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1 Introduction
Open issues for TDD-FDD carrier aggregation (CA) include DL HARQ-ACK timing for PUCCH on FDD SCells when PCell is TDD (cf. [1]) and the support of cross-carrier scheduling (cf. [2]), which have also been discussed on the 3GPP email reflector. In this contribution, we focus on a few other remaining details, including:

· DCI formats – whether DCI formats of TDD or FDD should be used.
· PUCCH format 1b with channel selection – how to apply ACK/NACK tables and how to perform transmission of HARQ-ACK+SR.
· PUCCH format 3 – how to determine the number of HARQ-ACK bits. 
· HARQ-ACK on PUSCH – definition of DL HARQ-ACK timing.
In the following sections, a number of proposals are given which are also contained in the Conclusions.
2 Downlink control information formats
In Rel-10/11, the UE monitors the DCI format according to the frame structure type of the scheduled serving cell. This principle may be changed in Rel-12 for TDD-FDD CA, due to the fact that the HARQ-ACK timing of the scheduled serving cell may not be according to its own frame structure type. The information content in a TDD DCI may be different from that of an FDD DCI since it includes additional fields, e.g., UL DAI, UL index, SRS request etc. Hence, the issue is to define which type of DCI format to use. Table 1 provides a brief summary of potential DCI formats for self-carrier scheduling considering the HARQ timing of the scheduled serving cell and TDD-specific requirements.
DCI formats for self-carrier sheduling
For a PCell using FDD and for PDSCH transmitted on a TDD SCell, it was agreed to apply the FDD DL HARQ-ACK timing for the SCells using TDD. Thus the HARQ process number field in the DL DCI format for the TDD scheduled serving cell does not need to be of 4 bits and the DL DAI is not needed, which means DL FDD DCI format can be considered. However, since the scheduled serving cell is TDD, SRS request field may still be needed for DCI format 2B and 2C and adding such a field will result in a new DCI format compared to the existing FDD DCI format 2B and 2C. For PUSCH transmitted on a TDD SCell, it was agreed that scheduling/HARQ timing follows existing SCell timing, which means that TDD DCI format is needed at least when the UL-DL configuration of the scheduled SCell is configuration 0. Since FDD DL HARQ-ACK timing is used for the TDD SCell, UL DAI in the UL DCI format is not needed.   

For a PCell using TDD, as discussed in [1], a new HARQ-ACK timing for an FDD SCell is needed, which means that DL DAI is needed for the FDD SCell and the HARQ process number field may need to be of 4 bits, thus TDD DCI format can be considered. However, SRS request field is not needed for DCI format 2B and 2C in this case.  For PUSCH transmitted on an FDD SCell, it was agreed that scheduling/HARQ timing follows the existing SCell timing, which means that FDD DCI format is sufficient for PUSCH scheduling.  However, since a TDD-similar HARQ-ACK timing is used for the FDD SCell, UL DAI in the UL DCI format may be needed.         
Table 1. Potential DCI formats for self-carrier scheduling.
	
	TDD (scheduled) serving cell
	FDD (scheduled) serving cell

	
	DL DCI formats
	UL DCI formats
	DL DCI formats
	UL DCI formats

	FDD PCell
	FDD (with additional SRS request field for 2B/2C) or TDD format 
	TDD (UL index needed, UL DAI not needed)
	FDD DCI format 
	FDD DCI format

	TDD PCell
	TDD DCI format 
	TDD DCI format
	TDD (SRS request field not needed)
	FDD DCI format or TDD DCI format (If UL DAI is needed)


Based on the above analysis, we can see that different cases may have different requirement. For example, the requirement may be different for DL and UL or may be different for different UL-DL configurations of the scheduled TDD SCell. However, for simplicity, the following principles are preferred:

· Do not introduce any new DCI formats.
· Use the same DCI type for DL and UL.
· Use the same DCI type for as many cases as possible.
Therefore, for self-carrier scheduling and a PCell using FDD, it is preferred that TDD DCI formats are kept for a TDD SCell. DL DAI in the DL DCI formats and UL DAI in the UL DCI formats can be set to predefined values, e.g., 0. The most significant bit of the HARQ process number could be set to ‘0’ since only 8 HARQ processes need to be indicated. For self-carrier scheduling and a PCell using TDD, it is preferred that TDD DCI formats are used for an FDD SCell. SRS request in DL DCI format 2B and 2C, UL index in the UL DCI formats and possible UL DAI in the UL DCI formats can be set to predefined values. 

