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1. Introduction

In this contribution, we discuss on potential aggregated HARQ-ACK feedback method for efficient/ flexible resource utilization in NR operation.


2. Discussion

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 1: Polling based aggregated HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization 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 flexible TDD operation in NR. Furthermore, in order to reduce DCI overhead by individual UCI request for multiple UEs, it may be necessary to consider a method of UCI triggering by UE-common (or UE group-common) manner.

Proposal 2: Triggering of aperiodic UCI transmission by UE-common manner can be considered for flexible TDD operation in NR. 
3. Conclusion
In this contribution, we discussed on aggregated HARQ-ACK feedback and aperiodic UCI transmission for NR operation, and the followings are proposed: 
Proposal 1: Polling based aggregated HARQ-ACK feedback for multiple DL data reception can be considered for efficient/flexible resource utilization in NR.
Proposal 2: Triggering of aperiodic UCI transmission by UE-common manner can be considered for flexible TDD operation in NR. 
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