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Introduction
In RAN1#102e meeting, following agreements were achieved regarding intra-UE multiplexing and prioritization.
	Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).

Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH

Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
FFS for intra-band CA.

Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
Clarify R16 baseline if needed.


This contribution further discuss issues related to intra-UE multiplexing and prioritization of traffic with different priorities. 
Discussion
1 
2 
Uplink intra-UE multiplexing 
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 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. 
One remaining issue is the conditions for multiplexing on PUCCH. For example, whether to support multiplexing between different resources not confined within a sub-slot. If multiplexing of PUCCHs with different priorities is enabled by the gNB, the overlapping PUCCHs are as having overlapping PUCCHs with same priority in Rel-16 (i.e. priority does not matter) and multiplexing can follow Rel-16 timeline conditions assuming same priority among overlapping PUCCHs. If there is any concern for latency regarding the UCI in the HP PUCCH, the gNB may not enable such multiplexing. The gNB can separately configure whether or not multiplexing is enabled for UCI in LP PUCCHs in an HP PUCCH or for UCI in HP PUCCHs in an LP PUCCH (subject to timeline conditions). 

Proposal 1: Support multiplexing UCI from one or more HP/LP PUCCHs in a LP/HP PUCCH subject to timeline conditions and corresponding gNB configuration.
Supporting 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 2: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
When UCIs with different priorities are multiplexed on a same PUCCH/PUSCH, whether to use separate coding or joint coding was discussed. Both are easy to implement (e.g. separate coding is used for multiplexing in the PUSCH and for CSI part 2 in the PUCCH while joint coding is used for multiplexing HARQ-ACK and CSI part 1 in the PUCCH). Separate coding can provide different latency/reliability for different priorities/traffic types and is beneficial from the spectrum efficiency’s perspective as the coding rate does not need to be the smallest one corresponding to UCI with highest reliability. 
It has been agreed that LP HARQ-ACK can be multiplexed with HP HARQ-ACK and/or SR. Separate coding can be beneficial if LP HARQ-ACK is multiplexed with HP UCI. The agreement for different beta_offset values also assumes separate coding for the PUSCH. For Type-2 HARQ-ACK codebook, the size is determined by the DAI values and a miss detection of a ‘last’ DCI format can lead to UE and gNB have different understanding of the size of HARQ-ACK codebook (e.g. in case of single-cell operation). In such case, separate coding can also help HP UCI detection to not be affected by an incorrect assumption for the size of the LP HARQ-ACK codebook.
Proposal 3: Support separate coding for UCIs with different priorities multiplexed on a same PUCCH or PUSCH.
In RAN1#102e, it was agreed to support multiplexing of LP HARQ-ACK and HP HARQ-ACK on a same PUCCH. There are four cases listed below.
Case a) Multiplexing of LP Type-1 HARQ-ACK and HP Type-1 HARQ-ACK 
Case b) Multiplexing of LP Type-2 HARQ-ACK and HP Type-2 HARQ-ACK 
Case c) Multiplexing of HP Type-1 HARQ-ACK and LP Type-2 HARQ-ACK 
Case d) Multiplexing of HP Type-2 HARQ-ACK and LP Type-1 HARQ-ACK 
At least multiplexing of HARQ-ACK codebooks with the same type (Case a) and Case b)) should be supported. As mentioned before, for Type-2 HARQ-ACK codebook, a DCI format miss detection can lead to UE and gNB having different understanding of the size of the HARQ-ACK codebook. How to ensure the reliability of HP UCI and/or data when multiplexed with LP HARQ-ACK needs further discussion at least for Cases b), c) and d). Also, whether to support multiplexing of HARQ-ACK codebooks of different types can be FFS as the target scenarios are different and the specification/benefit trade-offs need further discussion. 
Proposal 4: Support LP Type-1/Type-2 HARQ-ACK codebook multiplexing with HP Type-1/Type-2 HARQ-ACK codebook on a same PUCCH. Consider solutions to ensure the reliability of multiplexing of two HARQ-ACK codebooks with different priorities. FFS whether to support multiplexing of HARQ-ACK codebooks of different types.
The order of multiplexing was also discussed in RAN1#102e. In Rel-16, multiplexing of overlapping PUCCH(s) and/or PUSCH(s) is performed with the same priority. This can be used as a starting point for Rel-17 intra UE multiplexing. After resolving overlapping PUCCH(s) and/or PUSCH(s) with the same priority, overlapping PUCCH(s)and/or PUSCH(s) with different priorities can be resolved.
Proposal 5: Intra-UE multiplexing should be performed in the following order,
· Step1: Multiplexing PUCCH(s) and/or PUSCH(s) with the same priority.
· Step2: Multiplexing PUCCH(s) and/or PUSCH(s) with the different priorities.
