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1 Introduction

In the RAN1#88bis meeting, the following agreements related to HARQ-ACK feedback and PUCCH was achieved [1]:

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
In the RAN1#88 meeting, the following agreements related to CA and DC was achieved [2]:
Agreements:
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
In the RAN1#86bis meeting, the following agreements related to HARQ-ACK timing was achieved [3]:
Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

In this contribution, HARQ-ACK multiplexing for one more PDSCHs on one UCI, and transmission of the multiplexed UCI over PUCCH(s) or PUSCH(s) are discussed.
2  Discussion
For multiplexing of HARQ-ACK in LTE, the HARQ-ACK bit is TB level, one or two TBs in a PDSCH is considered in fromat1a/1b with channel selection, and in format3, format4 and format5, the multiplexing could be in time domain or frequency domain, or by spatially bundling. HARQ timing is fixed. In NR, there are many new techniques introduced, such as CBG-based HARQ ACK feedback, dynamic HARQ timing, and so on. Based on these new techniques, the general content of HARQ-ACK multiplexing is discussed in section 2.1, and then the consideration on how to multiplex multiple HARQ-ACK feedback on PUCCH(s) and/or PUSCH(s) is shown in section 2.2.
2.1 Content of HARQ-ACK multiplexing
In LTE, PUCCH format1a/1b with channel selection is used for multiplexing of HARQ-ACK feedback from two cells in FDD, or multiple DL PDSCH(s) in one cell in TDD. PUCCH format3 is introduced for multiplexing of HARQ-ACK feedback with 20 bits for at most five serving cells. Format4 and format5 are introduced for multiplexing of HARQ-ACK feedback in massive CA case. 
In NR, there are multiple slot types, the slot type could be dynamic configured by gNB, the changing of slot could be like in LTE TDD. HARQ timing is indicated by combination of higher layers and dynamic L1 signaling, this flexible HARQ timing leads to more cases that there are different transmission opportunities between UL/DL. This leads to the issue that the HARQ-ACK feedback from PDSCHs in slot(s) or min slot(s) needs to be transmitted in the same slot. Two ways could be used to solve this issue, the first one is HARQ ACK bits are transmitted by different PUCCH channels, but it will generate PUCCH overhead, the second one is to multiplex HARQ-ACK feedback bits in one UCI. Moreover, CBG-based HARQ-ACK feedback is used in NR. When there is one or more CBGs in a TB, multiplexed HARQ-ACK bits within a UCI can be TB level or CBG level. Thus, based on the agreement on HARQ ACK feedback in RAN1#88bis, it could be observed that the multiplexed HARQ-ACK bits within a UCI can come from following content:
· CBG(s) of a TB

· TBs/codewords within a PDSCH

· TB(s) or CBG(s) of different PDSCHs in time domain including slot and mini-slot
· TB(s) or CBG(s) of different component carriers

In LTE, the types of UCI included the HARQ-ACK, SR (scheduling request) and CSI (CQI/PMI/RI). The payload sizes of HARQ-ACK were designed to satisfy the requirement of LTE and are summarized in Table 1. 

Table1. The payload sizes of UCI types in LTE
	UCI types
	Number of UCI bits (O)
	Use cases

	HARQ ACK/NACK
	O = 1 or 2
	HARQ A/N for single CC

	
	1 ≤ O ≤ 20
	HARQ A/N for multiple CCs (up to 5 CCs)

	
	1 ≤ O ≤ 64
	HARQ A/N for multiple CCs (up to 32 CCs)


If there are n CBGs in a TB, the CA number is 16, and two TBs are in a PDSCH, the possible HARQ ACK bits is 32*n, and if multiplexing in time domain is also considered, the maximum HARQ bits could be 64*n, obviously the maximum HARQ-ACK bits in NR is about hundreds of bits.
Proposal 1: The HARQ-ACK multiplexing within a UCI should consider the following cases:

· CBG(s) in TB

· TB(s)/codeword(s) within a PDSCH

· TB(s)/CBG(s) of different PDSCHs in time domain including slot and mini-slot

· TB(s)/CBG(s) in multiple component carriers

In LTE, dynamic and semi-static HARQ-ACK codebook determination was supported for HARQ-ACK multiplexing. Especially, DAI mechanism (counter DAI and total DAI) is used to ensure UEs to notice miss detection of scheduling DCI(s) with sufficient reliability. In NR, as in [4], dynamic HARQ-ACK codebook adaptations based on DAI could be reconsidered to avoid unnecessary feedback cost. The overhead for counter DAI and total DAI is associated to the carrier number and the number of multiplexed slots or mini slot, of which the details could be studied further.
Proposal 2: Dynamic HARQ-ACK codebook adaptations for NR should be studied.
2.2 Multiplexing HARQ-ACK transmitted on PUCCH(s) or PUSCH(s) 
On PUCCH

In NR, the PUCCH channel could be short-duration with 1-2os or long duration with 4-14os, and UCI carried by long duration PUCCH could be sent over multiple slots. Moreover, the short PUCCH and long PUCCH could carry UCI with 1-2 bit or more bits, such as hundreds of bits. Thus, the capacity of PUCCH channel carrying multiplexed HARQ-ACK is various. For example, for UE with few traffic, the bits multiplexed is semi-static, and the HARQ-ACK bits could be sent on the long or short PUCCH channel with small payloads. Considering that slot type can be dynamically changed, there may be dynamically transmitted PDSCH, the HARQ ACK feedback needs to be dynamic. Then the multiplexing of HARQ ACK will be dynamically applied.

Proposal 3: The multiplexing of HARQ-ACK could be applied to UE by semi-static way and/or dynamic way, with FFS on how to determine which way to apply.
On PUSCH 
In LTE, UCI could be multiplexed on PUSCH. There are two types multiplexing method, one is there is only UCI on PUSCH, another one is there are UCI and data on PUSCH. In NR, both CP-OFDM waveform and DFT-s-OFDM waveform are supported for uplink PUSCH transmission, at least for DFT-s-OFDM, the UCI consisted by HARQ-ACK bits could be transmitted on PUSCH, if UCI exceed the capacity of PUCCH. As in [5], multiplexed HARQ-ACK on PUSCH could be arranged near DMRS as in LTE. Considering the potential increasing of HARQ-ACK bits in NR, following the data puncturing operation in LTE may lead to a serve data performance loss. For larger HARQ-ACK payload, rate matching similar to can be considered, some other mechanism might be considered to deal with the case of UE missing the scheduling assignment while gNB is expecting one.
Proposal 4: For one UCI with multiplexed HARQ-ACK bits on PUSCH, whether to adopt puncturing for HARQ-ACK should be further studied.
3 Conclusion
The contribution mainly discusses the multiplexing of multiple HAQR-ACK feedback, we have the following proposals.
Proposal 1: The HARQ-ACK multiplexing within a UCI should consider the following cases:

· CBG(s) in TB

· TB(s)/codeword(s) within a PDSCH

· TB(s)/CBG(s) of different PDSCHs in time domain including slot and mini-slot

· TB(s)/CBG(s) in multiple component carriers

Proposal 2: Dynamic HARQ-ACK codebook adaptations for NR should be studied.
Proposal 3: The multiplexing of HARQ-ACK could be applied to UE by semi-static way and/or dynamic way, with FFS on how to determine which way to apply.
Proposal 4: For one UCI with multiplexed HARQ-ACK bits on PUSCH, whether to adopt puncturing for HARQ-ACK should be further studied.
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