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Introduction
This contribution proposes several enhancements to UCI transmission related to work items on physical layer enhancements for NR URLLC [1] and support for industrial IoT [2] approved at RAN#83. 
Enabling more than one HARQ-ACK codebook within a slot
One of the objectives of the WI on physical layer enhancements for NR URLLC states:
	· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE



Support of multiple PUCCHs to carry HARQ-ACK feedback within a slot was discussed during the Study phase. Issues identified for further study included the timing related aspect of PUCCH transmission (e.g. K1 indication and starting symbol within the slot), how to identify a HARQ-ACK codebook, and applicability to semi-static or dynamic codebook. In RAN1#96, it was further agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
[bookmark: _Ref524080280]In [3], different options were presented regarding the support of PUCCH with finer granularity within a slot. Such solutions can be classified into two categories. First category is to have an explicit indication by, for example, indicating a finer K1 granularity (unit of K1 is half-slot, number of symbols or symbol) or including the starting symbol position in PRI. A second category is to have an implicit indication, for example based on PDSCH starting position and duration in slot (SLIV) or processing time, the UE can interpret the HARQ timing indication differently. 
Explicit approach with finer granularity is a good starting point as it gives the network scheduling flexibility and allows to reuse the NR Rel-15 PRI handling as well as codebook determination. For example, a UE supporting simultaneously eMBB and URLLC services can be configured with two sets of HARQ-ACK timing e.g. eMBB timing in unit of slots and URLLC timing with granularity finer than slot e.g. a number of symbols. The scheduling DCI can explicitly indicate which HARQ timing set the UE should assume i.e. URLLC or eMBB HARQ timing. For the HARQ-ACK codebook determination and PUCCH resource override, the same principle as in R15 can be reused, except that the UE now considers the set of DCIs that result in the transmission of HARQ-ACK in a finer resource than a slot (e.g. slot + sub-slot or starting symbol).  Another possibility could be to introduce a codebook indicator as part of a resource indicated by the PRI. The codebook indicator along with slot indication can then be used to determine how and whether to combine HARQ-ACK feedback in the same codebook. 
Furthermore, the gNB can configure the UE with a PUCCH resource set specific to URLLC when a finer granularity of K1 is used. We thus propose the following:
Proposal 1:	K1 indication with granularity finer than slot should be supported in R16.
Proposal 2:	Support configuration of PUCCH resource set specific to URLLC HARQ-ACK transmission.
In case finer granularity is supported, the UE needs to identify the K1 granularity applicable to a downlink assignment while supporting both type of services in dynamic manner. One option could be to use a new bitfield in the DCI.  Another option could be to configure an RNTI or search space such that DCI scrambled with this RNTI or received within that search space carry a finer K1 granularity indication.  Another possibility could be to rely on the duration of the PDSCH. For all options, the same indication can be used for intra-UE prioritization for PUCCH in case of overlapping transmissions. More specifically, such indication can be used by the UE to determine which transmission to be dropped in case of pre-emption. Furthermore, such information can also be used to set the PUCCH power control parameters depending on the type of service as proposed in our companion contribution [2].
Proposal 3:	Select one of the following options to indicate finer K1 granularity applicable to downlink assignment:
· Explicit bitfield in the DCI 
· RNTI
· Search space 

UL data/control and control/control collisions
One of the objectives of the WI on NR Industrial IoT states:
	· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].



The following issues thus need to be addressed:
1. How to identify the priority of a UCI (or data) transmission
2. How to handle collision between transmissions of different priorities

