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1 Introduction

The support of ACK/NACK repetition was agreed in RAN1#53 meeting however the detailed ACK/NAK repetition resources assignment is not decided yet. In this contribution we investigate various ACK/NACK repetition techniques proposed and give our preference.
2 Discussion
According to calculation or simulation results showed in [1] [2] [3], it is reasonable to assume that the 2 times repetition is enough for ACK/NAK transmission in PUCCH.
For the semi-persistently scheduled UEs, the ACK/NACK resources for the persistently transmission are explicitly signalled. Thus for UE that need for repetition, this parameter can be conveyed to the UE via RRC signalling. The contention of the PUCCH resource is controlled by eNodeB.
For dynamically scheduled UEs, the uplink ACK/NACK index is implicitly tied to the lowest CCE index used to construct PDCCH .The following approaches have been proposed during RAN1#54 meeting. 
1. The repetition resource is the same as first ACK/NAK transmission [4]. 
Pros: The total amount of ACK/NAK resources is kept the same which will not increase the overhead.
Cons: PDCCH scheduling restrictions will be introduced as the CCE index used for DL assignment to the UE with the ACK/NAK repetition is not available in the next TTI. 
2. Using additional resource regions to handle ACK/NACK repetition. Given that the CCE aggregation sizes of DL grants for such UEs would be large in order to obtain low coding rate of PDCCH, the required resources for repeated A/N per sub-frame are much less than those of non-repeated A/N. Hence, it’s reasonable to assume that when 8 CCEs are used, the UE will repeat the ACK/NACK in the next uplink sub-frame. As the number of additional ACK/NACK indices required to support repetition is small that is NCCE/8, it is proposed to be explicitly reserved as shown in [5]. To support unused PUCCH RBs dynamically scheduled to PUSCH, these reserved regions may be placed prior to the regular dynamic ACK/NACK region [3] [6].   
Pros: No scheduling restrictions for ACK/NAK repetition transmission.
Cons: It could lead to a significant PUCCH overhead increase when compared to the first approach especially for TDD.
3. eNodeB explicitly informs the UE on PUCCH format 1/1a/1b resource for the transmission of repeated ACK/NAK. Resources for ACK/NACK with repetition are fixed and semi-statically configured to coverage-limited UEs. [7] 
Pros: No scheduling restrictions for ACK/NAK repetition transmission.

Cons: PUCCH overhead will increase significantly as the repetition resource will be kept even there is no PDSCH scheduled.
4. Use odd nCCE value for repeated ACK/NAK bits transmission [8]. For PDCCH, aggregations of 1, 2, 4 and 8 CCEs are defined. When the uplink ACK/NACK resource is implicitly mapped from the corresponding downlink scheduling grant, those grants composed of 2, 4 or 8 CCEs are mapped to multiple ACK/NACK resources while only one of them is chosen for ACK/NACK feedback. Waste of reserved ACK/NACK resources can be expected. Thus it is proposed to utilize ACK/NAK index with odd nCCE value which may be the unused ACK/NACK resources caused by implicit mapping of 2, 4 or 8 CCEs for sending repeated ACK/NACKs as showed in figure 1. 

       
[image: image1]
                              Figure 1 Example of ACK/NACK repetition
Pros: The total amount of ACK/NAK resources is kept the same which will not increase the overhead.

Cons: It will put scheduling restrictions on PDSCH grant with 1-CCE aggregation which have odd nCCE value. But compared to the first approach this method does not cause any scheduling restrictions to that of 2, 4, or 8 CCEs PDCCH aggregations or 1-CCE aggregation with even nCCE value.
3 Conclusion
2 times repetition is enough for ACK/NAK transmission in PUCCH.
For semi-persistently scheduled users, explicit assignment of repetition factor is given via RRC signalling. 
For dynamically scheduled users, we recommend to use either explicit assignment via RRC signalling (Option 3) or repetition using odd nCCE value (Option 4).
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