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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work items is as follows:
· Intra-UE multiplexing and prioritization of traffic with different priorities based on work done in Rel.16
· Specify multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH.
· 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 cancellation behaviour for the PUSCH of lower PHY priority, taking the solution developed during Rel.16 as the baseline.
This document provides our view on enhancement on intra-UE multiplexing and prioritization.
Discussion
Enhancement of intra-UE multiplexing
In Rel.16, in order to ensure latency and/or reliability requirements, two HARQ-ACK codebooks for supporting different service types can be simultaneously constructed. If UE is indicated to generate two HARQ-ACK codebooks, a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 (i.e., low priority) and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1 (i.e., high priority). Two-level PHY priority is also supported for PUSCH. Rules for the collision handling with UL transmissions with different priorities had been specified. When a high priority UL transmission overlap with a low priority UL transmission, only the high priority channel is transmitted and the lower priority channel is dropped. Although this behaviour ensures the reliability of higher priority UL transmission, the spectral efficiency would be degraded because of dropped lower priority HARQ-ACK codebook or lower-priority PUSCH. To improve this, to multiplex the UCI with different priorities into one PUCCH or PUSCH should be specified. In RAN1#102e, it was agreed to support multiplexing for following scenarios in Rel.17.
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PUCCH format combinations
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and high-priority SR into a PUCCH
· 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
In addition to above multiplexing scenarios, the collision between high-priority SR and low-priority PUSCH should be studied. In this case, since SR is only 1-bit information, to drop low-priority PUSCH might be resource waste. Then, to multiplex SR on PUSCH such as just puncturing PUSCH resource similar to 1 or 2 bit HARQ-ACK could be considered.
Proposal 1: The collision handling between high-priority SR and low-priority PUSCH should be studied.

In the following, we discuss the details for the above agreed multiplexing scenarios.
Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH
On PUCCH resource determination, to keep reliability and minimize the impact on the latency for high-priority HARQ-ACK are important. The straightforward approach seems that PUCCH resource determination for multiplexing is based on PUCCH resource configuration for high-priority HARQ-ACK. In Rel.15/16, PUCCH resource set is selected based on UCI payload size. In order to ensure high-priority HARQ-ACK reliability, the resource with reasonable coding rate (e.g., gNB should allocate more resource) should be used. Therefore, PUCCH resource set is selected based on the total payload size to be multiplexed (i.e., high-priority HARQ-ACK + low-priority HARQ-ACK).
On multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK, in order to keep high-priority HARQ-ACK reliability, the treatment to reduce the size of low-priority HARQ-ACK may be necessary and the following three options could be considered.
· Option 1: Bundling of the low-priority HARQ-ACK codebook into X bits and appending the X bits to high-priority HARQ-ACK codebook
· Option 2: Before total UCI bits exceed the threshold, low-priority HARQ-ACK is multiplexed, if the total UCI bits exceed the threshold, low-priority HARQ-ACK is bundled.
· Option 3: Before total UCI bits exceed the threshold, low-priority HARQ-ACK is multiplexed, if the total UCI bits exceed the threshold, low-priority HARQ-ACK is dropped.
For multiplexing two HARQ-ACK codebooks into a PUCCH, how to encode the UCIs with different priorities should be concluded. Two approaches, i.e., 1) separate coding between high-priority HARQ-ACK and low-priority HARQ-ACK and 2) joint coding of high-priority HARQ-ACK and low-priority HARQ-ACK, are considered. Separate coding would provide more optimized resource usage for HARQ-ACK, while it will require more specification effort such as resource mapping of multiple HARQ-ACK coded bit sequences to one PUCCH.
On multiplex rule and order, in Rel.16, when a UE determines overlapping for PUCCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH transmissions of smaller priority index. Then, if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a transmission of a second PUCCH of smaller priority index, the UE cancels the transmission of the second PUCCH before the first symbol that would overlap with the first PUCCH transmission. In Rel.17, after resolving the overlapping for PUCCH transmissions of a smaller priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes could be performed.
Proposal 2: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, PUCCH resource determination for multiplexing is based on PUCCH resource configuration for high-priority HARQ-ACK.
Proposal 3: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, PUCCH resource set is selected based on the total payload size.
Proposal 4: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, after resolving the overlapping for PUCCH transmissions of smaller priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes should be performed.

Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PUCCH format combinations
For same priority case, in Rel.15/16, the multiplexing behaviour between HARQ-ACK and SR into a PUCCH is as follows:
· If the UE would transmit a PUCCH with positive/negative SR and at most two HARQ-ACK information bits in a resource using PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK information.
· If a UE would transmit SR in a resource using format 0 and HARQ-ACK information bits in a resource using format 1 in slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1.
· If the UE transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK bits in a second resource using PUCCH format 1 in a slot, the UE transmits a PUCCH with HARQ-ACK information bits in the first resource using PUCCH format 1. If a UE would not transmit a positive SR in a resource using PUCCH format 1 and would transmit at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK information.
· If a UE would transmit a PUCCH with OACK HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot,  bits representing a negative or positive SR are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCHC format 4.
In the case of high-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 0, to transmit a PUCCH with high-priority positive/negative SR and at most two HARQ-ACK information with low-priority in a resource using PUCCH format 0 could be possibility. The same multiplexing mechanism as Rel.15/16 with same priority can be reused. In addition, in order to minimize the impact on the latency for high-priority SR, the conditions for multiplexing may need to be introduced. For example, the ending symbol of PUCCH resource for low-priority HARQ-ACK is no later than the ending symbol of PUCCH resource for high-priority SR. Another potential enhancement would be to bundle low-priority HARQ-ACK information bits for the case of 2-bit HARQ-ACK. It may improve the reliability of SR detection.
In the case of high-priority SR in a resource using PUCCH format 0 and low-priority HARQ-ACK information bits in a resource using PUCCH format 1, to multiplex high-priority positive/negative SR into low-priority HARQ-ACK information bits in a resource using PUCCH format 1 could be considered. One of solutions would be cyclic shift of symbols which is overlapped with high-priority SR is differentiated. Another solution would be high-priority SR is punctured into a PUCCH format 1 resource for low-priority HARQ-ACK. However, this solution would impact to the time-domain OCC orthogonality.
In the case of high-priority SR in a first resource using PUCCH format 1 and low-priority HARQ-ACK in a second resource using PUCCH format 1, to apply similar mechanism as in Rel.15/16 could be possibility. This means that if UE transmit positive SR, the UE transmits a PUCCH with HARQ-ACK information bits in the first (SR) resource using PUCCH format 1. If a UE would not transmit a positive SR, the UE transmits a PUCCH with HARQ-ACK information bits in a second (HARQ-ACK) resource using PUCCH format 1. In order to minimize the impact on the latency for high-priority SR, the conditions for multiplexing may need to be introduced. For example, the ending symbol of PUCCH resource for low-priority HARQ-ACK is no later than the ending symbol of PUCCH resource for high-priority SR. Another possibility would be UE transmit a PUCCH with 1-bit high-priority SR information in a resource using PUCCH format 1, 1-bit for low-priority HARQ-ACK information bits are appended to SR information bits. For 2-bits HARQ-ACK information, bundling is used.
In the case of high-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 2, 3, or 4, to apply similar mechanism as in Rel.15/16 could be possibility. However, since SR bits is appended to HARQ-ACK information bits, the impact of latency would be large. Then, the conditions for multiplexing may need to be introduced. For example, the ending symbol of PUCCH resource for low-priority HARQ-ACK is no later than the ending symbol of PUCCH resource for high-priority SR. The other solution would be multiplexing mechanism of UCI on PUSCH is applied to SR multiplexing on PUCCH format 2, 3 or 4. This means that high-priority SR is punctured into a PUCCH format 2, 3 or 4 resource for low-priority HARQ-ACK. Since Rel.15/16 specification does not support UCI on PUSCH in a DMRS symbol, this approach might be possible only for PUCCH format 3 or 4.
Proposal 5: 
· For multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH, following HARQ-ACK/SR PUCCH format combination should be studied.
· High-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 0
· High-priority SR in a resource using PUCCH format 0 and low-priority HARQ-ACK information bits in a resource using PUCCH format 1
· High-priority SR in a first resource using PUCCH format 1 and low-priority HARQ-ACK in a second resource using PUCCH format 1
· High-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 2, 3, or 4

Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and high-priority SR into a PUCCH
In this case, multiplexing order would be discussion point. To handle same priority first, i.e., “UE first resolves the overlapping for PUCCH transmission of high-priority and high-priority SR. After resolving the overlapping, multiplexing of low-priority HARQ-ACK is handled” would be simple solution. On the other hand, in this solution, the outcome of handling overlapping between high-priority HARQ-ACK and high-priority SR might be only high-priority HARQ-ACK is transmitted. For example, if a UE wold transmit SR in a resource using format and HARQ-ACK information bits in a resource using PUCCH format 1 in slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1. After that, overlapping between high-priority HARQ-ACK and low-priority HARQ-ACK is handled and both high-priority and low-priority HARQ-ACK are multiplexed. This means that low-priority HARQ-Ack is transmitted but high-priority SR is not transmitted. In spite of dropping high-priority SR, to transmit low-priority HARQ-ACK might not be desirable behaviour. Considering above, instead of two step procedure, just one step procedure of different priority of multiplexing could also be considered. For one step procedure, the priority handling could be high-priority HARQ-ACK > high-priority SR > low-priority HARQ-ACK.
Proposal 6: 
· For multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and high-priority SR into a PUCCH, following two procedures are studied.
· Option 1: UE first resolve the overlapping for PUCCH transmission of high-priority HARQ-ACK and high-priority SR. After resolving the overlapping, multiplexing of low-priority HARQ-ACK is handled.
· Option 2: How UCIs are concatenated up to certain size is handled as one step procedure, e.g., with the priority of high-priority HARQ-ACK > high-priority SR > low-priority HARQ-ACK.

Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only)
In this case, high priority PUSCH performance should be ensured. To support separate configurations of at least beta-offset values for multiplexing with different priority combinations was agreed. Whether alpha is also separate configurations for multiplexing with different priority combinations is FFS. Alpha is used for setting upper limit of available resource for UCI in PUSCH. In Rel.16, alpha (scaling) can be an independent parameter between DCI format 0-1 and DCI format 0-2. In order to keep PUCCH reliability, the upper limit of available resource for UCI is the same regardless whether low-priority HARQ-ACK or high-priority HARQ-ACK is multiplexed. Then, alpha is not needed to be separate configurations for multiplexing with different priority combinations. Just to separate configurations for high-priority PUSCH and low-priority PUSCH might be sufficient.
The value range of beta-offset (e.g., <1) is FFS. In order to ensure high-priority PUSCH reliability, the dropping low priority HARQ-ACK can be realized by having .
Proposal 7: 
· For multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only), enhancement of beta-offset values including , which allows for dropping low priority HARQ-ACK should be supported.

Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
UCI performance would be controlled by using beta-offset. Enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low-priority PUSCH could be considered.
How to minimize the impact on the latency of high-priority HARQ-ACK should also be considered. The condition for multiplexing may need to be introduced. For example, the ending symbol of PUSCH resource is no later than the ending symbol of PUCCH resource for high-priority HARQ-ACK.
Proposal 8: 
· For multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only), enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low-priority PUSCH could be considered.

Simultaneous PUCCH and PUSCH transmission
For intra-UE prioritization/multiplexing, there is a timeline requirement. This may cause scheduling restriction and latency issue for URLLC transmission. Simultaneous transmission of multiple PUCCHs or simultaneous transmission of PUCCH and PUSCH are potential techniques for UE feedback enhancement. In Rel.16, simultaneous PUCCH and PUSCH(s) is supported only in the case that multiple PUCCH groups are configured and the respective PUCCH and PUSCH(s) are transmitted in the different PUCCH groups. The number of PUCCH groups and UL carriers are subjected to UE capability. If UE is configured with a PUCCH-SCell, the UE procedure for reporting control information is applicable to both primary PUCCH group and secondary PUCCH group independently. Then, potential enhancements for Rel.17 would be simultaneous PUCCHs transmission or simultaneous PUSCH and PUCCH transmission in a carrier or in different carriers in a same PUCCH group. For the simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH in different carriers in a same PUCCH group would be straightforward approach as simultaneous PUSCHs in different carriers has been already supported in Rel.15. For the simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH in a carrier, several aspects need to be studied. In the current specification, even for the CP-OFDM waveform, only adjacent or almost adjacent transmission is allowed in FR1 and only adjacent transmission is allowed in FR2 [2]. In order to respect this restriction, simultaneous transmission of multiple PUCCHs or PUCCH and PUSCH by using adjacent/contiguous frequency domain resource might be a possibility. However, if the operation is restricted to adjacent or almost adjacent resource, the actual gain of simultaneous transmission is questionable. In addition, in order to ensure the same transmit power for all symbols, the transmission symbol length and/or starting symbol of simultaneous transmission may needs to be aligned. PSD and data transmission width relation should also be taken into account as wider data transmission needs to be lower PSD as the total UE power is limited. 
Observation 1: Whether simultaneous PUCCH and PUSCH transmission in a carrier is useful or not should be studied.
· If the simultaneous transmission is restricted to adjacent or almost adjacent frequency resource, the gain would be limited.
· How to ensure the same transmit power for all symbols and how to handle PSD difference between PUCCH and PUSCH should be taken into account.

