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1. Introduction

For Rel-8, there are differences between FDD and TDD when it comes to ACK/NACK feedback in response to downlink transmissions. As is well known, for FDD there is a one-to-one relation between uplink and downlink subframes, whereas this is not the case for TDD, where ACK/NACK feedback associated with several downlink subframes need to be conveyed within a single uplink subframe.  With Rel-10 carrier aggregation, ACK/NACK feedback is transmitted on a single uplink component carrier, and the need for ACK/NACK feedback associated with more than two transport blocks is then common for both FDD and TDD.  In the present contribution, ACK/NACK feedback on PUCCH for TDD with carrier aggregation is discussed.  

2. Discussion

2.1. ACK/NACK feedback modes

The number of ACK/NACK bits needed to be fed back will depend on the uplink downlink configuration. Assuming no explicit DTX feedback, FDD  needs to support up to 10 bits ACK/NACK feedback whereas TDD with 4DL:1UL needs to support up to 40 bits. These maximum values are for the case with aggregation of five component carriers.  For Rel-8 TDD, there are two ACK/NACK feedback modes, ACK/NACK multiplexing and ACK/NACK bundling, both containing elements of feedback reduction (bundling in space and time domain respectively).   Similar for rel-10, several candidate feedback modes could be considered:

· Full ACK/NACK multiplexing. No bundling is then used, and for the case with 4DL:1UL, up to at least  40 ACK/NACK bits are needed.

· ACK/NACK multiplexing with partial bundling. Partial bundling is then used to generate ACK/NAK payload comparable to FDD, around 10 bits for five component carriers, in order to keep the same coverage.

· Full ACK/NACK bundling. Bundling similar to Rel-8 is then used to generate 1-2 ACK/NACK bits depending on rank of the transmission. 

At the current stage, the practical benefit of full ACK/NACK multiplexing with payloads substantially larger than 10 bits needs to be demonstrated from both a downlink and uplink performance point of view prior designing a feedback mode supporting such large payload sizes. We also note that full bundling and ACK/NACK multiplexing with partial bundling enables similar uplink control channel coverage for both FDD and TDD.

Proposal

· Support  two ACK/NACK feedback modes, 
· ACK/NACK multiplexing with payloads up to around 10 bits.
· ACK/NACK bundling with payload 1-2 bits.
We further note that at WG1 meeting #58bis, it was agreed to support limited ACK/NACK transmission for the case with power limited UEs.
2.2. ACK/NACK multiplexing with partial bundling

For ACK/NACK multiplexing with payloads up to around 10bits, some form of bundling is needed.  The two basic approaches include

· Bundling in the time domain to generate 1-2 bits per component carrier

· Bundling in carrier domain to generated 1-2 bits per downlink subframe

These two basic bundling schemes are depicted in Figure 3.   Various hybrid combinations can of course also be conceived, but it appears more straightforward to pick a rather basic principle since designs are needed for a range of different uplink-downlink configurations. 
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Figure 3 ACK/NACK bundling in the component carrier domain (left) and in the time domain (right) for two downlink component carriers with 4DL:1UL.

The design of any bundling scheme needs to consider the case with missed downlink assignments. For Rel-10,  if bundling is done in the carrier domain,  we note that there is a possibility that for a given subframe, the  terminal will miss the assignment on one of the carriers, whereas for  bundling in the time domain, there is a possibility that the terminal will miss an assignment in one of the downlink subframes on a carrier. 

For Rel-8 TDD ACK/NACK multiplexing on PUCCH, a combination of downlink signaling of the number of assigned subframes and uplink channel selection to indicate the last received DL subframe is used to enable handling cases with missed assignment, whereas for ACK/NACK feedback on PUSCH a scrambling code is selected based on the total number of subframes with DL assignments.  

For the case with time domain bundling, we note that a per carrier re-use of the rel-8 TDD downlink assignment index, which would represent the number of previously assigned downlink subframes on the particular carrier, would  require per carrier uplink indication  of the last received downlink subframe (or total number of bundled downlink subframes).   For the case with 4DL:1UL, this would require feedback of 1-2 ACK/NACK bits per component carrier in addition to two bits or four signaling hypothesis to indicate the last received downlink subframe for each component carrier, or equivalently, the number of bundled subframes.  At the same time, if feedback on the number of bundled subframe is provided, there is no need for DAI.

For the case with carrier domain bundling, the number of ACK/NACK bits would scale not with the number of component carriers but with the number of associated downlink subframes. To avoid  interpreting DTX as ACK for the case with missed downlink assignments,   there would be a need to redefine the downlink assignment index to represent the total number of assigned downlink component carriers for a given downlink subframe. There would in this case not be a need to indicate last received DL subframe or the total number of bundled codewords since feedback is available for all the downlink subframes.

Independent of whether time domain or carrier domain bundling is done for ACK/NACK multiplexing, there is a need to reconsider the size of the downlink assignment index (DAI) field as well as its definition [2] . 

Proposal

· Redefine the meaning and/or reconsider the size of the downlink assignment index (DAI) for ACK/NACK multiplexing (with partial bundling) as compare to Rel-8 DAI in the context of carrier aggregation. 
We note here that in case the uplink feedback payload is increased to encompass also the number of bundled ACKs, there is no need for any DAI at all, but this will at the same time also increase upload payload.
2.3. Full ACK/NACK bundling

Also for the case with ACK/NACK bundling, there is a need to consider missed downlink assignments.   Similar to Rel-8 TDD ACK/NACK bundling, a combination of downlink signaling (DAI) and/or uplink signaling can be used to avoid that the eNodeB interprets an assignment missed by the UE as an ACK.   Since the component carrier domain has been added, there is a need to reconsider the meaning and possibly the size of the DAI also for full ACK/NACK bundling [1] 

 REF _Ref269806998 \r \h 
[2] 

 REF _Ref269806999 \r \h 
[3] 

 REF _Ref269807000 \r \h 
[4] . In this case, it is preferable to keep a consistent definition of DAI for both ACK/NACK bundling and ACK/NACK multiplexing (with partial bundling), in the same way as was done for Rel-8 TDD ACK/NACK feedback. 

Proposal

· Strive for having the same definition of the downlink assignment index (DAI)  for both ACK/NACK multiplexing with partial bundling and full bundling
We further note that the design also needs to consider the case with missed downlink assignments at the “end” of the bundling window. Another important aspect to consider is which PUCCH resource to use in case of ACK/NACK bundling. Furthermore, if uplink feedback is provided on the number of bundled subframes, there is no need for any DAI at all.

3. Conclusion
In the present contribution, ACK/NACK feedback on PUCCH was discussed and the following proposals were made:

· Support  two ACK/NACK feedback modes, 
· ACK/NACK multiplexing with up to payloads up to around 10 bits.
· ACK/NACK bundling with payload 1-2 bits.
· Redefine the meaning and/or reconsider the size of the downlink assignment index (DAI) for ACK/NACK multiplexing (with partial bundling) as compare to Rel-8 DAI in the context of carrier aggregation. 
· Strive for having the same definition of the downlink assignment index (DAI)  for both ACK/NACK multiplexing with partial bundling and full bundling
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