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1.  Introduction

RAN1 is currently finalizing data-non-associated uplink control signalling methods [1][2]. In RAN1#46 they also agreed that repetition of ACK/NACK beyond 1 ms is to be considered [3]. In this contribution we discuss the motivation for ACK/NACK repetition and propose a simple and efficient scheme for dynamic HARQ feedback repetition for downlink MAC-PDU transmissions.
2. Discussion
2.1 Motivation for dynamic HARQ feedback repetition

For power limited situations or in a larger cell radius, HARQ repetition and preamble/postamble schemes were standardized in HSDPA in Rel-5 and Rel-6, respectively. It has been noted in [3] that repetition of Ack/Nack beyond 1 ms to be considered.
Moreover, for LTE RAN2 is considering the use of MAC signalling, i.e. MAC control information is transmitted in its header or as its whole payload. A typical example of a procedure that may utilise this mechanism is DRX configuration control in LTE_ACTIVE. The contribution [4] highlights DRX de-synchronization issues due to miss-detection of HARQ feedback signal by the eNB. Clearly the impact of DRX de-synchronisation may be severe and in particular when the UE misses real-time control signalling.
It is therefore apparent that the reliability for DRX configuration control as signalled via MAC signalling is of paramount importance, more so than regular MAC PDU delivery. As such we believe that counter-measures to avoid the possible introduction of this problem should be studied.

Proposal: Mechanisms for enhanced delivery of HARQ feedback information in the case of transmission of MAC control information should be supported.
2.2 Dynamic HARQ feedback 

One way to enhance the reliability of the HARQ feedback information is to send it multiple times, i.e. repetition.  Based on RAN1 agreement for non-persistent scheduling, the ACK/NAK resource is linked to the index of the control channel used for scheduling [1]. We assume that one or multiple downlink control channels could be reserved for scheduling the transmission of MAC PDUs carrying control information and therefore could be configured to support repetition of HARQ feedback from the UE. This will ultimately lead to higher reliability for feedback information for MAC control PDUs. Assignment of reserved PDCCHs and the number of repetitions of HARQ feedback can be broadcast on the BCCH. For example with a UE assigned 4 PDCCH’s the following configuration may exist:

PDCCH1

mapped to single ACK/NACK resource

PDCCH2

mapped to single ACK/NACK resource

PDCCH3

mapped to single ACK/NACK resource

PDCCH4

mapped to double ACK/NACK resource

In the above structure, the eNB will use PDCCH1-3 to give a scheduling indication to the UE of a normal downlink MAC PDU which requires standard reliability, and it will use PDCCH4 to give a scheduling indication to the UE of an important downlink MAC PDU which requires higher reliability, e.g., MAC control PDU or MAC data PDU with MAC control information. 

With the basic configuration shown above, the eNB will not be able to schedule transmissions to UEs in a continuous manner due to the way the uplink radio resource is allocated to HARQ feedback in LTE. Unlike HS-DPCCH, the uplink radio resource for LTE HARQ feedback is allocated to the UE per TTI. Therefore if UE2 is scheduled just after UE1 and they are both required to repeat HARQ feedback twice, the feedback signals will overlap in time and the eNB will have difficulty decoding the respective signals. Therefore to avoid this clash the eNB needs to wait for the signalled multiple (repetition) TTIs before it can schedule UE 2’s transmission.
One way to overcome this is to partition the available uplink radio resource for HARQ feedback whereby the UE uses a partitioned set of resources depending on the transmission timing. In the case of two HARQ feedback repetitions, for example, half of the available cyclic shifts of a CAZAC sequence is used for odd numbered TTIs and the other half is used for even numbered TTIs. Alternatively, more frequency resources can be assigned for HARQ feedback to the dedicated PDCCH. Depending on the transmission timing, the UE will use a certain frequency block to transmit multiple HARQ feedback. In case of two HARQ feedback repetitions, for example, the first frequency block is used for odd numbered TTIs and the second frequency block is used for even numbered TTIs. Please note that the schemes described above also can be applied for the MAC PDU transmission to the UE in the power limited situation. 
Another alternative could be that for each TTI, two uplink frequency resources (in the same uplink TTI) are utilized to deliver the HARQ feedback; the frequency resource allocated should be as far-apart as possible to obtain the frequency diversity. This way simply doubles the uplink HARQ feedback resources used for the PDCCH4, but the ENB can schedule the transmission continuously over PDCCH4.
Configuration parameters for a PDCCH reserved for HARQ feedback repetition including the PDCCH identification, the number of repetitions and the uplink resource allocation can be signalled on BCCH.
Proposal: For higher reliability, dynamically apply multiple HARQ feedback repetitions to MAC-PDUs by using a PDCCH dedicated for scheduling these PDUs.
3. Conclusion

Based on the above discussion, we propose to use multiple HARQ feedback repetitions for certain downlink MAC-PDU transmissions. In a basic configuration, a single PDCCH is reserved for signalling MAC PDUs requiring multiple HARQ feedback transmissions. The eNB indicates the resource allocation to the UE by using this reserved PDCCH and the UE repeats HARQ feedback as specified on the BCCH. As an optimisation, we propose code resource partitioning or more RB allocations to enable continuous scheduling using the reserved PDCCH. Further evaluation on the choice of optimum method is required.
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