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Background
[bookmark: _GoBack]RAN＃83 meeting approved WID for Rel-16 eURLLC [2] and WID for Rel-16 IIoT [3], respectively. Through the discussions for URLLC during study item phase, multiple PUCCHs for HARQ-ACK within a slot is supported. For Rel-16, at least two HARQ-ACK codebooks can be simultaneously constructed for eMBB and URLLC respectively. In addition, discussions on IIoT study identified necessities of solutions for intra-UE UL prioritization with resource conflict between control information and control information or control information and data [4]. 
In this contribution, we discuss some enhancement for URLLC PUCCH resource allocation, HARQ-ACK timing indication, potential URLLC UCI multiplexing on eMBB PUSCH and issue on UL control/control resource collision.
URLLC PUCCH configuration
For URLLC, more than one PUCCH resources for HARQ-ACK reporting may be configured within a slot. The PUCCH resources for HARQ-ACK feedback of URLLC data should be configured separately from the HARQ-ACK PUCCH resources for eMBB with different set of parameters. 
The PUCCH resource for HARQ-ACK feedback of URLLC data can be configured at subslot level. At least a seven 2-symbol subslot, and a two 7-symbol subslot structure should be specified. Additionally, a 3 and 4 symbol structure can also be considered. One or more PUCCH resources sets can be configured within each subslot with different formats and/or payload ranges. And PUCCH resources may be configured in all subslots or a subset of subslots within a slot, considering the trade-off between the allowed the maximum number of PUCCH transmissions and PUCCH resource overhead. 
The subslot structure can be configured based on latency requirements and SCS settings. And the number of URLLC PUCCH resources for HARQ-ACK feedback can be configured by higher layer signalling based on the SCS settings and subslot configurations.
Proposal 1: HARQ-ACK PUCCH resources for URLLC are allocated in a set of subslots of a configured subslot structure. 

URLLC HARQ-ACK feedback procedures and timing
Since different HARQ-ACK codebooks can be simultaneously constructed for different services, e.g. URLLC and eMBB, it is better to have separate HARQ-ACK feedback procedures for URLLC and eMBB as well. 
For eMBB transmissions, HARQ-ACK resources are configured at slot level, and slot level PDSCH-to-HARQ-timing indicator is used to determine the slot for HARQ-ACK feedback. 
For URLLC transmissions, a sub-slot level PDSCH-to-HARQ-timing indicator should be used to determine a sub-slot within a slot for HARQ-ACK feedback. With multiple PUCCH resource positions in a slot, the earliest configured PUCCH resource satisfying the indicated HARQ-ACK timing should be used. 
To support different service types, some PHY layer indication methods should be specified to differentiate the HARQ-ACK timing between a slot level or subslot level, e.g. service types can be distinguished by different DCI formats, different RNTIs, or by a threshold for the PDSCH duration.
Proposal 2: Separate HARQ-ACK reporting procedures and timing indication granularities are used for eMBB and URLLC. The slot level and subslot level HARQ-ACK timing can be determined by DCI format, RNTI, or PDSCH duration.

URLLC UCI collision handling with eMBB PUSCH
In Rel-15, simultaneous PUCCH and PUSCH transmission is not supported. UCI multiplexing is supported under certain conditions of timing requirements. If timing requirements is not satisfied, it is treated as an error case, and no UE behavior is defined.
For URLLC in Rel-16, if simultaneous PUCCH and PUSCH transmissions is supported, the URLLC PUCCH can be simultaneously transmitted with eMBB PUSCH. Otherwise, URLLC UCI multiplexing on eMBB PUSCH should be considered under certain conditions. 
Some timing requirements should be evaluated to determine whether URLLC UCI multiplexing on an eMBB PUSCH can be support or not, e.g. processing time, HARQ timing indication, delay tolerance etc. If the conditions are satisfied, URLLC UCI can be multiplexed on eMBB PUSCH. The detailed UCI multiplexing methods should then be specified on the location and mapping rules for UCI multiplexing
If the conditions cannot be satisfied, it should not be treated as an error case as in Rel-15, and the UE behaviour should be specified to give higher priority to URLLC traffic. Thus, the URLLC UCI is transmitted on URLLC PUCCH resource, and the overlapping symbols of PUSCH may be punctured or dropped, i.e. a priority-based channel dropping method should be specified. For example, the following priority rule can be applied with URLLC HARQ-ACK and SR > URLLC CSI > eMBB PUSCH.
Therefore, both URLLC UCI multiplexing on eMBB PUSCH and channel priority-based solution should be supported. And the conditions should be specified and evaluated to determine which method is used to transmit URLLC UCI.
Proposal 3: For URLLC UCI reporting, both UCI multiplexing on eMBB PUSCH and priority-based channel dropping should be supported. The conditions for URLLC UCI multiplexing on eMBB PUSCH should be specified. 
UL control/control resource collision
As captured in the IIoT TR [4], RAN2 is to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic. So RAN1 should wait outcome of the RAN2 discussion on this including the case with multiple URLLC services. Even though unified solution for the collision cases envisioned, considering some topics require more time, we could start discussion tasked to RAN1 side namely handling of collision between eMBB PUSCH and HARQ feedback or CSI report for URLLC as in section 4.
Proposal 4: As RAN2 continues discussion how to address resource collision between SR associating to high-priority traffic and uplink data of low-priority traffic, RAN1 should wait outcome of the discussion and focus on the case URLLC UCI and eMBB PUSCH collides.

Conclusion
We discussed aspects of HARQ-ACK feedback on PUCCH for URLLC, and proposed the following:

Proposal 1: HARQ-ACK PUCCH resources for URLLC are allocated in a set of subslots of a configured subslot structure. 
Proposal 2: Separate HARQ-ACK reporting procedures and timing indication granularities are used for eMBB and URLLC. The slot level and subslot level HARQ-ACK timing can be determined by DCI format, RNTI, or PDSCH duration.
Proposal 3: For URLLC UCI reporting, both UCI multiplexing on eMBB PUSCH and priority-based channel dropping should be supported. The conditions for URLLC UCI multiplexing on eMBB PUSCH should be specified. 
Proposal 4: As RAN2 continues discussion how to address resource collision between SR associating to high-priority traffic and uplink data of low-priority traffic, RAN1 should wait outcome of the discussion and focus on the case URLLC UCI and eMBB PUSCH collides.
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