Predefined values could be used as a priori information in the decoder to decrease the (E)PDCCH detection error probability and to function as a virtual CRC to decrease the (E)PDCCH false detection probability. This could to some extent mitigate the (E)PDCCH performance reduction which is expected due to using TDD DCI formats for FDD. Thus in conclusion, the overall simplest solution is to use the existing TDD DCI formats and set unused information fields to predefined values.
Proposal 1. For self-carrier scheduling and a PCell using FDD, Rel-10/11 TDD DCI formats are kept for a TDD SCell.
· DL DAI in the DL DCI formats and UL DAI in the UL DCI formats are set to predefined values.  

· The most significant bit of the HARQ process number is set to 0. 
Proposal 2. For self-carrier scheduling and a PCell using TDD, Rel-10/11 TDD DCI formats are used for an FDD SCell.
· SRS request in DL DCI format 2B and 2C is set to a predefined value.
· UL index in DCI format 0/4 is set to a predefined value.
· FFS for UL DAI.  
3 HARQ-ACK on PUCCH
In Rel-10/11, either PUCCH format 1b with channel selection or PUCCH format 3 can be configured for HARQ-ACK feedback for TDD UEs. For FDD UEs capable of aggregating 2 serving cells, PUCCH format 1b with channel selection is always used and PUCCH format 3 can only be configured for UEs capable of aggregating more than 2 serving cells. FDD networks may continue supporting aggregation of 2 serving cells, for which PUCCH format 3 may not need to be utilized. Since PUCCH format 3 requires separate PUCCH resources and has ~0.8 dB worse detection performance [3], PUCCH format 1b with channel selection should also be supported for HARQ-ACK feedback in TDD-FDD CA, especially considering cases where the PCell is an FDD serving cell. PUCCH format 3 is supported for CA-capable TDD UEs and should therefore also be supported for TDD-FDD carrier aggregation.    

Proposal 3. PUCCH format 1b with channel selection and PUCCH format 3 are supported for HARQ-ACK feedback in TDD-FDD CA.
3.1 Issues for PUCCH format 1b with channel selection

Application of ACK/NACK tables

For a PCell using FDD, it was agreed to apply the FDD DL HARQ-ACK timing for the SCells using TDD. This gives a one-to-one association between a DL subframe in the TDD SCell and an UL subframe in the PCell carrying the HARQ-ACK information. The existing FDD ACK/NACK tables and PUCCH resource reservation schemes therefore apply directly when 1 FDD carrier is aggregated with 1 TDD carrier. Moreover, in some UL subframes on the PCell, there may only be HARQ-ACK feedback from the PCell (since the associated subframe on the SCell may be an UL subframe). In those subframes, the UE would set the feedback state to ‘DTX’ on the SCell and the ACK/NACK tables are designed to assure that this equivalently becomes a PUCCH format 1a/1b transmission. Hence, there is no need to switch ACK/NACK table among subframes and the ACK/NACK table would be configured based on the number of configured serving cells and the downlink transmission modes configured for each serving cell.

Proposal 4. For a PCell using FDD and for PUCCH format 1b with channel selection:
· The Rel-10/11 FDD ACK/NACK tables and PUCCH resource reservation schemes are used.

· The same ACK/NACK table is used in all subframes.
· The ACK/NACK table is configured based on the number of configured serving cells and the downlink transmission modes configured for each serving cell.
· The HARQ-ACK state-to-transport block mapping follows Table 10.1.2.2.1-1 in [4].
For a PCell using TDD, one alternative (i.e., Option 1) is to define a new DL HARQ-ACK timing for HARQ-ACK on PUCCH for SCells using FDD and the other alternative (i.e., Option 2-c) is to use an existing TDD UL-DL configuration. In the former case, additional HARQ-ACK bundling may be needed (cf. [1]), but the existing TDD ACK/NACK tables would still apply. Moreover, with different DL HARQ-ACK timing on the PCell and the SCell, the bundling window size M may become different for the PCell and the SCell. This resembles that of TDD inter-band CA with different UL-DL configurations and the same principles of determining M could apply for TDD-FDD CA.    
Proposal 5. For a PCell using TDD and for PUCCH format 1b with channel selection:

