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1. Introduction  
At the RAN1 #75 meeting, scheduling/HARQ timing of LTE TDD-FDD carrier aggregation was discussed. The following issues were defined and handled in email discussion [75-08] and [75-09], respectively.
	· For DL self-scheduling:

· Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell.

· Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations; The DL reference TDD U/D configuration is configured by higher layers.

· For cross-carrier scheduling:

· DL:

· Alt. DL-A: For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing.
· Alt. DL-B: Except for a cross-carrier scheduled FDD serving cell when the PCell is TDD: reuse the HARQ timing for self-carrier scheduling on FDD SCell when the TDD is PCell (option 1) or option 2-c)).

· UL:

· FDD is the scheduling serving cell and TDD is the scheduled serving cell:

· Alt. UL-A1: the TDD scheduled serving cell’s UL/DL configuration.
· Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH.

· TDD is the scheduling serving cell and FDD is the scheduled serving cell:

· Alt. UL-A2: a UL-reference UL/DL configuration with no new timing:

· TDD scheduling serving cell’s UL/DL configuration

· Fixed reference UL/DL configuration 0

· Configurable reference UL/DL configuration amongst a set of candidates

· Alt. UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

· Alt. UL-C2: Timing follows reference config. which can be one of 7 UL-DL config. or FDD timing.
· Alt. D: No additional spec. change to support cross-carrier scheduling for TDD-FDD CA
· Alt. E: For the case when cross-carrier scheduling cell is FDD, no spec. change compared to Rel. 10 CA both for DL and UL for TDD-FDD CA.


In this contribution, we present our views on the above choices concerning HARQ feedback for TDD-FDD CA. For self-scheduling, both the DL HARQ timing and ACK/NACK feedback bits are discussed. The same conclusion can be applied to cross-carrier scheduling. For cross-carrier scheduling, we discuss the choice of HARQ feedback timing on both the DL and UL.
2. Downlink Self-scheduling

In this section, we divide the HARQ related issues into feedback timing and feedback bits and discuss each category. Our preferences and corresponding reasons are given step by step. In principle, if cross-carrier scheduling needs to be supported, the solution should be in line with self-scheduling as much as possible for simplicity in terms of implementation.
2.1 HARQ feedback timing

Generally, we prefer option 1 to option 2-c since it can provide higher DL peak data rate in a FDD SCell, which is important from the operator point of view. There are two different approaches to define new HARQ feedback timing on SCell. The first approach is to add new DL HARQ timings on some specific configurations such as #2, #4 and #5 so that all DL subframes on FDD SCell can be allocated, and then apply these timings to other UL/DL configurations such as #0, #1, #3, and #6. This approach will not optimize all UL/DL configurations but simplify the specifications. Another approach is to specify additional new DL HARQ timing for each configuration of the TDD PCell to achieve better PDSCH transmission efficiency by further optimization. Although simple approach is quite attractive, it is also important to improve PDSCH transmission efficiency by distributing ACK/NACK into as much UL subframes as possible. In the following, we share our views on this point.
For TDD PCell configurations #0~ #6, we prefer the following timing as described in Table I. It is quite clear about configuration #2/5 for the timing of remaining DL subframes since the UL resources of them are very limited. As for configurations #3, #4, and #6, the key point is to spread the remaining DL subframes to the UL resources as much as possible. In this sense, more distributed DL HARQ timings could be considered. However, the problem of “scheduling behind but feedback earlier” should be avoided since it is not aligned with the existing TDD principle. In Table I, for TDD PCell configurations #3, #4, and #6, the DL HARQ timings are decided so that the problem does not occur. For TDD PCell configuration #1, we prefer the timing as shown in Table II, since it better balances the ACK/NACK bits among the UL resources than the other choice.
Table I. Additional New Timing for TDD PCell Configurations #0~6

[image: image1.emf]
For TDD PCell configuration #1, there are overall two choices as shown in Table II. Between them, UL DAI is always enabled in timing alternative 1*, while it is not enabled in some cases in timing alternative 1. The advantage of timing alternative 1 is a shorter RTT. Comparing these two benefits, we believe that timing alternative 1* is more favorable since UL DAI can always be correctly utilized.
Table II. Additional New Timing for TDD PCell Configuration #1
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Therefore, as summarized in the email discussion, overall we favor option 1-1.

