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1. Introduction 
In RAN 60 meeting, a new WI [1] is approved on TDD-FDD joint operation. In RAN 61 [2], it has been agreed that to introduce LTE TDD-FDD carrier aggregation in Rel-12 specification. It supports either TDD or FDD as a primary cell. Given the fact that the current HARQ operation is defined separately for TDD and FDD modes, and they are largely different, it will run into some issues when TDD and FDD carriers are aggregated jointly.
In this contribution, some issues on HARQ timing and scheduling are analysed and potential solutions are proposed with joint TDD-FDD carrier aggregation. Because, for FDD primary cell, both UL and DL transmission are continuously available, the method used in previous release can be reused. We focus our attention in the paper on the scenario where the primary cell is in TDD mode. 
2. Issues with TDD-FDD joint carrier aggregation

2.1. PDSCH HARQ timing issue with TDD PCell
Figure 1 shows the self-scheduling case of PDSCH HARQ timing where a TDD primary carrier with configuration 1 is aggregated with a FDD secondary carrier. The blue arrows indicate the self-scheduling. As we can see, if the FDD carrier follows the existing FDD timing rule of PDSCH HARQ-ACK [3], the UE shall, upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n (follow the red lines). The PDSCH transmitted on subframes 0, 1, 2, 5, 6, and 7 of the FDD carrier cannot be properly acknowledged (indicated with blue crosses), if using PUCCH, due to lack of UL subframe on the TDD primary carrier.
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Figure 1:  PDSCH HARQ timing TDD-FDD CA with PCell TDD configuration 1
2.2. PDSCH scheduling issue
Considering the same CA case with cross-carrier scheduling (PDCCH on one carrier can relate to data on another carrier), the PDSCH scheduling and HARQ timing is illustrated in Figure 2 for the cross-carrier scheduling. The HARQ-ACK timing (red lines) works properly for the PDSCH on the FDD DL subframes which are able to be scheduled from the TDD carrier. However, there are some of DL subframes on the FDD carrier cannot be cross-carrier scheduled (blue lines), such as subframe 2, 3, 7 and 8 in the example shown in Figure 2.
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Figure 2 Cross-carrier scheduling PDSCH HARQ timing with TDD PCell

2.3. PUSCH HARQ and scheduling timing issue
The issue exists with FDD PUSCH with cross-carrier scheduling from TDD carrier. As shown in Figure 3, if it follows TDD PUSCH scheduling timing, only frames 1, 4, 6 & 9 can be used to schedule 6, 4, 6, 4 frames later, so only UL subframes 2, 3, 7 and 8 are able to be cross-carrier scheduled from the TDD carrier. All other UL subframes on the FDD carrier would become unusable for this UE (indicated with purple x).
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Figure 3 An example of cross-carrier scheduling PUSCH HARQ timing with TDD PCell
3. Solutions
3.1. PDSCH HARQ-ACK enhancement with TDD PCell
This group of solutions is targeted to solve the issues or improve the performance with A/N bit transmission of PDSCH when a TDD carrier is the primary cell with FFD carriers as SCells.
3.1.1. PDSCH HARQ-ACK timing based on number of UL/DL subframes

The objective of this method is to fully reuse the existing PDSCH HARQ-ACK timing for both TDD and FDD modes. There is no new PDSCH HARQ-ACK timing needed. The method is applicable to both self and cross-carrier scheduling.

When PCell is TDD and SCell is FDD, for TDD carrier, PDSCH HARQ-ACK timing shall follow the timing corresponding to its own UL/DL TDD configuration. The PDSCH HARQ timing of FDD carrier shall follow the reference timing. The reference timing is determined based on the PCell TDD UL/DL configuration. When the PCell TDD configuration is downlink subframe heavy, the reference timing follows PCell TDD PDSCH HARQ timing. We count special subframe as DL subframe in this method. With this scheme, the majority of DL PDSCH is able to be properly ACK/NACKed. However, there is still a small portion of the PDSCH which does not have ACK/NACK linkage. In this case, the eNB may simply pass an ACK to higher layer and let RLC handle the package error. This solution may not be a much optimized solution but it is a quite simple one without many standards changes.  
The selection of the PDSCH HARQ timing may be handled by higher layer signaling, one example is to be embedded into the RRC reconfiguration message when the FDD SCell is added to the primary TDD carrier.  
3.1.2. PDSCH HARQ-ACK timing based on TDD switching periodicity

This method is based on the TDD UL/DL configuration switching periodicity on the primary cell to determine the PDSCH HARQ timing. Specifically, the reference timing can follow TDD UL/DL configuration 2 if the PCell TDD configuration switching periodicity is 5ms, and it follows TDD UL/DL configuration 5 for switching periodicity of 10ms.

