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1
Introduction
In RAN1#75, several agreements were reached on TDD-FDD carrier aggregation details, for instance on the scheduling and HARQ timing details, as follows:
Agreements:

· 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
Agreements:

· 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 discuss some remaining details of downlink and uplink control information in TDD-FDD CA in light of the prior agreements. In addition, the e-mail discussions [75-08] on the PDSCH HARQ timing in case of TDD Pcell and [75-09] on the cross-carrier scheduling support and its details were not concluded by the contribution deadline, hence we discuss also the impacts of those design choices on DCI and UCI.
2
Details of downlink and uplink control information
As a consequence of agreements on the HARQ timing, some details regarding both downlink and uplink control information need to be agreed on. Here, in section 2.1 we discuss the details of DCI formats, and in section 2.2 we discuss the UCI details.
2.1
DCI details
In RAN1#75, it was agreed that when Pcell is FDD and Scell is TDD, for PDSCH transmitted with self-scheduling, HARQ timing follows Pcell timing. This implies that also on the TDD Scell, the number of HARQ processes is eight. Furthermore, there is always a one-to-one mapping from each DL subframe to an UL subframe used to transmit the ACK/NACKs, hence there is no need for the downlink assignment index. Therefore we propose that in this case the HARQ process number field in the DL DCI is reduced to 3 bits as in FDD, and the DAI field is removed. Similarly, UL DAI is not needed in the UL grants used to schedule the TDD Scell(s) in this case.
In case of TDD Pcell when FDD is Scell, the situation is basically the opposite. The number of HARQ processes needs to be increased beyond eight (exact number depending on the UL-DL configuration of the TDD Pcell), and there is no longer a one-to-one mapping between the DL subframes carrying the PDSCH and the UL subframes carrying the corresponding ACK/NACK. Hence, the HARQ process number field needs to be extended to 4 bits and the downlink association index is required similarly to normal TDD operation. It is noted that for “option 1” [1] for PDSCH HARQ timing in case of TDD Pcell, it was agreed that the number of HARQ processes is less than 17, i.e. not requiring more than 4 bits. Similarly, the UL DAI is needed in the UL DCI used to schedule FDD Scell in the case of TDD Pcell. 
The existence of UL index is straightforward in case of self-scheduling and it seems there are no changes required in this respect as the scheduling and HARQ timing follow existing timing patterns in this case. In other words, UL index is needed in the UL DCI in case of UL/DL configuration 0. However, in case of cross-carrier scheduling, there may be some clarifications needed depending on the exact chosen solution [2]:

· If TDD is the scheduled cell and FDD is the scheduling cell, the options were UL-A1 and UL-B1 [2]. In case of UL-A1, UL index is required normally in case of UL/DL configuration 0 whereas in case of UL-B1 on the other hand there is no need for UL index due to one-to-one mapping between the DL subframes and the scheduled UL subframes.
· If FDD is the scheduled cell and TDD is the scheduling cell, the options gaining support were UL-B2 and the different flavors of UL-A2 [2]. In case of UL-A2, TDD timing would be followed for the FDD scheduled cell. A typical UL reference configuration for the FDD Scell would then be UL/DL configuration 0, in which case the UL index would be required in the UL grant. In the case of TDD Pcell, UL index would replace UL DAI. On the other hand in case of UL-B2, there is no need for the UL index as FDD timing is basically used for scheduling.
Our view on cross-carrier scheduling is that if supported, it should be based on options UL-A1 and UL-B2, in which case there are no changes required to use of UL index compared to current specification.
Proposals:
· In case of FDD Pcell:

· The DL DCI used for scheduling a TDD Scell shall not contain the DAI field, and the number of bits for the HARQ process number is three. 
· The UL DCI used for scheduling a TDD Scell shall not contain the DAI field. 

· In case of TDD Pcell:

· The DL DCI used for scheduling an FDD Scell shall contain the DAI field, and the number of bits for the HARQ process number is four.
· The UL DCI used for scheduling an FDD Scell shall contain the DAI field.
· Note that these are needed independently of whether option 1 or 2-c is chosen for the FDD Scell PDSCH HARQ timing.

