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1
Introduction
One of the candidate enhancements included in the LTE carrier aggregation enhancement WID [1] is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. 
One remaining issue in supporting inter-band TDD CA is the handling of UL DAI. The issue was firstly mentioned in [2] in RAN1#70 meeting, but it was not treated.
In this contribution, we will discuss the handling of UL DAI with inter-band TDD CA. 
2
Discussion
Although there is no explicit physical meaning, UL DAI is typically considered as the number of DL subframes for which the UE needs to feedback HARQ-ACK bits for each serving cell, and it is typically set according to the maximum value of number of scheduled subframes among all serving cells.

The UL DAI problem with inter-band TDD CA is illustrated in Figure 1. 

· The SIB1 UL-DL configuration on each aggregated cell is UL-DL configuration 1 and UL-DL configuration 5, respectively. Self scheduling is assumed. 

· The DL reference configurations on PCell and SCell are UL-DL configuration 1 and UL-DL configuration 5, respectively. This means subframe 5&6 on PCell and subfrmae 9&0&1&2&3&4&5&6&7&8 on SCell are all associated with subframe 2 for HARQ-ACK; 
· The UL reference configuration on PCell and SCell are UL-DL configuration 1 and UL-DL configuration 5, respectively. This means the UL grant for PUSCH transmission in subframe 2 is transmitted in subframe 6 on PCell and subframe 8 on SCell.
· Subframe 5&6 on PCell are scheduled. Subframe 0&4&5&6&7 on SCell are scheduled.
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Figure 1: Illustration of UL DAI problem

The first problem is related to UL DAI value determination. When transmitting UL grant in subframe 6 on PCell, eNB has no idea about whether subframe 7&8 on SCell will be scheduled or not, thus it cannot know the number of scheduled subframes on each serving cell. 
This problem can, however, be solved by eNB implementation. For example, the eNB can assume subframe 7&8 are always scheduled and determine UL DAI as 6 mod 4; then if one or both of those 2 subframes are not scheduled, UE will consider them as DTX as in current specification. Another example of eNB implementation could be that eNB assumes all subframes on PCell and SCell are scheduled and determines UL DAI as 9 mod 4; although UL DAI becomes useless, eNB implementation is simplified a lot. Of course, other eNB implementations in determining the UL DAI value are also possible. 
The second problem is related to multiple UL DAI ambiguity. Assuming eNB determines the UL DAI as described above, when transmitting UL grant in subframe 6 on PCell, eNB should set UL DAI to 6 mod 4; when transmitting UL grant in subframe 8 on SCell, eNB should set UL DAI to 5 mod 4. Then if there are 2 PUSCH transmissions scheduled on PCell and SCell respectively UE will see different UL DAI values in 2 UL grants; this could be considered as error case in Rel-10 CA, but should be a normal case in inter-band TDD CA. It should be noted that other implementations in determining the UL DAI value could also lead to multiple UL DAI ambiguity.
In our view, how UE should determine the HARQ-ACK codebook size given different UL DAI values in different UL grants should be specified to solve the ambiguity. The straightforward way is that UE will use the UL DAI value in the UL grant that schedules the PUSCH carrying HARQ-ACK. In the example in Figure 1, if there are 2 PUSCH transmissions scheduled on PCell and SCell respectively, UE will use UL DAI value in the UL grant transmitted on PCell (6 mod 4) since HARQ-ACK is carried on PCell PUSCH. Compared to other solutions (e.g. UE will use UL DAI value in the latest UL grant [2]), this straightforward solution leads to simple UE implementation by avoiding the case where one PUSCH transmission is impacted by other UL grant than its own. 
Proposal 1: It should be specified when multiple PUSCH is scheduled in the same subframe on multiple carriers, UE will use the UL DAI value in the UL grant that schedules the PUSCH carrying HARQ-ACK to determine the codebook size. UL DAI value setting is up to eNB implementation.
4
Conclusion
In this paper we provided our view on how to handle UL DAI when HARQ-ACK is carried on PUSCH and UL DAI is available in UL grant with inter-band TDD CA, and have the following proposal:
Proposal 1: It should be specified when multiple PUSCH is scheduled in the same subframe on multiple carriers, UE will use the UL DAI value in the UL grant that schedules the PUSCH carrying HARQ-ACK to determine the codebook size. UL DAI value setting is up to eNB implementation.
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