapping relationship between logical channel and numerology, the logical channel with eMBB service can not be mapped to very short TTI numerology.
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