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1 Introduction
In this contribution, we discuss multiplexing of UL HARQ-ACK feedback for DL data. Based on a past RAN1 agreement, the following text has been included in Section 6.2.2 of 3GPP NR TR 36.802 [1]:
From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region.
In LTE, both multiplexing and bundling of multiple HARQ-ACK feedback on UL are supported and selectively applied depending on conditions. In this contribution, we focus on multiplexing of HARQ-ACK feedback on UL and discuss appropriate multiplexing approaches for some HARQ-ACK feedback scenarios such as multiple DL transmissions on a single cell and on CA cells, and multiple CBG (Code Block Group) transmissions.
2 Multiple HARQ-ACK feedback multiplexing
In LTE Rel-8, LTE PUCCH format 1a/1b with channel selection was introduced to support UL HARQ-ACK feedback for multiple DL transmission on a LTE TDD cell. From LTE Rel-10, LTE PUCCH format 3 has been used to support multiple HARQ-ACK feedback for DL transmissions on multiple cells in carrier aggregation and the maximum number of HARQ-ACK bits is limited to 20. Then, from LTE Rel-13, LTE PUCCH formats 4 and 5 can be used to deliver more HARQ-ACK bits for multiple DL transmissions on multiple eCA cells by network configuration.
In NR, it would be beneficial and necessary to streamline the NR PUCCH formats and operations to support multiplexing of HARQ-ACK feedback for multiple DL transmissions. In our companion contributions [2][3], NR PUCCH formats for short and long duration are presented. One of the short PUCCH formats [2] can carry about a few tens HARQ-ACK bits and a short PUCCH of this payload size can support the HARQ-ACK multiplexing in cases of multiple CA cells as well as single cell cases. Long PUCCH formats resembling LTE PUCCH formats 3 or 4 [3] can be exploited to support the HARQ-ACK multiplexing interchangeably depending on the required payload size, configurations of CA cells and DL slots, etc. 
Need for 1~2 bits HARQ-ACK PUCCH format with channel selection should be investigated for its benefits and use cases, in order to decide whether to support the feature in NR as well. In NR, the DL and UL configuration can change more dynamically than in LTE and when to transmit HARQ-ACK feedback is explicitly and dynamically controlled by gNB. Also, both DL and UL symbols can be present in any NR slot unlike LTE TDD in which only a special subframe can have both DL and UL symbols, and this makes easier for gNB to manage timing and aggregation of HARQ-ACK feedback in NR. Due to dynamically changeable nature of NR slot configurations, it needs more investigations on whether semi-static configuration of a PUCCH format to use for multiplexing multiple HARQ-ACK feedback would be well workable.
Proposal 1: case of single CBG per TB 
· Multiplexing HARQ-ACK feedback for multiple DL transmissions onto a single NR PUCCH is supported for both single cell and carrier aggregation cases.  
Proposal 2: NR PUCCH for multiple HARQ-ACK feedback 
· NR PUCCH formats for a few tens UCI bits can be used to multiplex multiple HARQ-ACK feedback.
· FFS: support of 1~2 bits HARQ-ACK PUCCH with channel selection.
· An NR long PUCCH format for a few hundreds UCI bits can be used to multiplex multiple HARQ-ACK feedback in carrier aggregation scenarios without relying on cross-carrier bundling.
· FFS: dynamic vs. semi-static configuration/switching of HARQ-ACK codebook and corresponding PUCCH format.
For cases of multiple CBGs per TB, support of the followings was agreed in the last RAN1#88 meeting. 
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable
Transmission of multiple CBGs per TB adds another dimension to the HARQ-ACK feedback combinations. More complicated encoding and mapping of HARQ-ACK bits onto a PUCCH would be required on top of the support of multiple DL transmissions per cell and the transmissions on multiple CA cells. 
Proposal 3: case of multiple CBGs per TB
· FFS: whether and how to support multiplexing HARQ-ACK feedback for multiple DL transmissions which contains multiple CBGs in a TB of each DL transmission. 
3 Conclusion 

This contribution has addressed support of multiple HARQ-ACK feedback via NR PUCCH. Based on the discussions, the followings are proposed to further progress on the issue:
Proposal 1: case of single CBG per TB 
· Multiplexing HARQ-ACK feedback for multiple DL transmissions onto a single NR PUCCH is supported for both single cell and carrier aggregation cases.  

Proposal 2: NR PUCCH for multiple HARQ-ACK feedback 
· NR PUCCH formats for a few tens UCI bits can be used to multiplex multiple HARQ-ACK feedback.
· FFS: support of 1~2 bits HARQ-ACK PUCCH with channel selection.
· An NR long PUCCH format for a few hundreds UCI bits can be used to multiplex multiple HARQ-ACK feedback in carrier aggregation scenarios without relying on cross-carrier bundling.
· FFS: dynamic vs. semi-static configuration/switching of HARQ-ACK codebook and corresponding PUCCH format.
Proposal 3: case of multiple CBGs per TB
· FFS: whether and how to support multiplexing HARQ-ACK feedback for multiple DL transmissions which contains multiple CBGs in a TB of each DL transmission. 
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