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1. Introduction

In this contribution, we discuss and provide our views on HARQ-ACK feedback timing for NR, with consideration of PUCCH resource for the HARQ-ACK transmission, indication of DL data duration/timing, and multi-bit HARQ-ACK feedback with HARQ-ACK timing indication.  
2. Discussion

2.1. HARQ-ACK timing and PUCCH resource

Firstly, regarding HARQ-ACK timing for DL HARQ operation (i.e., timing delay between DL data reception and the corresponding HARQ-ACK transmission) in NR, following three types of HARQ timing (and the usage of each type) may need to be considered.
(1) Dynamic HARQ timing

For this type, multiple candidate HARQ timings are preconfigured by RRC, and then one of the timings is indicated by DCI for actual HARQ-ACK transmission. HARQ operation with this type would be enabled after RRC connection, and it would be mainly used for normal DL data based on dynamic scheduling.
(2) Semi-static HARQ timing

This type would be mainly used for SPS based DL data transmission, and could also be used for dynamic scheduling based DL data under semi-static DL/UL configuration including FDD environment.

(3) Default HARQ timing
This type would be used for UE (group) common search space (i.e., CSS) based DL data transmission (including Msg4) and for the case when dynamic HARQ timing is not configured (including (initial) random access period). This timing can be predefined in spec or configured via SIB/RAR. 
Besides, regarding HARQ-ACK PUCCH resource for DL HARQ operation in NR, following three types of PUCCH resource (and the usage of each type) may need to be considered.

(1) Dynamic PUCCH resource

For this type, similarly with ARI mechanism in current LTE, multiple candidate PUCCH resources are preconfigured by RRC, and one of the resources is indicated by DCI for actual HARQ-ACK transmission. This type would be provided after RRC connection, and mainly used for scheduling based DL data.

(2) Semi-static PUCCH resource

This type would be mainly used for SPS based DL data transmission.

(3) Default PUCCH resource
This type would be used for UE (group) CSS based DL data (including Msg4) and for the case when dynamic PUCCH resource is not configured (including random access). This resource can be configured via RAR/Msg4 or provided with implicit manner. 
Based on the above, it may be necessary to discuss on potential combination between HARQ timing and PUCCH resource with consideration of practical use case. As the first example, under dynamic TDD operation with flexible DL/UL configuration, it would be efficient to use the combination of dynamic HARQ timing and dynamic PUCCH resource. As the second example, for SPS based DL data transmission, both HARQ timing and PUCCH resource could be semi-static. As the third example, for CSS based DL data transmission (including Msg4), applying the combination of default HARQ timing and default PUCCH resource would be straightforward. 
Furthermore, regarding default PUCCH resource, PUCCH type (e.g. long duration or short duration) used as the default PUCCH resource might need to be informed to UE in advance. In addition, if the default PUCCH resource is provided as implicit PUCCH resource, considering combination with default HARQ timing, the implicit linkage between the slot with DL control/data reception and the slot with the corresponding HARQ-ACK PUCCH resource might need to be defined based on the default HARQ timing. For example, assuming the default HARQ timing as K slots, DL control or data resource in slot #n could be implicitly linked to PUCCH resource in slot #(n + K). 
Proposal 1: Three types of HARQ-ACK timing (i.e., dynamic, semi-static, default), three types of HARQ-ACK PUCCH resource (i.e., dynamic, semi-static, default), and the combination between the HARQ timing and the PUCCH resource are to be supported in NR.

Proposal 2: It is necessary to consider potential usages and provision of default HARQ-ACK timing and the corresponding PUCCH resource. 
2.2. HARQ-ACK timing and DL data duration/timing
On top of dynamic HARQ-ACK timing indication, it was agreed that the duration (e.g., starting/ending symbol position) of DL data transmission can be semi-statically configured and/or dynamically indicated in DCI [1]. For the reduction of HARQ latency, it can be considered to differently configure HARQ-ACK timing according to the ending symbol of DL data transmission since different ending symbol position can provide different time budget for decoding of the DL data. For example, it can be considered to configure smaller HARQ-ACK timing value for the DL data ending with lower symbol index.
In addition, it was agreed to support in NR that DCI indicates the corresponding DL data reception timing as well as HARQ-ACK transmission timing. Based on this, if the timing indication fields for both DL data reception and HARQ-ACK transmission are included together in a single DCI, it would increase DCI overhead. For this reason, to support DL HARQ operation with dynamic HARQ-ACK timing indication, it is necessary to consider reasonable DCI overhead, for example, by applying dynamic indication only for one between DL data timing and HARQ-ACK timing (where the other timing can be semi-statically configured) or by using joint indication of the two timings. 

