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1. Introduction

In RAN1#61bis, several agreements on ACK/NACK for carrier aggregation were reached.  For both FDD and TDD, the following points were agreed –

· ACK/NACK multiplexing

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
This contribution addresses the issue of ACK/NACK transmission for TDD in case of carrier aggregation.  
2. ACK/NACK for TDD
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.
To do this efficiently, several overhead saving techniques are recommended –
· Spatial bundling – 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.

· No DTX support – 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.
· Downlink Assignment Index – The DAI is used to inform the UE of possible missed PDCCH.  In Rel-8, this DAI is given in the grant for each subframe.  For Rel-10, the same idea may be used with a simple extension to increase the DAI range.  However, without explicit DTX state, the UE will simply report a NACK on subframes and carriers where the assignments have been missed.  In practice this means that the eNB may have to reschedule the subframes using Chase instead of IR.  Although this may reduce throughput somewhat, it is not expected to be significant.  It should also be noted that in general only UEs in good radio condition will be assigned data in multiple carriers, so missed PDCCH should not be a significant concern for those UEs.
· Bundling across carriers – 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.
With the above overhead saving techniques, it is seen that DFT-S-OFDM can be used to efficiently support the case of transmission on 5 DL carriers in 4DL:1UL configuration.

The issue of PUCCH resource selection is addressed separately in [1].  In that contribution, it is proposed that resource assignment is done implicitly based on Rel-8 principle when only one assignment is given (i.e. DL transmission only on one carrier).   When more than one carriers are assigned, ACK/NACK resource assignment should be given explicitly via RRC configuration as a baseline.
3. Conclusions

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

· Spatial bundling is used as in Rel-8. 

· Explicit DTX state is not supported.

In addition, it is preferred that the downlink assignment index is used as in Rel-8, and that bundling across carriers is not performed.
4. References

1. R1-104687, “PUCCH Resource Selection for Carrier Aggregation,” Motorola, RAN1#62, Madrid, Spain, Aug. 2010.




























































































































































































































































