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1 Introduction
The WI on Enhanced IIoT and URLLC support for NR includes an objective on intra-UE multiplexing and prioritization of traffic with different priorities [1]. 
This contribution discusses on intra-UE multiplexing and prioritization of traffic with different priorities. We mainly discuss multiplexing HARQ-ACK on the PUSCH with different priorities.
2 Discussion
In RAN1#105-e meeting, RAN1 discussed intra-UE multiplexing and prioritization of traffic with different priorities [2]. For UCI multiplexing on PUSCH, beta-offset values can be used to adjust the code rates by calculating the number of the occupied REs. The amount of resources utilized by UCI is controlled by the beta-offset values for the cases of multiplexing UCI on PUSCH. In NR, when a HARQ-ACK is multiplexed on the PUSCH, the gNB may indicate a beta-offset value to the UE, which can be used by the UE to determine the number of resources on the PUSCH. The beta-offset value is either dynamically indicated via 2 bits in the DCI or semi-statically via RRC. In NR R17, HARQ-ACK with different priorities can be multiplexed on PUSCH. In this case, using a same beta-offset value may not be sufficient. Instead, it may be beneficial to allow the gNB to indicate different beta-offset values to UE based on the priorities of the HARQ-ACK and the PUSCH.

When the low-priority HARQ-ACK is multiplexed on the high-priority PUSCH, a smaller value of beta-offset may be indicated for the purpose of limiting the maximal number of REs occupied by the low-priority HARQ-ACK bits. For example, the beta-offset value can be smaller than 1. When the high-priority HARQ-ACK is multiplexed on the low-priority PUSCH, a bigger beta-offset value can be configured to ensure the reliability of HARQ-ACK. The existing values of the beta-offsets in Table 9.3-1 in TS 38.213 are sufficient to ensure that the high priority HARQ-ACK can be allocated more REs in low priority PUSCH.  Moreover, when the high-priority HARQ-ACK is multiplexed on high-priority PUSCH, or when the low-priority HARQ-ACK is multiplexed on low-priority PUSCH, the Rel-16 ways of multiplexing with indicated beta-offset can be reused.
As a result, when UCI multiplexing with different priorities, the UE can be configured with 3 beta-offset sets including
· The beta-offset set for UCI multiplexing on the PUSCH with same priority;
· The beta-offset set for high-priority UCI multiplexing on low-priority PUSCH;
· The beta-offset set for low-priority UCI multiplexing on high-priority PUSCH.
Proposal 1: Three sets of beta-offset values should be configured to the UE for the following cases:

· Multiplexing HARQ-ACK on PUSCH with same priority.
· Multiplexing low-priority HARQ-ACK on high-priority PUSCH.
· Multiplexing high-priority HARQ-ACK on low-priority PUSCH.
The beta-offset indicator field in DCI can point to either one of the three sets of beta-offset values. The existing beta-offset indicator in the UL DCI can be reused, where different beta-offset can be used depending on whether the UCI is high-priority or low-priority, and whether the PUSCH is high-priority or low-priority.
For configuration/indication of different beta-offset values, for fallback DCI or when the DCI format 0_1/0_2 do not include the beta-offset indicator field, the beta-offset values for high-priority HARQ-ACK and low-priority HARQ-ACK can be configured by RRC. For DCI format 0_1/0_2 with existing beta-offset indicator field, the indicator field in the DCI can be used to dynamically indicate one of the beta-offset values configured by RRC.
In R16, there is a single beta-offset indicator field in DCI format 0_1 or 0_2. In the case both low-priority HARQ-ACK and high-priority HARQ-ACK are multiplexed in low-priority, or both low-priority HARQ-ACK and high-priority HARQ-ACK are multiplexed in high-priority PUSCH, the DCI may need to indicate 2 sets of beta-offset values, one for each of low-priority and high-priority HARQ-ACK. To support this, two separate beta-offset indicator fields could be introduced. 
Proposal 2: DCI should be configured with two beta-offset indicator fields, one for each of low-priority and high-priority HARQ-ACK.
RAN1 agreed to support a mechanism for gNB to enable/disable multiplexing HARQ-ACK on PUSCH of different priority. Details of the mechanism, such as whether it is by DCI and/or RRC and/or beta-offset = 0, remains to be discussed.

Using beta-offset = 0 to indicate no multiplexing may be a possibility to enable/disable multiplexing of UCI bits into PUSCH of different priorities. But this does not work for the case where the UCI is high-priority, because this would lead to the high-priority UCI being dropped.  Hence, a different indicator is required. For scheduling flexibility, it is beneficial that such indication is made dynamically using a DCI.

Proposal 3: gNB should dynamically indicate whether to enable/disable multiplexing of UCI bits into PUSCH of different priorities.

In configured grant, for the case of multiplexing low-priority HARQ-ACK on high-priority PUSCH, the indication to enable/disable multiplexing could be configured by the RRC for each configured grant configuration.

Proposal 4: For CG, RRC configuration should include an indication of whether UE can multiplex low-priority HARQ-ACK on high-priority PUSCH.

3 Conclusions

In this contribution, we discuss on intra-UE multiplexing and prioritization of traffic with different priorities. Based on the discussions, proposals are given as follows.
Proposal 1: Three sets of beta-offset values should be configured to the UE for the following cases:

· Multiplexing HARQ-ACK on PUSCH with same priority.
· Multiplexing low-priority HARQ-ACK on high-priority PUSCH.
· Multiplexing high-priority HARQ-ACK on low-priority PUSCH.
Proposal 2: DCI should be configured with two beta-offset indicator fields, one for each of low-priority and high-priority HARQ-ACK.
Proposal 3: gNB should dynamically indicate whether to enable/disable multiplexing of UCI bits into PUSCH of different priorities.
Proposal 4: For CG, RRC configuration should include an indication of whether UE can multiplex low-priority HARQ-ACK on high-priority PUSCH.
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