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1   Introduction
At RAN#80, two URLLC related study items were approved for Rel-16, with the detailed objective and time plan as the following
· New SID on Physical Layer Enhancements for NR URLLC [RP-181477]
· URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

· UL inter UE Tx prioritization/multiplexing 
· Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
· New SID on NR Industrial IoT [RP-181479]
· L2/L3 enhancements 
· Data duplication enhancements, including:

· Higher layer multi-connectivity (RAN2). Note: RAN2 work and detailed objectives for data duplication enhancements to be refined in RAN#81

· UL/DL intra-UE priorization/multiplexing (higher layer aspects) (RAN2): Note: RAN2 work and detailed objectives for data duplication enhancements to be refined in RAN#81
· Time Sensitive Networking (RAN2/RAN3) with the following study areas:

· Accurate reference timing: Delivery & related process (Proposals include: SIB delivery or RRC delivery to UEs, Multiple Transmission points, …)

· Scheduling enhancements / traffic patterns / QoS for wireless Ethernet, Enhancements to support of cyclic traffic

· Ethernet header compression (with defining new ROHC Profile). Note. RAN2 work and detailed objectives for header compression to be refined in RAN#81
The time plan for the two study items were endorsed as follows [RP-181486]
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In the highlighted objective of NR Industrial IoT SID, it was agreed to further discuss the detailed objectives and refine the scope in RAN#81. In this contribution, we discuss the detailed scope of “UL/DL intra-UE priorization/multiplexing” and the related L1 impacts. 
2   Scope of UL/DL intra-UE prioritization/multiplexing 

To support the UL/DL intra-UE prioritization/multiplexing, the following should be studied. 
eMBB/URLLC differentiation
To support efficient intra-UE multiplexing of eMBB and URLLC transmissions in DL or UL, firstly UE should be able to differentiate the eMBB and URLLC transmissions. Rel-15 does not provide a solution for such differentiation, thus it should be studied further in Rel-16. The differentiation can be either supported in L1 or higher layer. Take L1 solution as one example, PDCCH can be used (e.g. by DCI format or RNTI) to indicate the characteristic of the corresponding PDSCH/PUSCH transmissions. After receiving eMBB/URLLC differentiation indication, UE can take the corresponding actions based on the traffic characteristic. 
Out-of-order scheduling and HARQ feedback
Rel-15 NR does not allow having out-of-order HARQ when a gNB schedules multiple PDSCHs or PUSCHs with multiple HARQ processes in order to simplify UE processing. However, this put restriction for eMBB/URLLC multiplexing in both DL and UL scenario. For example, in Rel-15, if a UE is scheduled to transmit PUSCH at slot n+4 upon DCI format detection at slot n, the UE is not able to transmit another PUSCH at slot n+3 after detecting a DCI format at slot n+1. Similarly, a UE scheduled to receive PDSCH in slot n with corresponding HARQ-ACK in slot n+4, is not able to be scheduled with another PDSCH in slot n+1 with corresponding HARQ-ACK in slot n+3. This means a later but critical URLLC transmission cannot be prioritized to an earlier scheduled non-critical eMBB transmission, which is not preferable for URLLC transmissions. Thus the support of out-of-order scheduling and HARQ feedback should be studied in Rel-16. 
UE handling of colliding eMBB/URLLC DL transmission

In case out-of-order scheduling and HARQ feedback is supported for intra-UE eMBB/URLLC multiplexing, UE may be scheduled with a later URLLC PDSCH transmission to be overlapping in time with an earlier scheduled eMBB PDSCH transmission. It should be studied how UE is expected to handle such collision. One possible UE behaviour could be to decode the later URLLC PDSCH transmission but drop the earlier eMBB PDSCH transmission. Another possibility is to decode both eMBB and URLLC PDSCHs if the UE is capable to do so. By doing this, a scheme to differentiate eMBB and URLLC PDSCH should be available. 
UE handling of colliding eMBB/URLLC UL transmissions

