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1. Introduction

In RAN1 74b meeting, the following agreements for LTE TDD-FDD carrier aggregation are made:
Agreement:

· 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.

Agreements:

· 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
And how to design HARQ/scheduling timing is still for further study. In this contribution, the HARQ/scheduling timing of Scell are analyzed assuming simultaneous RX/TX capability of the TDD-FDD CA UEs, UEs support and not support TDD-FDD UL CA are both considered.


2. Discussion
This contribution focus on simultaneous RX/TX capability, i.e., full duplex, corresponding to case 00 in [4], the following capabilities are supported in this case:
· Simultaneous reception on FDD and TDD carriers
· Simultaneous transmission and reception on FDD and TDD
For PCell, the HARQ timing of PDSCH can always follow Pcell’s timing regardless of duplex mode of Pcell, and at least for self-scheduling, the HARQ scheduling timing of PUSCH can always follow serving cell’s timing regardless of the duplex mode of PCell.
And when TDD-FDD UL CA is not supported, we supposed UL transmission is happened on Pcell. PUCCH only transmitted on Pcell is considered here, UCI enhancement analysis is provided in another contribution [3].
Proposal 1: The PDSCH and PUSCH HARQ/scheduling timing on PCell always follows PCell.
The rest of the section is focused on HARQ/Scheduling timing for SCell.
2.1. HARQ/scheduling timing for PDSCH on SCell
2.1.1. For UEs not supporting TDD-FDD UL CA
· If PCell is a FDD carrier 
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Figure 1. Transmission for full duplex UE without UL CA when FDD is Pcell
Since DL and UL subframes are always available in FDD carrier, all the subframes in TDD carrier can be scheduled for cross-carrier scheduling. When UL CA is not supported, UL subframes on TDD serving cell cannot be scheduled, as shown in figure 1.
In this case, the HARQ timing of TDD Scell can follow FDD Pcell for self-scheduling. And the HARQ/scheduling timing of TDD Scell follows FDD Pcell for cross-carrier scheduling. Reduced round trip time (RTT) brings shorter time delay for TDD downlink transmission.
· If PCell is an TDD carrier 
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Figure 2. Transmission for full duplex UE without UL CA when TDD is Pcell
When UL CA is not supported, UL subframes that overlapped with TDD UL subframes on FDD serving cell can not be scheduled.
For self-carrier scheduling, all subframes on FDD serving cell can be scheduled by FDD DL subframes, but the HARQ timing of DL subframes on FDD serving cell can not follow itself, because UL subframes are not always available on TDD Pcell. And if TDD Pcell’s HARQ timing is followed, there will be no HARQ feedback for the DL subframes on FDD serving cell that overlapped with TDD UL subframes. Without new HARQ timing design, HARQ of PDSCH transmission on FDD SCell needs a reference timing design. Specifically, we can treat DL transmission of FDD as TDD UL/DL configuration#5, and then the same design as inter-band CA HARQ timing can be reused, which means SCell’s HARQ timing of PDSCH transmission on FDD follows TDD UL/DL configuration 5，with this reference configuration, all the DL subframes except subframe 2 can find HARQ feedback subframes on TDD Pcell and no additional specification effort is needed. The problem with configuration 5 as reference timing is that the payload of HARQ feedback will be large and constraints for aggregated number of CCs are needed. Otherwise, in order to utilize DL subframes on FDD serving cell as many as possible, new design need to be introduced, for example, the DL subframes can be bundled to make HARQ feedback. As for SCell PDSCH transmission on other TDD carriers, same solution with R11 can be reused. 
For cross-carrier scheduling, if TDD Pcell’s scheduling timing is followed, DL subframes that overlap with TDD UL subframes will have no corresponding scheduling subframes on TDD, as shown in figure 3. The baseline of SCell PDSCH timing could be to follow PCell. However, in order to use the DL subframes on FDD as much as possible, new scheduling and HARQ timing design is needed for FDD scheduled cell. For example, cross-subframe or multi-subframe scheduling can be introduced，however, much specification effort is needed.
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Figure 3. Transmission for full duplex UE without UL CA when TDD is Pcell
2.1.2. For UEs support TDD-FDD UL CA
Without UCI enhancement, the same analysis results as section 2.1.1 are applicable. That is for FDD carrier as Pcell, the PDSCH HARQ timing (for self-carrier scheduling) or HARQ/scheduling timing (for cross-carrier scheduling) of TDD serving cell can follow FDD. 
And for TDD carrier as Pcell and self-carrier scheduling, the PDSCH HARQ timing of FDD can take TDD UL/DL configuration 5 as reference timing, while for cross-carrier scheduling, new designs are needed to fully use DL resources on FDD carrier.
2.2. HARQ/scheduling timing for PUSCH
In case of self scheduling, it is quite naturally PUSCH HARQ/scheduling timing can follow serving cell, which results in less specification work and less performance impact.

Proposal 2: The PUSCH HARQ/scheduling timing follows serving cell in case of self-scheduling.
2.3. Summary
Table 1 gives the summary of above analysis,

Table 1 summary of HARQ/scheduling timing of full duplex for Scell
	HARQ/scheduling timing for Scell
	FDD as Pcell
	TDD as Pcell

	PDSCH
	Self-carrier schduling
	
	FDD
	Config.5

	
	Cross-carrier scheduling
	
	FDD
	FFS

	PUSCH
	Self-carrier schduling
	Non UL CA
	N/A
	Serving cell

	
	
	UL CA
	Serving cell
	Serving cell

	
	Cross-carrier scheduling
	Non UL CA
	N/A
	FFS

	
	
	UL CA
	FFS
	FFS




3. Conclusions

In this contribution, we have discussed HARQ timing of TDD-FDD Carrier Aggregation for full duplex UEs. Based on the analysis, the following proposals are made:
Proposal 1: The PDSCH and PUSCH HARQ/scheduling timing on PCell always follows PCell.
Proposal 2: The PUSCH HARQ/scheduling timing follows serving cell in case of self-scheduling.
Proposal 3: A summary of all the PDSCH/PUSCH HARQ/scheduling timing for full duplex UE 

	HARQ/scheduling timing for Scell
	FDD as Pcell
	TDD as Pcell

	PDSCH
	Self-carrier schduling
	
	FDD
	Config.5

	
	Cross-carrier scheduling
	
	FDD
	FFS

	PUSCH
	Self-carrier schduling
	Non UL CA
	N/A
	Serving cell

	
	
	UL CA
	Serving cell
	Serving cell

	
	Cross-carrier scheduling
	Non UL CA
	N/A
	FFS

	
	
	UL CA
	FFS
	FFS
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