Proposal 3: It can be considered to configure DL HARQ timing according to the ending symbol of DL data transmission.
Proposal 4: It is necessary for DL HARQ to consider reasonable DCI overhead in case with dynamic HARQ timing indication.
2.3. HARQ-ACK feedback with dynamic HARQ-ACK timing

Regarding HARQ-ACK feedback with dynamic HARQ timing indication, HARQ-ACK corresponding to multiple DL data over multiple slots could be simultaneously transmitted in a single slot according to the HARQ timing selected (in gNB) for each of DL data transmissions. In other words, with dynamic HARQ timing indication, multiple slots (denoted as “bundling window”) with DL data would be linked to single slot for HARQ-ACK feedback, and the corresponding HARQ-ACK payload would consist of multiple HARQ-ACK bits. More specifically, size of the HARQ-ACK payload would be determined by bundling window size, i.e., the number of candidate HARQ timings configured by RRC. For example, assuming 1-bit HARQ-ACK per DL data in each slot, if the number of candidate HARQ timings configured by RRC is K (i.e., a bundling window for HARQ-ACK feedback consists of K slots), the corresponding HARQ-ACK payload size can be determined as K-bit. 
For the PUCCH transmission conveying the above multi-bit HARQ-ACK feedback, following two options can be considered: Opt 1) single PUCCH resource based on PUCCH format supporting large UCI payload, or Opt 2) multiple PUCCH resources based on PUCCH format supporting small UCI payload. Specifically, multiple HARQ-ACKs for all of the DL data transmission within a same bundling window are transmitted together on a single PUCCH resource in case of Opt 1, while HARQ-ACK for each or subset of the DL data transmission within a same bundling window is separately transmitted by using each of multiple PUCCH resources in a slot in case of Opt 2. Based on these options, it may be necessary to discuss on PUCCH transmission for HARQ-ACK feedback in case with dynamic HARQ timing indication, with consideration of PUCCH overhead and coverage. 
Proposal 5: For DL HARQ operation with dynamic HARQ timing indication in NR, HARQ-ACK payload determination and the relevant PUCCH transmission are to be considered. 
2.4. Aggregated HARQ-ACK feedback 
Regarding dynamic TDD operation with flexible DL/UL configuration in NR, aggregated HARQ-ACK feedback by aperiodic manner can also be considered. With this type, for example, multiple HARQ-ACKs corresponding to multiple DL data received during multiple slots would be transmitted via a single slot with aperiodic manner, and by doing so, DL/UL resource configuration could be more flexible. More practically, combination or switching between dynamic HARQ timing and aggregated HARQ-ACK type could be considered (as shown in Figure 1) where the candidate timings for the transmission of aggregated HARQ-ACK feedback are preconfigured by RRC. Given that, whether dynamic HARQ timing or the aggregated HARQ-ACK timing is used for HARQ-ACK transmission is indicated by DL scheduling DCI. 
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Figure 1: Combination of multiple HARQ-ACK feedback types
Proposal 6: Combination or switching between dynamic HARQ timing and aggregated HARQ-ACK feedback can be considered for flexible DL/UL resource configuration in NR.
3. Conclusion
In this contribution, we discussed on HARQ-ACK feedback timing and some relevant issues for NR, and the followings are proposed: 
Proposal 1: Three types of HARQ-ACK timing (i.e., dynamic, semi-static, default), three types of HARQ-ACK PUCCH resource (i.e., dynamic, semi-static, default), and the combination between the HARQ timing and the PUCCH resource are to be supported in NR.

Proposal 2: It is necessary to consider potential usages and provision of default HARQ-ACK timing and the corresponding PUCCH resource. 
Proposal 3: It can be considered to configure DL HARQ timing according to the ending symbol of DL data transmission.
Proposal 4: It is necessary for DL HARQ to consider reasonable DCI overhead in case with dynamic HARQ timing indication.
Proposal 5: For DL HARQ operation with dynamic HARQ timing indication in NR, HARQ-ACK payload determination and the relevant PUCCH transmission are to be considered. 

Proposal 6: Combination or switching between dynamic HARQ timing and aggregated HARQ-ACK feedback can be considered for flexible DL/UL resource configuration in NR.
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