In case out-of-order PUSCH scheduling is supported for intra-UE eMBB/URLLC multiplexing, UE may be scheduled with a later URLLC PUSCH transmission to be overlapping in time with an earlier scheduled eMBB PUSCH transmission. It should also be studied how UE is expected to handle such collision. As one possibility, UE could transmit the URLLC PUSCH and drop the colliding eMBB PUSCH. Similarly, if a later HARQ-ACK feedback for URLLC PDSCH transmission collides with an earlier HARQ-ACK feedback for eMBB PDSCH transmission, it should be also discussed how to prioritize the URLLC related HARQ-ACK transmission. By doing this, a scheme to differentiate eMBB and URLLC UL grant should be available.
UE handling of colliding grant-based PUSCH and grant-free PUSCH transmission

gNB may schedule a UE PUSCH transmission overlapping with a pre-configured grant-free PUSCH transmission occasions, in this case Rel-15 decides that UE follow the UL grant for PUSCH transmission and drop the grant-free PUSCH transmission opportunity. However, if the grant-free PUSCH transmission is configured for URLLC purpose, i.e. with symbol level periodicity and proper MCS/TBS for URLLC, but the grant-based PUSCH is not intended for URLLC, e.g. with higher MCS/TBS, UE having URLLC UL traffic could either use the grant-based PUSCH resource for URLLC transmission (meaning non-guaranteed reliability) or postpones the URLLC transmission to a later grant-free occasion (meaning non-guaranteed latency). Alternatively, gNB may avoid scheduling a grant-based PUSCH to be overlapping with the grant-free PUSCH transmission occasion, but this would be impossible if the grant-free PUSCH periodicity is symbol level. Therefore, it should be studied how to prioritize URLLC on grant-free PUSCH resource in colliding with a grant-based eMBB PUSCH transmission. By doing this, a scheme to differentiate eMBB and URLLC UL grant should be available.
UL power control enhancements
In Rel-15 it is not possible to dynamically switch UL power control loop between different service type, i.e. eMBB and URLLC for a single UE, especially when SRI is not used. Therefore it is not possible to boost URLLC PUSCH SINR over eMBB with a UE. It should be studied how to support power control enhancement for intra-UE URLLC/eMBB multiplexing in UL. 
To summarize, to support efficient intra-UE DL/UL prioritization/multiplexing, significant L1 impacts are foreseen which requires a lot of RAN1 discussion, including at least the following
· eMBB/URLLC differentiation
· Out-of-order scheduling and HARQ feedback
· UE handling of colliding eMBB/URLLC DL transmission
· UE handling of colliding eMBB/URLLC UL transmissions

· UE handling of colliding grant-based PUSCH and grant-free PUSCH transmission

· UL power control enhancements
It is proposed that RAN plenary to discuss how to carry out RAN1 discussion for objective “UL/DL intra-UE priorization/multiplexing” in SID on NR Industrial IoT, for example, confirm the RAN1 involvement for the objective and allocating corresponding RAN1 TU for the discussion, or shift the objective to the RAN1 led SID on Physical Layer Enhancements for NR URLLC. 
3   Conclusion
In this contribution, we discuss the detailed scope of “UL/DL intra-UE priorization/multiplexing” and the related L1 impacts. 
Observation: To support efficient intra-UE DL/UL prioritization/multiplexing, significant L1 impacts are foreseen which requires a lot of RAN1 discussion, including at least the following
· eMBB/URLLC differentiation
· Out-of-order scheduling and HARQ feedback
· UE handling of colliding eMBB/URLLC DL transmission

· UE handling of colliding eMBB/URLLC UL transmissions

· UE handling of colliding grant-based PUSCH and grant-free PUSCH transmission

· UL power control enhancements
Proposal: RAN plenary to discuss how to carry out RAN1 discussion for objective “UL/DL intra-UE priorization/multiplexing”, for example
· confirm the RAN1 involvement for the objective and allocating corresponding RAN1 TU for the discussion, or 
· Shift the objective to the RAN1 led SID on Physical Layer Enhancements for NR URLLC.
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