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1. Introduction

In TDD, it is expected that two types of ACK/NACK responses will be supported in the uplink as shown below –

· Single ACK/NACK response: UE will bundled all the individual acknowledgments into a single response using the AND operation.  
· Single ACK/NACK response: UE will transmit all the responses as received within the scheduling window.  In this case, UE will transmit N or 2×N information bits corresponding to the number of received HARQ processes.
In LTE, implicit ACK/NACK resource selection is tied to the construction of the downlink control channel.  In this contribution, exact formulas are discussed.
2. Single ACK/NACK Response 

Three main index association options are under consideration as illustrated graphically below [1] –
1. Localized:
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2. Interleaved:
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3. Block Interleaved:
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To minimize overhead and provide good performance, it is desirable that the mapping scheme (1) avoids placing too many acknowledgments on the same physical resource block and (2) provides an opportunity to assigned unused PUCCH resource for PUSCH.   Also, when certain subframes are used for multicast transmission, the mapping should be handled efficiently. Note that, for all three schemes, the amount of reserved uplink PUCCH resource is the same, only the mapping is different.  Under Option 1, resources for different HARQ process (or different DL subframe) are reserved in a localized and contiguous manner.  This allows the acknowledgments to be spread over the maximum physical resource blocks and therefore performance is likely to be the best.  With Option 2, resources are interleaved which allow for unused PUCCH resource blocks to be assigned for data transmission.  However, the number of acknowledgements on a particular resource block can be quite high which will impact performance.  With Option 3, the number of users within a resource block may be balanced with the PUCCH reuse possibility, but it’s not clear how much saving is possible.
From system performance perspective, it is clear that the overall priority is to ensure good ACK/NACK performance followed by PUCCH overhead reduction.  Due to the need for DTX detection and support of P(DTX→ACK) < 1%, it is important to limit the number of acknowledgments within a physical resource block to a reasonable number.  Preliminary simulation results with four users are shown in Figure 1.  From the results, it is seen that approximately additional 2-3 dB over single-user result is required to satisfy the performance requirements outlined in the previous section.
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Figure 1.  Performance of multi-user PUCCH format 1.

Also, note that since a hashing function is used to associate a UE with available CCEs, it is foreseen that the eNB cannot take full advantage of PDCCH placement in the control region.  In practice, it is probably that the control channels will be distributed throughout the control region and therefore there is limited advantage in using interleaved mapping.  

As a results, it is recommended that Option 1 – Localized mapping be used.  The exact mapping is given by the following formula
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where 
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are cell-specific parameters, 
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is the index number of the first CCE used to construct the PDCCH, 
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is the number of PDCCHs, and m is the index of the subframe with the last DCI assignment. The parameter 
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determines the maximum number of ACK/NACK resources to be supported and may be selected to provide a trade-off between ACK/NACK overhead reduction and scheduling restriction.  For example, it can be set to [1, M/2, M]×NPDCCH using a 2-bit cell-specific parameter transmitted on SIB where M is the number of downlink subframes within the bundling window.  For ease of illustration, the interleaving between CCE and PUCCH index as agreed in [3] is not included here. Note that, other than TDD Configuration 5, it may not be necessary to use overhead restriction (i.e. always provision for the maximum M×NPDCCH ACK/NACK resources.  Also, whether to base NPDCCH on PCFICH detection or to always provision for the maximum is FFS. 
3. Multiple ACK/NACK Response
In this case, the proposal here is to take advantage of the DAI field available in the downlink assignment for TDD.  The 2-bit field is not used in case of multiple ACK/NACK response since there is no issue with missed detection as the response will contain information related to all HARQ processes within the scheduling window.  As a result, it is proposed that –

· PUCCH index is given through RRC signalling (same method as in semi-persistent assignment) and 2-bit parameter on the downlink assignment
For instance, a UE is pre-assigned 4 different indices through RRC signalling and told which one to use on the downlink assignment.  Alternately, a UE is pre-assigned 1 index through RRC signalling and uses assigned index + offset where the offset is explicitly given in the downlink assignment.  With this method, the overhead associated with multiple ACK/NACK response can be kept to a minimum at the expense of minor scheduling restriction (similar to that required for semi-persistent scheduling).
4. Conclusion
In this contribution, details for ACK/NACK association with the PDCCH are provided.  It is recommended that –
· For single ACK/NACK response, localized mapping is used with the formula given by 
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· For multiple ACK/NACK response, PUCCH index is given through RRC signalling (same method as in semi-persistent assignment) and 2-bit parameter on the downlink assignment
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