Proposal 1: For DL self-scheduling HARQ timing, option 1-1 as summarized in email discussion [75-08] is supported. 
2.2 HARQ feedback bits
It is clear that more HARQ feedback bits are required than in Rel. 11 if the additional new HARQ timing is introduced as described in Section 2.1. One of the simplest ways to address this is to always use PUCCH format 3, which has sufficient resources to accommodate the feedback bits. However, it may reduce the PUCCH coverage and waste resources in the PUCCH since more UL resources will be occupied. Therefore, it would not be wise to preclude PUCCH format 1b with channel selection since it has already been used in Rels. 10/11 FDD-FDD CA and TDD-TDD CA.
Proposal 2: Do not always rely on PUCCH format 3 for HARQ feedback of DL self-scheduling.
2.2.1 PUCCH format 1b with channel selection

In Rels. 10/11, PUCCH format 1b with channel selection can only support up to 4 DL subframes. Thus, some new design for HARQ feedback on PUCCH 1b with channel selection may be needed for DAI >= 4.
One alternative is to restrict the maximum number of schedulable DL subframes, so that the total amount of HARQ feedback supported by the corresponding PUCCH for a specific UE will not be affected. The unscheduled DL subframes could be determined based on eNB preferences and then change them dynamically. For example, if the TDD PCell configuration is #2, a UE should monitor PDCCH/EPDCCH on all of the consecutive 5 DL subframes, but only 4 of them will actually be used. Although this alternative incurs less of a specification effort, it still cannot achieve full scheduling flexibility and the DL peak data rate in the FDD SCell.
Another choice is to use timing domain bundling. As shown in Fig. 1, time domain bundling is proposed to compact the HARQ feedback bits into a number that is supported by the current PUCCH format 1b with channel selection. There is some concern about missing the PDCCH when DAI >=4. This problem could be handled by implementing a scheduling restriction or by some enhanced method such as an ARI value in the last received PDCCH.
[image: image3.emf] 


Figure 1. Example of time domain bundling

Proposal 3: For DAI >= 4, when configured with PUCCH format 1b with channel selection, HARQ feedback for each cell is bundled by logical-AND operation.
2.2.2 PUCCH format 3

PUCCH format 3 should also be used for TDD-FDD CA for the TDD PCell case. However, due to the additional DL HARQ timings and corresponding DL HARQ bits, the number of DL HARQ feedback bits exceeds 20 in some cases. For example, when 5 CCs are configured for one UE, e.g., a TDD PCell and 4 FDD SCells, and the UL-DL configuration of the TDD PCell is #2, the maximum number of DL subframes that can be mapped to one PUCCH on an UL subframe is 24, which exceeds the maximum DL subframes, i.e. 20, supported by the current PUCCH format 3. Since it was agreed that the maximum number of HARQ processes is less than 17, a scheduling restriction is ultimately necessary for this case for a FDD SCell. However, restricting the maximum number of schedulable DL subframes should be avoided as much as possible. Instead, the maximum number of aggregated cells could be limited. Under the same example, by restricting the maximum number of schedulable DL subframes of a FDD CC to 4 or the maximum number of aggregated FDD CCs to 3, the DL HARQ feedback bits would be 20 or 19, respectively.
Proposal 4: For DAI >= 4, when configured with PUCCH format 3, the maximum number of schedulable DL subframes of a FDD CC or the maximum number of aggregated FDD CCs could be restricted so that the number of HARQ feedback bits is not higher than 20. 
3. Cross-carrier scheduling
Basically, we do not see a strong need at this moment to configure cross-carrier scheduling for TDD-FDD CA. Although cross-carrier scheduling can be specified, actual operation would be complicated since the NW may need to manage TDD-FDD CA UEs and other UEs such as non-CA UEs, TDD CA UEs, and FDD CA UEs simultaneously. At the same time, the impact on the DCI design is also non-negligible, as described in our companion contribution [3]. However, we see that the majority of companies are supporting cross-carrier scheduling for TDD-FDD CA. If cross-carrier scheduling is supported, it should be as simple as possible, and should be designed so that the cross-carrier scheduling features do not affect other aspects such as self-scheduling timing, DCI design, and so on. 
Proposal 5: If cross-carrier scheduling is supported, the mechanisms should be as simple as possible and should be aligned with self-scheduling mechanisms as much as possible.
In the following, our preferences on the cross-carrier scheduling timing alternatives are described.