Priority identification
HARQ-ACK
A DCI scheduling PDSCH can provide a priority level for the corresponding HARQ-ACK. The most straightforward way to achieve this is to introduce a new field for this purpose. This maintains full scheduler flexibility. If overhead is a concern, one could instead implicitly indicate a priority level using RNTI, search space, or an existing field (e.g. PUCCH resource indication, MCS table, timeline parameters).
Proposal 4: 	DCI scheduling PDSCH indicates the priority of corresponding HARQ-ACK. FFS if a new field is introduced.
SR
The priority of SR should naturally depend on the logical channel that triggered the SR. Each logical channel is already configured with a logical channel priority used in MAC, and it would be possible to reuse this parameter in principle. However, the number of priority levels used in MAC (16) is likely well above the number of priority levels required to support service differentiation at the physical layer (possibly only 2). In addition, in case of HARQ-ACK using many priority levels may be a concern from the perspective of DCI overhead. A mapping between the logical channel priority used in MAC and the priority level used at the physical layer would then be required. A natural way to achieve this is to explicitly configure (by RRC) the priority of a SR transmission at physical layer, as part of the SR resource configuration. Such SR resource configuration is linked to a logical channel through the scheduling request identity parameter.
Proposal 5: 	RRC configures priority of SR for each SR resource configuration.
PUSCH
To address prioritization between SR or HARQ-ACK and PUSCH one also needs to assign a priority to a PUSCH transmission. For the priority of PUSCH, one could consider two options:
1) Based on priorities of logical channels from which data is included in PUSCH;
2) DCI scheduling PUSCH indicates priority (for dynamic grant), or RRC indicates priority (for configured grant type 1). 
The first option would likely require a mapping between the logical channel priorities used in MAC and the priority levels used at physical layer for the reason explained in previous paragraph. It would also imply that the physical layer handles prioritization based on the outcome of MAC LCP procedure.
The second option could use, for dynamic grants, an indication mechanism similar to what is eventually adopted for the case of HARQ-ACK (implicit or explicit). One potential concern is that the priority of the included data is lower than the priority indicated by the DCI. However, this should not happen frequently in practice since the network typically would provide a high-priority grant in response to a scheduling request indicating that high-priority data is available. In the case of configured grant type 1, the network can configure a logical channel restriction to prevent use of such grant by low-priority data.
Given the above, the second option is preferred.
Proposal 6: 	DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.
Proposal 7: 	RRC configures priority of PUSCH in the case of configured grant type 1.
CSI
A specific CSI report transmission is not critical to achieve high reliability and latency. A CSI transmission should not be prioritized over SR, HARQ or PUSCH even if it is intended to support URLLC. However, in case two CSI reports of the same type would collide such that only one can be transmitted, one could prioritize the one corresponding to the CSI configuration with the lowest target BLER.
Collision handling
When there is a collision between transmissions of equal priority, the R15 multiplexing and prioritization rules should generally apply.
When there is a collision between a transmission of lower priority and a transmission of higher priority, the following handlings could be possible:
· Drop (or puncture) the transmission with lower priority
· Combine (multiplex) both transmissions, possibly allocating more resources to transmissions of higher priority (through e.g. different beta factors). For example:
· Multiplex SR (or HARQ-ACK) over PUSCH
· Multiplex two HARQ-ACK codebooks into single PUCCH
· Multiplex SR and HARQ-ACK into single PUCCH
The benefit of multiplexing is that it allows successful transmission of the low priority transmission. On the other hand, it may not feasible in all cases. One reason is that the processing time for multiplexing may be insufficient if the transmission of higher priority is known to occur shortly before (or after) the starting time of the transmission of lower priority. For example, the UE may receive a dynamic assignment for a (high priority) PDSCH just before a (low priority) PUSCH transmission. Another reason is that the required transmissions latencies may be incompatible. For example, multiplexing high-priority HARQ-ACK (or SR) over a long duration PUSCH may result in unacceptable latency for HARQ-ACK or SR. If multiplexing is not possible, the UE should drop the transmission of lower priority. 
Therefore, assuming that the UE has sufficient processing time (FFS), the following is proposed:
Proposal 8: 	HARQ-ACK is multiplexed on PUSCH of equal or lower priority with PUSCH duration less than x symbols, otherwise PUSCH is dropped. Value of x is FFS.
Proposal 9: 	SR is multiplexed on PUSCH of lower priority with PUSCH duration less than y symbols, otherwise PUSCH is dropped. Value of y is FFS.



Summary and Proposals
In this contribution we present our views on how to support multiple PUCCH transmissions within one slot for HARQ-ACK feedback, and on how to address UL data/control and control/control resource collision. 
For the support of multiple PUCCH transmissions within one slot for HARQ-ACK feedback, the following is proposed:
Proposal 1:	K1 indication with granularity finer than slot should be supported in R16.
Proposal 2:	Support configuration of PUCCH resource set specific to URLLC HARQ-ACK transmission.
Proposal 3:	Select one of the following options to indicate finer K1 granularity applicable to downlink assignment:
· Explicit bitfield in the DCI 
· RNTI
· Search space 

For UL data/control and control/control resource collision, the following is proposed:
Proposal 4: 	DCI scheduling PDSCH indicates the priority of corresponding HARQ-ACK. FFS if a new field is introduced.
Proposal 5: 	RRC configures priority of SR for each SR resource configuration.
Proposal 6: 	DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.
Proposal 7: 	RRC configures priority of PUSCH in the case of configured grant type 1.
Proposal 8: 	HARQ-ACK is multiplexed on PUSCH of equal or lower priority with PUSCH duration less than x symbols, otherwise PUSCH is dropped. Value of x is FFS.
Proposal 9: 	SR is multiplexed on PUSCH of lower priority with PUSCH duration less than y symbols, otherwise PUSCH is dropped. Value of y is FFS.
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