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1. Introduction
In RAN plenary #60, the work item “LTE TDD-FDD joint operation” [1] was approved. Some agreements of TDD-FDD Carrier Aggregation were achieved in RAN1#75 meeting [2] including
· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell

· FFS: TDM switching between PCell and SCell PUCCH

· For the case of PUCCH transmission on PCell only:

· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier

· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing SCell timing regardless whether SCell is TDD or FDD

· When PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows PCell timing
In this contribution, we focus on the case of PUCCH on PCell only and self-scheduling for TDD-FDD CA, and discuss relevant DCI/UCI transmission solutions. The discussion herein is related to our companion contribution [3], which considers on the standard impact of HARQ design and relevant issues in TDD-FDD CA.
2. Discussion
For TDD-FDD CA, the physical layer specification work mainly lies in the DL/UL HARQ timing design, which will be mainly affected by whether or not PUCCH on PCell-only and whether or not cross carrier scheduling (CCS) is supported. According to the discussion results of RAN1 # 75, at least PUCCH on PCell-only and self-scheduling are supported, while SCell PUCCH and solution of CCS are FFS. Based on this basic assumption, the main effort may focus on DL HARQ and relevant issues. Regarding UL HARQ, it can just follow the current UL HARQ timing, and the expected specification impact would be quite limited.
In this contribution, the discussion will focus on DCI/UCI transmission for DL HARQ, with the assumption of “PUCCH on PCell only” and “self-scheduling”.
2.1. DCI/UCI transmission with FDD as PCell

For the case of FDD as PCell and TDD as SCell, HARQ timing of SCell follows PCell timing. Since the ACK/NACK corresponding to TDD carrier is transmitted on PCell and PUCCH resources could be available in all subframes on FDD PCell, the HARQ RTT delay for TDD SCell will be shortened from a maximum 17ms to a unified 8ms. Therefore, the HARQ process number for TDD SCell will not exceed eight, and 3bits is enough to distinguish the parallel HARQ processes, resulting in 1 bit redundancy in the HARQ process number (HPN) field of the DL DCI formats for TDD SCell. Next, since one FDD UL subframe will carry ACK/NACK for up to one TDD DL subframe of the TDD SCell, it is not necessary to aggregate the ACK/NACK bits from multiple SCell DL subframes. Consequently, the 2-bit DAI filed of DL assignment/UL grant presented in TDD with UL/DL configuration 1-6, which helps UE to identify the number of subframes with PDSCH transmission within the HARQ feedback window, becomes superfluous. 
Overall, for DL assignment of TDD SCell, there will be 1 redundant bit for UL/DL configuration 0 and 3 redundant bits for UL/DL configuration 1-6. For UL grant of TDD SCell, there will be 2 redundant bits for UL/DL configuration 1-6. Referring to the solution of DCI formats of UE configured with more than one serving cell with different UL/DL configuration, these redundant bit(s) could be removed. Thus, HPN field and DAI filed of DCI formats for TDD SCell should be set the same size as FDD PCell. In this case, higher layer signalling or indicating in advance are needed for UE to interpret DCI of TDD SCell in a FDD way.
Proposal 1: For FDD as PCell and TDD as SCell, the HPN filed and DAI filed of DCI formats for TDD SCell should be set the same size as that of DCI formats for FDD PCell.
In Rel-10/11, PUCCH format 1b with channel selection and PUCCH format 3 are supported for FDD carrier aggregation. For the case of FDD as PCell and TDD as SCell, DL TDD can be seen as a special FDD operation with some DL subframes missing, thus both PUCCH format 1b with channel selection and PUCCH format 3 can be configured as well. Similar to FDD carrier aggregation, for FDD as PCell, PUCCH format 1b with channel selection can be used for UE configured with two serving cells, and PUCCH format 3 can be used for UE configured with more than two serving cells.
2.2. DCI/UCI transmission with TDD as PCell