· Depending on potential agreements on cross-carrier scheduling, clarify the existence of UL index in the UL DCI formats.
2.2
UCI details

It was agreed in RAN1#75 that at least the mode is supported where PUCCH is transmitted on Pcell only. Furthermore, it was agreed that when the Pcell is FDD and the Scell is TDD, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows the Pcell timing. In this case, since the TDD Scells are treated effectively as FDD Scells with scheduling restrictions, it is natural that the FDD UCI procedures are utilized directly. In addition, current specification limits the number of aggregated carriers in case TDD UL/DL configuration 5 is utilized. Now, since the PUCCH is carried on the FDD Pcell, there is clearly no need for such limitations.
Similarly, although the exact FDD Scell HARQ timing has not been agreed on by the contribution deadline, it is already clear that the existing Release 11 TDD UCI procedures can be used as baseline. In case option 2-c is adopted, the existing rules are enough, while in case of option 1 some further details need to be agreed on (see below for further discussion). Therefore we have the following proposals:

Proposals:

· In case of FDD Pcell, reuse the existing FDD UCI procedures also in case of TDD Scell.

· Remove the limitations for the number of aggregated TDD Scells when Pcell is FDD.
· In case of TDD Pcell, as baseline reuse the existing TDD UCI procedures also in case of FDD Scell.

· In case option 1 is adopted, additional modifications will be required.
Details of UCI for PDSCH HARQ in case of TDD Pcell
Prior to RAN1#76, there was an e-mail discussion regarding PDSCH HARQ timing in case of TDD Pcell with two options on the table, so called option 1 and option 2-c, described as follows:
Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell

· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

· 2-c) The DL reference TDD U/D configuration is configured by higher layers
If option 2-c gets selected, as mentioned, there is no further impact on UCI as the existing Release 11 inter-band TDD rules are utilized and the FDD DL Scell is essentially treated similarly to a TDD Scell.
However, in case of option 1, several issues would need to be further considered. During the e-mail discussion prior to RAN1#76, it was already proposed for PUCCH Format 1b with channel selection that the cases with M>4 would be handled by ACK/NACK bundling over the 4th, 5th and 6th subframe. This solution, while otherwise simple and feasible, raises a new problem regarding DTX to ACK errors. For instance, the UE might fail to detect PDCCH in either 5th or 6th subframe, and correctly receive the PDCCH and PDSCH in the 4th subframe. In this case the UE could still report ACK and the eNB would not notice the decoding failure in subframes 5/6, leading eventually to RLC retransmissions. The probability of this should be obviously minimized. 
One possible method would be to allow modification of the HARQ-ACK resource value indicated by TPC on the Scell in case the UE detects PDCCH and PDSCH successfully in the 5th or 6th subframe. Current specification states that the UE shall assume that the eNB indicates the same HARQ-ACK resource value in all PDCCH/EPDCCH assignments on the secondary cell in subframes 
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value received in the PDCCH/EPDCCH assignment corresponding to the last correctly received PDSCH in 5th and 6th subframe (m = 4 or 5), and this value is not required to be the same as in the first four subframes. In other words, the resource modification is allowed only when more than 4 PDSCHs are received correctly. Otherwise, PUCCH resource selection would not be changed. 
Furthermore, also in case that PUCCH Format 3 is configured for HARQ-ACK transmission, some further limitations are required in terms of number of aggregated carriers since the maximum ACK/NACK payload size is not sufficient for all cases. Such limitations can be specified not to be supported, similarly to the limitations in number of aggregated carriers with TDD UL/DL configuration 5 in the current specification. Further, maximum number of ACK/NACK bits could be increased to 21 bits.
Proposals:

· If  option 1 is adopted for FDD Scell PDSCH HARQ timing in case of TDD Pcell:

· Resolve the cases with M>4 using partial ACK/NACK bundling. 

· When the total number of correctly received PDSCHs exceeds 4, the UE shall use the HARQ-ACK resource value transmitted in the TPC field on the PDCCH/EPDCCH assignment for the last received PDSCH.
· TDD-FDD carrier aggregation configurations leading to ACK/NACK payload size of more than 21 bits are not supported.

