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1. Introduction

In this contribution, we discuss on potential HARQ-ACK feedback methods for NR based on HARQ-ACK bundling, HARQ-ACK multiplexing, and HARQ-ACK polling. 
2. Discussion

2.1. HARQ-ACK bundling

Regarding HARQ-ACK bundling, there could be two reasons to apply HARQ-ACK bundling in NR situation. One of the reasons can be UL coverage limitation, and the other can be UCI payload (or coding rate) limitation due to variation of PUCCH duration across slots. 
In case of UL coverage limitation, in order to increase PUCCH power per HARQ-ACK bit or to decrease coding rate of HARQ-ACK payload, multiple HARQ-ACK bits are to be always bundled in spatial domain and/or time domain and/or CBG domain. Especially, in case when CBG based retransmission is configured, it can be considered to apply HARQ-ACK bundling across slots for each CBG index (similarly with time domain bundling per CW in LTE). For the HARQ-ACK bundling in time domain, counter-DAI signalling can be used by considering performance loss due to potential DL grant missing. In case of CA, bundled HARQ-ACK per CC can be multiplexed across CCs and transmitted on a same PUCCH.
More specifically, following options can be considered as the candidates of the detailed HARQ-ACK bundling scheme. In the followings, for easy explanation, it is assumed that UE is configured with 2 TBs per PDSCH, 4 CBGs per TB, and 3 slots per bundling window. 
1) Opt 1: inter-CBG bundling within a TB (i.e. inter-CBG bundling)
In this case, the HARQ-ACKs corresponding to multiple CBGs belonging to a same TB are bundled, and correspondingly, the number of (bundled) HARQ-ACK bits per PDSCH and per bundling window can be 2 and 6 (= 2 x 3), respectively. 
2) Opt 2: inter-TB bundling per CBG index (i.e. inter-TB bundling)
In this case, the HARQ-ACKs corresponding to a same CBG index across multiple TBs are bundled, and correspondingly, the number of (bundled) HARQ-ACK bits per PDSCH and per bundling window can be 4 and 12 (= 4 x 3), respectively. 

3) Opt 3: inter-CBG bundling + inter TB bundling

In this case, the HARQ-ACKs corresponding to all CBG index across multiple TBs are bundled, and correspondingly, the number of (bundled) HARQ-ACK bits per PDSCH and per bundling window can be 1 and 3 (= 1 x 3), respectively. 

4) Opt 4: inter-slot bundling

In this case, the HARQ-ACKs corresponding to a same CBG index in a same TB index are bundled across multiple slots, and the number of (bundled) HARQ-ACK bits per bundling window can be 8. This option can be combined with other option in the above, for example, the number of (bundled) HARQ-ACK bits can be 2 and 4 in case combined with Opt 1 and Opt 2, respectively. 
In case that UCI payload size is limited just due to the reduced PUCCH duration (without coverage limitation), it could be desirable that multiple HARQ-ACK bits are gradually bundled in order to minimize DL data throughput loss. For example, spatial domain bundling (or bundling across CBGs per TB) is firstly applied, and time domain bundling is additionally applied in case when the adjusted UCI payload size still exceeds the maximum payload size supportable by a given PUCCH resource even after applying spatial domain bundling. 
More specifically, following options can be considered for the above HARQ-ACK bundling in gradual manner.
1) Opt 1: inter-CBG bundling ( inter-TB bundling ( inter-slot bundling
In this case, inter-CBG bundling is applied first, and then inter-TB bundling and inter-slot bundling is additionally/sequentially applied if UCI payload size after the bundling in the previous step still excessive. In each step, HARQ-ACK bundling can be either entirely or gradually applied in time and/or CC domain. For example, the order to apply inter-CBG bundling in the first step can be either {all the slots in CC#1} ( {all the slots in CC#2} (… , or {slot#1 in CC#1} ( {slot#2 in CC#1} (… {slot#1 in CC#2} ( {slot#2 in CC#2}(… .
2) Opt 2: inter-TB bundling ( inter-CBG bundling ( inter-slot bundling
In this case, inter-TB bundling is applied first, and then inter-CBG bundling and inter-slot bundling is additionally/sequentially applied if UCI payload size after the bundling in the previous step still excessive. Similarly with the above, HARQ-ACK bundling in each step can be either entirely or gradually applied in time and/or CC domain. 
Proposal 1: HARQ-ACK bundling (within slot and/or across slots) can be considered for both UL coverage limitation and PUCCH payload limitation.
Furthermore, as another approach to consider the reduced PUCCH duration, increasing the number of coded bits per RE on PUCCH can be considered by using higher order modulation (e.g. 16-QAM) for the UCI on PUCCH. It may be beneficial in terms of not only avoiding HARQ-ACK bundling causing DL throughput loss but also reducing CSI dropping in case when HARQ-ACK and CSI are transmitted together on a single PUCCH.
2.2. HARQ-ACK multiplexing