When a PUCCH overlaps with multiple PUSCHs, how to select one from the multiple PUSCHs to multiplex UCI from an overlapped PUCCH was specified in Rel-15. Unlike the single/same-priority UCI considered in Rel-15, in Rel-17 the overlapping can be among channels with different priorities and this issue should be reconsidered as the PUSCH selection can have different outcomes. 
In RAN1#102e, it was agreed to support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA. From a RAN1 perspective, there is no distinction between inter-band and intra-band CA and there is no apparent reason for a UE capable to transmit PUSCH on the PCell and an SCell to not be capable to transmit PUCCH on the PCell and PUSCH on the SCell. If any restriction is needed, that can be addressed by RAN4. To maximize the benefits of simultaneous PUCCH and PUSCH transmissions, that feature should be supported regardless of CA, i.e. it should be supported on the same (primary) cell. It is noted that such support has been specified in LTE. The conditions to actually utilize that feature in NR are substantially improved compared to LTE because (a) the waveform is OFDM, not DFT-S-OFDM, (b) the PUCCH transmission need not be at the edge of the cell bandwidth (even the active UL BWP need not be at the edge of the cell bandwidth), and (c) the PUCCH need not be over one RB (resulting to maximum PSD). An LS to RAN4 would be beneficial to determine MPR requirements for a few cases.
Observation: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.
Proposal 6: Send an LS to RAN4 to inquire about the feasibility/MPR for simultaneous PUCCH and PUSCH transmissions on a same cell.
When a PUCCH is multiplexed on a PUSCH, the reliability and latency requirements of the UCI on the PUSCH should be satisfied while maintaining the Rel-16 multiplexing procedure for UCI in a PUSCH. PUSCHs that do not satisfy the reliability/latency requirements should be ineligible for (HP) UCI multiplexing.
When a LP PUSCH overlaps with a HP PUSCH on a same serving cell, the UE drops the LP PUSCH. If the UE would multiplex UCI in the LP PUSCH, the UCI will also be dropped. To increase the transmission opportunity of UCI, the UE should first determine whether the LP PUSCH is overlapping with another HP PUSCH on a same cell before multiplexing the UCI in the LP PUSCH, subject to timelines).
For example, as shown in Figure 1, a LP PUCCH overlaps with LP PUSCH #1 and LP PUSCH #2. In Rel-16, the UCI from the LP PUCCH should be multiplexed in the PUSCH with the smaller cell index, in this case LP PUSCH #1. However, as there is a HP PUSCH that overlaps with LP PUSCH #1, the UE will drop the LP PUSCH #1 with the LP UCI. Further optimizations can be considered to ensure the reliability of UCI on a LP PUSCH. 
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Figure 1
Proposal 7: For UCI to be multiplexed on a PUSCH, the following conditions should be satisfied. 
· Simultaneous PUSCH and PUCCH transmission does not apply.
· The PUSCH satisfies the reliability and latency requirements of the UCI.
· FFS potential solutions  to ensure the reliability of UCI on a LP PUSCH.
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.
In RAN1#102e, it has been agreed to support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH. For this case, the main issue 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 8: 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 9: 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 priorities. The proposals are summarized below.
Proposal 1: Support multiplexing UCI from one or more HP/LP PUCCHs in a LP/HP PUCCH subject to timeline conditions and corresponding gNB configuration.
Proposal 2: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
Proposal 3: Support separate coding for UCIs with different priorities multiplexed on a same PUCCH or PUSCH.
Proposal 4: Support LP Type-1/Type-2 HARQ-ACK codebook multiplexing with HP Type-1/Type-2 HARQ-ACK codebook on a same PUCCH. Consider solutions to ensure the reliability of multiplexing of two HARQ-ACK codebooks with different priorities. FFS whether to support multiplexing of HARQ-ACK codebooks of different types.
Proposal 5: Intra-UE multiplexing should be performed in the following order,
· Step1: Multiplexing PUCCH(s) and/or PUSCH(s) with the same priority.
· Step2: Multiplexing PUCCH(s) and/or PUSCH(s) with the different priorities.
Observation: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.
Proposal 6: Send an LS to RAN4 to inquire about the feasibility/MPR for simultaneous PUCCH and PUSCH transmissions on a same cell.
Proposal 7: For UCI to be multiplexed on a PUSCH, the following conditions should be satisfied. 
· Simultaneous PUSCH and PUCCH transmission does not apply.
· The PUSCH satisfies the reliability and latency requirements of the UCI.
· FFS potential solutions to ensure the reliability of UCI on a LP PUSCH.
Proposal 8: 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.
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