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1. Introduction

In the discussions on NR frame structure during several RAN1 meetings, DL/UL HARQ related aspects including scheduling/HARQ timing and HARQ-ACK feedback type were also discussed. In this contribution, we discuss and provide our view on DL/UL HARQ operation for NR in terms of scheduling and HARQ timing, HARQ-ACK feedback type, and HARQ-ACK transmission resource. 
2. Discussion

2.1. DL/UL scheduling and HARQ timing

During RAN1#85 and RAN1#86 meetings, it was agreed to support dynamic indication (e.g. by explicit manner) of scheduling and HARQ timing associated with DL/UL data transmission, such as the timing relationship between DL data reception and corresponding HARQ-ACK transmission or the timing relationship between UL grant reception and corresponding UL data transmission. For example, multiple different candidate values for the scheduling/HARQ timing are configured by a higher-layer signalling (e.g. RRC) in advance, and one of the candidate values is indicated as actual scheduling/HARQ timing applied for DL/UL data transmission by a corresponding dynamic signalling (e.g. DL/UL scheduling DCI). Regarding this operation, a set of the candidate scheduling/HARQ timing value configurable and indicatable to a UE is to be determined according to both processing capability (e.g. in terms of DL/UL data decoding/encoding) of the UE and TB size of DL/UL data scheduled for the UE. 
On the other hand, considering potential increase of DCI overhead, it may need to be considered to support dynamic scheduling/HARQ timing indication by implicit manner (e.g. different timing according to the parameters used for scheduling of DL/UL data transmission), or semi-static configuration of the scheduling/HARQ timing. Furthermore, considering UE-common procedure such as random access and higher-layer reconfiguration for the scheduling/HARQ timing itself, it may also need to be considered to apply a deterministic (fixed) scheduling/HARQ timing for certain type of DL/UL data transmission.
Proposal #1: Scheduling and HARQ timing configurable and indicatable to a UE is to be determined according to both processing capability of the UE and TB size scheduled for the UE. 
Proposal #2: Dynamic scheduling/HARQ timing indication by implicit manner and deterministic scheduling/HARQ timing for certain type of data transmission are also to be considered.
2.2. HARQ-ACK feedback for DL data
Regarding HARQ-ACK feedback corresponding to DL data reception for NR system environment, at least three types of HARQ-ACK feedback, simply denoted as fast, delayed, aggregated HARQ-ACK respectively, can be considered for HARQ latency reduction, HARQ process management, and flexible DL/UL resource configuration. In case of the fast HARQ-ACK type, for example, both DL data reception and corresponding HARQ-ACK transmission would be done within a same single time unit (e.g. TTI or slot or subframe) by self-contained manner, and by doing so, HARQ latency associated with DL data scheduling could be minimized. In case of the delayed HARQ-ACK type, for example, DL data reception and HARQ-ACK transmission would be done via different time unit and the timing relationship would be the same for multiple DL data, and by doing so, HARQ interlacing period (e.g. HARQ round-trip time) could be the same for multiple HARQ processes. In case of the aggregated HARQ-ACK type, for example, multiple HARQ-ACKs corresponding to multiple DL data received during multiple time units would be transmitted via a single time unit, and by doing so, DL/UL resource configuration could be more flexible with potential reduction of GP overhead. 
Moreover (on top of the above), combination or switching between multiple HARQ-ACK types (e.g. between delayed type and aggregated type) could also be supportable with consideration of both HARQ process and resource configuration (as shown in Figure 1). In particular, for UL control channel (CCH) resource used to transmit the aggregated HARQ-ACK type, two possibilities can be considered: (1) single (large) UL CCH resource conveying all the aggregated HARQ-ACKs, or (2) multiple (small) UL CCH resource each of which conveys single HARQ-ACK corresponding one DL data reception. Regarding the above possibilities, consideration of some aspects such as UL PAPR impact or UL resource efficiency may be necessary. 
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Figure 1: Combination of multiple HARQ-ACK feedback types
Proposal #3: At least three types as fast, delayed, aggregated HARQ-ACK feedback can be considered for HARQ latency reduction, HARQ process management, and flexible resource configuration.
Proposal #4: Combination or switching between multiple HARQ-ACK feedback types is also to be considered for both HARQ process management and flexible resource configuration.
2.3. HARQ-ACK transmission resource 
Considering flexible resource utilization for NR system situation, UL CCH resource allocation by explicit indication would be preferable for HARQ-ACK transmission. For example, similarly with the ARI (ACK/NACK Resource Indicator) mechanism applied for HARQ-ACK PUCCH resource allocation in current LTE, multiple candidate UL CCH resources are configured by a higher-layer signalling (e.g. RRC) in advance, and one of the candidate resources is indicated as actual UL CCH resource used for HARQ-ACK transmission by a corresponding dynamic signalling (e.g. DL scheduling DCI). 
On the other hand, considering potential increase of DCI overhead, it may need to be considered to support a combined indication of UL CCH resource and HARQ timing, or implicit linkage (e.g. between DL CCH and UL CCH) based UL CCH resource allocation as in Rel-8 LTE. In case of implicit HARQ-ACK resource allocation for NR system, UL CCH resource stacking for multiple DL data in a single time unit may be also necessary with consideration of flexible HARQ timing indication and aggregated HARQ-ACK feedback type discussed in the above. 
Proposal #5: Combined indication of HARQ-ACK resource and timing or implicit linkage based HARQ-ACK resource allocation can be supported with consideration of DCI overhead. 
3. Conclusion
In this contribution, we discussed on HARQ operation for NR in terms of scheduling/HARQ timing, HARQ-ACK feedback type, and HARQ-ACK transmission resource, and the followings are proposed: 
Proposal #1: Scheduling and HARQ timing configurable and indicatable to a UE is to be determined according to both processing capability of the UE and TB size scheduled for the UE. 
Proposal #2: Dynamic scheduling/HARQ timing indication by implicit manner and deterministic scheduling/HARQ timing for certain type of data transmission are also to be considered.
Proposal #3: At least three types as fast, delayed, aggregated HARQ-ACK feedback can be considered for HARQ latency reduction, HARQ process management, and flexible resource configuration.
Proposal #4: Combination or switching between multiple HARQ-ACK feedback types is also to be considered for both HARQ process management and flexible resource configuration.
Proposal #5: Combined indication of HARQ-ACK resource and timing or implicit linkage based HARQ-ACK resource allocation can be supported with consideration of DCI overhead. 
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