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1. Introduction
In RAN1#49, it was agreed that UL ACK/NACK assignment is implicitly associated with the control channel index used for the downlink scheduling grant.  However, for TDD system the case of asymmetric allocation with more DL than UL sub-frames must be considered.   In this contribution, ACK/NACK for E-UTRA TDD is discussed.
2. Uplink ACK/NACK for TDD
When there are more DL than UL sub-frames in the TDD split, two solutions are possible –

1. Define additional PUCCH for ACK/NACK [1]

 REF _Ref174418739 \r \h 
[2][3].  The association between the additional PUCCH and corresponding DL sub-frames can easily be handled as part of the DL/UL split configuration (an example mapping is given in [2]).  An illustrative example of this concept is shown in Figure 1.  In this example, ACK/NACK for DL sub-frames #0 – #3 are provided in UL sub-frames #6 – #9, while ACK/NACK for DL sub-frames #4 – #5 are provided in UL sub-frames #8 – #9 using additional PUCCH resources.  
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Figure 1. Mapping of UL control signalling to DL sub-frame.
Advantage –
· Same ACK/NACK structure for TDD/FDD.
· Same implicit relationship between control channel index and UL ACK/NACK indicator.
Disadvantage –
· Some scheduling restriction to ensure that an UE will not have to transmit multiple UL acknowledgments in the same UL sub-frames. 
2. ACK/NACK multiplexing or multi-bit ACK/NACK [2].  In this case, either several ACK/NACKs may be multiplexed within the same PUCCH, or multi-bit ACK/NACK (via spreading factor reduction) can be used.
Advantage –

· No scheduling restriction on the DL.

Disadvantage –

· Complicated mapping between control channel index and UL ACK/NACK indicator, and also between associated DL and UL sub-frames.

· May impose limitation on possible DL/UL split (e.g. at most 4:1 DL/UL split if the current ACK/NACK structure is to be used).

· Possibly large additional overhead in the case of multi-bit ACK/NACK since all ACK/NACK indicators must address multiple DL sub-frames.
Note that both methods will require additional PUCCH which may go unused in some cases (e.g. few scheduled users).  However, [4] discusses several possible ways to alleviation this issue of PUCCH over-provisioning.
3. Conclusion
Based on the discussion above, our preference is to define additional PUCCH control resource for asymmetrical allocation with more DL than UL sub-frames.
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