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1. Introduction

In RAN1 #62bis meeting, the following was agreed for the PUCCH A/N transmission in LTE-A TDD [1]. 

	Agreement:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4


On the other hand, there was no discussion so far on TDD A/N piggyback on PUSCH including DAI in UL grant. This paper suggests application of DAI in UL grant for effective A/N piggyback in LTE-A TDD with carrier aggregation (CA). 
2. DAI in UL grant for Rel-8 TDD
In Rel-8 TDD, two PUCCH A/N transmission methods are adopted: channel selection and bundling. An A/N bit for the channel selection is defined as spatial bundled A/N per DL subframe while an A/N bit in the bundling case is defined as temporal bundled A/N per codeword. In case of A/N piggyback on PUSCH in Rel-8 TDD, DAI in UL grant is used for indicating UE of “total” number of scheduled DL subframes (i.e. DL assignments) which makes UE informed on DL grant missing. With aid of DAI in UL grant, A/N bits defined for each PUCCH A/N method can be piggybacked on PUSCH without misalignment between UE and eNB.
3. DAI in UL grant for LTE-A TDD 
In Rel-8 TDD, up to 4 (for channel selection case) or 2 (for bundling case) A/N bits are piggybacked on PUSCH. On the other hand, in LTE-A TDD with CA, up to 20 or ‘x’ (for Mode 1 or 2 with PUCCH format 3 above) or 4 (for Mode a/b with channel selection above) A/N bits would be piggybacked on a PUSCH. Here, in case of A/N feedback mode with PUCCH format 3 (especially, Mode 1 above), there would be the case unnecessarily large number of A/N bits is multiplexed with UL data on a single PUSCH even though actual DL assignments are limited to certain DL subframe (or DL CC) region. This may induce large overhead which may incur UL throughput loss by affecting in controlling MCS level (becomes lower) as well as in scheduling RB amount (becomes larger). Besides, even considering the case of UL grant missing and the consequent misalignment between eNB and UE with respect to UL CC selection for UCI piggyback, overhead and loss could be more serious compared to the case of FDD with CA.
In order to mitigate overhead by reducing unnecessary A/N bits in case of TDD A/N piggyback, we propose to use DAI in UL grant for indicating “last scheduled” DL subframe (or DL CC). Here, “scheduled” DL subframe means the DL subframe for which at least one PDSCH is scheduled over all DL CCs. Correspondingly, UE can just piggyback the A/N bits corresponding to from the first DL subframe to the “last scheduled” DL subframe indicated via DAI in UL grant, without causing any misalignment with eNB. Note that one of DAI values can be used to inform “no scheduling” over entire DL subframes. In addition, regarding 2-bit DAI field, some DL subframes need to be indicated with a same DAI value. Regarding 4 DL subframe case, for example, 4 DAI values can consist of “no scheduling”, DL subframe #1, #2, and #4 (in this case, even if DL subframe #3 is “last scheduled” DL subframe, DAI indicates DL subframe #4). 
Figure 1 shows an example of DAI application in UL grant as “last scheduled” DL subframe indicator. In the figure, since DL subframe #2 is lastly scheduled and no PDSCH is scheduled in DL subframe #3 and #4, DAI in UL grant indicates DL subframe #2 as “last scheduled” DL subframe. According to the received DAI value in UL grant, UE piggybacks the A/N bits corresponding to from DL subframe #1 to #2 as shown in the figure. Alternatively, DAI in UL grant can be used as “last scheduled” DL CC indicator as shown in Figure 2. In the figure, since DL CC #3 is lastly scheduled and no PDSCH is scheduled on DL CC #4 and #5, DAI in UL grant indicates DL CC #3 as “last scheduled” DL CC. According to the received DAI value in UL grant, UE piggybacks the A/N bits corresponding to from DL CC #1 to #3 as shown in the figure.

Proposal: In LTE-A TDD, DAI in UL grant is used to indicate “last scheduled” DL subframe (or DL CC). A/N bits corresponding to up to the “last scheduled” DL subframe (or DL CC) are piggybacked on the corresponding PUSCH.
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Figure 1: An example of “last scheduled” DL subframe indicator via DAI in UL grant
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Figure 2: An example of “last scheduled” DL CC indicator via DAI in UL grant
4. Summary
In this paper, we discussed on application of DAI in UL grant for A/N piggyback on PUSCH in LTE-A TDD with CA. Finally, we propose: 

Proposal: In LTE-A TDD, DAI in UL grant is used to indicate “last scheduled” DL subframe (or DL CC). A/N bits corresponding to up to the “last scheduled” DL subframe (or DL CC) are piggybacked on the corresponding PUSCH.
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