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1. Summary
In this contribution, we present our views on the DL scheduling and PDSCH HARQ-ACK timing design for TDD-FDD CA. For TDD-FDD CA, RAN1 should consider existing FDD CA and TDD CA designs and potential enhancement to improve network efficiency and UE performance. Based on the analysis, we propose that 
· DL cross-carrier scheduling should be supported.

· In TDD-FDD CA DL scheduling, cross-TTI and multi-TTI should not be supported.

· For PDSCH HARQ-ACK PUCCH reporting, at least for non UL CA case

· If the PCell is a FDD cell, a TDD SCell follows the FDD timing;

· At least for self-scheduling, if PCell is a TDD cell, a FDD SCell follows a FDD DL association set and timing based on the PCell UL/DL configuration. 
· FFS on PDSCH HARQ-ACK PUCCH reporting for the UL CA case
2. Support of DL cross-carrier scheduling

Cross-carrier scheduling is supported in FDD CA and TDD CA so that inter-cell interference is mitigated. Also, in TDD CA with different UL/DL configurations, a PDSCH transmission can be scheduled through cross-carrier scheduling by the PDCCH/EPDCCH of another serving cell. For TDD-FDD CA, cross carrier scheduling should also be supported. 

Proposal 1: DL cross-carrier scheduling should be supported.
3. DL scheduling timing
In small cell enhancement (SCE) study item, cross-TTI and multiple-TTI scheduled are considered as potential control overhead reduction methods. However, the TDD-FDD CA work item should not depend on uncertain study item proposals. Therefore, cross-TTI and multiple TTI scheduling should not be supported in current TDD-FDD CA for both self-scheduling and cross-carrier scheduling. 

Proposal 2: Keep the current DL scheduling timing.

· Cross-TTI and multiple TTI scheduling should not be introduced for TDD-FDD CA.

4. PUCCH reporting for TDD-FDD CA
In RAN1 #74bis, many agreements were made on TDD-FDD CA, e.g.
· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported
· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
These assumptions are similar to TDD CA with different UL/DL configurations. Furthermore, RAN 1 agreed that 
· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA
· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL
According to the above agreements, for a TDD-FDD CA-capable UE that does not support TDD-FDD UL CA, UL is configured and available in only one serving cell. In this case, the UL serving cell should be a PCell, and PUCCH can only be transmitted on PCell UL. 
Proposal 3: In TDD-FDD CA, PUCCH is transmitted only on PCell when UL CA is NOT configured.

For a TDD-FDD CA-capable UE that supports TDD-FDD UL CA, PUCCH for HARQ-ACK corresponding to PDSCH on PCell should be transmitted on the PCell to ensure the fallback operation. On the other hand, given that a PCell macro node may have a large number of SCell RRHs, DL HARQ-ACK transmission for each SCell in small cell layer (e.g. the SCell or another SCell configured by eNB) can provide PUCCH offloading from the macro layer to the small cell layer.  Furthermore, transmitting the UL to a closer small cell can significantly reduce the required transmit power at a UE. Thus, allowing PUCCH on a SCell can potentially improve network efficiency and UE performance although it requires more standardization effort than applying the same PUCCH mechanism as in non UL CA case. Therefore, RAN1 should further study whether PUCCH on SCell is allowed. 
Proposal 4: When UL TDD-FDD CA is configured,
· PUCCH for HARQ-ACK corresponding to PDSCH on PCell should be transmitted only on PCell.
· FFS either one of the following is used for PUCCH transmission for HARQ-ACK corresponding to PDSCH on SCell(s)

· One of the SCell(s),
· a configured cell, or

· PCell

In the following two sections, we discuss non UL CA case (i.e. PUCCH can only be transmitted on PCell) in more detail.
5. PDSCH HARQ-ACK reporting with FDD Pcell
If a PCell is a FDD cell, DL is available in all subframes, and all DL subframes of a TDD SCell can be self-scheduled or cross-carrier scheduled by a FDD cell. Thus, the same PDSCH HARQ-ACK reporting method can be applied for a TDD serving cell regardless of self-scheduling or cross-carrier scheduling.

At least for non UL CA case, PUCCH is transmitted only on FDD PCell where UL is available in all subframes. For a TDD SCell, there are two possible methods, 

· Method 1: The PDSCH HARQ-ACK may follow its own TDD UL/DL configuration timing and reported on the corresponding UL subframe of the FDD reporting cell. However, this will cause very unbalanced HARQ-ACK payload in different UL subframes, and raise many other issues, e.g. PUCCH resource allocation, the maximum number of cells supported may be limited to 2 if UL/DL configuration 5 is used, etc. 
· Method 2: A TDD cell can follow the FDD cell timing, i.e. HARQ-ACK is reported 4 ms after the PDSCH transmission. In this case, a TDD cell can be treated as a FDD cell with some blank subframes. The maximum number of HARQ-ACK in any PUCCH reporting is limited to 10, same as FDD CA. Thus, the existing PUCCH resource allocation and formats can be reused in TDD-FDD CA. 
Based on the analysis, we propose

Proposal 5: If PCell is a FDD cell and UL CA is not configured, a TDD cell follows FDD PDSCH HARQ-ACK timing for both self-scheduling and cross-carrier scheduling.
6. PDSCH HARQ-ACK reporting with TDD PCell 
At least for non UL CA case, if a PCell is a TDD cell, the HARQ-ACK on PUCCH can only be reported on UL subframes of the PCell.  