Regarding HARQ-ACK multiplexing in NR, similarly in LTE eCA, it is required to support both semi-static codebook and dynamic codebook with consideration of UL control resource efficiency. Compared to LTE, two factors need to be additionally considered: 1) configuration of CBG based operation per CC, and 2) different slot (TTI) length (by different numerology) per CC. 
· Semi-static HARQ-ACK codebook

In case of semi-static HARQ-ACK codebook, HARQ-ACK payload (size) can be determined based on the configured number of CCs, the configured number of CBGs per CC, and the bundling window associated with configured HARQ-ACK timing set. In this case, time duration of bundling window could be different between the CCs with different TTI length, and to handle this, following options can be considered.

1) Opt 1: separate PUCCH per TTI length

With this option, the CCs with same TTI length are grouped to a CG, and then, HARQ-ACKs for the CCs within a CG are multiplexed and transmitted on PUCCH in the same CG. In this case, HARQ-ACKs for a single bundling window can be transmitted on a PUCCH in each CG while UE is required to transmit multiple PUCCHs in certain timing.

2) Opt 2: one PUCCH for multiple TTI lengths

With this option, HARQ-ACKs for all the aggregated CCs are multiplexed and transmitted on a single PUCCH. In this case, HARQ-ACKs for multiple bundling windows or for subset of bundling window can be transmitted on a PUCCH according to the relationship between the TTI length of DL data transmitting CC and the TTI length of PUCCH transmitting CC. 
Moreover, even in case with semi-static HARQ-ACK codebook, it may be necessary to possibly reduce HARQ-ACK payload size by considering variation of the PUCCH duration. For this, it can be considered to apply gradual HARQ-ACK bundling (as in the above), restriction of scheduled CCs/slots (only in some cases), or HARQ-ACK reduction on PUSCH by indicating DL scheduling status via UL grant. Furthermore (not due to the limited PUCCH duration), considering the UEs not requiring DL heavy traffic, it could be considered for the UEs to configure to be scheduled in at most one slot per bundling window in order to reduce unnecessary UCI overhead. In addition, location of the scheduled slot within bundling window could be flexible (and could be different between CCs) from gNB perspective by using dynamic HARQ timing indication (even without DAI signalling in DCI). 
Proposal 2: Semi-static codebook is to be supported for HARQ-ACK multiplexing with consideration of different TTI length (and different bundling window) per CC.
· Dynamic HARQ-ACK codebook

In case of dynamic HARQ-ACK codebook, following four approaches can be considered according to whether/how to group the CCs with same TTI length or the CCs with CBG configuration. 

