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1. Introduction 
A new SI on NR Industrial Internet of Things (iIoT)[3] has been approved with some of the objectives relating to UL intra-UE prioritization/multiplexing as follows:

1) L2/L3 enhancements:

b) UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):

i) different latency and reliability requirements

ii) Different types of resource allocation for example grant-free and grant-based allocations

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
In this contribution, we discuss UL Logical Channel Prioritization and multiplexing for URLLC/iIoT in the MAC layer.
2. Logical Channel Prioritisation and multiplexing
In a typical uplink transmission, when data arrives at the UE’s buffer, the UE would signal a Scheduling Request (SR/BSR) to the network, and in response the network would send an Uplink Grant carried by a DCI to the UE. The UL Grant schedules PUSCH resources for the UE to transmit its uplink data. The Grant Based (GB) resources are suitable for services with variable sized packets which typically is large and occurs non-periodically, even though such service may still form a slightly predictive traffic pattern.
On the other hand, Grant free (GF) resources are a set of resources semi-statically configured by the network where this resource occurs periodically. Grant free resource allocation is suitable for services that generate periodic traffic of either fixed (e.g. VoIP) or variable size. Network may avoid sending UL grant before each transmission in the uplink and the UE avoids sending an SR to the network. The main benefit of GF transmission is to reduce latency of the scheduling command from the network as well as to eliminate usage of resources for control channel transmission.

It is well understood that Grant Free resource is suitable for URLLC, however, as Grant Free resource occurs periodically, the Grant Based resource may be required to schedule URLLC in some cases, for example to give the UE some known resources where there is no risk of collision or when the latency is not so low. Hence, URLLC is a service that can be served by both Grant Based and Grant Free resources.

Observation 1: URLLC is a service that can be served by both Grant Based and Grant Free resources.

The Figure below explains multiplexing of logical channels into a TB in the current NR system based on dynamic grant or grant free resources. It shows four different queues as an example and each queue represents a certain Logical Channel Priority (LCP). A MAC TB is constructed based on the size of the uplink grant and by taking LCP into account, starting to fill the MAC TB with the data from a queue having highest LCP. Signalling Radio Bearers carrying RRC signalling are filled first as SRBs have the highest priority. DRBs (Data Radio Bearers) are filled as per priority, using PBR (Prioritized Bit Rate) and BSD (Bucket Size Duration) parameters which are selected and configured by the network.

However, as URLLC traffic would have a very stringent delay and much higher reliability, it seems the current LCP will not satisfy the requirements for URLLC traffic. It may be that URLLC traffic should be prioritised over at least some of the Signalling Radio Bearers (SRB). In that case, the URLLC traffic is going to break the previous well-established logical channel priority rules and a new behaviour is required for handling URLLC traffic with respect to logical channel priorities (LCP).
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Figure 1: Multiplexing of LCPs into a MAC TB
Observation 2: URLLC traffic is going to break the well-established rules of logical channel prioritisations and a new behaviour is required for handling URLLC traffic with respect to logical channel priorities (LCP).

Based on above discussion, it seems necessary to introduce a new Logical Channel Priority (LCP) targeted for URLLC traffic. In general, this means the data from the URLLC should be prioritised over at least some of the Signalling Radio Bearers (SRB). 
Proposal 1: A new Logical Channel Priority (LCP) targeted for URLLC traffic should be introduced. 
3. Conclusions

In this contribution, we have discussed UL Logical channel prioritization and multiplexing for URLLC/iIoT in the MAC layer, and we have the following observations and proposal:
Observation 1: URLLC is a service that can be served by both Grant Based and Grant Free resources.

Observation 2: URLLC traffic is going to break the well-established rules of logical channel prioritisations and a new behaviour is required for handling URLLC traffic with respect to logical channel priorities (LCP).

Proposal 1: A new Logical Channel Priority (LCP) targeted for URLLC traffic should be introduced.  
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