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1 Introduction
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE within a slot, it is possible to multiplex more than one UCI with different priorities on a PUSCH. Also, how to handle the case of collisions between channels with different priorities is studied under RAN1’s email discussion. Hence, the indication for determining the priority of the HARQ-ACK codebook and the behaviour of UCI multiplexing on PUSCH with different priorities should be further clarified.
In this contribution, we provide our views on the physical layer indication of HARQ-ACK codebook and UCI multiplexing on PUSCH for URLLC.
2 Discussion
The physical layer indication of HARQ-ACK codebook
Once the priority of HARQ-ACK codebook is identified, then the behaviour of collision between PUCCH with HARQ-ACK information and other PUCCH/PUSCH can be further specified, otherwise it is unclear how to determine the corresponding procedure if the priority of each resource is unknown. It has been agreed that the physical layer indication for identifying the priority of a HARQ-ACK codebook should be down-selected from the options below:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
If option 1 is adopted, since only data transmission scheduled by the new DCI format can be regarded as the prioritized transmission, the existing DCI format in Rel-15 can not be used to schedule the high priority data, the scheduling will be too restrictive. For option 2, a new-RNTI or MCS-C-RNTI can be introduced to identify the priority. However, if the MCS-C-RNTI is adopted as the PHY layer indication, it implies that the scheduled transmission is mandated to apply the qam64LowSE MCS table, and it leads to the lack of scheduling flexibility. Therefore, introducing a new-RNTI is preferable. Regarding option 3, the increased DCI overhead is not desirable due to the limited payload size of compact DCI. Similarly, option 4 potentially restricts the scheduling flexibility, for the high priority data transmission can just be scheduled on the specific CORESET or search space. To sum up, HARQ-ACK codebook for different service types identified by the new RNTI is our preference.
Proposal 1 To determine the priority of the HARQ-ACK codebook, adopt new-RNTI as the PHY indication of HARQ-ACK codebook. 

2.1 Handling of collision between PUCCH and PUSCH with different priorities  
When the resources of uplink control transmission overlap with resources of uplink data transmission relating to different service types, i.e. resources with different priorities are partially or fully overlapped, the following behaviour of handling overlapping resources could be considered:
· Always drop the resources with lower priority.
· Multiplex UCI on PUSCH if some conditions are met, e.g. timeline conditions, otherwise drop the resources with lower priority.
If the resources with lower priority are always dropped, then it may unnecessarily degrade the performance of corresponding scheduling. For example, if carrying eMBB HARQ-ACK codebook just needs a few resources in URLLC PUSCH and the timeline condition of multiplexing UCI on PUSCH is met (i.e. the impact on reliability and latency of URLLC data transmission is negligible), then it is not worth taking extra efforts to retransmit corresponding eMBB TB(s) due to the dropped eMBB HARQ-ACK transmission. Thus, multiplexing UCI on PUSCH while timeline conditions are met is a desirable way to handle the collision between PUCCH and PUSCH with different priorities. Besides, dropping of the resources can be achieved by configuring an extended beta offset value (e.g. beta offset value =0).
Proposal 2 [bookmark: _Toc4685924][bookmark: _Hlk861241]When PUCCH resources and PUSCH resources with different priorities overlap, multiplex UCI on PUSCH if timeline conditions are met, otherwise drop the resources with lower priority by configuring an extended beta offset value (e.g. beta offset value = 0).  
Handling of collision between more than one non-overlapping PUCCH resources with HARQ-ACK information and one PUSCH resource
Since more than one HARQ-ACK codebook can be transmitted within one slot, the collision between more than one non-overlapping PUCCH resources with HARQ-ACK and one PUSCH resource is possible. If all of UCI with different priorities can be multiplexed on the same PUSCH resource, beta offset factors for determining occupied resources in the PUSCH should be further studied. Whether to indicate separate beta offset factors or a joint beta offset factor for multiplexing UCI with different priorities on the PUSCH can be both taken into account. 
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Figure 1. collision of multiple PUCCH with different priorities and URLLC PUSCH within a slot
Collision between more than one non-overlapping PUCCH resources with HARQ-ACK         information and one PUSCH resource is a possible case.
Proposal 3 [bookmark: _Toc1054046][bookmark: _Toc4685925]Consider indicating separate beta offset factors or a joint beta offset factor for multiplexing UCI with different priorities on the PUSCH. 
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[bookmark: _Hlk861261]If separate beta offset factors for different service types are indicated, new beta offset indicators or/and new beta offset values for corresponding HARQ-ACK information will be needed. Furthermore, how to schedule the corresponding new beta offset indicators or/and new beta offset values for different service types in DCI format should also be further studied. On the other hand, if a joint beta offset factor is introduced, the corresponding new beta offset values for multiplexing UCI with different service types will need to be studied.
New beta offset indicators or/and new beta offset values should be introduced.
How to provide beta offset indicator for different service types in a DCI format should be further studied.
3 Conclusions
In this contribution, we discussed how to handle the collision between PUCCH resources and PUSCH resources with different priorities.
Based on the discussion in section 2, we have some observations and proposals as follows:
Observation 1 	Collision between more than one non-overlapping PUCCH resources with HARQ-ACK         information and one PUSCH resource is a possible case.
[bookmark: _Toc4685928]Proposal 1	To determine the priority of the HARQ-ACK codebook, adopt new-RNTI as the PHY indication of HARQ-ACK codebook.
Proposal 2	When PUCCH resources and PUSCH resources with different priorities overlap, multiplex UCI on PUSCH if timeline conditions are met, otherwise drop the resources with lower priority by configuring an extended beta offset value (e.g. beta offset value = 0).  
[bookmark: _Toc4685930]Proposal 3	Consider indicating separate beta offset factors or a joint beta offset factor for multiplexing UCI with different priorities on the PUSCH.
[bookmark: _Toc4685931]Proposal 4	New beta offset indicators or/and new beta offset values should be introduced.
Proposal 5	How to provide beta offset indicator for different service types in a DCI format should be further studied.
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