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Introduction
Following the agreement on supporting multiple PUCCHs within a slot (in RAN1 #95bis), in the RAN1 AH 1901 meeting, it was further agreed to support at least two HARQ-ACK codebooks:
	Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC



In this contribution, we discuss the details mechanisms to enable multiple HARQ-ACK codebook within a slot as well as the impacts of enabling such feature on NR Rel-15 mechanisms.
Discussion
[bookmark: _Ref524080280]Enabling more than one HARQ-ACK codebook within a slot
In the RAN1#95 meeting, support of multiple PUCCHs to carry HARQ-ACK feedback within a slot was discussed and agreed. Moreover, it was concluded to discuss how to enable such feature including the timing related aspect of PUCCH transmission e.g. K1 indication and starting symbol within the slot. Furthermore, in the last meeting RAN1 AH 1901 meeting, it was agreed that the multiple HARQ-ACK codebook are intended for different type of services supported by a UE.
In the offline summary [1], 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 to indicate the type of service e.g. first value to indicate URLLC type of traffic and second value to indicate eMBB type of traffic. A type of service could be tied to a K1 granularity. 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:	Consider the following options to indicate finer K1 granularity applicable to downlink assignment:
· Explicit bitfield in the DCI to indicate the type of service being scheduled.
· RNTI
· Search space 

Potential issues of the support of multiple HARQ-ACK
Supporting more than one HARQ-ACK codebooks within a slot leads to additional issues that should be considered. The first issue is that in case of overlapping transmissions, the UE in some cases cannot transmit more than one PUCCH. For example, in limited power scenario, the UE with its maximum transmit power may not transmit both HARQ-ACK codebooks while satisfying the BLER target of URLLC type of service. This situation can lead to dropping the eMBB HARQ-ACK codebook and consequently, unnecessary retransmissions of eMBB transport blocks can occur. In our view, RAN1 should consider enabling new transmission opportunity in such scenario for eMBB HARQ-ACK codebook. 
 Proposal 4:	Consider enabling new transmission opportunity in case of HARQ-ACK codebook dropping occurs.
Summary and Proposals
In this contribution we present our views on how to support multiple PUCCH transmission 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:	Consider the following options to indicate finer K1 granularity applicable to downlink assignment:
· Explicit bitfield in the DCI to indicate the type of service being scheduled.
· RNTI
· Search space 
Proposal 4:	Consider enabling new transmission opportunity in case of HARQ-ACK codebook dropping occurs.
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