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Discussion and Decision
1 Introduction
One objective of the new WI for enhanced IIoT and URLLC support for NR is to specify the intra-UE multiplexing and prioritization of traffic with different priority. In this contribution, we discuss some cases regarding to the UE processing time, acknowledgement latency and enable/disable mechanisms for intra-UE multiplexing.
2. Discussion
For the case of resource collision between HP HARQ-ACK and LP PUSCH, the concept of existing multiplexing rule should be reused as much as possible to avoid much specification effort. However, considering the lower latency and higher reliability requirements of HARQ-ACK feedback for a LP service, additional conditions should be considered in the multiplexing process. 
UE Processing Time

According to current NR specification, when a UCI is multiplexed in a PUSCH, the UCI should be allocated close to the DMRS symbol of the PUSCH for a better receiving performance. Therefore, when a HP HARQ-ACK is considered to be multiplexed in a LP PUSCH, it’s suggested that the same principle be applied to the HP HARQ-ACK. 
Observation 1: When a UCI is multiplexed in a PUSCH, the UCI should be allocated close to the DMRS symbol of the PUSCH for a better receiving performance.
Also, the PDSCH processing procedure time corresponding to the HARQ-ACK should be considered in various collision situations. For example, if the HP HARQ-ACK collides with the later part of the LP PUSCH, the processing time may not be satisfied if the HP HARQ-ACK is multiplexed close to the first DMRS symbol of the LP PUSCH according to current multiplexing rule. As shown in figure 1, the LP PUSCH is configured with one additional DMRS symbol and the UE PDSCH processing procedure time cannot be satisfied if the current multiplexing scheme is reused. 
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Figure 1: Example to illustrate the collision of HP HARQ-ACK and LP PUSCH.
Therefore, the rule for multiplexing the HP HARQ-ACK and LP PUSCH should be modified. For example, UE can multiplex the HP HARQ-ACK close to the first DMRS (e.g., DMRS#2 of Figure 1) symbol that can satisfy the UE PDSCH processing procedure time. Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped if there is no proper symbol that can be selected. 
For another example, the first LP PUSCH symbol for multiplexing the HP HARQ-ACK can be selected according to the first PUCCH symbol. An additional DMRS symbol specific for the HP HARQ-ACK should be added and transmit close to the HP HARQ-ACK. Or an additional beta-offset corresponding to the distance between the DMRS symbol and the first PUCCH symbol index should be configured for the UE to determine the HP HARQ-ACK resource in the LP PUSCH, the additional beta-offset ensures the HARQ-ACK can be multiplexed with a proper resource number. These methods can provide the multiplexing flexibility.
Proposal 1: 

The UE can multiplex HP HARQ-ACK in a LP PUSCH only if the processing time of HP HARQ-ACK is sufficient. Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped.

Acknowledgement Latency
 The resource for multiplexing the HP HARQ-ACK in the LP PUSCH would be effected by the number of PRB of the LP PUSCH, and it would affect the latency of the HP-HARQ-ACK. For example, the applicable resource may be located outside the valid acknowledge response time and make the acknowledgement invalid.
Observation 2: The applicable resource for multiplexing HP HARQ-ACK in the LP PUSCH may be located outside the valid acknowledge response time and make the acknowledgement invalid.
Therefore, a UE should ensure the latency of the HP HARQ-ACK can be satisfied if transmitted it via the LP PUSCH. One simple solution to define the reference point can be the latest symbol of the PUCCH resource for the HP HARQ-ACK. As shown in figure 2, if the latest symbol for multiplexing the HP HARQ-ACK would not later then the latest symbol of the PUCCH, the multiplexing process complete. Otherwise the UE should not perform the multiplexing, drop the LP PUSCH and transmit the HARQ-ACK in the PUCCH instead.
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Figure 2: Example to determine latency requirement of HP HARQ-ACK.
Consider the case that one LP PUSCH collides with more than one HP HARQ-ACK reports and these reports are not collide with each other, the steps discussed above could be performed individually for UE simplicity. However, the gNB should ensure that these HP ARQ-ACKs can be properly multiplexed in different LP PUSCH resources to avoid addition effort on the multiple HARQ-ACK multiplexing. Otherwise, the UE should not perform the multiplexing, drop the LP PUSCH and transmit the HARQ-ACK in the PUCCH instead.
Proposal 2:

To ensure the acknowledgement response validity, a UE should perform the multiplexing procedure only if the latest symbol for multiplexing the HP HARQ-ACK is not later than the latest symbol of the PUCCH. Otherwise, the UE should not perform the multiplexing.
Enable/disable the multiplexing
During the RAN1#103-e meeting following agreement was made: 
Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.
From our point of view, at least RRC configuration should be supported as a baseline. The semi-static configuration can support the case when the PUSCH is scheduled by a fallback DCI. In addition, the UE may determine whether to perform the multiplexing according to dynamic beta_offset indication as specified in Rel-15 that can provide more flexibility on resource scheduling. 
However, some collision situation should be considered before deciding whether or not to support this mechanism. For example, according to RAN1#102-e agreement, the UE may support the multiplexing of a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI. For this case, we should first discuss how to indicate the beta_offsets for both HP and LP UCIs if they are configured with dynamic beta_offset indication. One solution is to indicate the beta_offsets by separate DCI fields. Another is that we can define a dropping rule before the multiplexing. For example, the UE should perform UCI prioritization (e.g., dropping the LP UCI) before performing the multiplexing, and the only one beta_offset in the DCI can be used for the prioritized UCI. To avoid additional DCI overhead defining a dropping rule before the multiplexing is preferred.
Proposal 3:

For PUCCH multiplexed in PUSCH, beta_offset configuration can be used to enable or disable the multiplexing. The multiplexing disabled if beta_offset=0; otherwise the UE should perform the multiplexing.

Proposal 4:

For the case while both LP and HP UCIs are configured with dynamic beta_offset indication, a dropping rule should be applied before performing the multiplexing if they are collided with a PUSCH.

3. Conclusion

In this contribution we discuss some cases regarding to the UE processing time and acknowledgement latency issues for intra-UE multiplexing. We have following observations:

Observation 1: When a UCI is multiplexed in a PUSCH, the UCI should be allocated close to the DMRS symbol of the PUSCH for a better receiving performance.
Observation 2: The applicable resource for multiplexing HP HARQ-ACK in the LP PUSCH may be located outside the valid acknowledge response time and make the acknowledgement invalid.

Based on our discussions, we have the following proposals:
Proposal 1: 

The UE can multiplex HP HARQ-ACK in a LP PUSCH only if the processing time of LP PUSCH is sufficient.  Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped.

Proposal 2:

 To ensure the acknowledgement response validity, a UE should perform the multiplexing procedure only if the latest symbol for multiplexing the HP HARQ-ACK is not later than the latest symbol of the PUCCH. Otherwise, the UE should not perform the multiplexing.
Proposal 3:

For PUCCH multiplexed in PUSCH, beta_offset configuration can be used to enable or disable the multiplexing. The multiplexing disabled if beta_offset=0; otherwise the UE should perform the multiplexing.
Proposal 4:

For the case while both LP and HP UCIs are configured with dynamic beta_offset indication, a dropping rule should be applied before performing the multiplexing if they are collided with a PUSCH.
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