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1 Introduction

In the RAN1#74bis meeting, TDD-FDD joint operation was discussed and the following conclusion related to UE capability of simultaneous reception and transmission was agreed [1]: 
· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12. 
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded. 
A definition for ‘simultaneous RX/TX (FDD-TDD CA) capability’ was provided in [2], meaning that a FDD-TDD CA UE is capable of simultaneous DL reception and UL transmission for all bands & TDD and FDD DL/UL band combinations which the UE supports. In this contribution, the scheduling/HARQ timing design to support TDD-FDD CA UEs not capable of simultaneous RX/TX is discussed, aiming to minimize the specification impact. In the following, for simplicity, the operations where a TDD-FDD CA UE supports and doesn’t support simultaneous RX/TX are called full duplex and half duplex, respectively.
2 Working assumptions for half duplex operation 
In LTE Rel-11, half duplex operation is supported for inter-band TDD CA with different UL-DL configurations. For an overlapped subframe when on one cell is a DL subframe and on the other aggregated cell is an UL subframe, the operation is that the subframe direction is determined by the PCell’s subframe direction to avoid meaningless DL decoding in an overlapped subframe used as a UL subframe. For scheduling and HARQ timing, the design is based on the full duplex operation, and the half duplex operation reuses the schemes of the full duplex operation. 

Moreover, RAN4 decided to adopt only the half duplex UE architecture for inter-band TDD CA on band #39 and #41 [3][4], to reduce the insertion loss and hence improve the cell coverage. Note that the UE RF architecture for TDD-FDD CA will be discussed in RAN4, but RAN1 should try to provide efficient schemes to guarantee the UE performance for the possible UE architectures introduced in RAN4. 
To reduce the specification effort for the half duplex design, it is highly desirable to reuse the design principles of inter-band TDD CA with different UL-DL configurations in Rel-11 and also try to keep the unified solutions with the full duplex operation, unless significant gain can be achieved. The following working assumptions are listed for the half duplex design for TDD-FDD CA: 
· The scheduling and feedback timing including both DL and UL of PCell is the PCell’s own timing. This can ease the design and avoid the ambiguity during the SCell addition and deletion. 
· PUCCH is only transmitted on the PCell. Besides reusing the same principle as in Rel-11, this assumption is also based on the agreement of TDD-FDD CA that a TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA. Note that it is desirable to use a unified solution for the cases whether a TDD-FDD CA-capable UE support TDD-FDD UL CA or not. 
· The direction of the overlapped subframes is decided by the PCell’s subframe direction. 
As described in [5], TDD-FDD band combinations can impact UE implementation depending on whether sufficient frequency separation for transmission and reception exists. For the half duplex design, we also focus on the self-interference issue due to different band combinations, and therefore the following three cases are listed for discussion. Note that there may be other cases considering UE architectures, which is under RAN4 expertise and therefore is out of the scope of this contribution. Note also that cross-carrier scheduling is also not discussed in this contribution. 
· Case 1: Carrier frequency of TDD is near the UL band of joint operated FDD. 
· Case 2: Carrier frequency of TDD is near the DL band of joint operated FDD. 
· Case 3: Carrier frequency of TDD is located between the UL band and DL band of joint operated FDD. 
For case 1, simultaneous transmission on FDD cell and reception on TDD cell may not be possible. For case 2, simultaneous transmission on TDD cell and reception on FDD cell may not be possible. For case 3, simultaneous transmission and reception on both TDD and FDD cells may not be possible. For the three cases, the subframe direction for the overlapped subframes is based on the PCell’s subframe direction. The examples are shown in Figure 1-3 below for both cases of FDD cell and TDD cell as the PCell. In the examples, the TDD cell with configuration #1 is considered. Cases for other TDD configurations are similar without losing universality. Note that some of these examples may not provide any carrier aggregation gain. In these cases, a different PCell should be chosen for the UE if CA is required based on the traffic of the UE.
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Figure 1. Case 1 where TDD cell is near UL FDD cell 
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Figure 2. Case 2 where TDD cell is near DL FDD cell 
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Figure 3. Case 3 where TDD cell is between DL and UL FDD cells 
3 Timing design for half duplex UEs 
Based on the above working assumptions and the listed cases, the DL HARQ-ACK timing, UL scheduling and PHICH timing are discussed separately in this section.

3.1 DL HARQ-ACK timing
Based on the above working assumption, PCell follows its own DL HARQ-ACK timing , which is the same as the inter-band TDD CA with different UL-DL configurations and also the full duplex operation for TDD-FDD CA. 

