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1. Introduction

In RAN1 NR Ad-Hoc meeting, HARQ operation related issues in terms of HARQ-ACK feedback method and HARQ timing determination were discussed, and the following agreements were made [1].
	Agreements:

· HARQ-ACK feedback with one bit per TB is supported.

Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting

· Option 1: CB-group based re-transmission 

· Option 2: Decoder state information feedback 

· Option 3: CB-level outer erasure code 

· Option 4: Any combination of Option 1-3

· Other options are not precluded

· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15

Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 

· The set of values is configured by higher layer

· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values

· The set of values is configured by higher layer

· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing

Agreements:
· NR UE supports a set of minimum HARQ processing time

· FFS: set size

· NR supports different minimum HARQ processing time at least for across UEs

· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB

· FFS how the capability is indicated by UE

· e.g. reported processing time granularity

· e.g. dependency of DMRS pattern configuration

· FFS definition of minimum HARQ processing time


In this contribution, we discuss and provide our views on DL/UL HARQ operation for NR, in terms of the HARQ-ACK feedback scheme and the control signalling for HARQ scheduling in NR. 
2. Discussion

2.1. HARQ-ACK feedback for DL data reception
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 slot 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 slots and the HARQ 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 slots would be transmitted via a single slot, and by doing so, DL/UL resource configuration could be more flexible with potential reduction of GP overhead. 

Proposal #1: At least three types of HARQ-ACK scheme as fast, delayed, aggregated HARQ-ACK feedback can be considered in NR for HARQ latency reduction, HARQ process management, and flexible resource configuration.
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 NR-PUCCH resource used to transmit the aggregated HARQ-ACK type, two possibilities can be considered: (1) single (large) PUCCH resource conveying all the aggregated HARQ-ACKs, or (2) multiple (small) PUCCH resources each of which conveys a single HARQ-ACK corresponding to an individual 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 #2: Combination or switching between multiple HARQ-ACK feedback types can also be considered for both HARQ process management and flexible resource configuration.
Furthermore, as one of possible aggregated HARQ-ACK types for efficient/flexible resource utilization, it can be considered 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 2. 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 2: 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 3 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 3: Example of HARQ-ACK polling schemes
Proposal #3: Polling based HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization in NR.
Furthermore, considering the support of larger TB size with wider BW (and possibility of URLLC data scheduling on eMBB data resource) in NR system, it may be considered to use CB group based HARQ-ACK feedback (and CB group wise retransmission) for NR. However, it is required to investigate the trade-off between UL control overhead (e.g. amount of PUCCH resource required for CB group wise HARQ-ACK) and DL resource efficiency (e.g. amount of data resource required for CB group wise retransmission) according to the size of CB group, and the potential impacts on MAC layer processing with CB group level retransmission (e.g. whether multiple CBs from different TBs can be scheduled by single DCI or transmitted in a slot), before deciding to introduce the CB group based HARQ operation.
2.2. Control signalling for scheduling and HARQ
In order to reduce DL control overhead for DL/UL data scheduling, as shown in Figure 4, it can be considered to adopt multi-slot scheduling where a single DL assignment schedules DL data transmitted over multiple slots or a single UL grant schedules UL data transmitted over multiple slots. It would be beneficial to apply multi-slot scheduling in case when UL data scheduling is required for consecutive multiple slots since gNB can utilize more symbols for UL data scheduling by reducing potential DL control region and/or DL-to-UL gap period located within each slot. Furthermore, considering the NR system environment with multi-beam operation based on analog beamformed transmission in high frequency band (e.g., above 6 GHz), it may not be necessary to reserve DL control resource (e.g., symbol) in every slot for a particular UE located in a certain beam who requires multiple data scheduling, with the multi-slot scheduling by utilizing DL control resource within only one slot.
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Figure 4: Example of multi-slot scheduling method
To support the multi-slot scheduling in NR, it is necessary to consider how to design the contents of DL assignment DCI (e.g. resource allocation, MCS, NDI, HARQ process ID, etc.) for multi-slot DL data scheduling. As one possibility, it may be able to benchmark multi-subframe scheduling DCI format designed in Rel-14 eLAA. In addition, especially for DL data scheduled by multi-slot scheduling, it may also be necessary to consider when/how the corresponding HARQ-ACK feedback is transmitted. Besides, DMRS transmission method may also need be considered (e.g., whether it needs to be transmitted in every slot) and the number of TBs transmitted over the scheduled multiple slots may also need be considered.

