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Introduction
In RAN1 #85 meeting, the mechanism for DL HARQ was discussed with the following agreements:
Agreements:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
· At least the following is supported for NR frame structure 
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated
· Timing relationship between DL assignment and corresponding DL data reception
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
· For example to provide coverage or enable TD-LTE coexistence
· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
The current discussion on DL HARQ focuses on the timing mechanism. In this contribution, we further discuss the resource allocation mechanism to support DL HARQ for NR.
Discussion
A flexible HARQ timing mechanism was agreed in the past meeting. Timing between data transmission and corresponding HARQ A/N is indicated explicitly for forward compatibility. The A/N feedback latency could be configured to be small or large according to the UE processing time or other factors. To allocate A/N resource efficiently for different latency and acquire full flexibility, the resource for A/N feedback can also be explicitly indicated together with the timing. However, since there may be an amount of UEs scheduled in one time interval, and A/N feedback of data transmission in different time intervals may be reported in the same uplink time interval as shown in Fig.1, a number of A/N resources may be allocated in one time interval and then fully explicit indication would result in high control signaling overhead. 


Fig.1: The example of flexible timing for HARQ-ACK feedback
Proposal 1: The HARQ-ACK resource allocation should consider the flexible HARQ timing mechanism.
One solution to reduce the signaling overhead is to indicate the A/N resource independent for each downlink time interval. Nevertheless, since the A/N feedback of a data transmission may be reported in any indicated time interval, a potential collision issue may rise for data in different time intervals. If the active UE number is large, it would be very complex and inefficient for eNB to avoid the collision via scheduling (e.g. associated consideration DL scheduling and A/N timing). To avoid the collision, some HARQ timing correlative factors can be introduced to allocate the A/N resource. That is, the A/N resource can be derived according to an explicit resource indication for data in a time interval (e.g. for DL data 1 in Fig.1) and the HARQ timing for the data (e.g. Latency for DL data 1 in Fig.1).
Proposal 2: The resources for HARQ-ACK feedback can be derived from an explicit resource indication and the timing between data transmission and corresponding A/N feedback.
Conclusions
In this contribution, we analyze the resource allocation mechanism for DL HARQ. The ACK/NACK resource allocation should be designed associated with the timing mechanism. To summarize, we have the following proposals:
Proposal 1: The HARQ-ACK resource allocation should consider the flexible HARQ timing mechanism.
Proposal 2: The resources for HARQ-ACK feedback can be derived from an explicit resource indication and the timing between data transmission and corresponding A/N feedback.
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