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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.
In this contribution, we discuss HARQ-ACK multiplexing and HARQ-ACK bundling for NR.

2 HARQ-ACK multiplexing
In the RAN1#88bis meeting, supporting HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers was agreed. For the case of CBG-based re-transmission, there is no reason to not support HARQ-ACK multiplexing. The motivation CBG-based re-transmission is improving spectrum efficiency for large TB or URLLC preemption case. The spectrum efficiency gain and necessity still holds when configured with one or more carriers or scheduled with multiple PDSCHs. Therefore, HARQ-ACK multiplexing for multiple PDSCHs with multiple CBGs of one or more carriers should be supported, especially when the total number of feedback bit does not exceed the UCI payload. Besides, NR should strive for common mechanisms for HARQ-ACK multiplexing for all kinds of cases, such as TB-based and CBG-based HARQ operations, single-PDSCH and multiple-PDSCH operations and single-carrier and multiple-carrier operations
Proposal 1: The HARQ-ACK multiplexing within a UCI should support 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 adaptation was supported for HARQ-ACK multiplexing. Semi-static HARQ-ACK codebook can be used because the DL/UL configuration and HARQ timing are fixed for each TDD configuration. Comparing to semi-static HARQ-ACK codebook, dynamic HARQ-ACK codebook adaptation can avoid unnecessary feedback cost. Especially, DAI mechanism (counter DAI and total DAI) is used to enable UEs to notice miss scheduling DCI(s) with sufficient reliability. 
NR may not have fixed HARQ-ACK bundling window since flexible and dynamic HARQ-ACK timing indication are introduced. Based on this point, NR should at least support dynamic HARQ-ACK codebook adaptations. It has been agreed that HARQ-ACK timing can be dynamically indicated based on the timing set configured by high layer signaling and at most 16 cells in NR CA. Therefore, the associated set (PDSCHs in different slots or carriers) should be defined dynamically to reduce the HARQ-ACK payload and guarantee resource utilization. Regarding how to define the associated set, the concept of bundling window in LTE could be considered as a starting point. 

Besides, CBG-based HARQ-ACK feedback is introduced in NR to improve spectrum efficiency. However the number of CBG(s) of a TB may vary since TBS (MCS and scheduled RB) changes dynamically. To avoid misunderstanding on codebook size between gNB and UE due to DTX, the number of HARQ ACK bits for a TB can be equal to a value configured by higher layer signaling. More detailed discussion can refer to [2].
Proposal 2: Dynamic HARQ-ACK codebook adaptations for NR should be supported, following aspects need to be considered:
· The concept of bundling window in LTE could be considered as a starting point.
· For HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers, the number of HARQ ACK bits for a TB can be equal to a value configured by higher layer signaling.
3 HARQ-ACK bundling
HARQ-ACK bundling with binary “AND” operation of multiple HARQ-ACK bits can reduce the number of feedback bit for UEs. It is an efficient way to improve the coverage and capacity of UL control, especially for cell-edge UEs.

One disadvantage of HARQ-ACK bundling is the spectrum efficiency loss since the result of “AND” operation is NACK and all the data packets need to be retransmitted even if only 1 HARQ-ACK bit is NACK. Therefore, when HARQ-ACK bundling is discussed, correlation of the data packet or channel quality should be considered, i.e., bundling across data which suffers channel of high correlation is a better choice.
Based on proposal 1, multiple HARQ-ACK bits within a UCI can come from