1) Approach 1: no CC grouping (DAI signalling across all the CCs)
With this approach, counter/total-DAI signalling is done across all aggregated CCs without CC grouping, and for the DAI signalling in this case, counter/total value can be counted either in TB-level or in CBG level. In the former case, UCI overhead could relatively be increased by considering HARQ-ACK size per CC as the configured maximum number of CBGs while DCI overhead could be increased in the latter case to avoid DAI ambiguity due to DL grant missing. Alternatively, it could be considered to only apply counter-DAI signalling across CCs without total-DAI signalling, by configuring the maximum UCI payload size (and the corresponding UCI coding/rate-matching) per PUCCH resource. Based on this, HARQ-ACK payload size can be determined by the PUCCH resource indicated by ARI via DCI, and the HARQ-ACK bits can be mapped based on the order of counter-DAI value. 
2) Approach 2: grouping the CCs with CBG configuration 
With this approach, the CCs with CBG configuration (according to whether CBG based operation is configured or not) are grouped, and DAI signalling is done per CG. Specifically, TB-level counter/total value can be used in both two CGs, or TB-level DAI, CBG-level DAI can be used in the CG with TB operation, the CG with CBG operation, respectively. On top of DAI per CG, signalling of total-DAI corresponding to other CG can be considered to avoid HARQ-ACK payload ambiguity due to potential DL grant missing. In this case, the HARQ-ACK corresponding to each CG can be transmitted on separate PUCCH in each CG, or all the HARQ-ACKs for two CGs can be multiplexed and transmitted on a single PUCCH.
3) Approach 3: grouping the CCs with same TTI length
With this approach, the CCs with same TTI length are grouped, and DAI signalling is done per CG. In this case, the counter/total-DAI signalling in the above Approach 1 can be similarly applied, and the HARQ-ACK corresponding to each CG can be transmitted on separate PUCCH in each CG. 
4) Approach 4: grouping the CCs with same TTI length and CBG configuration
With this approach, the CCs with same TTI length and same CBG configuration (according to whether CBG based operation is configured or not) are grouped, and counter/total-DAI is signalled per CG. In this case, the HARQ-ACK corresponding to each CG can be transmitted on separate PUCCH in each CG, or the HARQ-ACK with same TTI length or the HARQ-ACK with same CBG configuration can be multiplexed and transmitted on a same PUCCH. 
5) Approach 5: based on slot level counter-DAI only

With this approach, only counter-DAI signalling is applied in slot level where the counter-DAI value is increased across slots. For example, assuming 2 CCs (CC#1/2) for the UE and 4 slots (slot #1/2/3/4) within a bundling window, if CC#1 and CC#2 are scheduled in slot #1 and CC#1 is scheduled in slot #3, the slot level counter-DAI values for PDSCH in {CC#1 in slot#1}, {CC#2 in slot#1}, {CC#1 in slot #3} can be set as 1, 1, 2, respectively. In this case, HARQ-ACK payload (size) for one slot can be composed based on the configured number of CCs/TBs/CBGs (in semi-static codebook manner), and total HARQ-ACK payload size per bundling window can be determined according to the last counter-DAI value (in dynamic codebook manner). Besides, the maximum UCI payload size (and the corresponding UCI coding/rate-matching) can be configured per each of ARI PUCCH resource set also in this case. 
Regarding some cases in the above, it is necessary to support DAI signalling across the CCs with different TTI lengths, and the following options can be considered. 
1) Opt 1: DAI signalling based on short TTI

With this option, for example, assuming that one TTI of CC1 and CC3 is the same with two TTIs of CC2, DAI counting order can be CC1 ( CC2 ( CC3 ( CC2 ( CC1 ( CC2 ( CC3 ( CC2 ( …
2) Opt 2: DAI signalling based on long TTI

With this option, for example, assuming that one TTI of CC1 and CC3 is the same with two TTIs of CC2, DAI counting order can be CC1 ( CC2 ( CC2 ( CC3 ( CC1 ( CC2 ( CC2 ( CC3 ( …

Moreover, on top of the above approaches, it can be considered to configure HARQ-ACK codebook independently per CG (e.g. semi-static codebook for CG1, dynamic codebook for CG2). Furthermore, it can also be considered that DL scheduling status (e.g. whether at least one CC is scheduled or not) per CG is reported by the UE.
Proposal 3: Dynamic codebook is to be supported for HARQ-ACK multiplexing with consideration of DAI signalling and PUCCH transmission across multiple CCs with different TTI length and/or different CBG configuration.
2.3. HARQ-ACK polling

In terms of HARQ latency reduction, it would be desirable to transmit HARQ-ACK feedback with minimum delay from DL data reception as UE processing capability allows. However, if the UE is served with DL traffic type not requiring low latency, it can be considered to transmit aggregated HARQ-ACK for multiple DL data reception by using single UL channel (e.g. PUCCH) at a cost of latency. If the latency requirement is satisfied, aggregated HARQ-ACK feedback would support more efficient HARQ operation for NR, by minimizing the use of time/frequency resource for the corresponding UL channel (e.g. PUCCH) transmission.

