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1.
Introduction

During the RAN plenary #81 meeting, it is decided that the intra-UE prioritization/multiplexing between differen categories of traffic would be discussed in RAN2 while RAN1 would take actions based on RAN2 progress [1]. In this contribution, we first analyse some potential use cases for intra-UE multiplexing, and then identify some remaining issues to be studied within the scope of the intra-UE multiplexing.
2. Discussion
2.1 Potential use cases for intra-UE multiplexing

According to the discussion in the last RAN plenary meeting [2], four kinds of use cases are identified for URLLC, i.e., AR/VR (Entertainment industry), Factory automation, Transport Industry (e.g., remote driving) and Electrical Power Distribution. In these use cases, both URLLC and eMBB traffic may be simulatenously tranported by the same UE. 

2.2 Multiplexing between grant-free and grant-based allocations
Among the scope for intra-UE multiplexing, one identified case is the multiplexing between different types of resource allocation, i.e., multiplexing between grant free (GF) PUSCH and grant-based (GB) PUSCH. In R15, GB PUSCH is always prioritized over GF PUSCH in case of collision on their resources. That is, for a configured grant which is activated and to be processed, if this configured grant collides with a dynamic grant, then the MAC entity will not process the configured grant, e.g., ignore this grant  until the end of dynamic PUSCH transmission. Herein, the collision of two grants means that the PUSCHs of these two grants overlap in time. This agreement follows the usual priority rule of scheduled transmission prioritized over configured transmission, but is actually unfriendly to URLLC UL transmission. Note that, GF PUSCH is designed to carry URLLC data and it is usually infeasible to transmit URLLC data on GB PUSCH since GB PUSCH is normally for eMBB data and hence is slot-based, making its time duration exceed the maxPUSCH-Duration restriction of logical channels bearing URLLC data. Meanwhile, the reliability of URLLC data would not be guaranteed when it is carried on GB PUSCH. In a consequence, deprioritizing GF PUSCH when overlapping with GB PUSCH will incur extra latency and reliability degradation for URLLC data transmission. One may argue that gNB could schedule a conservative GB PUSCH with a short duration and small MCS to carry the potential URLLC data. However, this unavoidably results in inefficient resource utilization for eMBB transmission. As a result, prioritizing GB PUSCH over GF PUSCH is not a preferable method.
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Figure 1 Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
Observation 1: Prioritizing GB PUSCH over GF PUSCH may result in either very low spectrum efficiency for eMBB data transmission or unacceptable latency and reliability for URLLC data transmission.
Proposal 1: For UL, enhancements should be considered to allow GF based URLLC transmission prioritized over intra-UE eMBB transmission.
2.3 Potential impacts for intra-UE multiplexing in RAN1
Apart from the multiplexing between GB PUSCH and GF PUSCH, intra-UE multiplexing could occur in other cases. For example, an urgent URLLC PDSCH needs be scheduled after a previously scheduled eMBB PDSCH to the same UE. In such a case, it may be better to enable out-of-order HARQ operation. Specifically, the HARQ process for the latter URLLC PDSCH should be dealt with higher priority and the corresponding ACK/NACK would be fed back before the ACK/NACK feedback for eMBB PDSCH. For brevity, the eMBB ACK/NACK would be dropped to avoid return-back process. Similarly, for the uplink transmission, the gNB would schedule an urgent URLLC PUSCH in an earlier uplink resource after scheduling an eMBB PUSCH in a later uplink resource to the same UE. Then this UE needs to process these two grants and transmits two PUSCHs, resulting in the intra-UE UL multiplexing case. In such case, it may be beneficial to enable the UE transmit the later scheduled URLLC PUSCH and drop the eMBB PUSCH.
Another example is the uplink control information (UCI) multiplexing. Currently, when two UCIs are transmitted in overlapping PUCCHs, they would be joint fed back if the timeline is satisfied. However, eMBB UCI and URLLC UCI have different latency and reliability requirements, and simply multiplexing them into one PUCCH transmission would incur extra feedback latency and/or reliability degration for the URLLC UCI. Hence it is beneficial to study the UCI prioritization/multiplexing rule when different UCIs have different latency and reliability requirements. Similarly, considering the UCI on PUSCH, if the UCI is for URLLC while the data is for eMBB, or the UCI is for eMBB while the data is for URLLC, then the current piggyback rules for UCI on PUSCH should be carefully re-designed to guarantee the URLLC UCI or data transmission. 

To sum up, these DL/UL intra-UE multiplexing issues should be studied. Since these issues are more related with the PHY procedure, it is better to start the study first in RAN1 discsussion.

Proposal 2: For intra-UE DL/UL multiplexing, enhancements should be considered to allow the network to schedule URLLC transmission when there is an intra-UE eMBB transmission ongoing, considering both control and data channel. 

Proposal 3: The detailed solutions (e.g. dropping eMBB ACK/NACK/PUSCH with out-of-order HARQ operation, enhanced UCI multiplexing and etc.) should be studied in RAN1 first. 
3. Conclusion

In this contribution, we discuss the potential use cases for intra-UE multiplexing and some issues related to this feature with the following obervations achieved:
Observation 1: Prioritizing GB PUSCH over GF PUSCH may result in either very low spectrum efficiency for eMBB data transmission or unacceptable latency and reliability for URLLC data transmission.
Proposal 1: For UL, enhancements should be considered to allow GF based URLLC transmission prioritized over intra-UE eMBB transmission.
Proposal 2: For intra-UE DL/UL multiplexing, enhancements should be considered to allow the network to schedule URLLC transmission when there is an intra-UE eMBB transmission ongoing, considering both control and data channel. 

Proposal 3: The detailed solutions (e.g. dropping eMBB ACK/NACK/PUSCH with out-of-order HARQ operation, enhanced UCI multiplexing and etc.) should be studied in RAN1 first. 

An LS is prepared in [3].
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