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1. Introduction
In 3GPP RAN1 #52, it was agreed that ACK/NAK repetition is supported to extend the coverage of ACK/NAK transmission. Several proposals are available, e.g. [1] [2] [3]. In [1], it is proposed that the repeated ACK/NAK transmission occurs in dynamic PUSCH RBs, which results in some throughput loss. In [2], additional PUCCH resources (i.e. ACK/NAK channels) are reserved for the transmission of repeated ACK/NAK bits, which is a constant overhead irrespective of the number of UEs who require ACK/NAK repetition. 
In this contribution, we propose that ACK/NAK repetition is supported and configured by higher layer, through e.g. RRC signaling. The PUCCH resource assigned for the transmission of repeated ACK/NAK bits is explicitly signaled to a UE who requires ACK/NAK repetition.

2. Support of ACK/NAK Repetition by RRC Signaling

Without loss of generality, the ACK/NAK repetition factor is denoted as N. It is preferable that the repeated ACK/NAK bits are transmitted in the consecutive subframes following the first transmission of the ACK/NAK bits, to reduce the ACK/NAK decoding latency. The repetition factor N can be UE-specific. On the other hand, for a simple design of signaling, it may be acceptable to adopt a common value of N for all UEs needing repetition.

In this contribution, we propose that NodeB explicitly informs the UE which ACK/NAK resource to use, via higher layer (e.g. RRC) signaling. In other words, if a UE requires ACK/NAK repetition in uplink, NodeB informs the PUCCH resource (i.e. the ACK/NAK channel index) to the UE. If case the ACK/NAK repetition factor N is UE specific, the value of N also needs to be conveyed to the UE.
Once a UE obtains the information on the PUCCH resource in which it can repeat the transmission of ACK/NAK bits, the UE owns the assigned PUCCH resource for the N-1 subframes, following the subframe where the first transmission of the ACK/NAK bits occurs. NodeB can reassign the same PUCCH resource to different UEs who require ACK/NAK repetition, as long as these UEs transmit their own repeated ACK/NAK bits in different subframes. In addition, when the UE channel condition changes such that ACK/NAK repetition is no long required, NodeB can explicitly inform the UE to release the associated PUCCH resource for ACK/NAK repetition, via RRC signaling. Therefore, the resources for the transmission of repeated ACK/NAK bits can be efficiently utilized.

The proposed RRC configured ACK/NAK repetition is applicable to both dynamically and persistently scheduled UEs. For the first transmission of ACK/NAK bits, dynamically scheduled UE can use the dynamic ACK/NAK channel, which is derived from the lowest CCE index of its DL grant. For persistently scheduled UE, it can use the persistent ACK/NAK channel for the first transmission of ACK/NAK bit. In case the repeated ACK/NAK bits need to be transmitted with UL data, they can be transmitted on the assigned PUSCH RBs. 
For UE with ACK/NAK repetition, in case it is scheduled in consecutive subframes for DL transmission, it may need to transmit multiple ACK/NAK bits (including some of repeated ACK/NAK bits) in a UL subframe. Transmitting multiple ACK/NAK bits in a subframe reduces the ACK/NAK detection performance, which contradicts the purpose of ACK/NAK repetition. NodeB scheduler can ensure that UEs with ACK/NAK repetition are not scheduled in consecutive subframes for DL transmission. This scheduler restriction, however, reduces cell edge throughput since coverage limited UEs cannot be scheduled in every subframe. Therefore, whether to allow UEs with ACK/NAK repetition to transmit multiple ACK/NAK bits in a subframe is FFS. 
3. Conclusions

In this contribution, we propose that ACK/NAK repetition is supported by higher layer (RRC) signaling. In detail, we propose that
· NodeB explicitly informs the UE on the ACK/NAK channel index on PUCCH for the transmission of repeated ACK/NAK bits. 

· NodeB explicitly informs the UE on the ACK/NAK repetition factor, if it is UE specific.

· NodeB explicitly informs the UE to release the associated ACK/NAK channel if ACK/NAK repetition is no longer required by the UE.
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