Conclusion
In this contribution, we provide our view on enhancement on intra-UE multiplexing/prioritization for Rel.17 enhanced IIoT/URLLC. We made following proposals and observation.
Proposal 1: The collision handling between high-priority SR and low-priority PUSCH should be studied.
[bookmark: _GoBack]Proposal 2: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, PUCCH resource determination for multiplexing is based on PUCCH resource configuration for high-priority HARQ-ACK.
Proposal 3: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, PUCCH resource set is selected based on the total payload size.
Proposal 4: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, after resolving the overlapping for PUCCH transmissions of smaller priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes should be performed.
Proposal 5: 
· For multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH, following HARQ-ACK/SR PUCCH format combination should be studied.
· High-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 0
· High-priority SR in a resource using PUCCH format 0 and low-priority HARQ-ACK information bits in a resource using PUCCH format 1
· High-priority SR in a first resource using PUCCH format 1 and low-priority HARQ-ACK in a second resource using PUCCH format 1
· High-priority SR and low-priority HARQ-ACK in a resource using PUCCH format 2, 3, or 4
Proposal 6: 
· For multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and high-priority SR into a PUCCH, following two procedures are studied.
· Option 1: UE first resolve the overlapping for PUCCH transmission of high-priority HARQ-ACK and high-priority SR. After resolving the overlapping, multiplexing of low-priority HARQ-ACK is handled.
· Option 2: How UCIs are concatenated up to certain size is handled as one step procedure, e.g., with the priority of high-priority HARQ-ACK > high-priority SR > low-priority HARQ-ACK.
Proposal 7: 
· For multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only), enhancement of beta-offset values including , which allows for dropping low priority HARQ-ACK should be supported.
Proposal 8: 
· For multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only), enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low-priority PUSCH could be considered.
Observation 1: Whether simultaneous PUCCH and PUSCH transmission in a carrier is useful or not should be studied.
· If the simultaneous transmission is restricted to adjacent or almost adjacent frequency resource, the gain would be limited.
· How to ensure the same transmit power for all symbols and how to handle PSD difference between PUCCH and PUSCH should be taken into account.
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Appendix: Agreements in previous meetings
RAN1#102e
Agreement:
· Support multiplexing for following scenarios in Rel.17.
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in Rel.17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK / SR PUCCH format combinations (FFS: applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and 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., high-priority or low-priority 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, low-priority HARQ-ACK compression / compaction)
· Explicit indication for enabling multiplexing
· Multiplexing rule and order (e.g., high-priority / low-priority multiplexing is after resolving collision within the same priority)

Agreement:
· Support multiplexing for following scenarios in Rel.17.
· 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 the impact on the latency of 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, low-priority HARQ-ACK compression / comparison)
· Explicit indication for multiplexing
· Multiplexing rule and order (e.g., high-priority / low-priority 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

Agreement:
· Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in Rel.17.
· FFS: Details
· Clarify Rel.16 baseline if needed.

Agreement:
· Simultaneous PUSCH / PUCCH within a cell group and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH can be further discussed as part of AI 8.3.3 in this WI (bit not as part of AI 8.3.1.1).

Agreement:
· 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
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