For a FDD SCell with cross-carrier scheduling from the TDD PCell, if cross-TTI scheduling is not supported as in TDD CA, the TDD PCell UL/DL configuration and PDSCH HARQ-ACK timing can be applied on a FDD SCell. Similar to TDD CA with different UL/DL configurations, for a FDD SCell with cross-carrier scheduling by another serving cell, the PCell UL/DL configuration is used for the DL HARQ-ACK reporting.

Proposal 6: If PCell is a TDD cell and UL CA is not configured, a FDD SCell with cross-carrier scheduling follows the PCell UL/DL configuration for PDSCH HARQ-ACK timing.
In case of self-scheduling, a FDD cell has DL in every subframe, and cannot be supported by any of the existing 7 TDD UL/DL configurations. For a FDD cell with self-scheduling, it is desirable to be able to schedule all DL subframes of the FDD cell. Therefore, a new DL association set for FDD may be defined to associate all subframes to the UL subframes of the PCell UL/DL configuration. 
The new DL association set for a FDD cell based on a TDD UL/DL configuration should be a superset of the DL association set of the given TDD UL/DL configuration. Thus, all the existing PDSCH HARQ-ACK associations of the TDD UL/DL configuration is maintained, and new association is added for the FDD cell corresponding to the UL subframes in the PCell TDD UL/DL configuration. 
Several constraints may be further applied in the design of a DL association set of a FDD cell. Besides the minimum 4ms separation between the PDSCH and corresponding UL reporting, each DL association set should contain a number of continuous subframes. Figure 1 shows an example of FDD DL association set based on UL/DL configuration 3. Although the payloads of UL subframes are not optimized with even distribution, the set ensures continuous subframe in each set and backward compatibility with existing TDD association set. 

Because the DL association set of the PCell configuration is a subset of the DL association set for FDD cell, the same DL association set for FDD cell can be applied regardless of self-scheduling or cross-carrier scheduling. Compared with using PCell UL/DL configuration on a FDD cell in cross-carrier scheduling, adopting the same DL association set for FDD cell can provide benefits if the FDD cell is cross-carrier scheduled by another FDD cell or a TDD cell with more DL allocations than the PCell.
Proposal 7: At least for self-scheduling, if PCell is a TDD cell and UL CA is not configured, the PDSCH HARQ-ACK of a FDD cell should follow a DL association set for FDD cell based on the PCell UL/DL configuration.
· The DL association set of a FDD cell should be a superset of the corresponding TDD UL/DL configuration with continuous subframes in each set. 
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Figure 1. Example of FDD DL association set for self-scheduling based on a TDD UL/DL configuration

Table 1 presents an example of the new DL association set and PDSCH HARQ timing on FDD SCell. The ACK/NACK corresponds to PDSCH in subframe n-k on FDD SCell is transmitted in UL subframe n on TDD PCell, where 
[image: image2.wmf]K

k

Î

as defined in Table 1. The underline indexes are existing associations for the corresponding TDD UL/DL configuration, and the red indexes are new added associations for a FDD cell.
Table 1. DL association set index
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of FDD based on TDD UL/DL configuration 

	Reference UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6, 5
	5, 4
	-
	-
	-
	7, 6, 5
	5, 4
	-

	2
	-
	-
	8, 7, 6, 5, 4
	-
	-
	-
	-
	8, 7, 6, 5, 4
	-
	-

	3
	-
	-
	11, 10, 9, 8, 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 11, 10, 9, 8, 7
	7, 6, 5, 4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 11, 10, 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	7, 6
	6, 5
	-
	-
	7
	7, 6, 5
	-


7. Conclusions
In this contribution, we present our views on the DL scheduling and the PDSCH HARQ-ACK reporting for TDD-FDD CA. We propose the following:
Proposal 1: DL cross-carrier scheduling should be supported.
Proposal 2: Keep the current DL scheduling timing.

· Cross-TTI and multiple TTI scheduling should not be introduced for TDD-FDD CA.

Proposal 3: In TDD-FDD CA, PUCCH is transmitted only on PCell when UL CA is NOT configured.
Proposal 4: When UL TDD-FDD CA is configured,
· PUCCH for HARQ-ACK corresponding to PDSCH on PCell should be transmitted only on PCell.
· FFS either one of the following is used for PUCCH transmission for HARQ-ACK corresponding to PDSCH on SCell(s)

· One of the SCell(s),
· a configured cell, or

· PCell

At least for non UL CA case, we also propose the following:
Proposal 5: If PCell is a FDD cell and UL CA is not configured, a TDD cell follows FDD PDSCH HARQ-ACK timing for both self-scheduling and cross-carrier scheduling.
Proposal 6: If PCell is a TDD cell and UL CA is not configured, a FDD SCell with cross-carrier scheduling follows the PCell UL/DL configuration for PDSCH HARQ-ACK timing.
Proposal 7: At least for self-scheduling, if PCell is a TDD cell and UL CA is not configured, the PDSCH HARQ-ACK of a FDD cell should follow a DL association set for FDD cell based on the PCell UL/DL configuration.
· The DL association set of a FDD cell should be a superset of the corresponding TDD UL/DL configuration with continuous subframes in each set. 
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