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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 intra-UE pre-emption and resource conflicts for URLLC/iIoT and provide some proposals at the end.
2.  Intra-UE pre-emption

In general, there are different ways of handling for multiplexing different services such as logical channel prioritisation (LCP) and pre-emption feature. The logical channel prioritisation (LCP) and multiplexing is intended to fill the TB with the data from a queue having highest LCP first in the MAC layer. While in the physical layer, an UL pre-emption feature can be used to interrupt an ongoing transmission, for example the URLLC transmission can be scheduled to occupy a subset of the resource that has already been scheduled to another transmission, e.g. eMBB. The pre-emption can be between different UEs, i.e. inter-UE pre-emption or a pre-emption can occur within the same UE, i.e. intra-UE pre-emption. The later one falls into RAN2 study area in Rel-16 [3]. 

For intra-UE pre-emption, if UE has already prepared MAC TB based on Logical Channel priority and continued transmitting the TB (e.g. eMBB service) in the physical layer, and another highly prioritized LC (e.g. URLLC service) came in to force in the middle of the slot, then UE has to prepare another MAC TB and transmit it on the same slot. However, in some cases, the ongoing transmission may be another URLLC service. The issue is that MAC layer is no longer aware the LC priority of the ongoing TB, i.e. whether the current transmission can be pre-empted or not, as it has already passed the TB to the physical layer. In order to bridge the gap between the MAC and Physical layers, the MAC Layer should pass some information to Physical Layer whether a TB can be pre-empted or not during its transmission. Hence the Physical layer makes the final decision based on certain information or rules.  
Proposal 1: The MAC Layer should inform Physical Layer whether a TB can be pre-empted or not.
3. Intra-UE Resource conflicts

In Rel-15 NR, if there is a collision of resources between dynamic and configured grants, then dynamic grant is prioritised to transmit on its resources. However, in iIoT study, it is suggested to look the issue again as URLLC data will use configured grant due to stringent requirements in terms of latency and reliability. In the configured grant, gNB does not know in advance whether UE has data to transmit or not.
In our view, we think there are three different cases:
CASE 1 - Both eMBB and URLLC data are available before preparing MAC TB:  a UE may receive a dynamic grant intended for eMBB transmission where reliability needed for URLLC data transmission has not been taken into account, for example scheduling grant indicates MCS table with normal reliability (see Table 5.1.3.1-2 of TS38.214). But UE has also URLLC data that requires a high reliability transmission using a different MCS table (for low spectral efficiency MCS table see Table 5.1.3.1-3 of TS38.214). Although there is a resource conflict between dynamic and configured grants, one thing is clear which is to transmit URLLC data first. Therefore instead of using resources on configured grant to transmit URLLC data and dropping the resources on the dynamic grant, it may be reasonable to use the time-frequency resources indicated by the dynamic grant to transmit URLLC data and if there is any remaining resource the TB is filled with data from eMBB. If time-frequency resources on the dynamic grant is applied, the MCS table needs to be changed in order to take the reliability in to account. One way is a UE to use the same MCS index signalled in the dynamic grant/DCI but switch to a more reliable table autonomously, for example as shown on Figure 2. This means that gNB has to prepare two different versions for possible decoding of the actually transmitted TB. The merit is that the reliability of the URLLC data has been taken into consideration while there may be also more room to transmit some of the eMBB data assuming that dynamic grant can provide more resources than the configured grant. 
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Figure 2: Using same MCS index signalled in the DCI and switching Tables.
CASE 2 - Only eMBB data is available before preparing MAC TB: If URLLC data is not present at the time of constructing MAC TB, then the dynamic grant should be used to be transmit the available eMBB data.
CASE 3 - If there is already ongoing TB (eMBB) and suddenly data belonging to URLLC based on configured grant turns up in the middle, then intra-UE pre-emption rules should be applied to interrupt the ongoing TB. However, it is also possible that the ongoing TB contains URLLC data, in that case some pre-defined rules are needed when to pre-empt and not to pre-empt.

Observation 1: When there is a collision of resources between dynamic and configured grants, dynamic grant can still carry on URLLC data if data from different services is known to be available before preparing MAC TB.
Proposal 2: Consider prioritising resources on the dynamic grant (by switching to a more reliable MCS table) when there is a collision of resources between dynamic and configured grants if data from different services is known to be available before preparing MAC TB.
Proposal 3: Consider the configured grant to interrupt an ongoing TB scheduled by dynamic grant if configured grant overlaps with this ongoing TB and pre-emption rules are satisfied.

Another case is the collision of resources between two dynamic UL grants, for example when there is ongoing eMBB transmission that may span the whole slot duration and the gNB schedules URLLC transmission with shorter duration at the same time. In this case, intra-UE pre-emption rules should be applied to interrupt the ongoing TB if rules are satisfied.

Proposal 4: Consider the later dynamic grant to interrupt an ongoing TB scheduled by earlier dynamic grant if the later dynamic grant overlaps with this ongoing TB and pre-emption rules are satisfied.
4.  Conclusions

In this contribution, we have discussed intra-UE pre-emption and resource conflicts for URLLC/iIoT and we have the following observation and proposals:

Observation 1: When there is a collision of resources between dynamic and configured grants, dynamic grant can still carry on URLLC data if data from different services is known to be available before preparing MAC TB.
Proposal 1: The MAC Layer should inform Physical Layer whether a TB can be pre-empted or not.
Proposal 2: Consider prioritising resources on the dynamic grant (by switching to a more reliable MCS table) when there is a collision of resources between dynamic and configured grants if data from different services is known to be available before preparing MAC TB.
Proposal 3: Consider the configured grant to interrupt an ongoing TB scheduled by dynamic grant if configured grant overlaps with this ongoing TB and pre-emption rules are satisfied.
Proposal 4: Consider the later dynamic grant to interrupt an ongoing TB scheduled by earlier dynamic grant if the later dynamic grant overlaps with this ongoing TB and pre-emption rules are satisfied.
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