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1.
Introduction
One of the remaining open items in the specification of FDD is the arrangement of physical ACK/NAK resources for the dynamically scheduled PDSCH in the case of ACK/NAK repetition. Repetition of ACK/NAK transmission in consecutive subframe is seen necessary to obtain sufficient reliability and to improve coverage. 
Allocation of PUCCH Format 1a/1b resources for the repeated ACK/NAK is not yet defined, although a particular arrangement is needed. Four arrangements proposed in previous 3GPP RAN1 meetings are [1,5]:

· Option 1 [2]: UE simply transmits the repeated ACK/NAK signal using the same ACK/NAK index as for the initial ACK/NAK transmission. The advantage is that the total amount of ACK/NAK resources is not increased. However, the CCE index used for DL assignment to the UE with the ACK/NAK repetition is not available in the next TTI. This introduces PDCCH scheduling restrictions related to the (n+1)th sub-frame when the UE being configured to use ACK/NACK repetition is scheduled for the nth sub-frame.

· Option 2 [1],[3]: UE transmits the repeated ACK/NAK signal using an ACK/NAK index derived with an offset from the initial ACK/NAK transmission index. In this case, there is no restriction on the CCE indexes used for the DL assignment. However, the total amount of ACK/NAK resources is doubled compared to the case without employment of ACK/NAK repetition. This is not acceptable from the PUCCH overhead point of view.
· Option 3 [4]: To reduce the ACK/NAK overhead in Option 2, reusing a part of the ACK/NAK index is proposed. Only a part of the CCE indexes based on CCE aggregation is available for DL assignment for a UE applying the ACK/NAK repetition. UE transmits the repeated ACK/NAK signal using an ACK/NAK index that is partially offset from the initial ACK/NAK transmission index. The drawback of Option 3 is that it requires a special rule between the CCE and ACK/NAK indexes specific for the UEs applying the ACK/NAK repetition. Furthermore, it will still cause a significant PUCCH overhead increase when compared to Option 1.
· Option 4 [5]: eNodeB explicitly configures the PUCCH format 1/1a/1b resource to be used with the repeated ACK/NAK. Higher layer signalling is used for this configuration. The problem of this approach is that PUCCH overhead will increase significantly since all the UEs supporting ACK/NACK repetition will consume PUCCH format 1/1a/1b resources even if they have not been scheduled for PDSCH.
In this contribution, we propose an arrangement for the repeated ACK/NACK resource allocation that combines the advantages of the earlier proposal. Firstly, no additional PUCCH Format 1/1a/1b resources are configured due to ACK/NACK repetition. Secondly, the scheduling restrictions caused by ACK/NACK repetition are minimized. 
2.
Proposed Resource Allocation for Repeated ACK/NAK 
Currently, the PUCCH resources for dynamic ACK/NAK are indicated by the lowest CCE of the corresponding PDCCH. The PUCCH Format 1/1a/1b channelization index n(1)PUCCH is given by 
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where nCCE is the index for the lowest PDCCH CCE. 

For PDCCH, aggregations of 1, 2, 4 and 8 CCEs following a tree structure are defined. Thus, none of the 2-CCE, 4-CCE or 8-CCE PDCCHs and only half of the 1-CCE PDCCHs can cause odd nCCE value. Reversely, the use of odd nCCE value for repeated part of ACK/NAK transmission causes PDSCH scheduling restrictions only for 1-CCE aggregations with odd nCCE, as illustrated on Figure 2. Hence, we propose that the repeated transmission for ACK/NAK uses ACK/NAK index with odd nCCE value. The ACK/NAK index for repeated transmission can be easily derived from the first transmission ACK/NAK index, and is given by 
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The benefits of the proposal are:
· Arrangement does not require any additional resources to be allocated for PUCCH Format 1/1a/1b and increase PUCCH overhead and, thus, provides benefit over Options 2 and 3.
· Arrangement does not cause any scheduling restrictions for of 2, 4, or 8 CCE PDCCH aggregations or 1-CCE aggregations with even nCCE value. 

· It can impact only PDCCH scheduling for PDSCH grant with 1-CCE aggregation and odd nCCE value.
Based on the use of ACK/NAK repetition in difficult environments and on the size of PDSCH allocation grant, one can expect that a considerable portion of PDSCH grants will use aggregation of 2 CCEs or larger. Thus, the impact of proposed ACK/NAK resource allocation on the PDCCH scheduling is minimized, especially when compared to Options 1 and 3. This is illustrated in Figures 1 and 2.
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Figure 1 PDCCH scheduling restrictions for DL grants in subframe n+1 due to repeated ACK/NAK in Option 1. 
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Figure 2 PDCCH scheduling restrictions for DL grants in subframe n+1 due to repeated ACK/NAK for the proposed scheme.
For semi-persistent PDSCH allocation, we propose that PUCCH Format 1/1a/1b resources are statically and explicitly configured with higher layer signaling.
In the case that further coverage improvement is sought after, multiple repetition of ACK/NAK transmission may be defined. In such case, the multiple repeated ACK/NAK transmissions can use the same ACK/NAK index defined above for the 1st repetition. 
3.
Summary
In this contribution, we consider PUCCH resource allocation for the repeated ACK/NACK transmission. We propose an arrangement which does not increase resource allocation for dynamic PUCCH Format 1/1a/1b and induces minimized scheduling restrictions. In our proposal, the ACK/NACK index for repeated transmission is given by 
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For semi-persistent PDSCH allocation, we propose that PUCCH Format 1/1a/1b resources are statically and explicitly configured with higher layer signaling.
We propose that the arrangement is accepted and captured in 36.213 Section 10 with following text proposal:
_______________________________________________________________________________________________
For FDD, the UE shall use PUCCH resource 
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· for a dynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format 1A/1/2 in subframe 
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 is the number of the first CCE used for transmission of the corresponding DCI assignment and 
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 for the repeated HARQ-ACK transmission in the case that repeated transmission of HARQ-ACK is configured. 
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