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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. To improve this, to multiplex the UCI with different priorities into one PUCCH or PUSCH should be specified.
We discuss 4 collision cases below.
Collision between high priority HARQ-ACK and low priority HARQ-ACK 
In this case, potential enhancement is that UE multiplex the two HARQ-ACK codebooks into one PUCCH resource (such as low priority HARQ-ACK is multiplexed in high priority HARQ-ACK PUCCH resource) if some conditions are met. The conditions for multiplexing could be timeline, limit of code rate, and/or enabled by gNB.
Collision between high priority HARQ-ACK and low priority PUSCH 
In this case, potential enhancement is that UE multiplex high priority HARQ-ACK in low priority PUSCH. UCI performance would be controlled by using beta-offset. If beta-offset values specified in Rel.15 is not sufficient for ensuring high priority HARQ-ACK performance, enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low priority PUSCH could be considered.
Collision between low priority HARQ-ACK/CSI and high priority PUSCH 
In this case, high priority PUSCH performance would also be ensured by using beta-offset and alpha-factor. In order to ensure high priority PUSCH reliability, one possibility would be to differentiate beta-offset or alpha factor depending on the priority level. In Rel.16, beta-offset and alpha-factor (betaOffsets and scaling) can be an independent parameter between DCI format 0-1 and DCI format 0-2. The dropping low priority HARQ-ACK/CSI can be realized by having .
Collision between high priority SR and low priority PUSCH 
In this case, since SR is only 1-bit information, to drop low priority PUSCH might be resource waste. Then, in this case, to multiplex SR on PUSCH such as just puncturing PUSCH resource similar to 1 or 2 bit HARQ-ACK could be considered.
Based on the above discussion, we propose following.
Proposal 1: For the collision handling between high priority HARQ-ACK and low priority HARQ-ACK, to multiplex two HARQ-ACK codebooks with different priorities into one PUCCH resource should be studied.
Proposal 2: For the collision handling between high priority HARQ-ACK and low priority PUSCH, enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low priority PUSCH should be studied.
Proposal 3: For the collision handling between low priority HARQ-ACK and high priority PUSCH, enhancement of beta-offset values including , which allows for dropping low priority HARQ-ACK should be studied.
Proposal 4: For the collision handling between high priority SR and low priority PUSCH, to multiplex SR on PUSCH by puncturing PUSCH resource should be studied.

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 is one potential techniques for UE feedback enhancement. Our view on simultaneous transmission is provided in [2] (in agenda 8.3.1.1).

Enhancement of intra-UE prioritization between DG PUSCH and CG PUSCH of different PHY priorities
In Rel.16 (RAN1#101e), following proposals were discussed [3].
	· Case A: High priority DG PUSCH and low priority CG PUSCH
· Option A-1: Define a UE capability for collision handling between the CG and DG with different priorities in PHY layer
· If a UE supports the capability, the UE is expected to cancel the overlapping low priority CG by the first overlapping symbol at the latest. Further, a UE expect that the first [overlapping] symbol of the high priority DG is not earlier than Tproc,2 + d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG.
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol j, if the end of symbol i for PDCCH scheduling the PUSCH is at least N2 symbols before the beginning of symbol j.
· Option A-2: Rel.15 timeline is reused to support cancellation of the low priority CG PUSCH
· A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a high priority DG PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a CG PUSCH with low priority, starting in a symbol j on the same serving cell if the end of symbol i is not at least N2 symbols before the beginning of symbol j.
· Option A-3: PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2 + d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG.
· Case B: High priority CG and low priority DG
· Option B-1: Define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If UE supports the capability, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configure grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· Otherwise, MAC layer should make the prioritization so that only one MAC PDU is delivered to PHY layer.
· Option B-2: Reuse Rel.15 timeline, MAC layer should make the prioritization so that only one MAC PDU (e.g., the one with higher priority) is delivered to PHY layer.
· [bookmark: _Hlk47526775]Option B-3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.


In Rel.16 (RAN1#101e), following agreements was made on the collision handling between a high priority channel and low priority channels.
Agreement:
· In case of collision between a high priority channel and low priority channels, adopt one of the following options.
· A UE is expected to cancel the overlapping low priority channel by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority channel is not earlier than Tproc,2 + d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.
Agreement:
· At least for handling collision between a high priority configured UL transmission and low priority channels in the following cases, it is up UE implementation to ensure that the low priority UL transmission is cancelled, at the latest, from the first symbol that is overlapping with the high priority UL transmission:
· Case 1: Collision between a high priority SR PUCCH and any low priority channels
· Case 2: Collision between a high priority CG PUSCH and low priority PUCCH
· Case 3: Collision between a high priority PUCCH carrying only HARQ-ACK corresponding PDSCH without corresponding PDCCH and any low priority configured uplink transmission.
· Case 4: Collision between a high priority PUSCH carrying SP-CSI, except the first PUSCH after the activation DCI, and a low priority PUCCH
Rel.16 specified the timeline in case of collision between a high priority channel and low priority channels. Therefore, for Case A, the straightforward way would be to reuse this timeline (i.e., Option A-3). If partial overlapping is not allowed (i.e., Option A-2), there may cause scheduling restriction and it may impact the URLLC latency.
Rel.16 also specified the timeline in case for handling collision between a high priority configured UL transmission and low priority channels. Therefore, for Case B, straightforward way would also be to reuse this timeline (i.e., Option B-3).
Proposal 5: For the collision between high priority DG PUSCH and low priority CG PUSCH, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2 + d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG.
Proposal 6: For the collision between high priority CG PUSCH and low priority DG PUSCH, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.

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.
Proposal 1: For the collision handling between high priority HARQ-ACK and low priority HARQ-ACK, to multiplex two HARQ-ACK codebooks with different priorities into one PUCCH resource should be studied.
Proposal 2: For the collision handling between high priority HARQ-ACK and low priority PUSCH, enhancement of beta-offset values including specific or non-numerical value, which allows for dropping low priority PUSCH should be studied.
Proposal 3: For the collision handling between low priority HARQ-ACK and high priority PUSCH, enhancement of beta-offset values including , which allows for dropping low priority HARQ-ACK should be studied.
Proposal 4: For the collision handling between high priority SR and low priority PUSCH, to multiplex SR on PUSCH by puncturing PUSCH resource should be studied.
Proposal 5: For the collision between high priority DG PUSCH and low priority CG PUSCH, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2 + d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG.
Proposal 6: For the collision between high priority CG PUSCH and low priority DG PUSCH, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.

Reference
[1] 	RP-201310, “Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR,” Nokia, Nokia Shanghai Bell, RAN#88e.
[bookmark: _GoBack][2]		R1-2006342, “Discussion on UE feedback enhancements for HARQ-ACK,” Panasonic, RAN1#102e.
[3]	R1-2005052, “Email discussion #01 for enhanced configured grant transmission,” Moderator (vivo), RAN1#101e.

4

3
3GPP
