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Introduction
In TSG-RAN#88e plenary meeting, the scope of new WID on physical layer enhancements for NR URLLC was revised [1]. The remaining work from Rel-16 regarding intra-UE prioritization was added in the WID.

	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]



This contribution considers issues related to intra-UE multiplexing and prioritization of traffic with different priorities.
Discussion
1 
2 
Uplink intra-UE multiplexing 
In Rel-16, 18 scenarios were discussed for intra-UE multiplexing and prioritization of traffic with different priorities. Only prioritization of traffic with different priorities is supported in Rel-16 due to limited time. In Rel-16, when a transmission of a lower priority channel overlaps with a transmission of a higher priority channel from a UE, the UE drops the lower priority channel. However always dropping the lower priority channels can potentially result to non-negligible spectral efficiency loss for lower priority traffic (e.g. eMBB), for example when multiple PUSCH transmissions on different cells are dropped due to an overlapping PUCCH transmission with larger priority or when multiple PDCCHs/PDSCHs need to be retransmitted due to dropping a PUCCH/PUSCH transmission with a HARQ-ACK codebook due to an overlapping transmission with larger priority. In Rel-17, intra-UE multiplexing of traffic with different priorities aims to address such problems.
Considering there are many scenarios that need to be discussed within a limited time, a prioritization is needed for the more important ones as supporting all possible scenarios may not be possible. Considering the impact on spectral efficiency and the likelihood of particular scenarios, eMBB HARQ-ACK multiplexing with URLLC UCI and/or data should be considered first. However, support of multiplexing URLLC HARQ-ACK with eMBB data should also be considered if solutions are common/similar. 
Multiplexing eMBB HARQ-ACK with URLLC UCI and/or data should ensure reliability and latency targets of URLLC traffic. Even if a UE indicates support of intra-UE multiplexing of UCI/data with different priority values, whether the UE actually does so or priorities the transmission of PUCCH/PUSCH with larger priority value should be under the control of the network. This can also simplify support for multiplexing as it can avoid consideration of conditions, such as whether or not HARQ-ACK with priority 1 is multiplexed in a PUSCH or PUCCH that is within a sub-slot of a PUCCH that the UE would otherwise transmit to provide the HARQ-ACK, for multiplexing by leaving such issues for the gNB to decide. The Rel-16 procedures for multiplexing a UCI type can also remain applicable. 
Proposal 1: Support multiplexing of UCI with priority value 0 with UCI and/or UL-SCH with priority value 1.
Proposal 2: Multiplexing of UCI with UCI and/or UL-SCH of different priority values is configurable by network.
The simplest way to support multiplexing of overlapping transmission with different priority values is in the cell domain by supporting simultaneous PUSCH and PUCCH transmissions. This feature is supported by LTE but is not yet supported in NR although the functionality is already supported – e.g. a UE can transmit a first channel that includes only UCI (PUSCH without UL-SCH) on a first cell and a second channel that includes only UL-SCH on a second cell. Support of simultaneous PUSCH and PUCCH transmissions will avoid in a simple way having to drop all eMBB PUSCHs on all cells in UL CA due to a URLLC PUCCH on the PCell and can allow multiplexing eMBB UCI on a PUSCH transmission on the SCell without introducing new UE implementation and with minimal specification impact. Although UEs that support UL CA should be able to support simultaneous PUSCH and PUCCH transmissions on different cells, the feature can be an optional one in general.
Proposal 3: Support simultaneous PUCCH/PUSCH transmissions on different cells as an optional UE feature.
Support of simultaneous PUSCH and PUCCH transmissions on different cells can solve to a large extend the spectral efficiency loss caused by dropped transmissions of lower priority when there is overlapping with a transmission of larger priority as the impact on spectral efficiency is largest in case of CA (and smallest in case of single cell operation) and as UEs supporting UL CA can also support simultaneous PUSCH and PUCCH transmissions. Nevertheless, that feature is non-applicable at least when a UE does not support UL CA. Further, due to the TDD operation in NR, UL resources over a given time are limited and collisions of UL transmissions with different priorities may not be easy for a network to avoid without material scheduling restrictions or additional latency. Therefore, it is beneficial to also support multiplexing of URLLC UCI (priority 1 UCI) in an eMBB PUSCH transmission (priority 0 PUSCH).   