· The Rel-10/11 TDD ACK/NACK tables are used.
· The bundling window size M is determined as for TDD inter-band CA with different UL-DL configurations.
Transmission of SR+HARQ-ACK
If the UE is configured with PUCCH format 1b with channel selection, a positive scheduling request (SR) can be jointly transmitted with HARQ-ACK using PUCCH format 1b on the configured SR resource. For a PCell using TDD, since it is proposed in Sec. 2 to utilize TDD DCI formats, DAI bits are available for DCI formats on the SCells using FDD and the existing HARQ-ACK bundling principles of TDD (Table 7.3-1[4]) could directly apply.

Proposal 6. For a PCell using TDD, joint HARQ-ACK and SR transmission using PUCCH format 1b is applied as for TDD carrier aggregation in Rel-10/11.
For a PCell using FDD, the DL HARQ-ACK timing of the PCell is used for the TDD SCell, implying that some UL subframes of the PCell will be defined to carry feedback only for the PCell (i.e., up to 2 HARQ-ACK bits), while other UL subframes in the PCell will be defined to carry feedback for both the PCell and the SCell (i.e., up to 4 HARQ-ACK bits). In the latter case, spatial bundling should be applied, resulting in 1 HARQ-ACK bit per serving cell. In the former case, spatial bundling does not need to be applied and up to 2 non-bundled HARQ-ACK bits could be transmitted for the PCell. It should be noted that even if a UE is configured with 2 serving cells, a significant amount of transmissions may occur on the PCell only. Thus the DL throughput could even become worse than for a non-CA capable UE, if spatial bundling is always enforced. 
Proposal 7. For a PCell using FDD, for joint HARQ-ACK and SR transmission using PUCCH format 1b, spatial bundling is performed only on subframes defined for HARQ-ACK transmission for both the PCell and the SCell. 

3.2 Issues for PUCCH format 3

For a PCell using FDD, the DL HARQ-ACK timing of the PCell is used for the TDD SCell(s), implying that some UL subframe on the PCell could be associated with an UL subframe on the TDD SCell(s). In order to improve the detection performance and reduce the number of HARQ-ACK bits, the HARQ-ACK feedback transmitted in an UL subframe on the FDD PCell can exclude the subframe on the TDD SCell(s) if the associated subframe on the TDD SCell(s) is an UL subframe. That is, for a TDD-FDD CA UE configured with PUCCH format 3 transmitting HARQ-ACK on PUCCH, the number of HARQ-ACK bits transmitted in an UL subframe on the FDD PCell could be determined from the number of serving cells that have an associated DL subframe, and the downlink transmission modes configured for each serving cell. The same scheme should be used for HARQ-ACK transmitted on PUSCH, which could reduce the amount of resources used for HARQ-ACK feedback and therefore reduce the impact on UL-SCH on PUSCH. 

Proposal 8. For a PCell using FDD and a TDD-FDD CA UE configured with PUCCH format 3, the number of HARQ-ACK bits transmitted in an UL subframe is determined based on the number of serving cells that have an associated DL subframe and the downlink transmission modes configured for each serving cell. 
For a PCell using TDD, since a TDD-similar DL HARQ-ACK timing will be used for the FDD SCell(s), TDD-FDD CA is similar as inter-band TDD CA with different TDD-UL-DL configurations. Hence, the ACK/NACK transmission scheme defined for inter-band TDD CA with different TDD UL-DL configurations in Rel-11 can be reused in this case.
4 HARQ-ACK on PUSCH 
If a PUSCH is transmitted and the UE is not capable of simultaneous PUCCH and PUSCH transmission, HARQ-ACK should be carried on a PUSCH. As for Rel-10/11, if the UE is capable of UL CA, it should be supported to transmit HARQ-ACK in the PUSCH on an SCell. In case multiple PUSCHs are transmitted, only one should be selected to contain the HARQ-ACK feedback. These procedures are already in place from Rel-10/11 and could be reused directly.

