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1. Introduction

In RAN1#48bis, it was agreed that the ACK/NACK will be transmitted in a CDM/FDM manner.  This contribution briefly discusses the ACK/NACK mapping and implicit association between ACK/NACK and uplink transmission.
2. Channel Design
It has been agreed that the ACK/NACK will be transmitted in a CDM/FDM manner. That is, ACK/NACK transmissions are code-multiplexed using orthogonal sequences within a predefined time frequency region.    CDM allows for power control between acknowledgments for different users and provides good interference averaging.  In addition, it can provide frequency diversity among different users without using repetition required for FDM multiplexing.  Figure 1 illustrates the CDM/FDM mapping for ACK/NACK.  To maintain orthogonality in frequency selective channels, the size of each ACK/NACK region must be small enough for the channel to remain flat (usually the size of a region is less than 12 sub-carriers or 180 kHz).  Acknowledgements from multiple users are then code-division multiplexed together with each region.  In the case that a region cannot accommodate all needed acknowledgements, additional ACK/NACK regions must be defined as shown in Figure 1.  To obtain frequency diversity the regions are repeated several times over the entire bandwidth.
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Figure 1.  CDM/FDM mapping for Downlink ACK/NACK.
3. Mapping to Resource Elements
In [1], an invariant control channel design for the downlink was presented.  In the proposal, CCEs are constructed from position invariant building blocks (dubbed mini-control channel elements), where each mini-CE is contained within an OFDM symbol but the CCE spans n.  Each mini-CE has 4 REs for control.  The mini-CE size is 6 REs with 2 REs reserved for reference symbols if located in OFDM symbols 0 or 1 and 4 REs if located in OFDM symbol 2.  As a result, each mini-CE contains 4 resource elements to be used for L1/L2 control transmission.  An example of the mapping of each mini-CE type for n=3 case for 1.25 MHz LTE carrier is shown below in Figure 2.
In addition to CDM, ACK/NACK is also repeated transmitted in an FDM manner to provide frequency diversity.  Figure 2 shows an example of ACK/NACK mapping using the invariance mini-CE design.  Here, ACK/NACK are mapped to a mini-CE (shown in red) and repeated several times within the first OFDM symbol.  Detailed description of the mapping of mini-CE to resource elements are specified in [1].  In this case, acknowledgments are code-multiplexed over 4 resource elements.  Depending on how the acknowledgments are mapped (to one of I/Q branch or both), acknowledgments from either 4 or 8 different users may be multiplexed together.
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Figure 2.  Physical Mapping of mini-CE for 1.25 MHz LTE carrier mode.
Figure 3 shows the performance using the invariance mini-CE design.  From the figure, it is seen that performance improves by approximately 0.5 dB as the repetition factor increases from 2 to 3.  However, with repetition factor of 4, the improvement is small (less than 0.2 dB).  It is therefore recommended that repetition factor of 3 be used to reduce the ACK/NACK overhead in term of resource elements.
4. Conclusions
Based on the analysis shown, the following proposals regarding the downlink acknowledgment channel are recommended –

· Downlink acknowledgments are code-multiplexed into mini-CE of size 4 resource elements with repetition factor of 3.
· Mapping of mini-CE to resource elements are performed as specified in [1].
· Inter-cell interference coordination or randomization can be supported with cell-specific permutations from the virtual mini-CE to mini CE’s.
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Figure 3.  CCFI performance (4 sequences), non-ideal channel estimation, TU 3 km/h.




























































































































































































































