Proposal 4: Support multiplexing of UCI with priority value 1 in a PUSCH with priority value 0.
Supporting intra-UE multiplexing of data/UCI with different priority values may require a UE to multiplex up to 5 UCI types on a same PUCCH and up to 3 UCI types on a PUSCH (“type” is identified by information content and priority) and, due to increased payload, may always require use of a large number of RBs for PUCCH transmission or of a large number of PUSCH REs. A large UCI payload can compromise overall reliability due to a requirement of larger transmission power and a larger number of RBs to achieve a target code rate. A large number of UCI REs can be controlled by a small value of the scaling factor  but that can also lead to limitations when the payload is only due to, e.g., eMBB HARQ-ACK for multiple cells and multiple PDSCH receptions with or without CBG-based HARQ-ACK feedback. Then, in some cases, the RE limitation may result to not multiplexing (or multiplexing) CSI while in other cases it may result to not multiplexing (or multiplexing) HARQ-ACK and corresponding consequences are different. Therefore, in addition to enabling/disabling intra-UE multiplexing, a network should be able to control the UCI types of a first priority that can be multiplexed on a PUCCH/PUSCH of a second priority.
Proposal 5: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
If a PUCCH with a first priority overlaps with more than one PUCCH/PUSCH of a second priority, the UE cancels the transmission of the lower priority channel in Rel-16. However, in Rel-17, such cases need to be considered since multiplexing data/UCI with different priority values will be supported.
Proposal 6: Consider support for multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH with different priority.
Uplink intra-UE prioritization
For intra-UE prioritization of traffic with different priorities, there are two remaining cases from Rel-16. 
Case a) 1st DG PUSCH vs. 2nd CG PUSCH: the 2nd CG PUSCH with priority 1 cancels the 1st DG PUSCH with priority 0.
Case b) 1st CG PUSCH vs. 2nd DG PUSCH: the 2nd DG PUSCH with priority 1 cancels the 1st CG PUSCH with priority 0.
The main issue regarding case a) is to ensure that MAC provides MAC PDU for the prioritized grant before the required timeline for cancelation of the deprioritized grant. If the timeline is not satisfied, MAC should not provide MAC PDU to PHY.  For handling prioritization, the MAC entity can use time domain resource allocation information for each grant to check whether or not it is overlapped with other grants. Since the MAC knows the time domain resource allocation for each grant, it is possible for the MAC to ensure that the PHY is able to cancel the 1st LP DG and transmit the 2nd HP CG. 
Proposal 7: If transmission of a CG-PUSCH with priority 1 starts after a transmission of a DG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, the UE is expected to cancel the DG-PUSCH before the first overlapping symbol.
Regarding case b), a serving gNB can ensure that the cancelation timeline is satisfied considering all the configured grant resources with lower priority; otherwise, case b) can be considered as an error case.
Proposal 8: If transmission of a DG-PUSCH with priority 1 starts after a transmission of a CG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, a UE is expected to cancel the CG-PUSCH before the first overlapping symbol.
Conclusions
This contribution discusses the issues related to intra-UE multiplexing and prioritization of traffic with different priority. The proposals are summarized below, 
Proposal 1: Support multiplexing of UCI with priority value 0 with UCI and/or UL-SCH with priority value 1.
Proposal 2: Multiplexing of UCI with UCI and/or UL-SCH of different priority values is configurable by network.
Proposal 3: Support simultaneous PUCCH/PUSCH transmissions on different cells as an optional UE feature.
Proposal 4: Support multiplexing of UCI with priority value 1 in a PUSCH with priority value 0.
Proposal 5: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
Proposal 6: Consider support for multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH with different priority.
Proposal 7: If transmission of a CG-PUSCH with priority 1 starts after a transmission of a DG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, the UE is expected to cancel the DG-PUSCH before the first overlapping symbol.
Proposal 8: If transmission of a DG-PUSCH with priority 1 starts after a transmission of a CG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, a UE is expected to cancel the CG-PUSCH before the first overlapping symbol.
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