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1. Introduction

In RAN1 #86bis meeting, there was discussion on DL/UL data scheduling and HARQ procedure in new radio access technology (NR) and the following agreements were made [1]:

	Agreements:

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

Agreements:

· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between UL assignment and corresponding UL data transmission

· FFS: common channels (e.g. random access)


In this contribution, we discuss efficient control signalling for DL/UL HARQ operation in NR. Specifically, polling based HARQ-ACK feedback method and triggering for non-adaptive data retransmission (re-TX) were considered.
2. Discussion

2.1. Polling based HARQ-ACK feedback
In terms of latency reduction, it would be desirable to transmit HARQ-ACK feedback with minimum delay from the data reception as UE capability allows. However, if a UE is served with DL traffic type which does not require low latency, it can be consider to transmit aggregated HARQ-ACK for more than one DL data reception (e.g., PDSCH) to one UL control channel (CCH) (e.g., PUCCH) at a cost of latency. If the requirement on latency is satisfied, HARQ-ACK aggregation would support more efficient HARQ operation by minimizing the use of time/freq. resource for UL CCH transmission. For example, for the HARQ-ACK aggregation, network can instruct a UE not to transmit HARQ-ACK feedback immediately for some DL data receptions. After then, network can poll the UE to report aggregated HARQ-ACK feedback on the multiple DL data receptions at certain timing as shown in Figure 1. For convenience, we denote this type of HARQ-ACK aggregation scheme as “Polling based HARQ-ACK feedback” and denote the triggering for aggregated HARQ-ACK reporting as “HARQ-ACK polling”. The control signalling for HARQ-ACK polling can be scheduling DCI (e.g., DL assignment, UL grant) or special DCI dedicated for the HARQ-ACK polling.
Proposal #1: In NR system, polling based HARQ-ACK feedback for multiple DL data can be considered for efficient UL resource utilization.
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Figure 1. Polling based HARQ-ACK feedback
For the polling based HARQ-ACK feedback, 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, network can send dynamic control 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 valid DL receptions within the time window could be small compared to the maximum number of DL receptions supported with HARQ-ACK polling. Since HARQ-ACK payload size on UL CCH may be determined (with semi-static manner) by assuming full DL receptions in the time window, the time window based HARQ-ACK polling 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, network can send DCI for HARQ-ACK polling 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 based on the order of DAI values for up to the DL data transmission with the indicated last DAI value. For example, if the last DAI value indicates N-th scheduled DL data, 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, network can indicate HARQ-ACK polling for a group of HARQ process ID which is configured via higher layer signalling. Then, UE can aggregate HARQ-ACK corresponding to the HARQ process ID group and report it to the network. 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
2.2. Triggering for non-adaptive re-TX
In legacy LTE system, both adaptive re-TX and non-adaptive re-TX are being supported for UL HARQ procedure. 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 low control signalling overhead can be beneficial. In addition to this, since NR system needs to support flexible DL/UL configuration as mentioned earlier section, control signalling for non-adaptive re-TX triggering may need to support flexible indication of UL data transmission timing and targeted UL data transmission for re-TX. 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 transmission timing, control signalling to trigger non-adaptive re-TX can be signalled as a form of DCI (e.g., triggering DCI).
Regarding the triggering DCI for non-adaptive re-TX, 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 should be considered 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 to re-TX 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 #2: In NR system, triggering for non-adaptive re-TX of multiple UL data can be considered for DL control overhead reduction.
3. Conclusion
In this contribution, we discussed efficient control signalling methods for HARQ operation in NR, and the followings are proposed:
Proposal #1: In NR system, polling based HARQ-ACK feedback for multiple DL data can be considered for efficient UL resource utilization.

Proposal #2: In NR system, triggering for non-adaptive re-TX of multiple UL data can be considered for DL control overhead reduction.
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