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1 Introduction
In this contribution, we discuss some remaining details on the UCI enhancements for URLLC.
2 Discussion
2.1 Resource collision between control channel and control channel
This scenario considers a case when PUCCH resources for different traffic types (e.g., for eMBB and URLLC respectively) are overlapped in a time. The UCI in a PUCCH may comprise HARQ-ACK, CSI or SR.
SR and SR:
During RAN1#98bis meeting, we have agreed that the priority among different SRs can be known at physical layer:
	Agreements:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.


Therefore, when two SR resources are collided in the same time period, a simple dropping rule can be applied at physical layer. The UE can drop the SR with lower priority if it is collided with another SR which has higher priority and is a positive SR.
Proposal 1: In case two SRs with different priorities collide with each other, drop the SR with lower priority if the SR with the higher priority is positive.
SR and HARQ-ACK:
Similar to the SR, 2-level priority of HARQ-ACK for PDSCH is supported in Rel-16. In this case, when the SR and HARQ-ACK with the same priority (e.g., both HARQ-ACK and SR have higher priority than another one) the Rel-15 multiplexing rule can be reused. As when the HARQ-ACK and SR are belong to different priorities, respectively, the lower priority one should be dropped.
Proposal 2: 

· In case a high-priority HARQ-ACK collides with a low-priority SR, drop the SR.

· In case a low-priority HARQ-ACK collides with a high-priority SR, drop the HARQ-ACK if the SR is positive.
HARQ-ACK and HARQ-ACK:
According to current NR specification, HARQ-ACK can be multiplexed into one PUCCH. However, there is no differentiation of HARQ-ACK corresponding to PDSCH with traffic types. Consider the reliability and latency requirements of HARQ-ACK feedback for different traffic types, some conditions should be defined to determine whether all HARQ-ACK could be multiplexed into one PUCCH. For example, the HARQ-ACK for eMBB PDSCH should be dropped or compressed (e.g., bundled) before multiplexing if the reliability of HARQ-ACK for URLLC PDSCH cannot be satisfied. However, according to RAN decision, multiplexing scheme is not considered in Rel-16 URLLC. Beside to define a simple dropping rule for handling the collision, we still suggest that multiplexing could be considered for some simple collision case. For example, if there is only one HARQ-ACK bit for eMBB (e.g., HARQ-ACK for SPS PDSCH or SPS release) collided with the HARQ-ACK for URLLC. 
Proposal 3: HARQ-ACK multiplexing could be used for some simple collision case, for example, only one HARQ-ACK bit corresponding to lower priority SPS.
For the case of P-CSI collided with other CSI, we suggest the P-CSI could be set as lowest priority and drop the transmission to simply the UE complexity.
2.2 Resource collision between control channel and data channel

This scenario considers a case that a PUCCH transmission is collided in time with a PUSCH transmission and each related to different traffic types:
PUSCH and SR:
The multiplexing of positive SR and PUSCH is not supported in Rel-15. To avoid the specification impact, if the positive SR is related to higher priority traffic than the PUSCH, the UE should transmit the positive SR on the PUCCH and drop the PUSCH at least for the portion that collided with the PUCCH. For other case, if the positive SR is related to lower priority traffic than the PUSCH, the positive SR should be dropped. 
Proposal 4: 

· In case a low-priority SR collides with a high-priority PUSCH, drop the SR. 

· In case a high-priority SR collides with a low-priority PUSCH, drop the PUSCH if the SR is positive. Otherwise, transmit PUSCH.

PUSCH and HARQ:

For the case of resource collision between URLLC HARQ-ACK and eMBB PUSCH, the existing multiplexing rule can be reused. The gNB can properly configure a beta_offset to ensure the reliability of HARQ-ACK. Specifically, the beta_offset of HARQ-ACK corresponding to different traffic types should be configured individually to meet their own requirements. However, considering the UE capability, whether the URLLC HARQ-ACK can always multiplex with eMBB PUSCH should be further considered. For example, what is the UE behaviour if the eMBB PUSCH resource for allocating the URLLC HARQ-ACK information cannot satisfy the PDSCH processing time? In this case, we suggest the URLLC HARQ-ACK should be transmitted on the PUCCH and the portion of eMBB PUSCH collided with the PUCCH should be dropped. Similarly, the delay tolerance of URLLC HARQ-ACK after multiplexed with the eMBB PUSCH should be considered as well. The URLLC HARQ-ACK should be transmitted on the PUCCH if the requirement cannot be satisfied.
While the PUSCH is corresponding to URLLC and the HARQ-ACK is corresponding to eMBB, the performance impact of PUSCH should be considered if multiplex the eMBB HARQ-ACK with the URLLC PUSCH. If the URLLC PUSCH is indicated by an uplink grant DCI, the multiplexing is allowed since the gNB can expect the collision and the performance impact of URLLC PUSCH could be avoided by properly scheduling. On the other hand, if the URLLC PUSCH is not indicated by uplink grant DCI, it could be left for gNB implementation. For example, the gNB can always reserve resource for possible multiplexing, or the gNB can decide to drop the eMBB HARQ-ACK by configuring the beta_offset=0.
Due to the time budget, it’s recommended that defining a dropping rule should have a higher priority than the multiplexing scheme to solve this issue. However, in order to solve the impact caused by dropping the lower priority HARQ-ACK, the multiplexing scheme should be specified in the next release. Consider the flexibility of specification, the beta_offset for multiplexing HARQ-ACK and PUSCH with different priorities could be specified and restricted as 0 in Rel-16 to support the signal dropping and further extension in the new release.
Proposal 5: 

· In case a low-priority HARQ-ACK collides with a high-priority PUSCH, drop the HARQ-ACK by configuring the beta_offset=0.

· In case a high-priority HARQ-ACK collides with a low-priority PUSCH, drop the PUSCH.
3 Conclusion

Based on our discussions, we have the following proposals:
Proposal 1: In case two SRs with different priorities collide with each other, drop the SR with lower priority if the SR with the higher priority is positive.

Proposal 2: 

· In case a high-priority HARQ-ACK collides with a low-priority SR, drop the SR.

· In case a low-priority HARQ-ACK  collides with a high-priority SR, drop the HARQ-ACK if the SR is positive.
Proposal 3: HARQ-ACK multiplexing could be used for some simple collision case, for example, only one HARQ-ACK bit corresponding to lower priority SPS.
Proposal 4: 

· In case a low-priority SR collides with a high-priority PUSCH, drop the SR. 

· In case a high-priority SR collides with a low-priority PUSCH, drop the PUSCH if the SR is positive. Otherwise, transmit PUSCH.

Proposal 5: 

· In case a low-priority HARQ-ACK collides with a high-priority PUSCH, drop the HARQ-ACK by configuring the beta_offset=0.

· In case a high-priority HARQ-ACK collides with a low-priority PUSCH, drop the PUSCH.
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