When FDD cell is the PCell, SCell follows PCell’s DL HARQ-ACK timing for case 2a. Note that for case 1a and case 3a, no PDSCH can be scheduled on the SCell considering the overlapped subframes follow the subframe direction of the PCell. The solution aligns with the full duplex operation for TDD-FDD CA [6]. 
When TDD cell is the PCell, SCell follows PCell’s timing or a DL reference TDD timing for case 2b and 3b. While for case 1b, as shown in Figure 1(b), the SCell can follow the PCell’s timing (TDD configuration #1 for this example), but there are four DL subframes on the SCell that cannot be scheduled. In order to fully use all the DL subframes on the SCell, new design for DL HARQ-ACK timing can be considered with the target of improving user experience by fully utilizing all the subframes and keeping the HARQ feedback delay as short as possible, which aligns with the full duplex operation for TDD-FDD CA [7]. Note that other possible solutions, such as using a reference UL/DL configuration [7], would also apply independently of the simultaneous RX/TX (FDD-TDD CA) capability. In case of a reference UL/DL configuration or a new DL HARQ-ACK timing, the design for full duplex operation can be done without considering half duplex operation, and be readily applicable for half duplex operation.
Proposal 1: For DL HARQ-ACK timing of the SCell, the same design is used as for UEs that support simultaneous RX/TX, where

· When FDD cell is the PCell, SCell follows PCell’s timing. 

· When TDD cell is the PCell, the FDD serving cell follows a new DL HARQ-ACK timing independent of simultaneous RX/TX capability. 
3.2 UL scheduling and PHICH timing
Based on the above working assumption, PCell follows its own UL scheduling and PHICH timing, which is the same as the inter-band TDD CA with different UL-DL configurations and also the full duplex operation for TDD-FDD CA. 

For case 2a and case 3a, the UL subframes on the SCell are all muted considering the overlapped subframes follow the subframe direction of the PCell. For case 1a, since all the DL subframes are muted, the UL subframes on the SCell cannot be scheduled unless cross-carrier scheduling is configured for the SCell. Therefore, when FDD cell is the PCell, all the UL subframes on the SCell cannot be scheduled. However, the UL subframes can be used for full duplex UEs, so the system-level resource utilization is not reduced. 
When TDD cell is the PCell, SCell follows PCell’s timing. For example as shown in Figure 3(b), if the SCell follows its own UL scheduling timing, there would be UL transmission pending considering the corresponding DL and UL subframes are muted. However if the SCell follows the PCell’s UL scheduling timing, all the UL subframes on the SCell can be used as a normal TDD cell. Note that this does not align with full duplex operation for TDD-FDD CA where SCell own timing is used. However, reusing the scheme for full duplex operation would incur lots of pending for UL retransmission due to the muting UL and DL subframes on the FDD cell which would impact the UL throughput for UL CA capable UEs. 
Proposal 2: When the TDD cell is the PCell, SCell follows PCell’s UL scheduling and PHICH timing if the UE does not support simultaneous RX/TX. In other cases, UL scheduling and PHICH timing is the same as for UEs that support simultaneous RX/TX.  
4 Conclusion

In this contribution, the half duplex operation for TDD-FDD CA is discussed, including work assumptions and detailed timing design. Based on the discussion, we have the following proposals: 
First, we propose to reuse existing principles for supporting non-simultaneous RX/TX operation: 

Proposed working assumption:
· The scheduling and feedback timing including both DL and UL of PCell is the PCell’s own timing. 

· PUCCH is only transmitted on the PCell.

· The direction of the overlapped subframes is decided by the PCell’s subframe direction. 
The specific impact of TDD-FDD CA operation is proposed to be handled as follows:
Proposal 1: For DL HARQ-ACK timing of the SCell, the same design is used as for UEs that support simultaneous RX/TX, where

· When FDD cell is the PCell, SCell follows PCell’s timing. 

· When TDD cell is the PCell, the FDD serving cell follows a new DL HARQ-ACK timing independent of simultaneous RX/TX capability. 

Proposal 2: When the TDD cell is the PCell, SCell follows PCell’s UL scheduling and PHICH timing if the UE does not support simultaneous RX/TX. In other cases, UL scheduling and PHICH timing is the same as for UEs that support simultaneous RX/TX. 

Based on the above discussion, the minimal specification impact for UEs that don’t support simultaneous RX/TX is small, since the only difference compared to the support of TDD-FDD CA for full duplex UEs is that SCell follows PCell’s UL scheduling and PHICH timing when the TDD cell is the PCell.
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