For DL cross-carrier scheduling, Alt. DL-B is preferred for the HARQ timing for both FDD and TDD CCs as the PCell, as long as option 1 is utilized for the self-scheduling case, since a unified solution could be used for both cases to utilize fully the DL peak data rate. Otherwise, if option 2-c is adopted for self-scheduling, it is suggested to use Alt. DL-A instead for simplicity.

Proposal 6: If DL cross-carrier scheduling is supported, for DL cross-carrier scheduling, Alt. DL-B is preferred if option 1 is adopted; otherwise, Alt. DL-A is preferred.

For UL cross-carrier scheduling, when the scheduling serving cell is FDD and the scheduled serving cell is TDD, Alt. UL-B1 is preferred. Even though there is  approximately a 30% loss in the UL peak data rate when the TDD UL/DL configuration is #0, the DCI design will be much easier since the FDD-DCI could always be used in the FDD scheduling cell as described in [3]. 
For UL cross-carrier scheduling, when the scheduling serving cell is TDD and the scheduled serving cell is FDD, Alt. UL-A2 with the TDD scheduling serving cell’s UL/DL configuration as the UL reference UL/DL configuration, i.e., Alt UL-A2-1, is preferred. It is clear that the other two sub-choices in Alt. UL-A2 need to extend the size of the UL DCI since both the UL index and UL DAI are required simultaneously when UL/DL configuration #0 is used as the reference configuration. In addition, the configurable reference UL/DL configuration further complicates the situation. We do not see any advantage in using Alt. UL-C2. As for Alt. UL-B2, it can indeed simplify the implementation, but the UL peak data rate will always be lost when the TDD configuration is #0. In this case, Alt. UL-A2 exhibits better flexibility in choosing whether it wants to sacrifice the UL peak data rate by eliminating the UL index or sacrificing the DL robustness by eliminating the UL DAI. However, if it is concluded that the UL peak data rate does not need to be guaranteed, Alt. UL-B2 is also fine.
Proposal 7: If UL cross-carrier scheduling is supported, Alt. UL-A2 with the TDD scheduling serving cell’s UL/DL configuration as the UL reference UL/DL configuration is preferred. If the UL peak data rate does not need to be guaranteed, Alt. UL-B2 is also adoptable.
4. Conclusion
In this contribution,  we first analyzed the HARQ feedback process for DL self-scheduling with a FDD SCell, including the HARQ feedback timing and HARQ feedback bits. For DL HARQ feedback timing, we propose the following.
Proposal 1: For DL self-scheduling HARQ timing, option 1-1 as summarized in email discussion [75-08] is supported.
For DL HARQ feedback bits, the following is proposed.
Proposal 2: Do not always relay on PUCCH format 3 for HARQ feedback of DL self-scheduling.
Proposal 3: For DAI >= 4, when configured with PUCCH format 1b with channel selection, HARQ feedback for each cell is bundled by logical-AND operation.

Proposal 4: For DAI >= 4, when configured with PUCCH format 3, the maximum number of schedulable DL subframes for an FDD CC or the maximum number of aggregated FDD CCs could be restricted so that the number of HARQ feedback bits is not higher than 20.
After that, we presented our views on DL/UL cross-carrier scheduling.
Proposal 5: Cross-carrier scheduling should not be supported or should be deprioritized for TDD-FDD CA.
Proposal 6: If DL cross-carrier scheduling is supported, for DL cross-carrier scheduling, Alt. DL-B is preferred if option 1 is adopted; otherwise, Alt. DL-A is preferred.

Proposal 7: If UL cross-carrier scheduling is supported, Alt. UL-A2 with the TDD scheduling serving cell’s UL/DL configuration as the UL reference UL/DL configuration is preferred. If UL the peak data rate does not need to be guaranteed, Alt. UL-B2 is also adoptable.
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