As one of possible aggregated HARQ-ACK feedback methods, it can be considered for NR to introduce HARQ-ACK feedback transmission based on HARQ-ACK polling by gNB. For example, for the purpose of receiving aggregated multiple HARQ-ACKs through a single slot, gNB can instruct a UE not to transmit HARQ-ACK feedback immediately for certain multiple DL data receptions. After then, gNB can poll the UE to report the aggregated HARQ-ACK feedbacks on the multiple DL data receptions at certain timing as shown in Figure 1. Note here that the HARQ-ACK polling from gNB can be indicated by a dynamic signalling such as scheduling DCI (e.g. DL assignment or UL grant) or special DCI dedicated for the HARQ-ACK polling. 
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Figure 1: Polling based HARQ-ACK feedback
For the polling based HARQ-ACK feedback in NR, it needs to be considered how UE can determine which DL data receptions (or DL data slots) are to be targets of HARQ-ACK polling. As a simple solution, gNB can send the dynamic signalling (e.g. DCI) for HARQ-ACK polling with indication of the time window for DL data receptions which are to be targets of HARQ-ACK polling. However, considering that NR system needs to provide flexible DL/UL configuration where DL data or UL data can be dynamically assigned for each slot, the number of actual DL data receptions within the time window (i.e., amount of HARQ-ACKs for actual DL data reception) could be small compared to the number of slots within the time window (i.e., HARQ-ACK codebook size on PUCCH). Since HARQ-ACK payload size on PUCCH may be determined (with semi-static manner) by assuming full DL data receptions in the time window, HARQ-ACK polling based on the time window would be inefficient.

To resolve this, it can be considered to use downlink assignment index (DAI) for determining DL data receptions (or DL data slots) for HARQ-ACK polling. For example, gNB can send the HARQ-ACK polling DCI with indication of the last DAI of DL data receptions which are targets of HARQ-ACK polling. Then, the UE receiving the HARQ-ACK polling DCI can aggregate HARQ-ACK for multiple DL data based on the order of DAI values for up to the indicated last DAI value. More specifically, if the last DAI value indicates N, then the UE can aggregate HARQ-ACK from 1-th scheduled DL data to N-th scheduled DL data based on DAI value. As another approach, HARQ process ID based HARQ-ACK polling can also be considered. For example, gNB can indicate HARQ-ACK polling for a group of HARQ process ID which can be configured via higher layer signalling. Then, UE can aggregate HARQ-ACK corresponding to the indicated HARQ process ID group and report it to the gNB. Figure 2 depicts time window based HARQ-ACK polling, DAI based HARQ-ACK polling, and HARQ process ID based HARQ-ACK polling when the size of time window is set to 4 slots and 2 bits DAI field indicates scheduling order of each DL data slot and HARQ process ID group of {0, 1, 2, 3} is polled, respectively.
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Figure 2: Example of HARQ-ACK polling schemes
Proposal 4: Polling based aggregated HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization in NR.
3. Conclusion
In this contribution, we discussed on the potential HARQ-ACK feedback methods based on bundling, multiplexing, and polling for NR operation, and the followings are proposed: 
Proposal 1: HARQ-ACK bundling (within slot and/or across slots) can be considered for both UL coverage limitation and PUCCH payload limitation.
Proposal 2: Semi-static codebook is to be supported for HARQ-ACK multiplexing with consideration of different TTI length (and different bundling window) per CC.
Proposal 3: Dynamic codebook is to be supported for HARQ-ACK multiplexing with consideration of DAI signalling and PUCCH transmission across multiple CCs with different TTI length and/or different CBG configuration.
Proposal 4: Polling based aggregated HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization in NR.
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