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1 Introduction

In RAN1 #74bis, general aspects for TDD-FDD CA were discussed to guide design of scheduling and HARQ timing and DCI format used for TDD-FDD carrier aggregation and the following agreement was made [1]:
· 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

This contribution discusses the HARQ-operation for TDD-FDD CA with a TDD PCell, including PDSCH HARQ operation, PUSCH HARQ/scheduling operation, and DCI format design.

2 Discussion
2.1 PDSCH HARQ operation
Non UL CA-capable UE  
For PUCCH transmission in the TDD PCell, a significant number of DL subframes in a FDD SCell are non-schedulable if the FDD SCell follows its own HARQ timing for PDSCH transmissions. This is illustrated in Figure 1 where the HARQ-ACK for a PDSCH transmission in the FDD SCell in SF#0 cannot be transmitted in SF#4 as it is a DL subframe in the TDD PCell.
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Figure 1
In order to maximize the schedulable DL subframes in a FDD SCell, three alternatives to define HARQ timing for PDSCH transmissions in the FDD Scell are subsequently discussed.
Alternative 1: Follow TDD PCell HARQ timing for PDSCH transmissions in a FDD Scell
PDSCH in subframe n on FDD SCell has no HARQ-ACK timing when it is an UL subframe  on TDD PCell. The number of DL subframes without HARQ-ACK timing is significant, particularly when the TDD PCell uses UL/DL configuration 0 or 6. Therefore, this alternative is not preferable.

Alternative 2: Follow TDD UL/DL configuration 5 HARQ timing
TDD PDSCH HARQ timing corresponding to TDD UL-DL configuration 5 is used for PDSCH on FDD SCell. This leaves only one DL subframe on the FDD SCell without HARQ-ACK timing. The advantage of Alt.2 over Alt.1 is that it is possible to have more DL subframes on the FDD SCell with corresponding HARQ-ACK timing. However, alternative 2 also introduces a flaw in the design by having a non-schedulable subframe. This is undesirable particularly considering operating scenarios where most UEs are FDD-TDD CA ones. In general, it is preferable to avoid introducing flaws in the system operation as, even if mild at present, they can become serious in the future.

Alternative 3: Follow new HARQ timing making all FDD SCell subframes schedulable 
The advantage of Alt.3 over Alt.1 and Alt2 is that it is possible for all DL subframes on the FDD SCell to have HARQ-ACK timing. Although this requires some specification, it avoids design flaws and it is the preferred alternative.

Proposal 1: PDSCH shall be possible to schedule in all subframes of a FDD SCell. 

UL CA-capable UE

A first alternative is that the UE transmits HARQ-ACK for a FDD SCell only in the TDD Pcell.
A second alternative is for a FDD SCell to convey PUCCH for all FDD SCells. This maintains the TDD and FDD operation in each cell but requires that UEs have UL CA capability and support simultaneous PUCCH transmissions in a TDD cell and a FDD cell.  
A third alternative is to transmit HARQ-ACK in the FDD Scell, instead of the TDD Pcell, when the respective subframe in the PCell is a DL subframe. Otherwise, if the respective subframe in the Pcell in an UL subframe, HARQ-ACK is transmitted in TDD PCell. This implies that a UE can switch its UL carrier for PUCCH transmission on a subframe basis, as illustrated in Figure 2. This allows for all benefits of FDD relative to TDD regarding HARQ operation (smaller latency, better distribution of HARQ-ACK overhead, and reduced HARQ-ACK payloads for improved reception reliability). 
A fourth alternative is to HARQ-ACKs for a FDD SCell and the TDD PCell in a FDD SCell. This allows for all benefits of FDD relative to TDD regarding HARQ operation (smaller latency, better distribution of HARQ-ACK overhead, and reduced HARQ-ACK payloads for improved reception reliability) applied to both FDD cells and TDD cells. Fallback operation can be supported by transmitting HARQ-ACK on the TDD Pcell when the UE receives a DL DCI format only on the TDD Pcell.
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Figure 2
Proposal 2: For a TDD PCell and a FDD SCell, transmission of HARQ-ACK on the FDD SCell should be further considered. 

2.2 PUSCH HARQ operation 
For PUSCH HARQ, in case of self-scheduling, Rel-10/11 CA functionality is maintained.

For cross-carrier scheduling, if Rel-10 operation is maintained and PUSCH HARQ timing for the FDD SCell follows the TDD UL-DL configuration of the TDD PCell, then, as shown in Figure 3, in several subframes (as in case of TDD UL-DL configuration 5 on the PCell) PUSCH transmissions in the FDD SCell cannot be scheduled. 
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Figure 3
In order to maximize the UL subframes that can be cross-carrier scheduled, three alternatives to define scheduling timing for PUSCH transmissions in a FDD SCell that are scheduled by a TDD scheduling cell are subsequently considered.
Alternative 1: Follow TDD PCell scheduling timing for PUSCH transmissions in a FDD SCell
PUSCH in subframe n on FDD SCell has no scheduling timing when subframe n on TDD PCell is a DL subframe. As depicted in Figure 3, less than 50% percent of UL subframes on FDD SCell can be scheduled except when the TDD PCell uses TDD UL/DL configuration 0 or 6. 
Alternative 2: Follow FDD SCell scheduling timing for PUSCH transmissions in a FDD SCell
PUSCH in subframe n on FDD SCell has no scheduling timing when subframe n-k on TDD PCell is an UL subframe as subframe n-k schedules the PUSCH in subframe n based on FDD scheduling timing. With this alternative, less than 50% percent of UL subframes on FDD SCell can be scheduled when the TDD PCell uses TDD UL/DL configuration 0. 
Alternative 3: Follow reference timing 
The reference timing can be the PCell PUSCH timing, the SCell PUSCH timing, or other TDD UL/DL configuration timing, e.g. the timing for TDD UL/DL configuration 0. For example, the reference timing is shown in Table 1.
Table 1

	TDD UL/DL configuration of scheduling cell
	0
	1
	2
	3
	4
	5
	6

	Reference timing for FDD SCell
	TDD UL/DL 0
	FDD
	FDD
	FDD
	FDD
	FDD
	TDD UL/DL 0


Observation 1: 
· For cross-carrier scheduling, the PUSCH HARQ timing for a FDD SCell to reduce the number of non-schedulable UL subframes requires further study.  
2.3 DCI format
As shown in Figure 4, if the HARQ timing of PDSCH on a FDD SCell follows TDD HARQ timing and the DL DCI format has its TDD size, and if PUSCH self-scheduling follows FDD HARQ/scheduling timing, there are two options for the DCI format 0 size; either the FDD one to save overhead or the TDD one to align with the size of DCI Format 1A. It is noted that if UL HARQ-ACK transmission is in the FDD SCell, the above issue does not exist.
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Figure 4
Observation 2: 
· The size of DCI format 0 for a FDD SCell needs to be further considered if HARQ-ACK transmissions for a FDD SCell are in the TDD PCell.
3 Conclusions
This contribution considered specification aspects for TDD-FDD CA with a TDD PCell. In particular, the following proposals and observations are made 
Proposal 1: PDSCH shall be possible to schedule in all subframes of a FDD SCell. 

Proposal 2: For a TDD PCell and a FDD SCell, transmission of HARQ-ACK on the FDD SCell should be further considered. 

Observation 1: 
· For cross-carrier scheduling, the PUSCH HARQ timing for a FDD SCell to reduce the number of non-schedulable UL subframes requires further study. 

Observation 2: 
· The size of DCI format 0 for a FDD SCell needs to be further considered if HARQ-ACK transmissions for a FDD Scell are in the TDD PCell.
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