Proposal #4: Multi-slot scheduling by single DCI can be supported for DL control and resource overhead in NR, with consideration of the content of the DCI (e.g. resource allocation, MCS, NDI, HARQ process ID, etc.), HARQ-ACK feedback, DMRS transmission, and the number of TBs for the scheduled multiple slots.
Regarding UL HARQ procedure in LTE system, both adaptive and non-adaptive retransmission (denoted as “re-TX”) are being supported. The main benefit of non-adaptive re-TX is that DL control signalling overhead can be saved by using only 1 bit HARQ-ACK (i.e., PHICH) signalling to trigger re-TX. Even for the UL HARQ procedure in NR, non-adaptive re-TX with reduced control signalling overhead could be beneficial. In addition to this, since NR system is required to support flexible DL/UL configuration, the control signalling for non-adaptive re-TX triggering may also need to support flexible indication of UL data transmission timing. Furthermore, even though most of scheduling information (e.g. such as RB allocation, MCS/TBS index) for the non-adaptive re-TX can be the same with the previous transmission, for the flexible indication of other scheduling information (including the UL data transmission timing), the control signalling to trigger non-adaptive re-TX can be signalled as a form of DCI.

Furthermore, it would be more efficient to trigger re-TX of multiple UL data simultaneously by using single triggering DCI. Similar to the polling based HARQ-ACK feedback in the above, it may be necessary to consider how UE can determine UL data transmissions which are to be targets of non-adaptive re-TX. For example, the triggering DCI can include on/off indicator (i.e., whether non-adaptive re-TX is triggered or not) per HARQ process ID or per slot index within certain time window. The triggering DCI can be UE specific DCI (e.g., UL grant) or UE group common DCI.

Proposal #5: Triggering of non-adaptive retransmission for multiple UL data can be considered for DL control overhead reduction in NR. 
Moreover, considering the forward compatibility and flexible UL/DL configuration for dynamic TDD operation in NR, periodic UL/DL transmission needs to be minimized. In this sense, it would be necessary to minimize periodic UCI transmission such as CSI feedback or SR signalling (or SRS transmission). Therefore, the aperiodic UCI (e.g. CSI, SR) transmission triggered by gNB is to be considered as baseline at least for TDD situations. Furthermore, in order to reduce DCI overhead by aperiodic UCI request for multiple UEs, it may be necessary to consider a method of UCI triggering by UE-common (or UE group-common) manner.

3. Conclusion
In this contribution, we discussed and provided our views on HARQ-ACK feedback scheme and control signalling for HARQ in NR, and the followings are proposed: 
Proposal #1: At least three types of HARQ-ACK scheme as fast, delayed, aggregated HARQ-ACK feedback can be considered in NR for HARQ latency reduction, HARQ process management, and flexible resource configuration.
Proposal #2: Combination or switching between multiple HARQ-ACK feedback types can also be considered for both HARQ process management and flexible resource configuration.
Proposal #3: Polling based HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization in NR.
Proposal #4: Multi-slot scheduling by single DCI can be supported for DL control and resource overhead in NR, with consideration of the content of the DCI (e.g. resource allocation, MCS, NDI, HARQ process ID, etc.), HARQ-ACK feedback, DMRS transmission, and the number of TBs for the scheduled multiple slots.

Proposal #5: Triggering of non-adaptive retransmission for multiple UL data can be considered for DL control overhead reduction in NR. 
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