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Introduction
Most of the DL HARQ feedback transmission schemes presented so far focus on the transmission of DL ACK/NACK at the end of a DL-heavy slot duration (with the ACK/NACK corresponding to the DL transmission of the same slot or of an earlier slot). Several reasons suggest the need for additional feedback transmission scheme, e.g. the UL transmission duration at the end of a DL-heavy slot is very short resulting in small coverage. Furthermore, coexistence with LTE FS2 is not always possible [2]. In a companion contribution [1] we describe this additional feedback scheme. In this contribution we propose some design criteria for the DL HARQ feedback transmitted at the end of a DL slot.
Discussion
The basic structure of the DL HARQ feedback scheme which transmits the feedback at the end of a DL-heavy slot is shown in Figure 1. In the remainder of this contribution we denote this scheme “Immediate ACK/NACK”.  RAN1 indicated that the time between end of DL transmission and corresponding ACK/NACK transmission can range from a few tens to a hundreds of micro seconds [3]. It can therefore not always be assumed that a terminal can feedback the DL decoding status at the end of the same subframe. Feedback transmitted in the UL portion can thus also relate to DL transmissions in earlier slots.
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[bookmark: _Ref462319248]Figure 1: DL HARQ feedback is transmitted at the end of a DL-heavy slot duration (“Immediate” ACK/NACK).
[bookmark: _Ref462830994]DL HARQ feedback reported at end of same slot
Multiple terminals can be scheduled in a slot and should transmit DL HARQ feedback at the end of the same slot, see Figure 2. Terminals in the same slot can either be separated using FDM or spatially (MU-MIMO). To avoid collisions a mechanism is needed to assign non-colliding UL resources to the different feedback transmissions. One possibility would be to include UL resource information for the feedback in the DL assignment that schedules the transmissions. However, resource allocation information is a large part of a DCI substantially increasing its size if resources for both DL transmission and UL feedback must be specified in the DCI. This solution is less preferable; instead feedback resources to be used in UL should be implicitly derived.
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[bookmark: _Ref462831071]Figure 2: Multiple DL transmissions are scheduled within a slot and corresponding DL HARQ feedback is reported at the end of the same slot.
Without spatial multiplexing of control channels, the control channels containing the DL assignments will occupy different frequencies and/or OFDM symbols. One possibility would be to derive the UL feedback resources from the time-frequency resources of the scheduling DL control channel. Details how exactly this would be done is TBD depending on control channel design, but a similar scheme as in LTE can be envisioned. Different from LTE, control channels might be transmitted using beamforming enabling spatial multiplexing of control channels. An additional mechanism is needed resolving collisions from spatially multiplexed DL assignments using same time-frequency control channel resources.
Another possibility is to derive the UL feedback resource from the frequency allocation of the corresponding DL data channel. Like before, same time-frequency resources can be reused using MU-MIMO requiring an additional mechanism to resolve UL resource conflicts. The number of users reusing same time-frequency resources is typically larger for data channel than for control. Deriving UL resources from DL control channel resources is therefore preferable since the mechanism to resolve resource conflicts can be simpler. 
Proposal 1: UL resources used for the Immediate ACK/NACK feedback are derived implicitly from the corresponding DL control channel resources.
DL HARQ feedback from multiple slots reported in one slot
Not all terminals will be capable of reporting DL HARQ feedback at the end of the same slot. DL HARQ feedback relating to multiple slots may therefore be reported in one slot. 
Even for terminals that support DL HARQ feedback in the same slot it can be beneficial to use a later slot for feedback. One example could be the scheduling pattern shown in Figure 3. Here four DL transmissions are scheduled but the network does not request feedback until the end of the third slot to avoid frequent DL/UL switches. In this case an additional mechanism is needed that resolves UL resource conflicts from DL transmissions scheduled in different slots. 
Proposal 2: Immediate ACK/NACK structure in one slot can contain DL HARQ feedback from DL transmissions from multiple terminals and slots.
Proposal 3: In addition to Proposal 1, UL resources used for the Immediate ACK/NACK feedback also depend on the slot of the corresponding DL transmission.
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[bookmark: _Ref462831087]Figure 3: DL HARQ  feedback  for transmissions of several slots is reported in one slot.
Triggering of DL HARQ feedback
[bookmark: _GoBack]In the companion paper [1] we propose an additional DL HARQ feedback transmission scheme where feedback is transmitted on scheduled resources. The UE needs to know if the DL HARQ feedback should be transmitted using the Immediate ACK/NACK structure or on scheduled UL resources, i.e. the additional feedback structure described in [1]. If the UE should send DL HARQ feedback using Immediate ACK/NACK structure the UE also must know which slot (this slot, next slot, …) to use. One possibility is to include in the scheduling DCI an information field indicating if the Immediate ACK/NACK structure should be used and in which slot. 
 Payload
If the information to use Immediate ACK/NACK structure is included in the scheduling DCI no error case exists that a terminal is aware of a DL transmission but not how to report DL HARQ feedback.
The UE should report for each DL assignment it receives (where Immediate ACK/NACK is indicated in the DCI) the status of the corresponding HARQ processes. It uses the slot indicated in the DCI and implicitly derives the resources as described in Section 2.1. Using the Immediate ACK/NACK structure the UE thus only reports HARQ status of those HARQ processes it received DL assignments for. The eNB receiver must perform a DTX detection for each UL feedback resource corresponding to a scheduled DL transmission to identify if a terminal missed its DL assignment.
Conclusions
In this paper we describe features for the Immediate ACK/NACK feedback transmitted at the end of a slot.The following proposals are made:
Proposal 1: UL resources used for the Immediate ACK/NACK feedback are derived implicitly from the corresponding DL control channel resources.
Proposal 2: Immediate ACK/NACK structure in one slot can contain DL HARQ feedback from DL transmissions from multiple terminals and slots.
Proposal 3: In addition to Proposal 1, UL resources used for the Immediate ACK/NACK feedback also depend on the slot of the corresponding DL transmission.
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