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1 Introduction

In this contribution, LCP enhancements for URLLC logical channels is discussed, using the LCP procedure in TS 38.321 as a baseline [1]. 
2 Discussion 
As per current LCP specifications in TS 38.321, each LCH is configured with a priority and a prioritized bit rate (PBR). LCP is then performed in two resource allocation stages. In the first stage (steps 1 and 2), UL grant resources are allocated to each LCH up to a level that meets the configured PBR. In the second stage (step 3), remaining resources of the UL grant are allocated to LCHs in decreasing priority order, and LCHs configured with the same priority are allocated the same amount of resources [1].

In the context of the different services supported by NR, in order to avoid allocating part of the grant UL resources in the first stage to lower priority LCHs when high priority URLLC LCHs have data, it has been suggested to set the PBR to infinity to effectively serve lower priority LCHs with non-infinity PBRs only in the final resource allocation stage.
Observation 1:
PBR is set to infinity for URLLC LCHs to prevent allocating resources to other lower priority LCHs in the first resource allocation stage of LCP.
The repercussion of such approach is that all URLLC LCHs split the UL grant resources equally, and all URLLC traffic types are treated equally. In other words, regardless of the packet delay budgets or traffic arrival rates, all URLLC LCHs split the grant equally.
Observation 2:
Using the current LCP algorithm, all URLLC traffic is treated equally regardless of configured QoS delay budgets.
For that reason, some form of differentiation is needed for URLLC LCHs of the same priority. Given the short packet delay budgets for URLLC, for LCHs with the same priority, it makes sense for the LCP algorithm to allocate resources based on the time to expiry, which can be defined as the time from the instance when LCP is executed to (the SDU arrival time + the packet delay budget).
Proposal 1:
If multiple LCHs are configured with a PBR of infinity, each LCH with PBR = infinity is also configured with a delay budget.
Proposal 2:
For each MAC SDU, the time to expiry is defined as the time from the instance when LCP is executed to (the SDU arrival time + the delay budget).
As per current LCP specifications, LCHs configured with infinite PBR are allocated equal amount of resources for a given UL grant in the first stage of LCP. Rather than splitting UL grant resources equally between such LCHs, resources can be allocated on a shortest time to expiry basis. That is, for LCHs configured with PBR = infinity, the TB filling algorithm allocates resources to each LCH according to an ascending order of time to expiry of their respective MAC SDUs. To illustrate the proposed allocation, take the following example:
LCH 1: priority = 0, PBR = infinity

SDU a: time to expiry = 0.1 ms; size = 3 bytes

SDU b: time to expiry = 0.5 ms; size = 30 bytes

LCH 2: priority = 0, PBR = infinity

SDU c: time to expiry = 0.05 ms; size = 2 bytes

SDU d: time to expiry = 0.2 ms; size = 20 bytes 
For a UL grant with size = 32 bytes, LCHs are allocated resources as follows:

LCH 2 is allocated resources for 22 bytes

LCH 1 is allocated resources for 10 bytes

SDUs are ordered as follows: c, a, d, b

Proposal 3:
If multiple LCHs are configured with a PBR of infinity, for LCHs configured with PBR = infinity, the TB filling algorithm allocates resources to each LCH according to an ascending order of time to expiry of their respective MAC SDUs.
3 Conclusion

RAN2 should discuss the above and agree to the following proposals:
Observation 1:
PBR is set to infinity for URLLC LCHs to prevent other lower priority LCHs from using resources in the first resource allocation stage of LCP.
Observation 2:
Using the current LCP algorithm, all URLLC traffic is treated equally regardless of configured QoS delay budget.
Proposal 1:
If multiple LCHs are configured with a PBR of infinity, each LCH with PBR = infinity is also configured with a delay budget.
Proposal 2:
For each MAC SDU, the time to expiry is defined as the time from the instance when LCP is executed to (the SDU arrival time + the delay budget).
Proposal 3:
If multiple LCHs are configured with a PBR of infinity, for LCHs configured with PBR = infinity, the TB filling algorithm allocates resources to each LCH according to an ascending order of time to expiry of their respective MAC SDUs.
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