For the case TDD as PCell and FDD as SCell, for PDSCH transmitted on SCell with self-scheduling, two candidate options, i.e. Option 1 and Option 2-c, are under consideration for the DL HARQ timing of FDD SCell [2]. Since PUCCH transmission is not always available in all subframes on TDD PCell, FDD SCell tends to have longer RTT delay ranges from 8ms to 17ms no matter which option is adopted. Therefore, the number of HARQ processes of FDD SCell may exceed 8, but is less than 17 under the restriction for UL/DL configuration 5. In this case, the original 3-bit HPN field is not able to indicate all parallel HARQ processes for FDD SCell, and an additional bit is necessary to be added to the HPN field of DL assignment for FDD SCell. In addition, since the ACK/NACK bits corresponding to the PDSCH transmissions on multiple FDD DL subframe have to be transmitted on the PUCCH of one single TDD UL subframe, a 2-bit DAI field of the DL assignment/UL grant should be presented for FDD SCell as well. More specifically, the DAI filed should be presented for FDD SCell for all UL/DL configurations if Option 1 is accepted, while it should be only presented for FDD SCell for DL/UL configuration 1-6 if Option 2-c is accepted. Higher layer signalling or indicating in advance are needed to make UE interpret the DCI formats of FDD SCell correctly.
Proposal 2: For TDD as PCell and FDD as SCell, if Option 2-c is selected, the HPN filed and DAI filed of DCI formats for FDD SCell should be set the same size as that of DCI formats for TDD PCell.
Proposal 3: For TDD as PCell and FDD as SCell, if Option 1 is selected, a 4-bit HPN field and 2-bit DAI filed should be present for DCI formats of FDD SCell for all UL/DL configurations.
In Rel-10/11, PUCCH format 1b with channel selection and PUCCH format 3 are supported for TDD carrier aggregation. For TDD as PCell, if Option 2-c is selected, the DL HARQ can be seen the same as TDD CA with serving cells configured with same or different UL/DL configuration. Therefore, the use of these two PUCCH formats is the same as TDD CA with more than one serving cell. On the other hand, if Option 1 is selected, the ACK/NACK feedback becomes more complicated. By adding new timing for remaining subframes of FDD SCell, the quantities of FDD DL subframes associate with one TDD UL subframe (i.e. M) may exceed 4 for UL/DL configuration 2, 4 and 5. However, the current HARQ-ACK feedback procedure of PUCCH format 1b with channel selection could not support M>4. 
Observation 1: For UE configured with TDD as PCell and FDD as SCell, if Option 1 is selected, current PUCCH format 1b with channel selection is not supported for UL/DL configuration 2, 4 and 5.
To solve this, two candidate solutions can be considered: 
Solution 1: for UL/DL configuration 2, 4 and 5, PUCCH format 1b with channel selection is not supported, only PUCCH format 3 can be used, 
Solution 2: for UL/DL configuration 2 and 4, further study enhancement of PUCCH format 1b with channel selection to support the M>4 cases.
Solution 1 is a straightforward way to solve M>4 cases. For Solution 2, further enhancement on current PUCCH format 1b with channel selection should be made, for example by bundling ACK/NACK bits of the remaining subframes with other subframes by performing logical AND operation. Detail discussion on the standard impact of these two solutions can be found in our companion contribution [3]. 
To summarize the discussion above on PUCCH formats that used to transmit HARQ-ACK feedback for FDD and TDD as PCell respectively, we have the following proposal:

Proposal 4: For TDD-FDD carrier aggregation, both PUCCH format 1b with channel selection and PUCCH format 3 should be supported.

3. Conclusions
In this contribution, we discuss the details of DCI/UCI transmission for TDD-FDD carrier aggregation, with the assumption of “PUCCH on PCell only” and “self-scheduling”. Our observations and proposals are summarized as follows.
Observations: 
· For UE configured with TDD as PCell and FDD as SCell, if Option 1 is selected, current PUCCH format 1b with channel selection is not supported for UL/DL configuration 2, 4 and 5.
Proposals: 
· Proposal 1: For FDD as PCell and TDD as SCell, the HPN filed and DAI filed of DCI formats for TDD SCell should be set the same size as that of DCI formats for FDD PCell.
· Proposal 2: For TDD as PCell and FDD as SCell, if Option 2-c is selected, the HPN filed and DAI filed of DCI formats for FDD SCell should be set the same size as that of DCI formats for TDD PCell.
· Proposal 3: For TDD as PCell and FDD as SCell, if Option 1 is selected, a 4-bit HPN field and 2-bit DAI filed should be present for DCI formats of FDD SCell for all UL/DL configurations. 
· Proposal 4: For TDD-FDD carrier aggregation, both PUCCH format 1b with channel selection and PUCCH format 3 should be supported.
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