· Maximum number of ACK/NACK bits on PUCCH format 3 and on PUSCH is increased to 21 bits.
Discussion on possible optimizations for FDD Pcell case
One of the issues that needs to be defined is the HARQ-ACK codebook size when ACK/NACK is transmitted with PUCCH Format 3 or on PUSCH. In [3], it was proposed that when a UE is configured with PUCCH format 3 or PUCCH format 1b with channel selection and transmitting ACK/NACK on PUSCH, the number of ACK/NACK bits would exclude the associated uplink subframes on the TDD Scell. This can be a reasonable approach. Hence we propose that HARQ-ACK codebook size for subframe n is determined according to the number of DL cells configured to the UE and having DL direction on subframe n-4, in addition to the transmission mode configured in each cell.  However, special attention needs to be paid for the case that eIMTA is configured on the TDD Scell. Obviously, determination of HARQ codebook size needs be highly reliable. To reach sufficient reliability, UL subframes in the HARQ codebook size determination could follow the eIMTA DL reference configuration for TDD Scells employing eIMTA. 
Proposal:

· In the FDD Pcell case when ACK/NACK is transmitted with PUCCH Format 3 or on PUSCH, HARQ-ACK codebook size for subframe n is determined according to the number of DL cells configured to the UE and having DL direction on subframe n-4.  
Furthermore in [3], it was proposed that if the UE is configured with two serving cells, FDD Pcell and TDD Scell, when both ACK/NACK and positive SR are transmitted in an UL subframe, the transmission scheme would be the same as in single FDD cell with PUCCH format 1a/1b transmission if the subframe associated with PDSCH HARQ feedback is an uplink subframe in the TDD Scell. This would avoid the spatial bundling otherwise required on the FDD cell. However, the gains of this optimization are limited to the gains of removing spatial bundling in the relatively rare event of positive SR transmission. As the loss from spatial bundling is not very significant in the first place, and the gains are further reduced by the occurrence rate of positive SR, the gains of such an optimization can be estimated to be very close to zero. Hence we do not believe that this optimization is necessary.
3
Conclusions

We have discussed the remaining details of downlink and uplink control information in TDD-FDD CA. Regarding DCI, our proposals are listed as follows:

Proposals on DCI:
· In case of FDD Pcell:

· The DL DCI used for scheduling a TDD Scell shall not contain the DAI field, and the number of bits for the HARQ process number is three. 

· The UL DCI used for scheduling a TDD Scell shall not contain the DAI field. 

· In case of TDD Pcell:

· The DL DCI used for scheduling an FDD Scell shall contain the DAI field, and the number of bits for the HARQ process number is four.

· The UL DCI used for scheduling an FDD Scell shall contain the DAI field.

· Note that these are needed independently of whether option 1 or 2-c is chosen for the FDD Scell PDSCH HARQ timing.

· Depending on potential agreements on cross-carrier scheduling, clarify the existence of UL index in the UL DCI formats.

On UCI, we have the following proposals:

Proposals on UCI:

· In case of FDD Pcell, reuse the existing FDD UCI procedures also in case of TDD Scell.

· Remove the limitations for the number of aggregated TDD Scells when Pcell is FDD.
· In case of TDD Pcell, as baseline reuse the existing TDD UCI procedures also in case of FDD Scell.

· In case option 1 is adopted, additional modifications will be required.

· If  option 1 is adopted for FDD Scell PDSCH HARQ timing in case of TDD Pcell:

· Resolve the cases with M>4 using partial ACK/NACK bundling. 

· When the total number of correctly received PDSCHs exceeds 4, the UE shall use the HARQ-ACK resource value transmitted in the TPC field on the PDCCH/EPDCCH assignment for the last received PDSCH.

· TDD-FDD carrier aggregation configurations leading to ACK/NACK payload size of more than 21 bits are not supported.

· Maximum number of ACK/NACK bits on PUCCH format 3 and on PUSCH is increased to 21 bits.
· In the FDD Pcell case when ACK/NACK is transmitted with PUCCH Format 3 or on PUSCH, HARQ-ACK codebook size for subframe n is determined according to the number of DL cells configured to the UE and having DL direction on subframe n-4.  
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