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1. Introduction

In RAN1#62, several agreements on ACK/NACK for carrier aggregation in FDD were reached.  They included no support for DAI, no explicit DTX, and no cross-carrier bundling. For TDD, however, several points remain to be agreed upon, including the following issues –
· Maximum ACK/NACK payload size

· ACK/NACK bundling methods – spatial, partial and cross-carrier
· DAI definition

This contribution addresses some of the above issues for TDD in case of carrier aggregation.  
2. Maximum payload size
In Rel-10, DFT-S-OFDM will be used to support ACK/NACK transmission with more than 4 bits.  This format can support around 20 bits with SF=5.  In TDD, typically the 4DL:1UL is the most asymmetric configuration that will be supported in practice as the 9DL:1UL will be generally used for broadcast transmission.  In addition, at most 5 DL carriers can be used in carrier aggregation.  Thus, ACK/NACK multiplexing for TDD should be designed to carry acknowledgements from at most 5 DL carriers in 4DL:1UL configuration.  In this case 40 bits will be required given two codewords and 5 DL carriers.  However, this is not practical as DFT-S-OFDM can support around 20 bits at most.  
In FDD, the maximum size of the ACK/NACK is 10 bits.  Using DFT-S-OFDM, this corresponds to an SNR requirement of approximately -1 dB as shown in Figure 2which is achievable for most users in the cell.  To support 20 bits, however, will require approximately 7 dB, which is a substantial increase and only achievable only by a small fraction of users.   Furthermore, the multiplexing capacity is significantly reduced when 20-bit payload size is supported.  As a result, it is recommended that the maximum payload size is 10 bits.
Proposal: The maximum payload size for ACK/NACK in TDD is 10 bits.
Note that it may be possible to extend the maximum payload size somewhat beyond 10 bits using existing RM coding.  In this case, up to 13 bits can be supported without requiring new coding definition.  This remains a possibility and may be needed based on how ACK/NACK bundling is to be performed.   
3. ACK/NACK Bundling

Since the recommendation is to limit the maximum payload size for ACK/NACK to 10 bits, several overhead saving techniques must be used.  They include, for example, spatial bundling, partial bundling, and no DTX support.  In TDD, spatial bundling should be used to minimize ACK/NACK overhead from one carrier.  This is already supported in Rel-8 and has been shown to result in only minimum throughput loss.   Thus, for Rel-10, spatial bundling across codewords should be adopted as well.  With explicit support for DTX, the number of bits to be transmitted is increased substantially.  As a result, the multiplexing capacity of each resource when using DFT-S-OFDM is reduced significantly.  With explicit DTX support, it is estimated that at most two users may be multiplexed in one resource block.  Without this support, up to five users can be multiplexed together in one resource block.  Thus, the feedback should only have two states instead of three.
Because ACK/NACK should be designed to carry acknowledgements from 5 DL carriers in 4DL:1UL configuration, it is clear that some form of partial bundling will be required if only 10 bits can be used.  Partial bundling, however, is only required in some configurations.
Proposal: Spatial bundling across codewords is adopted in TDD.  Partial bundling may be required in some configurations. 
However, in carrier aggregation, conditions across carriers may not be correlated due to the different carrier frequencies and bandwidths.  As a result, if acknowledgements from different carriers are bundled together, throughput loss may be significant.  Therefore, bundling across carriers is not recommended.
Proposal: No cross-carrier bundling in TDD.

An example of bundling across subframes is shown in Figure 1.  In this case, there are 5 DL carriers in 4DL:1UL configuration.  Within each component carrier, spatial bundling across codewords is performed.  In addition, bundling is performed across two subframes.
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Figure 1.  Bundling example.
4. Conclusions

This contribution addresses the issue of ACK/NACK for TDD with carrier aggregation in Rel-10.  It is recommended that –

· The maximum payload size for ACK/NACK in TDD is 10 bits.
· Spatial bundling across codewords is adopted in TDD.  Partial bundling may be required is some configurations. 

· No cross-carrier bundling in TDD.
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Figure 2.  ACK/NACK performance versus payload size.




























































































































































































































