Comparing with the number of subframes based method, this method can achieve high rate of acknowledgement opportunity. However, it concentrates the ACK/NACK bits into one or two subframes. This could lead to potential PUCCH capacity issue.
3.1.3. A/N on next available UL subframe

Different from the previous two methods, this method is to strive for ACK/NACK all the DL PDSCH transmission on every possible DL subframe. This scheme provides a way to transmit the A/N bits on the next available TDD UL subframe for the FDD PDSCH subframe which does not have the linked UL subframe for A/N transmission according to existing FDD PDSCH HARQ-ACK timing. However, the processing delay still needs to be taken into consideration. The next available UL subframe has to be at least four subframes after the current one.
The eNB may decode the A/N for the corresponding FDD PDSCH based on the “next availability” rule. 
3.1.4. Balanced load of A/N bits

Instead of always transmitting A/N bits on the next available UL subframe, this method is aiming at distributing the A/N bit among available TDD UL subframes to achieve more balanced and optimal use of PUCCH resources. The objective is to spread the A/N bits and distribute them as evenly as possible whilst keeping the change to the existing scheme as small as possible. This may be implemented as a look-up table.

Table 1 below provides the comparison in terms of standard impact and performance among above proposed PDSCH HARQ-ACK enhancement methods.
Table 1: Comparison among four PDSCH HARQ-ACK methods for TDD-FDD joint CA
	Method
	Standard impact
	Performance

	Method 1: Based on number of UL/DL subframes
	· No new HARQ timing
· Higher layer impact for message to indicate the timing scheme
	· Data rate loss, large loss in some cases

	Method 2:  Based on TDD switching periodicity
	· No new HARQ timing
· Minimum standard impact
	· Minimum data rate loss

· Large latency

	Method 3: Next available UL subframe
	· New HARQ timing
· High PUCCH impact
	· No data rate loss


	Method 4: Balanced load of A/N bits
	· New HARQ timing
· Less PUCCH impact
	· No data rate loss



Proposal 1: In supporting TDD-FDD joint CA with TDD PCell, PDSCH HARQ-ACK enhancement design, the standard impact and performance trade-off has to be carefully studied. 
3.2. Scheduling enhancement

Due to lack of PDCCH subframes in the TDD radio frame, some PDSCH and PUSCH could not be scheduled by cross-carrier scheduling from a TDD carrier as shown in Figure 2. In this case, multi-subframe scheduling and/or cross-subframe scheduling may be considered to improve the ability to schedule every UL and DL subframe on the FDD carrier when a TDD carrier is configured to cross-carrier schedule the FDD carrier.

Multi-subframe scheduling is to schedule multiple subframes via a single PDCCH. Figure 4 illustrates the idea of multiple PDSCHs on a FDD carrier cross-carrier scheduled from a TDD carrier with UL/DL configuration 1. As we can see that subframe 2 and 3 of the FDD DL are scheduled by subframe 1 on the TDD carrier, and subframe 7 and 8 of the FDD DL may be scheduled by subframe 6 from the TDD carrier. In this way, all the DL subframes in the FDD carrier can be scheduled.
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Figure 4 Multiple PDSCH cross-carrier scheduling from a TDD carrier with UL/DL configuration 1

The multiple PDSCH cross-carrier scheduling may be realized by introducing a bitmap field or other types of indicator in the existing PDSCH assignment DCI to represent the number of PDSCH assignments and the position of these assignments. Other fields, such as the HARQ information and redundancy version, etc., may also need to be appropriately expanded accordingly.
Alternatively, cross-subframe scheduling may be considered as well. With cross-subframe scheduling, a position index which indicates the subframe positions of assignment may be added to the corresponding DCI payload. Compared with the multiple subframe scheduling, cross-subframe has more flexibility. However, it may take more PDCCH capacity.
Proposal 2: Multiple-subframe scheduling and/or cross-subframe scheduling could be further studied in TDD-FDD joint CA with cross-carrier scheduling from TDD carrier.
4. Conclusions

In this contribution, several issues on HARQ timing and scheduling are analysed in TDD-FDD joint carrier aggregation with TDD as PCell. Some possible solutions are proposed and compared. Our proposals are listed as follows, 

Proposal 1: In supporting TDD-FDD joint CA with TDD PCell, PDSCH HARQ-ACK enhancement design, the standard impact and performance trade-off has to be carefully studied. 
Proposal 2: Multiple-subframe scheduling and/or cross-subframe scheduling could be further studied in TDD-FDD joint CA with cross-carrier scheduling from TDD carrier.
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