Proposal 9. HARQ-ACK is transmitted on PUSCH if the UE is not capable of simultaneous PUCCH and PUSCH transmission. 
· PUSCH can be transmitted on any serving cell.
· PUSCH selection follows the rules from Rel-10/11.
One remaining issue is to define the DL HARQ-ACK timing when HARQ-ACK is transmitted on the PUSCH. For a TDD serving cell (PCell or an SCell), the DL HARQ-ACK timing for HARQ-ACK on PUSCH could directly follow the DL HARQ timing for HARQ-ACK on PUCCH. This may also apply for an FDD serving cell (PCell or an SCell) when the selected PUSCH is transmitted on a TDD serving cell. When the selected PUSCH is transmitted on an FDD serving cell (PCell or an SCell), it is preferable that the existing FDD DL HARQ-ACK timing for HARQ-ACK on PUSCH is maintained in order to minimize the feedback delay of the HARQ-ACK in the bundling window to no more than 4 subframes, i.e., the minimum delay between the UL grant and the PUSCH transmission. This is shown in Fig. 1 for the case where the FDD carrier is the SCell and where, e.g., HARQ-ACK for subframes {1,2,5,6} are transmitted either in PUSCH in subframe 2 on the TDD serving cell, or are transmitted in PUSCH in subframe 0 on the FDD SCell, which reduces the latency of the data transmission by 2 ms. 
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Figure 1. DL HARQ-ACK timing for HARQ-ACK of an FDD SCell transmitted on PUSCH either on the TDD serving cell or the FDD serving cell, respectively. 
Proposal 10. For a TDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH is the same as the DL HARQ-ACK timing for HARQ-ACK transmitted on PUCCH. 
Proposal 11. For an FDD serving cell: 

· If the PUSCH is transmitted on a TDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH is the same as the DL HARQ-ACK timing for HARQ-ACK transmitted on PUCCH. 
· If the PUSCH is transmitted on an FDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH follows the FDD DL HARQ-ACK timing, i.e., HARQ-ACK for subframes of the DL association index set 
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Regardless of how the DL HARQ-ACK timing for HARQ-ACK on PUSCH will be defined, only some of the DL subframes on the FDD serving cell can contain UL grants for PUSCHs with HARQ-ACK. For example, in Fig. 1, only 3 DL subframes (marked by yellow) per radio frame would carry UL grants for PUSCHs with HARQ-ACK in DCI format 0 and 4 and these subframes should therefore contain an UL DAI. For the other UL subframes, there is no use of an UL DAI. On the other hand, for a robust system design, it may not be desirable to change the size of DCI format 0 and 4 by removing the UL DAI bits on a subframe basis, considering various kinds of ambiguity issues that could occur during system parameter reconfiguration. Thereto, a change of size for DCI format 0 may affect DCI format 1A. Thus, the DCI format size should remain constant in all subframes and the best use of the 3 UL DAI bits would be to set them to predetermined values, which was discussed in Sec. 2. 
 Proposal 12. UL DAI bits are set to predefined values in UL grants in subframes which are not associated with HARQ-ACK transmission on PUSCH. 
In [1], new DL HARQ-ACK timing for HARQ-ACK on PUCCH for FDD SCells with a PCell using TDD is discussed. The motivation for this is to allow all 10 DL subframes in the FDD SCell to have HARQ-ACK feedback. The alternative (Option 2-c) is to use a DL HARQ-ACK timing of any of the existing TDD UL-DL configurations, which would imply that at most 9 DL subframes will have HARQ-ACK feedback on the PUCCH. However, if it is agreed to use an existing TDD UL-DL configuration, it should be considered to provide HARQ-ACK feedback for all 10 subframes on the PUSCH. This would require that once the eNodeB has scheduled a UE in a DL subframe which is not defined in the DL HARQ-ACK timing for HARQ-ACK on PUCCH, it has to assure the presence of a PUSCH in a proper subframe to contain the related HARQ-ACK feedback. This may not be problematic, since it is always possible to schedule a PUSCH without UL-SCH, in which the HARQ-ACK could be transmitted. The issue would thus be to define the DL HARQ-ACK timing for HARQ-ACK on PUSCH for the non-associated subframe(s).
Fig. 2 shows three examples (green, blue, red) of DL HARQ-ACK timing for HARQ-ACK on PUSCH and the existing HARQ-ACK timing for TDD UL-DL configuration 5 (black). In this case, the non-associated subframe 2 will not have any HARQ-ACK feedback on PUCCH. The green and blue alternatives inserts subframe 2 in the bundling window for HARQ-ACK on PUSCH transmission in subframe 2 (in the TDD serving cell and the FDD serving cell, respectively) in the consecutive radio frame. The red alternative defines the DL HARQ timing only for subframe 2 by associating it to a subframe 6 in an FDD UL serving cell.  
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Figure 2. Examples of DL HARQ-ACK timing for HARQ-ACK on PUSCH for subframe 2, which does not have any defined HARQ-ACK timing according to TDD UL-DL configuration 5.
Proposal 13. If no new DL HARQ-ACK timing for HARQ-ACK on PUCCH is defined for FDD SCells when PCell is using TDD, define a DL HARQ-ACK timing for HARQ-ACK transmission on PUSCH for the non-associated subframes.
5 Conclusion