· Multiple CBGs of a TB
· Multiple TBs/codewords within a PDSCH

· Multiple TBs of different PDSCHs in time domain

· Multiple TBs of different component carriers
Accordingly, there are following four HARQ-ACK bundling modes.
1) Bundling of HARQ-ACK across CBGs of a TB
Although multiple bit feedback per TB was agreed, obviously, bundling of HARQ-ACK across CBGs should be supported in NR. Firstly, bundling of HARQ-ACK across CBGs is equivalent to TB level feedback (1bit per TB), which is a baseline and has been agreed. Secondly, correlation of channel quality each CBG suffers is high since they are within a same TTI and same bandwidth except for the case with URLLC preemption.
2) Bundling of HARQ-ACK across multiple TBs/codewords within a PDSCH
Current agreement states that NR would support 1 codeword up to 4 layers, and 2 codewords for the case above 4 layers. This implies that UEs are able to transmit 2 codewords with MIMO simultaneously. Although the channel quality of different layers maybe different, from the perspective of UCI payload limitation (e.g., 1 or 2 bits for format 1 or 20 bits for format 3 of LTE case) or coverage consideration, spatial bundling of HARQ-ACK should be supported similarly to LTE. When spatial HARQ-ACK bundling is used for 2 codewords with more than 4 layers, the PUCCH overhead is equivalent to 1 codeword for above 4 layers
3) Bundling of HARQ-ACK across multiple TBs of different PDSCHs in time domain
Considering different TDD DL/UL resource partition patterns and dynamic TDD operation, HARQ-ACK bits of multiple TBs from different downlink transmissions can be transmitted in the same uplink transmission. Usually, the channel correlation of consecutive slots is high because the channel does not fluctuate greatly when Doppler effect is not too high. Besides, the TDD DL/UL resource partition can be cell-specific and thus UE in coverage limited scenarios is a common case in TDD system. For cell-edge UEs or the case UCI payload is limited, performing a logical AND operation per codeword across multiple downlink transmissions could be considered.
4) Bundling of HARQ-ACK across multiple TBs of different component carriers
From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16 in NR. In certain scenarios, the number of CCs in uplink is asymmetric with downlink. Therefore, there may be cases where HARQ-ACK bits from multiple CCs are transmitted in the same uplink transmission. However, comparing to above other cases, the channel correlation of different CCs is lowest. With the same consideration that it is not supported in LTE, no need for enhancement in NR. Therefore, HARQ-ACK bundling of TBs from multiple component carriers is supported in NR if obvious gain is identified.

Based on the above observations, we have the following proposals:
Proposal 3: The HARQ-ACK bundling should support the following cases

· HARQ-ACK bundling of multiple CBGs of a TB.

· Spatial HARQ-ACK bundling of 2 codewords within a PDSCH.

· HARQ-ACK bundling per codeword across multiple downlink transmissions within a CC.

Proposal 4: NR does not support HARQ-ACK bundling of TBs from multiple CC. 

There are two ways to trigger HARQ-ACK bundling. The first one is implicit or automatic approach. Considering aggregated HARQ-ACK feedback of multiple TBs and other UCI types (e.g., SR/RI(CRI)/PMI/CQI/BMI) in single UCI, the total payload may exceed the maximum payload size limitation of UCI (e.g., 1 or 2 bits for format 1 or 20 bits for format 3 of LTE case). For this case, similar to spatial bundling in LTE, automatically triggering HARQ-ACK bundling is a good choice. It would not cause inconsistency because the number of HARQ-ACK bits is known for both transmitter and receiver through DAI mechanism or semi-static codebook. Especially, considering the channel correlation, the priority can be “Bundling of HARQ-ACK across CBGs > Bundling of HARQ-ACK in spatial domain > Bundling of HARQ-ACK in temporal domain”. 
Another approach is explicit configuration through semi-static signal. In LTE, HARQ-ACK bundling is configured with tdd-AckNackFeedbackMode in PUCCH-ConfigDedicated. Therefore, from the perspective of flexibility, higher layer configuration of HARQ-ACK feedback modes can also be supported. 
Proposal 5: HARQ-ACK bundling can be configured semi-statically and/or applied automatically.
4 Conclusions
In this contribution we discussed the HARQ-ACK multiplexing and HARQ-ACK bundling aspects for NR. According to the above discussions, we have the following proposals:
Proposal 1: The HARQ-ACK multiplexing within a UCI should support 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 supported, following aspects need to be considered:
· The concept of bundling window in LTE could be considered as a starting point.
· For HARQ-ACK multiplexing across more than 2 TBs from different PDSCHs and/or different carriers, the number of HARQ ACK bits for a TB can be equal to a value configured by higher layer signaling.
Proposal 3: The HARQ-ACK bundling should support the following cases

· HARQ-ACK bundling of multiple CBGs of a TB.

· Spatial HARQ-ACK bundling of 2 codewords within a PDSCH.

· HARQ-ACK bundling per codeword across multiple downlink transmissions within a CC.

Proposal 4: NR does not support HARQ-ACK bundling of TBs from multiple CC. 

Proposal 5: HARQ-ACK bundling can be configured semi-statically and/or applied automatically.
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