In this contribution, we have identified several open issues that need to be solved in order to complete the work on TDD-FDD carrier aggregation. We give the following proposals: 

DCI formats

Proposal 1. For self-carrier scheduling and a PCell using FDD, Rel-10/11 TDD DCI formats are kept for a TDD SCell.
· DL DAI in the DL DCI formats and UL DAI in the UL DCI formats are set to predefined values.  

· The most significant bit of the HARQ process number is set to 0. 
Proposal 2. For self-carrier scheduling and a PCell using TDD, Rel-10/11 TDD DCI formats are used for an FDD SCell.
· SRS request in DL DCI format 2B and 2C is set to a predefined value.
· UL index in DCI format 0 and 4 is set to a predefined value.
· FFS for UL DAI.  
HARQ-ACK on PUCCH 
Proposal 3. PUCCH format 1b with channel selection and PUCCH format 3 are supported for HARQ-ACK feedback in TDD-FDD CA.
Proposal 4. For a PCell using FDD and for PUCCH format 1b with channel selection:

· The Rel-10/11 FDD ACK/NACK tables and PUCCH resource reservation schemes are used.

· The same ACK/NACK table is used in all subframes.
· The ACK/NACK table is configured based on the number of configured serving cells and the downlink transmission modes configured for each serving cell.
· The HARQ-ACK state-to-transport block mapping follows Table 10.1.2.2.1-1 in [4].
Proposal 5. For a PCell using TDD and for PUCCH format 1b with channel selection:

· The Rel-10/11 TDD ACK/NACK tables are used.
· The bundling window size M is determined as for TDD inter-band CA with different UL-DL configurations.

Proposal 6. For a PCell using TDD, joint HARQ-ACK and SR transmission using PUCCH format 1b is applied as for TDD carrier aggregation in Rel-10/11.
Proposal 7. For a PCell using FDD, for joint HARQ-ACK and SR transmission using PUCCH format 1b, spatial bundling is performed only on subframes defined for HARQ-ACK transmission for both the PCell and the SCell. 

Proposal 8. For a PCell using FDD and a TDD-FDD CA UE configured with PUCCH format 3, the number of HARQ-ACK bits transmitted in an UL subframe is determined based on the number of serving cells that have an associated DL subframe and the downlink transmission modes configured for each serving cell. 
HARQ-ACK on PUSCH
Proposal 9. HARQ-ACK is transmitted on PUSCH if the UE is not capable of simultaneous PUCCH and PUSCH transmission. 

· PUSCH can be transmitted on any serving cell.

· PUSCH selection follows the rules from Rel-10/11.
Proposal 10. For a TDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH is the same as the DL HARQ-ACK timing for HARQ-ACK transmitted on PUCCH. 
Proposal 11. For an FDD serving cell: 

· If the PUSCH is transmitted on a TDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH is the same as the DL HARQ-ACK timing for HARQ-ACK transmitted on PUCCH. 
· If the PUSCH is transmitted on an FDD serving cell, the DL HARQ-ACK timing for HARQ-ACK transmitted on PUSCH follows the FDD DL HARQ-ACK timing, i.e., HARQ-ACK for subframes of the DL association index set 
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 Proposal 12. UL DAI bits are set to predefined values in UL grants in subframes which are not associated with HARQ-ACK transmission on PUSCH. 
Proposal 13. If no new DL HARQ-ACK timing for HARQ-ACK on PUCCH is defined for FDD SCells when PCell is using TDD, define a DL HARQ-ACK timing for HARQ-ACK transmission on PUSCH for the non-associated subframes.
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